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Abstract 

This study explored the notion that identification of a “directional bias”, believed to 

identify dynamic postural stability deficits, provides a tool to rehabilitate patients with 

individual-specific biased (asymmetric) exercises that are matched to these deficits 

(matched bias exercises).  

Aims:  

1. To determine the inter-tester reliability of the directional bias assessment.  

2.  To investigate the validity of the directional bias assessment, by determining 

immediate effects of directionally biased exercises on dynamic postural stability and 

muscle performance (H1) and comparing these outcomes to baseline measures (H2).  

Participants: 

Thirty-three participants aged 18-50 years with a history of more than one unilateral 

musculoskeletal lower limb injury. 

Methods:  

1. Inter-tester reliability of the directional bias assessment: Two researchers 

independently assessed each participant‟s directional bias and categorised these into 

four sub-groups, using left or right bias (the poorer performing side) plus an extension 

or flexion bias (the pelvic position in which participants had better dynamic postural 

control, and resulting performance during single heel raises and hopping). Results were 

compared using the Kappa coefficient and the prevalence-adjusted and bias-adjusted 

kappa (PABAK) coefficient. 

 

2. Validity of the directional bias assessment: A randomized repeated measures cross-

over design was used. Participants performed directionally biased intervention exercises 

in the matched bias (MB) and unmatched bias (UB) directions, with the order randomly 

allocated. Two outcome measures, Time to stabilisation (TTS) during a single-leg 

landing, and rebound hopping, were assessed before and following each exercise 

intervention. Ground reaction force data were used to calculate TTS in the anterior 

posterior (AP) and medial lateral (ML) directions, as well as the median time in the air 

(flight) and on the ground (land) during rebound hopping. T-tests were used to 

investigate differences in outcome between the MB and UB exercises, in accordance 
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with the Altman methods for analysing cross-over trials (H1) and Repeated Measure 

ANOVAs were used to investigate differences between Baseline, MB and UB measures 

for both outcomes (H2). 

Results: 

1. Inter-tester reliability: Agreement was achieved for 27 of 33 directional bias 

assessments (82%), with a kappa of K = 0.75 and a PABAK adjusted kappa of K = 0.76. 

2. Validity of the directional bias assessment:  

H1: Following MB exercises ML TTS was significantly faster compared with UB 

exercises (3.05 ± 0.91s vs. 3.52 ± 1.17s, P = 0.02), however, AP TTS (P = 0.15) was 

not significantly different. Land was significantly shorter following MB exercises 

compared with UB exercises (MB 0.40 ± 0.09 s vs. UB 0.41 ± 0.10 s, P = 0.05), 

however, flight (P = 0.24) was not significantly different. Although not statistically 

significant, period effects and treatment-period interactions were demonstrated, and thus 

their presence cannot be ruled out, and may have resulted in lowered treatment effects 

and the non significant results. 

 H2: Within-participants effects (Baseline, MB and UB) demonstrated significantly 

decreased AP TTS, (P = 0.049), land (P = 0.041) and increased flight (P =0.016). 

Compared to Baseline a significant decrease in AP TTS (P = 0.008) was found 

following MB exercises, and significantly shorter flight followed UB exercises (P = 

0.036). No other comparisons were significant. 

Conclusions: 

1. Inter-tester reliability: “Substantial” inter-tester reliability was found for the 

directional bias assessment for individuals with previous lower limb injury. 

2. Validity of the directional bias assessment: An immediate 15.4% improvement in 

dynamic postural stability, as well as significantly less variance between tests, was 

found following MB vs. UB exercises. Together with an immediate and significant 

improvement following MB vs. UB exercises for rebound hop, provides support for H1: 

that MB is superior to UB exercise. In comparison to baseline measures, statistically 

significant improvements were found in AP TTS and land following MB exercises, with 

UB exercises detrimental to flight during rebound hopping, both of which support (H2): 

that from baseline an immediate measurable improvement will result following MB 

exercises and an immediate degradation following UB exercises.  
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The immediate improvements demonstrated in this present study may indicate 

neurophysiologic mechanisms at the central nervous system level, that may lead 

on to improvements in the residual deficits and decreased re-injury rates known 

to occur following lower limb injuries. However, further research is needed to 

evaluate this.    



 
 

iv 

Acknowledgements 
 

I would like to thank the following for their assistance in the completion of this thesis: 

 

Craig Phillips, my expert advisor from DMA Clinical Pilates, Melbourne, for coming to 

Dunedin to participate in the inter-tester reliability part of this study and  for helping 

with the selection of exercises, supplying the DMA Clinical Pilates figures, and for his 

discussion and encouragement.  

 

The School of Physiotherapy for awarding me the Rehabilitation and Disability 

Research Theme Award for financial support of Craig Phillips‟s travel to Dunedin. 

 

Many thanks to my supervisors for all their input, in particular to Dr Haxby Abbott, for 

his overall vision and guidance, Dr Allan Carmen for the many hours he spent with me 

during the analysis of Time to stabilisation and Dr Gisela Sole for her invaluable 

Chapter reviews. 

 

Staff members at The School of Physiotherapy particularly Bruce Knox, Bruce Dickson, 

Chris Hays, Emma Tumilty and Marina Moss. To my fellow Clinic Staff members for 

their patience and support.  

 

To all those friends, family and staff members who volunteered their valuable time as 

participants during pilot testing or the study. To Paul Hendriks, Martin Kidd, Ewan 

Kennedy, Matthew Dick, Karl Houltham,  Lesley Inglis, Jim Webb and Peter Gillan to 

name but a few. Thanks to Matthew Dick and Harry Ellis for agreeing to being 

photographed and The School of Physical Education, University of Otago for the use of 

their Swift Yardstick. 

 

I would also like to extend a big thank you to my husband Andy for his patience, love 

and support, and to all my other family members. Life can now return to normal!!! 



 
 

v 

 

Table of Contents 

Abstract ........................................................................................... i 

Acknowledgements ........................................................................ iv 

Table of Contents ........................................................................... v 

List of Tables .................................................................................. x 

List of Figures ............................................................................... xi 

List of abbreviations ................................................................... xiii 

1 Introduction ............................................................................. 1 

1.1 Clinical Pilates ................................................................................. 1 

1.2 Directional bias description ............................................................. 3 

1.3 The problems ................................................................................... 4 

1.4 Aims ................................................................................................. 4 

1.5 Hypotheses ....................................................................................... 4 

1.6 Significance of the study .................................................................. 6 

2 Literature Review .................................................................... 7 

2.1 Long-term dysfunction following lower limb musculoskeletal 

injury  ......................................................................................................... 7 

2.2 Immediate changes in performance and postural stability  ........... 12 

2.2.1 Taping and bracing ................................................................... 12 

2.2.2 Orthotics .................................................................................. 15 

2.2.3 Pelvic belt ................................................................................ 17 

2.2.4 Mobilisations with movement ................................................... 18 

2.2.5 Manipulation ............................................................................ 18 



 
 

vi 

2.2.6 Stretching ................................................................................. 20 

2.2.7 Vibration exposure ................................................................... 21 

2.2.8 Motor skill learning during an exercise intervention .................. 21 

2.3 Directional bias .............................................................................. 23 

2.4 Postural stability ........................................................................... 26 

2.4.1 Clinical measures ..................................................................... 27 

2.4.2 Research Laboratory measures .................................................. 28 

2.5 Lower limb performance ............................................................... 33 

2.6 Outcome measures chosen for the current research project  ......... 34 

3 Methodology ........................................................................... 35 

3.1 Introduction ................................................................................... 35 

3.2 Ethical approval ............................................................................ 35 

3.3 Study design ................................................................................... 36 

3.3.1 Randomisation .......................................................................... 36 

3.3.2 Blinding ................................................................................... 37 

3.3.3 Sample size .............................................................................. 37 

3.4 Participants .................................................................................... 37 

3.4.1 Participant selection ................................................................. 37 

3.4.2 Inclusion criteria ...................................................................... 37 

3.4.3 Exclusion criteria: .................................................................... 38 

3.4.4 Participant recruitment ............................................................. 38 

3.4.5 Information sheet, questionnaire and injury profile  ................... 39 

3.5 Data collection ............................................................................... 40 

3.5.1 Coding of data sheets ................................................................ 40 

3.5.2 Inter-tester agreement of the directional bias assessment  ........... 40 

3.5.3 Force plate data collection ........................................................ 40 



 
 

vii 

3.6 Directional bias assessment procedure .......................................... 42 

3.6.1 Assessment of directional bias .................................................. 43 

3.6.2 Classification of directional bias assessment  ............................. 46 

3.7 Inter-tester reliability of the directional bias assessment  ............. 46 

3.8 Time to stabilisation, rebound hop and exercise intervention 

procedures ................................................................................................ 46 

3.8.1 Time to stabilisation ................................................................. 48 

3.8.2 Rebound hop ............................................................................ 52 

3.8.3 Intervention .............................................................................. 53 

3.9 Data analysis Aim 1: Inter-tester reliability of the directional bias 

assessment ................................................................................................ 54 

3.10 Data analysis Aim 2: Intervention ................................................. 55 

3.10.1 Hypothesis 1 ............................................................................. 56 

3.10.2 Time to stabilisation and rebound hop ....................................... 59 

3.10.3 Hypothesis 2 ............................................................................. 60 

3.11 Assumptions ................................................................................... 61 

4 Results .................................................................................... 62 

4.1 Descriptive analysis of participants .............................................. 62 

4.1.1 Characteristics of the participants ............................................. 62 

4.1.2 Medical history ........................................................................ 62 

4.1.3 Injury profile ............................................................................ 63 

4.2 Directional bias assessment ........................................................... 64 

4.2.1 Inter-tester reliability of the directional bias assessment  ........... 64 

4.3 Data analysis .................................................................................. 65 

4.3.1 Group allocation ....................................................................... 65 

4.3.2 Missing data ............................................................................. 65 



 
 

viii 

4.3.3 Data distribution ....................................................................... 66 

4.4 Time to stabilisation Hypothesis 1, Main outcome ........................ 66 

4.4.1 Period effect ............................................................................. 66 

4.4.2 Treatment-period interaction ..................................................... 67 

4.4.3 Treatment effect ....................................................................... 70 

4.4.4 Variability ................................................................................ 73 

4.4.5 Repeatability ............................................................................ 73 

4.5 Rebound hop Hypothesis 1, Secondary outcome ........................... 74 

4.5.1 Period effect ............................................................................. 74 

4.5.2 Treatment-period interaction ..................................................... 75 

4.5.3 Treatment effect ....................................................................... 77 

4.6 Data analysis Hypothesis 2, Main outcome ................................... 78 

4.7 Data analysis Hypothesis 2, Secondary outcome: .......................... 82 

5 Discussion ............................................................................... 83 

5.1 Aim 1: Inter-tester reliability of the directional bias assessment . 83 

5.2 Aim 2: Immediate effects of directionally biased exercises  ........... 85 

5.2.1 Hypothesis 1: ........................................................................... 85 

5.2.2 Hypothesis 2: ........................................................................... 94 

5.3 Power of the study ......................................................................... 96 

5.4 Time to stabilisation ...................................................................... 97 

5.5 Rebound hop ................................................................................ 109 

5.6 Clinical implications .................................................................... 112 

5.6.1 Directional bias assessments ................................................... 112 

5.6.2 Directional bias exercises ....................................................... 112 

6 Challenges and directions for future research ..................... 114 



 
 

ix 

6.1 Challenges .................................................................................... 114 

6.1.1 Inter-tester reliability .............................................................. 114 

6.1.2 Hypothesis 1: Time to stabilisation ......................................... 116 

6.1.3 Hypothesis 1: Rebound hop .................................................... 117 

6.1.4 Hypothesis 2 ........................................................................... 117 

6.2 Directions for future research ..................................................... 118 

6.2.1 Inter-tester reliability .............................................................. 118 

6.2.2 Time to stabilisation ............................................................... 118 

6.2.3 Long term effects ................................................................... 118 

6.2.4 Matched and unmatched directional bias exercises compared to 

baseline measures ................................................................................. 119 

6.2.5 EMG ...................................................................................... 119 

6.2.6 Rebound hop .......................................................................... 119 

6.2.7 Patient population ................................................................... 119 

6.3 Delimitations ................................................................................ 119 

7 Conclusions ........................................................................... 121 

References ................................................................................... 124 

Appendix A: Participant Enrolment and Ethical Approval ...... 136 

Appendix B: Development and pilot testing ............................... 152 

Appendix C: Directional Bias Assessment Procedure ................ 164 

Appendix D: Directional Bias Assessment Manual .................... 170 

Appendix E: Intervention Procedure ......................................... 182 

Appendix F: Intervention Exercise Instruction Manual ............ 190 

Appendix G: Results ................................................................... 199 

Appendix H: Alternative Results ................................................ 220 



 
 

x 

 

List of Tables 
 

 

Table 4. 1 Demographics of participants ....................................................................... 62 

Table 4.2 Numbers of injuries reported in each of the injured body parts .................... 63 

Table 4.3 Numbers of the types of injuries reported ..................................................... 64 

Table 4.4 Two testers directional bias assessments results............................................ 65 

Table 4. 5 Results of TTS used to assess Period effect, Treatment-period interaction and 

Treatment effect .............................................................................................................. 67 

Table 4. 6 Summary of Period effect and Treatment-period interaction for TTS and 

rebound hop .................................................................................................................... 70 

Table 4. 7 Summary table of participant MB and UB data ........................................... 72 

Table 4. 8 T-test results for variance and absolute differences in AP and ML TTS under 

Matched and Unmatched conditions .............................................................................. 73 

Table 4. 9 Results of rebound hop used to assess Period effect, Treatment-period 

interaction and Treatment effect  .................................................................................... 74 

Table 4. 10 ANOVA results for variance and absolute differences in AP and ML TTS 

under Baseline, Matched and Unmatched conditions. ................................................... 80 

Table 4. 11 ANOVA pair-wise comparisons for Medial Lateral variance. ................... 81 

Table 4. 12 ANOVA pair-wise comparisons for ML absolute differences. .................. 81 

Table 4. 13 Repeatability coefficients for AP and ML TTS .......................................... 81 

Table 4. 14 Intraclass correlation coefficients for TTS as single and mean values ....... 81 

Table 4. 15 ANOVA pair-wise comparisons for AP TTS ............................................. 82 

 

Table 5. 1 Table reporting standard error of measurement values from four studies .. 106 

  

 

Appendices 
Table 1. Results (Mean ± SD) of AP and ML Time to stabilisation ........................... 221 

Table 2. Summary of Period and Treatment-period effect for TTS ............................ 223 

Table 3.  Summary table of participant data organised in MB and UB conditions ..... 227 

 



 
 

xi 

 

List of Figures 
 

 

Figure 3. 1 Study design ................................................................................................ 36 

Figure 3. 2 Flow diagram of directional bias assessment procedure. ............................ 43 

Figure 3.3 Single heel raise and Hopping ...................................................................... 44 

Figure 3. 4 Clinical Pilates reformer and exercise mat .................................................. 47 

Figure 3. 5 Flow diagram of the experimental procedure. ............................................ 49 

Figure 3. 6 Single-leg jump land exercise used to determine Time to stabilisation ...... 51 

Figure 3. 7 Rebound hopping on the forceplate to determine dynamic postural stability 

and muscle strength and power ...................................................................................... 52 

 

Figure 4. 1 Outcomes of AP TTS in Period 1 and Period 2. ......................................... 68 

Figure 4. 2 Outcomes of ML TTS in Period 1 and Period 2. ........................................ 68 

Figure 4. 3 Plot of differences between periods against average of the two periods for 

Group 1 and Group 2 for AP TTS .................................................................................. 69 

Figure 4. 4  Plot of differences between periods against average of two periods for 

Group 1 and Group 2  for ML TTS ................................................................................ 69 

Figure 4. 5 Means and 95% confidence intervals of AP and ML TTS ......................... 71 

Figure 4. 6 Outcomes for flight during 5 rebound hops during Periods 1 and 2. .......... 75 

Figure 4. 7 Outcomes for land during 5 rebound hops during Periods 1 and 2. ............ 76 

Figure 4. 8 Plot of differences between periods against average of two periods for 

Group 1 and Group 2 for the median value of flight time during 5 rebound hops. ........ 76 

Figure 4. 9 Plot of differences between periods against average of two periods for 

Group 1 and Group 2 for the median value of land  time between 5 rebound hops. ..... 77 

Figure 4. 10 Means and standard deviations of rebound hop, flight and land time....... 78 

 

Figure 5. 1 Effects of treatment-period interaction on AP TTS .................................... 91 

Figure 5. 2 TTS results from four studies in the AP and ML directions. ...................... 98 

Figure 5. 3 Examples of TTS graphs of rectified raw data .......................................... 101 

 

 

 

Appendices 



 
 

xii 

Figure 1.  TTS calculation for a single trial reproduced from Ross ............................ 160 

Figure 2. TTS from present study, data for a single trial using the Ross equation...... 160 

Figure 3. TTS from present study data for a single trial using the Ross equation....... 161 

Figure 4. TTS calculation for a single trial. ` .............................................................. 163 

Figure 5. Single heel raise ........................................................................................... 173 

Figure 6. Hop ............................................................................................................... 174 

Figure 7. Single leg kick (SLK)  (Phillips, 2008) ........................................................ 175 

Figure 8. Directional bias assessment showing bias positions during SLK ................ 176 

Figure 9. Four point kneel (4PK)  (Phillips, 2008) ...................................................... 177 

Figure 10. Roll ups (Phillips, 2008) ............................................................................ 179 

Figure 11. Double leg kick (Phillips, 2008) ................................................................ 181 

Figure 12. Single leg stretch (Phillips, 2008) .............................................................. 193 

Figure 13. Spine stretch (Phillips, 2008) ..................................................................... 193 

Figure 14. Stomach pull flat (Phillips, 2008) .............................................................. 194 

Figure 15 Stomach massage (Phillips, 2008) .............................................................. 195 

 Figure 16 Single leg kick (Phillips, 2008) .................................................................. 196 

Figure 17 Four point kneel (Phillips, 2008)................................................................. 197 

Figure 18 Knee stretch (Phillips, 2008) ....................................................................... 198 

Figure 19 Cat stretch (Phillips, 2008) .......................................................................... 198 

Figure 20. Outcomes of AP TTS in period 1 and period 2. ......................................... 222 

Figure 21. Outcomes of ML TTS in period 1 and period 2. ML TTS ......................... 222 

Figure 22 Plot of differences between periods against average of two periods for Group 

1 and Group 2 for AP TTS ........................................................................................... 223 

Figure 23 Plot of differences between periods against average of two periods for Group 

1 and Group 2 for ML TTS .......................................................................................... 223 

Figure 24. Means and standard deviations of  AP and ML TTS ................................. 226 



 
 

xiii 

List of abbreviations 
 

4PK Four Point Kneel 

ACL Anterior Cruciate Ligament 

ACSM American College of Sports Medicine 

ANOVA Analysis of Variance 

AP Anterior Posterior 

BMI Body Mass Index 

C Centre 

CI Confidence Interval 

CNS Central Nervous System 

CP Craig Phillips 

DMA Dance Medicine Australia 

EMG Electromyography 

ET Evelyn Tulloch 

Extn Extension 

Flexn Flexion 

Flight Time in the Air 

G Group 

GRF Ground Reaction Force 

GS Gisela Sole 

Hop 5 Rebound hops 

ICC Intraclass Correlation Coefficient 

L Left 

Land  Time on the ground 

MB Matched Bias 

ML Medial Lateral 

MWM Mobilisation with Movement 

N Newton 

PABAK Prevalence-Adjusted and Bias-Adjusted 

PFPS Patellofemoral Pain Syndrome 

R  Right 

s Second 

SD Standard Deviation 



 
 

xiv 

SEBT  Star Excursion Balance Test 

SEM Standard Error of Measurement 

SLK Single Leg Kick 

SHR Single Heel Raise 

TTS Time to stabilisation 

UB Unmatched Bias 

VMO Vastus Medialis Oblique 



 
 

1 

1 Introduction 

 

Therapeutic exercise prescription is an important part of physiotherapy rehabilitation. A 

wide range of modalities and underlying concepts are available for these exercises, mainly 

intended to address movement dysfunction, such as, decreased range of movement, muscle 

strength and flexibility; or changes in proprioception, balance and neuromuscular function. 

However, rehabilitation typically requires weeks to months or longer of exercise 

intervention to restore muscle function (Ageberg, 2002; Herring, 1990) and more rapid 

treatments would be highly desirable. Recently an Australian physiotherapist who uses 

Pilates for clinical rehabilitation has reported (Phillips, 2008), anecdotally, immediate, 

within one session improvements in muscle performance and dynamic postural stability. 

His form of Pilates, DMA Clinical Pilates, is based on clinical identification of a 

“directional bias”, consideration of which forms the core of this thesis. 

 

1.1 Clinical Pilates 

Joseph Pilates pioneered exercises based on the European “kulture physique” era of the 

early 20th century, his experience in gymnastics, boxing, circus performing and his work 

before the First World War training Scotland Yard detectives in self-defence (1945). Whilst 

interned in the United Kingdom during the War, on account of his German nationality, 

Pilates devised programs for his fellow inmates and patients using springs attached to beds 

to maintain their health and fitness. After the War, he moved to New York and set up a 

studio where he continued to develop his program, adding mat-based exercises. In 1945 he 

published a book of 34 of his mat exercises (1945).  

 

Since the publication of Joseph Pilates‟s exercises (1945), a number of different forms of 

“Pilates” have emerged. They have become very popular with the fitness industry and 

sports-people as part of “core training programs”. Physiotherapists have incorporated 

Pilates exercises into rehabilitation programs as both specific clinical exercises and as 

general exercises.  The underlying aims of these exercises are to strengthen or stretch 

muscle groups and to re-educate “faulty” movement patterns (Bertolla, Baroni, Leal Junior, 
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& Oltramari, 2007; Cozen, 2000; Owsley, 2005). In addition, they are used to improve 

spinal stability as part of low back pain management (Gladwell, Head, Haggar, & Beneke, 

2006; Herrington & Davies, 2005; La Touche, Escalante, & Linares, 2008; Rydeard, Leger, 

& Smith, 2006). Pilates exercises may also be used for sport specific rehabilitation by 

addressing functional strength, functional movement patterns, combined muscle actions, 

plyometric conditioning, flexibility, local muscle endurance and isokinetic strengthening. 

Modifications of these exercises can be incorporated for patients with various injuries, such 

as to the neck, back, shoulder, knee and ankles (Cozen, 2000). Further, Pilates exercises 

have been described to activate and strengthen pelvic floor muscles (Culligan et al., 2010) 

and have been shown to improve both static and dynamic balance in older adults (Kaesler, 

Mellifont, Kelly, & Taaffe, 2007). 

 

Clinical Pilates is a rehabilitation modality developed by Craig Phillips, Director of DMA 

(Dance Medicine Australia) Clinical Pilates (http://www.clinicalpilates.com). It is used to 

restore dynamic postural stability deficits which may have resulted from injury (Phillips, 

2008). Following an earlier career as a dancer in the Australian Ballet Company, Phillips 

retrained as a physiotherapist. From his experience of traditional Pilates while a ballet 

dancer, Phillips has adapted this traditional approach, based on his clinical experience and 

critical reasoning and evidence from spinal stability research (Cholewicki & McGill, 1996; 

Hides, Stokes, Saide, Jull, & Cooper, 1994; Hodges & Gandevia, 2000; Hodges & 

Richardson, 1997a, 1997b; Richardson & Jull, 1995). His DMA Clinical Pilates courses are 

taught exclusively to physiotherapists worldwide.  

 

Increased muscle force, altered muscle recruitment strategies and increased performance 

are known to occur with exercise (Jones, Rutherford, & Parker, 1989). Central to the 

concept promoted by Phillips (2008) is that, following neuromuscular injury, specific 

exercises (introduced in section 1.2) targeting dynamic postural stability deficits (altered 

muscle recruitment strategies) may result in immediate improved performance levels. This 

concept is based on clinical observations, and has not yet been validated under controlled 

conditions.  

 

http://www.clinicalpilates.com/
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1.2 Directional bias description 

Central to Phillips‟s (2008) approach is the identification of a “directional bias” that 

identifies dynamic postural stability deficits. Patients are then rehabilitated with individual-

specific biased exercises that are matched to the dynamic postural stability deficits, which 

are referred to as matched bias exercises. According to Phillips (2008) outcomes for 

patients performing individual-specific biased exercises are superior to those of non-

specific biased exercises. This directional bias is determined via a clinical assessment 

process and is made up of two parts: lateral bias and sagittal bias. 

 

Lateral bias (left or right) is defined as the observation of more movement (i.e. less 

stability) of the trunk and/or pelvis or greater perceived effort by the patient or observed by 

the physiotherapist, on one side (left or right) compared to the other side during execution 

of specific exercises.  

 

Sagittal (Flexion or extension) bias (extension – anterior pelvic tilt, flexion – posterior 

pelvic tilt) is tested by the increased ability to execute and control specific exercises with 

the pelvis placed in anterior or posterior pelvic tilt.  

 

A “directional bias” is therefore made up of two components. The better performing flexion 

or extension bias is used to improve the poorer performing side (lateral bias). Once the 

lateral bias has been determined (the poorer performing side) it is then confirmed whether 

flexion or extension biased exercises resulted in better outcome measures on that side. 

Phillips advocates the use of functional outcome measures, such as rebound hopping, to 

confirm the directional bias. As stated by Phillips, prescription of specific exercises 

requires the identification of a directional bias. According to this schema, prescribing 

exercises biased to improve the lateral bias direction identified as deficient (matched bias) 

will result in immediate increases in lower limb performance, while prescribing exercises 

biased in the incorrect direction (unmatched bias) will result in decreased lower limb 

performance (Phillips, 2008). 

 

Although these concepts are currently used by some physiotherapists in the clinical field, 

there is currently no scientific evidence for such a directional bias assessment identifying 
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dynamic postural stability deficits, the reliability of this assessment or the presence of 

immediate improvements in outcome performance following matched bias exercise.  

 

1.3 The problems 

1. Although physiotherapists use an assessment of “directional bias” in clinical practice, 

the inter-tester reliability of this assessment has not been defined.  

2. Anecdotal evidence that physiotherapists can identify, via a directional bias assessment, 

dynamic postural stability deficits requires validation. 

3. Research to date has not investigated any immediate effects on dynamic postural 

stability as a result of prescription of specific directional biased exercises following a 

lower limb injury. 

  

1.4 Aims 

The aims of this study are: 

1. To determine the inter-tester reliability of the directional bias assessment; 

2. To investigate the validity of the directional bias assessment, by testing the immediate 

effects of directionally biased exercises on physical performance of a) dynamic 

postural stability, and b) rebound hop, in participants with previous unilateral lower 

limb injuries. 

 

1.5 Hypotheses  

The following hypotheses were adopted for Aim 2 of this study:  

 

Alternative hypothesis (HA): 

Hypothesis 1:  

That identification of the directional bias assessment will predict the outcome of exercise 

intervention, where exercising participants with a matched individual-specific unilateral 
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exercise bias (matched bias) will perform superior to participants exercising with an 

unmatched bias exercise.  

 

Hypothesis 2:  

That matched bias will result in an immediate measurable improvement from baseline in: 

 

i. Dynamic postural stability (decreased Time to stabilisation in single-leg 

landing and reduced time on the ground during consecutive rebound 

hopping)  

ii. Performance (increased time in the air during consecutive rebound hopping).  

 

Conversely, exercising in the opposite direction (unmatched bias) will result in immediate 

degradation of dynamic postural stability and performance from baseline. 

 

Null hypothesis (Ho): 

HO 1: 

There will be no difference between matched and unmatched bias exercises following 

individual-specific unilateral biased exercises. 

 

HO 2: 

There is will be no difference with respect to baseline as a result of exercising participants with 

matched or unmatched individual-specific unilateral biased exercises in either; 

 

i. Dynamic postural stability, and 

ii. Performance  

The null hypotheses will be tested in the statistical analysis. 
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1.6 Significance of the study 

This is the first study to test: 

1. The inter–tester agreement of a directional bias assessment. 

2. Whether the directional bias assessment has validity in rehabilitation by testing the 

assumption that exercising participants with a matched individual-specific exercise bias 

(matched bias) will result in an immediate measurable improvement in dynamic postural 

stability and performance, conversely, exercising in the opposite direction (unmatched bias) 

will result in immediate degradation of dynamic postural stability and performance.  
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2 Literature Review 

 

Recurrent lower limb injuries are a common problem, with muscle performance and 

balance deficits recorded up to 42 years post-injury (Holder-Powell & Rutherford, 2000). 

Residual symptoms are also a common problem and it has been suggested that current 

treatment strategies may not be effective in preventing residual symptoms or in preventing 

recurrent injuries (McKay, Goldie, Payne, & Oakes, 2001; Palmieri-Smith, Thomas, & 

Wojtys, 2008; Staples, 1972 ; Yeung, Chan, So, & Yuan, 1994). The Clinical Pilates 

directional bias approach has been developed to address some of these problems and this 

review will provide background to these issues. Thus, the aim of this literature review is to 

provide an overview of the following: 

 

1. Long-term dysfunction following lower limb musculoskeletal injury; 

2. Immediate effects on lower limb performance of interventions commonly used by 

physiotherapists; 

3. The identification of matched and unmatched directional bias for individual-specific 

exercise prescription;  

4. Outcome measures to assess lower limb performance. 

 

2.1 Long-term dysfunction following lower limb musculoskeletal injury 

Re-injury is a major problem following musculoskeletal injuries of the lower limb. For 

example, McKay et al. (2001) reported that players who had sustained a previous ankle 

injury were five times more likely to sustain another ankle injury than previously non-

injured players (McKay, et al., 2001). Studies have reported between 73% and 80% of 

athletes suffered from recurrent ankle sprains (McKay, et al., 2001; Smith & Reischl, 1986; 

Yeung, et al., 1994). Further, over a 22 week season Australian Footballers showed that the 

cumulative risk of hamstring re-injury was 30.6% (Orchard & Best, 2002), while over a 

four year period netball players reported a knee re-injury rate of 20% during a 14 week 
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netball season (Hopper, Elliott, & Lalor, 1995). These reports are a sample of studies 

reporting re-injury as a major problem amongst sports-people who potentially are unable to 

perform at their full potential. Various mechanisms are likely to contribute towards risk for 

re-injury, such as residual deficits of muscle strength, neuromuscular recruitment strategies, 

and balance (Hertel, 2008; Murphy, Connolly, & Beynnon, 2003; Yeung, et al., 1994); 

potentially leading to long-term decreased physical performance. 

 

Deficits in muscle performance and balance have been observed 3 to 15 years following an 

anterior cruciate ligament (ACL) injury (Ageberg, Pettersson, & Friden, 2007; Ageberg, 

Zatterstrom, Moritz, & Friden, 2001; Myklebust, Holm, Maehlum, Engebretsen, & Bahr, 

2003; Nadler, Malanga, Feinberg, et al., 2002; Wilkerson, Pinerola, & Caturano, 1997). In a 

10.4 year follow-up study, Staples (1972) reported only 58.8% had fully recovered (no 

pain, weakness, instability or difficulty playing sport) following an ankle sprain, with 

prolonged residual symptoms potentially leading to disability and impaired performance 

(McKay, et al., 2001; Staples, 1972 ; Yeung, et al., 1994). Holder-Powell and Rutherford 

(2000) reported postural sway was still significantly greater in the injured limb compared to 

the uninjured limb in participants who had sustained a unilateral lower limb injury 6 

months to 42 years previously. Based on their findings, they suggested that full recovery 

rarely occurred and improvements may not continue once formal rehabilitation ceases. 

Thus, physiotherapists need to address deficits in muscle performance and balance, which 

appear to persist long after the initial injury. These may need to be considered in 

rehabilitation management programs to decrease the risk of re-injury and to assist patients 

to return to optimal performance. As improvement is not thought to improve once formal 

rehabilitation ceases (Holder-Powell & Rutherford, 2000), physiotherapists may need to 

adopt more immediate and effective management tools.  

 

A further residual problem following injury is decreased muscle strength. This is 

generally attributed to structural changes that result in muscle atrophy, but it can 

also be due to changes in neuromuscular function (Snyder-Mackler, De Luca, 

Williams, Eastlack, & Bartolozzi, 1994). Synder-Mackler et al. (1994) suggested 

that in a painful knee, a knee with chronic effusion or following an injury such as 

an ACL rupture, the quadricep femoris muscle‟s drive is disrupted by the central 
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nervous system as a result of a change in the firing of afferent impulses from joint 

receptors. This failure of voluntary activation is known as reflex inhibition which 

has been demonstrated years after an injury and rehabilitation (Hurley, Jones, 

Wilson, & Newham, 1992). Bilateral reflex inhibition has been demonstrated 

following ACL ruptures, which suggests central processes cause this inhibition on 

the unaffected side (Hurley, et al., 1992; Urbach, Nebelung, Weiler, & Awiszus, 

1999). Despite advances in rehabilitation techniques by both clinicians and 

scientists, restoring quadriceps strength to pre-injury level has still not been 

achieved (Palmieri-Smith, et al., 2008). Snyder-Mackler et al. (1994) suggests that 

if reflex inhibition was a cause of such weakness then traditional, volitional 

exercise would not be expected to remedy the deficit. Thus, it appears from the 

above research that consideration also needs to be given to address central changes 

in order to decrease the risk for re-injury and persistent residual symptoms. As 

reported by both Palmieri-Smith et al. (2008) and Snyder-Mackler et al. (1994) 

physiotherapists require new rehabilitation techniques in order to achieve this.  

 

 Following a lower limb injury changes in muscle activation sequencing in the central 

nervous system may result in alterations in muscle recruitment strategies producing altered 

movement patterns (Ageberg, et al., 2007; Ageberg, et al., 2001; Comerford & Mottram, 

2001; Hertel, 2008; Ingersoll, Grindstaff, Pietrosimone, & Hart, 2008; Katayama et al., 

2004; Murphy, et al., 2003; Nadler, Malanga, Feinberg, et al., 2002; Nadler, Malanga, 

Solomon, et al., 2002). These may be evident in changes in the biomechanics of walking 

patterns for the entire lower limb kinetic chain (Ageberg, et al., 2007; Bullock-Saxton, 

Janda, & Bullock, 1994; Delahunt, 2007). Neuromuscular function changes can also lead to 

impaired postural control and proprioceptive deficiencies (Ageberg, et al., 2007; Ingersoll, 

et al., 2008; Murphy, et al., 2003; Nadler, Malanga, Feinberg, et al., 2002). Thus, it would 

be reasonable to assume that physiotherapists would be able to observe these changes in 

patients who have experienced recurrent lower limb injuries. Physiotherapists may need to 

address these changes in central processing of muscle activation sequencing affecting the 

whole kinetic chain following any lower limb injury for good long-term outcomes. 

 

It has also been suggested that lower limb injury risk may be partially explained by 

impaired neuromuscular function of the core muscles (Hammill, Beazell, & Hart, 2008). In 
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a prospective 3 year study of collegiate athletes impaired core proprioception was found to 

predict knee injury risk in female athletes, although not in male athletes (Zazulak, Hewett, 

Reeves, Goldberg, & Cholewicki, 2007b). It is thought that trunk and hip stabilisers are 

pre-activated to regulate lower limb postures and counterbalance trunk motion. Decreased 

pre-activation is thought to result in decreased core stability and altered muscle sequencing 

which can lead to increased hip adduction and knee abduction loads during dynamic tasks 

(Hodges & Richardson, 1997a, 1997b; Willson, Dougherty, Ireland, & Davis, 2005). 

Consequently performance and increased incidence of injury in power activities is thought 

to be affected (Ireland, 2002). Devlin (2000) reports fatigue in the trunk stabilising muscles 

creates inefficiencies in running gait which then predisposes the athlete to hamstring 

injuries. Further, in a prospective study of collegiate athletes it was found those who did not 

sustain a lower limb injury during their season had significantly stronger core control than 

those who sustained an injury (Leetun, Ireland, Willson, Ballantyne, & Davis, 2004).  

 

Several authors have identified changes in the recruitment of trunk muscles following lower 

limb injury, and have suggested that these contribute towards compromised lower limb 

function (Cowan et al., 2004; Kibler, Press, & Sciascia, 2006; Nadler, Malanga, Feinberg, 

et al., 2002; Zazulak, Hewett, Reeves, Goldberg, & Cholewicki, 2007a). Neuromuscular 

training programs targeted to trunk muscles have been proposed by a number of authors 

(Mandelbaum et al., 2005; Myer, Brent, Ford, & Hewett, 2008). Myer et al. (2008) 

demonstrated increased standing hip abductor strength following a 10 week program in a 

group of female volleyball players while Mandelbaum et al. (2005) reported an 88% 

decrease in ACL injury in a group of female soccer players who had a neuromuscular 

training program replacing their traditional warm-up, during the first season and a 74% 

reduction in ACL tears during the second season compared to controls. Thus, inclusion of 

specific exercises aiming to modulate the pre-activation of neuromuscular recruitment 

sequencing of trunk muscles („core stability‟) may need to be incorporated into 

rehabilitation programs following lower limb injury.  

 

Following lower limb injury, physiotherapy rehabilitation has traditionally focused on 

muscle strengthening, stretching and balance exercises, and more recently, exercises to 

enhance “core stability”. A number of authors have suggested that traditional rehabilitation 
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strategies may not be effective in preventing residual symptoms and in preventing recurrent 

injuries (Braun, 1999; Hertel, 2002; Holder-Powell & Rutherford, 2000; Palmieri-Smith, et 

al., 2008). Holder-Powell & Rutherford, (2000) suggested further improvement does not 

occur once formal rehabilitation ceases. While, Palmieri-Smith, et al., (2008) reported 

restoring quadriceps strength to pre-injury level has still not been achieved and Snyder-

Mackler et al. (1994) have suggested the traditional, volitional exercise would not be 

expected to remedy strength deficits unless the central changes are addressed. It appears 

therefore, the risk for re-injury and persistent residual symptoms will only decrease if these 

altered pre-programmed CNS changes are addressed. Exercises based on the principles of 

Clinical Pilates aim to improve trunk control, clinically resulting in immediate 

improvements in lower limb performance, hypothetically by improving muscle activation 

sequencing. However, this has not yet been substantiated scientifically. A Clinical Pilates 

approach may be an effective exercise approach to improve rehabilitation outcomes once 

the acute local pathology has recovered as it has been developed to address problems such 

as the changes in muscle activation sequencing resulting in improved “core” control and 

thus allowing the lower limb muscles to function more efficiently. This study will test 

whether reversing these CNS changes will have immediate effects on the compromised 

lower limb function. 

 

The traditional approach to investigating clinical outcomes following rehabilitative 

exercises has generally been over medium to longer terms, such as four to six weeks to a 

year following training (Eils & Rosenbaum, 2001; Matsusaka, Yokoyama, Tsurusaki, 

Inokuchi, & Okita, 2001; McKeon et al., 2008; Rozzi, Lephart, Sterner, & Kuligowski, 

1999). These timeframes are presumably because significant changes to muscle strength 

and balance are not expected before this time. 

 

Strength increases from muscle hypertrophy, associated with overload training, have been 

reported by Jones et al. (1989) as not occurring for proximately 12 weeks. However, more 

recently, Seynnes et al. (2007) demonstrated changes in muscle architecture as early as ten 

days after beginning resistance training. Seynnes et al. (2007) also reported increases in the 

cross-sectional area of the quadriceps muscle following three weeks of resistance training. 

However, there is evidence that further recovery does not generally occur once formal 
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rehabilitation ceases (Holder-Powell & Rutherford, 2000), therefore if possible 

physiotherapists need to improve rehabilitation outcomes rather more quickly. 

 

Immediate improvements in strength are thought to be due to the altered neural drive which 

results in a learning effect by laying down the correct sequence of muscle activation, as a 

motor pattern, in the central nervous system (Jones, et al., 1989; Seynnes, de Boer, & 

Narici, 2007). A modulation of neuromuscular recruitment by the central nervous system is 

strongly influenced by the afferent proprioceptive system (Jones, et al., 1989; Matsusaka, et 

al., 2001; McKeon, et al., 2008; Rasool & George, 2007; Rozzi, et al., 1999; Seynnes, et 

al., 2007).  

 

Immediate effects of some interventions used by physiotherapists for the management of lower 

limb injuries have been reported. The following section will consider the immediate effects of 

selected interventions on performance-related tasks.   

 

2.2 Immediate changes in performance and postural stability 

Research has investigated immediate effects of physiotherapeutical interventions used in 

the clinical setting, such as taping or bracing, orthotics, pelvic belt, manual therapy 

techniques, stretching and whole-body vibration exposure on performance related tasks, 

postural stability and eletromyographic (EMG) activity of lower limb muscles.  

2.2.1 Taping and bracing 

Ankle taping and bracing 

Most of the research conducted on ankle taping and bracing, applied with the aim of 

limiting ankle range of motion, has investigated the negative effects on performance-related 

tasks or effects on injury and re-injury. Tasks that were included were vertical jump height, 

running speed, agility and postural stability tests. 

 

Paris (1992) investigated the effects of three types of ankle brace and taped and untaped 

ankle conditions. A significant decrease in vertical jump performance was found with one 

type of brace. However, no significant differences were found for speed, postural stability 

or agility (Paris, 1992). Participants were given the ankle braces two weeks prior to the 
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testing for familiarisation and all participants were accustomed to ankle taping. A period of 

seven days was allowed between the randomised testing conditions. It was not documented 

whether the tape was applied immediately before testing or before the 10 minute warm-up. 

Each test was of short duration which included a balancing task for 5 seconds on a series of 

stepping blocks, a vertical jump and running for 50 yards. The effectiveness of the tape was 

thus unlikely to have altered during these tasks. However, it was not reported whether these 

tests were repeated more than once. The purpose of the above study was to investigate 

whether ankle taping or bracing had a detrimental effect on performance and is an example 

of an immediate effect resulting from a physiotherapy intervention. 

 

Hopper et al. (2009) investigated the effects of a different type of ankle taping using a 

Mulligan protocol (Mulligan, 1992), which aimed to correct a positional fault, with 

participants with functional ankle instability.  The testing was of short duration, namely a 

10 second static condition, three 10 second static balance tests measured immediately, 30 

seconds and 60 seconds following 30 seconds of hopping, plus participants followed a 

computer tracking task for dynamic postural stability. The order of these tasks was not 

randomised. Due to the short duration and potentially low forces exerted on the tape during 

these tasks, the effectiveness of the tape under these three conditions would not have been 

expected to have changed. Both the randomised taped and untaped conditions were 

executed on the same day but due to the short duration of testing, with low to moderate 

exertion required, fatigue would not have been a factor in biasing results. No significant 

differences in static or dynamic postural stability were found when comparing the tape 

condition to no tape. Thus, it appears from Hopper et al.‟s (2009) study, this type of taping 

is unlikely to address the long-term residual problem of deficits in dynamic postural 

stability following an ankle sprain. 

 

Another study, with American collegiate football athletes with and without previous ankle 

injury, found significant differences of delayed peroneal reflex latency between taping and 

the control condition and between bracing and the control but not between taping and 

bracing (Shima, Maeda, & Hirohashi, 2005). The reaction time of the peroneus muscles 

was measured with and without tape on participants with stable and  unstable ankles 

following a simulated ankle sprain on a tilting trapdoor (Karlsson & Andreasson, 1992). 
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Taping showed a significantly shortened reaction time compared to the control condition. 

Those with the highest degree of mechanical instability displayed the greatest 

improvements, indicating that the function of tape contributes to ankle stability by limiting 

extremes in range of ankle movement and thus stability has an effect on reflex latency.  

 

Taping and bracing of ankles may contribute to stability if worn during sporting activities 

and thus reduce the re-injury rate, but it may not reduce the chance of re-injury during 

normal activities of daily living as most patients do not wear a brace all day. 

Patella taping 

Patella taping may be used in the management of patellofemoral pain syndrome (PFPS), 

with the aim of correcting malalignment or tracking of the patella within the trochlea 

groove (Aminaka & Gribble, 2005). A number of studies investigating the immediate 

effects of patella taping on participants with PFPS have shown significant decreases in pain 

levels (Aminaka & Gribble, 2008; Christou, 2004; Cowan, Bennell, & Hodges, 2002; 

Herrington, 2004; Herrington & Payton, 1997; Ng & Cheng, 2002; Salsich, Brechter, 

Farwell, & Powers, 2002). Various dependent variables have been used to explore 

immediate effects of taping in patients with PFPS, namely vertical jump height, and also 

EMG activity. 

 

Ernst et al. (1999) found a significant difference in increased vertical jump height, greater 

knee extensor moment and power in participants with PFPS with the application of patella 

tape compared to placebo tape or no tape. However, a detrimental effect of patella taping was 

demonstrated in participants without PFPS by Herrington (2004) as a significant decrease in 

hop distance. He suggested that the documented functional improvement in PFPS patients, 

such as of VMO EMG activity, demonstrated in previous studies must be due to more than 

pain relief and suggested that it was likely due to a more optimal patella position potentially 

resulting in a more efficient functioning of the extensor mechanism. Herrington‟s (2004) 

study is an example of a theoretically unmatched treatment having a detrimental effect on 

functional performance while Ernst et al. (1999) study is an example of a theoretically 

matched treatment having a positive effect on functional performance. 
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Cowan et al. (2002) reported the EMG timing of vastus medialis oblique (VMO) 

contraction was delayed compared to vastus lateralis (VL) in participants with PFPS, 

whereas, in those without PFPS contraction of the separate muscles of the quadriceps group 

occurred simultaneously.  However, this has been disputed by other authors (Crossley, 

Cowan, Bennell, & McConnell, 2000). Several authors have investigated the timing of 

VMO EMG activity relative to VL in participants with PFPS in taped and untaped 

conditions (Christou, 2004; Cowan, Bennell, et al., 2002; Cowan, Hodges, Bennell, & 

Crossley, 2002; Gilleard, McConnell, & Parsons, 1998; Ng & Cheng, 2002). Vastus 

medialis oblique activity was shown to begin earlier than VL during stair climbing in 

participants with PFPS who were taped compared to the untaped or placebo taped 

conditions Cowan et al. (2002), while in Gilleard et al.‟s (1998) study their participants 

showed earlier onset of VMO during both the step-up and step-down in the taped condition. 

However, other studies did not find a significant improvement in VMO EMG activity or 

VMO to VL activity ratio with taping compared to no tape in participants with PFPS 

(Cerny, 1995; Herrington & Payton, 1997). Ng & Cheng (2002) reported participants with 

PFPS or patellofemoral joint malalignment displayed an immediate significant decrease in 

the EMG activity ratio of VMO to VL after the application of the tape, compared to an 

untaped condition.  

 

There is thus a lack of consistency in studies investigating the effects of patella taping on 

EMG timing of the vastii muscles in patients with PFPS. This may be due to different 

methodology related to the task, placement of electrodes and processing of EMG data. 

Alternatively, the conflicting results of the above studies suggest that there may be sub-

groups of patients with PFPS who respond favourably to taping. However, these studies 

demonstrate that immediate effects of taping have been investigated in patients with PFPS. 

Thus, physiotherapists must assess each patient suffering from PFPS individually to 

determine whether they respond to taping or not. As responses to taping have been shown 

to be immediate, those that experience beneficial effects can be determined immediately 

following its application.  

2.2.2 Orthotics 

Orthotics are commonly prescribed by physiotherapists to treat lower limb musculoskeletal 

conditions with the aim of correcting “abnormal” lower limb biomechanics by changing 
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joint alignment. However, there is lack of consensus in the literature as to whether orthotics 

are effective (Heiderscheit, Hamill, & Tiberio, 2001; Nigg et al., 2003). The risk factors 

that have been postulated to be associated with lower limb injury are the increased 

magnitude of the pronation angle and increased pronation velocity (Heiderscheit, et al., 

2001). Orthotics range from: off-the-shelf to custom-moulded models, with or without 

postings under the rearfoot or forefoot. Most orthotic studies have investigated the effects 

of orthotics on angles at the foot, subtalar and knee joints. However, a few authors have 

investigated for effects of orthotics on lower limb performance as discussed below in the 

following section. 

 

Walking with orthotics: No statistical significant differences were found between the 

orthotic and non-orthotic conditions on EMG activity of gastrocnemius, peroneous longus 

and tibialis anterior muscles during walking in participants with leg overuse symptoms 

(purportedly due to subtalar joint pronation) (Tomaro & Burdett, 1993).  However, in 

another study of asymptomatic participants with flat feet, tibialis posterior and peroneous 

longus EMG amplitude were significantly changed with heat moulded prefabricated 

orthotics and custom orthotics compared to the shoe only condition during walking 

(Murley, Landorf, & Menz, 2010). No differences for tibialis anterior or medial 

gastrocnemius were found. In an earlier study Murley and Bird (2006) reported individual 

responses in EMG amplitude were highly variable. A statistically significant difference was 

found in tibialis anterior maximum EMG amplitude in the shoe only and in the three 

different (inverted foot) orthotics compared to walking barefooted and not between any of 

the different orthotics or shoes. Further, peroneous longus EMG amplitude was 

significantly different with a 15 degree inverted orthosis compared to barefooted walking. 

In both studies by Murley et al. (2006, 2010) the results were not of immediate effects as 

participants were issued with the orthotics four weeks prior to testing. They were instructed 

to wear a different pair of orthotics each day. Participants were also given time to become 

accustomed to each of the orthotic conditions before testing. 

 

Running with orthotics: No significant difference in knee linear displacement was found in 

runners running in shoes, with and without orthotics. However, the aerobic cost of running 

with orthotics was found to outweigh any biomechanical improvement (Burkett, Kohrt, & 
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Buchbinder, 1985). Mundermann et al. (2006) reported that both posting and moulded 

orthotic conditions each affected the lower limb muscles differently during each of the 

three phases of running gait. This study was designed to record immediate effects of the 

three orthotic and control conditions. Results showed immediate changes may be found in 

some phases of the running gait while running under different types of orthotics.  

 

Postural sway: Studies investigating the effect of orthotics on postural sway have varied 

from improving, to mixed, to no improvement. Orthotics were shown to significantly 

decrease the amount of postural sway following a fatiguing protocol compared to no 

orthotics in healthy participants (Ochsendorf, Mattacola, & Arnold, 2000). While running 

under four different orthotic conditions, healthy males, showed participant-specific 

reactions of the path of the centre of pressure were opposite to what was expected in 50% 

of the cases. The reactions were not consistent between participants (Nigg, et al., 2003), 

whereas following a lateral ankle injury orthotics were found to be ineffective at improving 

postural sway during six different orthotic conditions during single-leg stand (Hertel, 

Denegar, Buckley, Sharkey, & Stokes, 2001). 

 

Lower limb performance: One study investigated the performance effect of lateral heel shoe 

wear by placing 1mm medial and lateral hindfoot wedges on barefoot participants who then 

executed a heel raise task. Performance decreased with a medial heel wedge, which were 

proposed to simulate a worn shoe (Sole, Milosavljevic, Sole, & John Sullivan, 2010).  

 

Orthotics appear to have varying effects for individuals. Although research has shown very 

mixed results in some cases, in other studies immediate beneficial results have been 

identified in lower limb performance. Thus, it appears results from the above studies 

demonstrate that not all patients will be free of residual effects and restored to fully 

functional performance and postural stability following overuse injuries by the use of 

orthotics.  

2.2.3 Pelvic belt 

A pelvic belt has been used in the management of patients with pelvic pain and with groin 

pain (Mens, Damen, Snijders, & Stam, 2006; Mens, Inklaar, Koes, & Stam, 2006; Mens, 

Vleeming, Snijders, Stam, & Ginai, 1999). Mens et al. (1999, 2006) investigated the 
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immediate effects of the application of a belt in participants with sacroiliac joint laxity 

(Mens, Damen, et al., 2006; Mens, et al., 1999), pregnant females (Mens, Damen, et al., 

2006), participants with pelvic girdle pain (Mens, Damen, et al., 2006; Mens, et al., 1999) 

and athletes with groin pain (Mens, Inklaar, et al., 2006). Improvement was observed for an 

active straight leg raise test and for hip adductor muscle strength. Application of manual 

compression across the pelvis had similar effects for active straight leg raise test in 

participants suffering from sacroiliac joint pain (O'Sullivan et al., 2002). Thus, the 

application of a pelvic belt and manual compression to stabilise the pelvis were associated 

with immediate improvement in lower limb performance. Improvement in pelvic stability 

may also be obtained through an exercise program, which if aimed at improving 

neuromuscular recruitment deficits; it may be possible to also obtain improvements in 

lower limb performance. 

2.2.4 Mobilisations with movement 

A concept for manual therapy proposed by Brian Mulligan (1992) suggests that realigning 

joint position leads to immediate decreases in pain and improvement in function. 

Mobilisation with movement (MWM) is a technique to restore painful joints to a painfree 

range of motion. A sustained manual force is applied along the line of the joint, which 

according to Mulligan is intended to reposition a „bony positional fault‟, while passive or 

active range of motion is performed at the joint (Mulligan, 1992), although other mechanisms 

of action have been discussed (Abbott, 2001). 

 

Participants with chronic lateral epicondylalgia have shown increases in painfree grip 

strength and maximum grip strength immediately following ten MWM (Abbott, Patla, & 

Jensen, 2001; Paungmali, O'Leary, Souvlis, & Vicenzino, 2003; Vicenzino, Paungmali, 

Buratowski, & Wright, 2001).  Improvements in painfree grip strength have varied between a 

17% increase (Abbott, 2001), to 47.5% (Paungmali et al., 2003) and 58% (Vicenzino et al., 

2001). Although these studies investigated MWM effects on upper limb pathology, the 

immediate improvement in functional strength demonstrated may be transferrable to lower 

limb pathologies. 

2.2.5 Manipulation 

A number of authors have shown improved muscle performance following joint 

manipulation or mobilisation, a commonly used physiotherapy modality. Examples of 



 
 

19 

manipulations and mobilisations immediately improving lower limb muscle performance 

are reviewed below. 

 

In a study of healthy participants Makofsky et al., (2007) was able  to demonstrate an 

immediate improvement of 17.35% in hip abductor torque following a grade IV inferior hip 

joint mobilisation compared with a grade I mobilisation, the latter showing, a 3.68% 

decrease in average torque. Participants received three sets of one-minute mobilisations. 

Yerys et al., (2002) demonstrated a 14%  increase in gluteus maximus strength in a group 

of asymptomatic students following three sets of one-minute grade IV posterior anterior hip 

joint mobilisations. In contrast, with a 4% increase following grade I mobilisations in the 

control group of healthy participants. The results from these two studies (Makofsky, et al., 

2007; Yerys, et al., 2002) indicate that an immediate clinically important difference in 

muscle strength may be demonstrated within one session particularly with the application 

of  high grade mobilisations.  

 

 Grinstaff et al. (2009) were able to show an immediate 3% improvement in quadriceps 

force and a 5% improvement in quadriceps activation following a lumbopelvic joint 

manipulation on healthy participants. Quadriceps activation was calculated by dividing the 

volitional maximum voluntary isometric contraction force by total force. This effect was 

absent 20 minutes later. Studies showing an immediate effect following sacroiliac joint 

manipulations include Hillermann et al. (2006) who demonstrated a significant 

improvement in quadriceps muscle; Suter et al., (1999) who were also able to demonstrate a 

significant decrease in quadriceps inhibition and increases in muscle EMG activation as 

well as knee extensor torque on participants suffering from anterior knee pain; and 

(Cibulka, Rose, Delitto, & Sinacore, 1986) who reported a significant difference in 

hamstring peak torque in a group of patients with hamstring strains.  

 

The above studies all involved the application of an external force applied by a therapist. 

Higher forces involved in manipulations and grade IV mobilisations appeared to result in 

greater improvements than those with smaller grades. Exercise as a rehabilitation treatment 

modality may be more equivalent to lower grade mobilisations, which demonstrated 

smaller immediate effects on muscle performance. Significant immediate beneficial effects 
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of exercise, through motor skill learning (2.2.8), have been demonstrated as well as 

immediate detrimental effects from exercise (2.2.6). These are discussed below. 

2.2.6 Stretching 

Physiotherapists commonly give advice to patients to stretch a muscle or muscle group as 

part of patient injury management or as injury prevention advice. Advice to stretch 

following a warm-up before any sporting activity is also commonly given. However, there 

is a lack in consensus for stretching as an injury prevention tool or to improve performance 

(Shrier, 2004).  In Shrier‟s systematic review of the literature he found of the 23 articles 

examined, 22 reported no benefit following an acute bout of stretching on isometric force, 

isokinetic torque, or jumping height outcomes. Of the four studies examining the 

immediate effects of stretching on running speed, one study found an improvement 

following a single 30 second dynamic stretch (Little & Williams, 2006). However, Nelson 

et al. (2001) found that two 30 second static stretches of the hip, knee and calf muscle 

groups were detrimental for running speed, while the two further studies reported equivocal 

results (De Vries, 1962; Godges, Macrae, Longdon, Tinberg, & Macrae, 1989), although 

the De Vries study had only four participants(De Vries, 1962).  

 

A number of other studies have also found stretching before activity may be detrimental 

(Nelson, Kokkonen, & Arnall, 2005; Winchester, Nelson, & Kokkonen, 2009; Winchester, 

Nelson, Landin, Young, & Schexnayder, 2008). Nelson et al. (2005) reported a statistically 

significant reduction in muscle strength endurance following 15 minutes of static stretching 

of the hip, thigh and calf muscle groups compared to no stretching. Winchester et al., 

(2008) demonstrated that static stretches of the thigh and calf muscles following a dynamic 

warm-up, decreased sprint performance compared to no static stretching. In a further study 

Winchester et al., (2009) found one single static hamstring stretch of 30 seconds held at the 

limit of tolerance was enough to significantly reduce a 1-RM knee flexion test. Thus 

although stretching results in negative effects, these studies demonstrate an immediate 

effect is possible, whether detrimental or beneficial, in lower limb performance following a 

within session modality. 
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2.2.7 Vibration exposure 

Low frequency and low amplitude vibration is a form of mechanical stimulation that is used 

widely by some athletes to improve muscle strength, body balance and mechanical 

competence of bone (Cardinale & Wakeling, 2005; Torvinen et al., 2002).  

 

A group of healthy participants exhibited a significant increase in isometric strength of the 

lower limbs, jump height and postural stability immediately following a four-minute 

exposure to vibration loading. However, these effects had dissipated within an hour 

(Torvinen, et al., 2002). Participants involved in resistance training and recreational sport 

were exposed to a 30-second bout of whole-body vibration. Results showed a significant 

increase in jump height during a counter movement jump immediately following the 

exposure. In this study, these effects had dissipated 30 minutes later. Further, no significant 

changes were observed in peak power during the counter movement jump or in peak force 

during an isometric squat (Cormie, Deane, Triplett, & McBride, 2006). When Jacobs and 

Burns (2009) exposed participants to 6 minutes of whole body vibration a significant 

improvement in sit-and-reach scores was observed, in addition to significant increases in 

peak and knee extensor average isokinetic torque and, knee flexion average torque 

compared to controls. In these studies, the improvements in performance were of short 

duration. Thus, the use of vibration exposure alone may not be of benefit for improving 

long-term changes for those patients recovering from a lower limb injury. 

 

All of the above examples were passive interventions. The study reported in this thesis 

involves an exercise intervention. Thus, in the following section, literature will be reviewed 

regarding the current knowledge of immediate effects of exercise interventions on muscle 

performance and dynamic postural stability. 

2.2.8 Motor skill learning during an exercise intervention 

Costa et al. (2004) suggested immediate (“fast”) improvement in performance occurs 

during an initial exercise session due to motor skill learning and this continues as “slow” 

improvement across sessions. Seven mice learned a novel sequence of movements to 

maintain equilibrium on a rotating rod on three consecutive days, with each session 

consisting of 10 trials. They found substantial plastic changes in connectivity and activity 

in the dorsal striatum and motor cortex during motor skill learning which was accompanied 
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by improved performance. In the first session in both structures, parallel recruitment of task 

related neurons was observed. However, differential refinement of the firing patterns in 

both of these structures was observed during slow learning. They found significant 

learning, not to fall off the rod, during the first day and by the third day the mice had 

reached a plateau. 

 

Madhavan and Shields (2007) were able to demonstrate “fast” motor skill learning in their 

study, where young healthy adult participants performed 6 trials of 10 repetitions of single 

leg squats while tracking a sinusoidal target within a single session. Resisted knee flexion 

and extension were controlled during the single-leg squat, which was adjusted to 16% of 

the participant‟s body weight. Results demonstrated a significant increase in accuracy of 

their performance in each trial, and participants were able to retain this improvement across 

the six trials. A decrease in quadriceps-hamstring co-activation was found in each trial from 

repetition 1 to repetition 10, resulting in the co-activation ratio being found to be 

significantly higher from trial 1 to trial 6. Madhaven et al. (2009) performed another study 

which included elderly participants. To produce two perturbations, which were randomly 

delivered during two of the five sets of 10 repetitions, a brake was released resulting in 

knee flexion resistance dropping from 16% to 0% of the participant‟s body weight. 

Throughout the single-leg squat, the absolute error of both groups followed a similar 

pattern, but the elderly had greater EMG muscle activity and had larger long latency 

responses of their quadriceps muscles.  

 

The above two studies had a within-session design.  Madhavan and Shields (2009) also 

investigated the effects of this motor skill learning task over four days. Healthy female 

participants performed the same single-leg squat task while tracking a sinusoidal target. A 

40% decrease in error was found by day 2. As no difference was noted between day 2 and 

day 4, it was suggested that participants reached proficiency in one session and retained this 

over several days. Along with this improved accuracy from learning this task, the 

quadriceps/hamstring co-activation ratio increased. The authors suggest this activation 

pattern represented a feed-forward control plan adopted by the central nervous system for 

accurate knee placement.  
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Immediate enhanced performance following an exercise intervention may be due to motor 

skill learning. Thus, performing exercises within one intervention session may have the 

potential for a motor skill learning effect to occur which may result in a change in the 

timing of a muscle activity or muscle activation pattern in patients following a lower limb 

injury, potentially leading to improved muscle performance and dynamic postural stability. 

As has been presented above, altered pre-programming in the CNS appears to contribute to 

re-injury and residual deficits, which lead to long-term decreased performance observed 

following lower limb injury. If changes in performance are able to be obtained immediately 

following an exercise intervention, then this is most likely due to changes in CNS 

programming. 

 

The above section (2.2) has presented research demonstrating that many different 

physiotherapy therapeutic interventions commonly used in the clinical setting have the 

ability to produce immediate effects on functional outcome measures, in particular on lower 

limb function. All examples reviewed above, apart from 2.2.8, have involved some type of 

force being applied during these passive modalities. Literature is lacking on investigating 

immediate effects following an exercise intervention on functional performance and 

dynamic postural stability following a lower limb injury. There has, however, been research 

undertaken investigating immediate changes in pain patterns following exercises prescribed 

to patients in the context of direction specific treatment classification systems. Literature 

will be reviewed below demonstrating the effects of these. 

 

2.3 Directional bias  

For a definition of directional bias refer to 1 Introduction. 

 

The idea of individual-specific directional exercises is not new in rehabilitation. McKenzie 

(1981) described a concept for “mechanical diagnosis and therapy” in which patients are 

classified into one of three mechanical syndromes based on their symptomatic response to 

repeated movements and sustained postures. Treatment is then matched to the syndrome. 

Inter-tester reliability of the McKenzie Method Assessment has been conducted by 

numerous authors and has demonstrated high reliability, with kappa values ranging from 

0.79 to 1.0 (Long, Donelson, & Fung, 2004). 
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According to McKenzie (1981), if the classification is a derangement syndrome, a reducible 

derangement will demonstrate a directional preference. This is where repeated movements 

in one direction, for example lumbar spine flexion or extension, will immediately decrease 

or abolish midline pain, or will decrease or “centralize” referred symptoms. 

“Centralization” is where symptoms retreat from a distal distribution in a proximal 

direction towards the spine. Conversely, repeated movements or sustained postures in the 

opposite direction will worsen or “peripheralise” symptoms, that is, symptoms will move 

distally. Treatment direction is then matched to the directional preference where symptoms 

move proximally (Hefford, 2008; Long, et al., 2004; McKenzie, 1981; McKenzie & May, 

2003). 

 

Long et al., (2004) randomised participants with low back pain into three different groups 

of exercises. One group received exercises in the direction of the individual-specific 

“matched” directional preference to exercises, and the other two groups into the “opposite” 

direction or “non directional” exercises respectively. The results demonstrated statistically 

significant greater improvements for all outcomes for participants performing exercises in 

the “matched” direction compared to participants of the other two groups, including a 

threefold decrease in medication used. One-third of the latter two groups withdrew within 

two weeks because of no improvement or worsening symptoms. No participants withdrew 

from the matched group, and none of these reported worsening of symptoms or pain 

peripheralising down their leg (Long, et al., 2004). Those who reported unchanged or 

worsening symptoms immediately following the study, or who had requested a change to 

another protocol to achieve better pain control, were offered matched exercises and advice 

as part of a further study (Long, May, & Fung, 2008). The poor outcomes for participants 

with unmatched or non-specific exercise protocols (Long 2004) were reversed when 

matched directional specific exercises were given. Clinically meaningful and statistically 

significant changes also occurred in all outcomes in this further study (Long, et al., 2008). 

Thus, those that initially received inappropriate exercises (unmatched) reversed their 

worsening or not improving status, to improving and resolved once matched exercises were 

given (Long, et al., 2008). It has also been demonstrated that those patients with low back 

or neck pain who were matched to their directional preference, not only had significantly 
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better outcomes, but also needed significantly fewer treatment visits and returned to work 

earlier than unmatched patient groups (Brennan et al., 2006; Donelson, Silva, & Murphy, 

1990; Karas, McIntosh, Hall, Wilson, & Melles, 1997; Skytte, May, & Petersen, 2005; 

Sufka et al., 1998; Werneke, Hart, & Cook, 1999).  

 

The McKenzie method is designed to decrease or abolish pain by utilizing exercises based 

on directional preference (termed directional bias in this present study) following sub-group 

classification.  Whereas, Clinical Pilates which is also based on exercise sub-group 

classification, has been designed to improve dynamic postural stability deficits via 

individual-specific matched bias exercises. The identification of sub-groups of patients who 

respond to other different specific management approaches has also been reported by a 

number of other authors in conditions such as acute low back, chronic low back, cervical 

spine and sacroiliac pain (Brennan, et al., 2006; Childs et al., 2004; Fritz & Brennan, 2007; 

George & Delitto, 2005; Hicks, Fritz, Delitto, & McGill, 2005; Laslett, 2008; Long, et al., 

2004).  

 

Sahrmann (2002) also uses a classification system for diagnosis of movement impairment 

syndromes. She proposes that faulty repeated movements and sustained postures may alter 

tissue characteristics leading to tissue damage and changed movement patterns. These may 

develop into impairment syndromes which may eventually become painful (Sahrmann, 

2002). Sahrmann believes that correction of the alignment of the trunk and pelvis needs to 

occur first before addressing the site of interest. A similarity to the Clinical Pilates concept 

is that both concepts include assessment and identification of dysfunction of trunk 

movements, which then require correction. Further, both concepts prescribe exercises to 

correct the dysfunction. However, Sahrmann‟s exercises aim to reduce pain by improving 

flexibility, strength and movement patterns whilst maintaining correct body alignment. In 

contrast, Clinical Pilates does not focus on pain but on improving dynamic postural 

stability, which is then assessed indirectly by observation and performance tests. Further, 

Sahrmann requires the exercises to be practiced for 30 minutes to an hour per day and 

patients need to pay continual attention to body mechanics and posture throughout their 

daily activities. Similarly to McKenzie and in contrast to Sahrmann concepts, Clinical 



 
 

26 

Pilates uses a concept whereby immediate improvements in performance and dynamic 

postural stability are predicted following matched bias exercises. 

 

The conceptual basis for exercise prescription for the current study, Clinical Pilates, is also 

based on sub-grouping of patients and prescription of specific exercises based on the sub-

groups. Although physiotherapists are using the concepts underlying Clinical Pilates 

internationally, these have not been tested in a scientific environment. Specifically, it has 

not been demonstrated whether patients with previous lower limb injuries and who have not 

returned to full pre-injury levels for performance, can be identified, rehabilitated in a 

specific way (matched bias exercises) such that an immediate improvement in muscle 

performance and dynamic postural stability is gained. It has not yet been demonstrated 

under controlled experimental conditions whether prescription of matched exercises biased 

to the “matched” or “unmatched” directions will result in immediate changes in lower 

extremity performance and dynamic postural stability. This study will address this gap in 

the literature. 

 

The approach of Clinical Pilates is intended to improve dynamic postural stability and 

muscle performance. The following section will discuss clinical and laboratory measures of 

postural stability and muscle performance that have been used as dependant variables in 

past research studies. 

 

2.4 Postural stability 

To maintain postural stability (balance) the central nervous system (CNS) integrates 

somatosensory, visual and vestibular afferent information, from which it develops postural 

strategies. The CNS then sends appropriate efferent responses to enable it to control the 

muscles in the trunk and extremities (Hertel, 2008; Riemann, Myers, & Lephart, 2002). 

Static and dynamic tests are described below that have been used in clinical and in research 

settings. 
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2.4.1 Clinical measures 

Static test 

In the clinical setting a single-leg stance test has traditionally been used to test postural 

stability deficits following lower limb injuries (Forkin, Koczur, Battle, & Newton, 1996). 

Some authors have suggested that quiet standing may not place enough demand on the 

postural control system to detect minimal deficits following a lower limb injury (Arnold, 

De La Motte, Linens, & Ross, 2009; Olmsted, Carcia, Hertel, & Shultz, 2002; Riemann, 

Caggiano, & Lephart, 1999). Wikstrom et al., (2006) suggested that during static or slow 

moving tasks, slow adapting mechanoreceptors are stimulated, while fast adapting 

mechanoreceptors are stimulated during dynamic tasks. Thus, dynamic tests are used when 

small changes in postural stability are expected, as static tests may not be sufficiently 

sensitive to detect these. In addition, dynamic tests are thought to better reflect and measure 

postural stability deficits for those wanting to return to sporting activity (Arnold, et al., 

2009; Olmsted, et al., 2002; Riemann, et al., 1999).  

Dynamic tests 

Various hop tests and the Star Excursion Balance Test (SEBT) are commonly utilised to 

assess postural stability deficits in the clinical setting following lower limb injury 

(Fitzgerald, Lephart, Hwang, & Wainner, 2001; Gribble, Hertel, Denegar, & Buckley, 

2004; Olmsted, et al., 2002; Rasool & George, 2007; Reid, Birmingham, Stratford, Alcock, 

& Giffin, 2007).  

Hop tests: Hop tests generally entail one-legged hopping, where the participant is asked to 

hop as far or as high as possible, land on that leg, and regain postural stability as fast as 

possible or hop as quickly as possible over a set course.  Riemann et al., (1999) developed a 

multiple single-leg hop stabilisation test for evaluating postural stability during a functional 

performance test, which consisted of 10 hops requiring participants to hop laterally or 

diagonally forward and stabilise for 5 seconds following each hop. Barber et al. (1990) and 

Noyes et al. (1991) both suggested that clinicians use two one-leg hop tests for a more 

reliable assessment of any postural stability and performance deficits. Their one-legged hop 

tests include one-legged hop for distance, one-legged vertical hop, one-legged timed hop 

over 6 meters, cross-over hop test where distance is measured and a timed stair hop test. 
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However, Noyes et al. (1991) concluded that these tests were not sensitive enough to detect 

functional limitations following ACL ruptures.  

Star Excursion Balance Test (SEBT): The SEBT measures the reach distance of the contra-

lateral leg in eight directions (anterolateral, anterior, anteromedial, medial, posteromedial, 

posterior, posterolateral, and lateral) while standing in single-leg stance. This test has been 

reported to be reliable and able to detect functional lower limb performance deficits 

(Gribble, et al., 2004; Hale, Hertel, & Olmsted-Kramer, 2007; Hertel, Miller, & Denegar, 

2000; Kinzey & Armstrong, 1998; Olmsted, et al., 2002).  A meta-analysis investigating 

postural stability impairments associated with ankle instability reported their quality score, 

the standard difference of the mean (SDM), for dynamic tests.  Time to stabilisation (TTS) 

produced a SDM twice that of the SEBT test. They concluded TTS was the better of the 

two tests for measuring postural stability impairments (Arnold, et al., 2009). 

2.4.2 Research Laboratory measures 

For research purposes, the force plate is the most common instrument used for assessment 

of both static and dynamic postural stability, allowing objective quantitative measurement 

of ground reaction forces and calculation of various variables related to postural stability 

(Guskiewicz & Perrin, 1996).  

Static tests 

Various measures such as centre of pressure excursion, sway and more recently time to 

boundary are used to test static postural stability. However, due to the reasons mentioned in 

2.4.1 above, static tests were not considered for this present study. 

Dynamic tests  

Time to stabilisation early development: Colby et al. (1999)  investigated two tests to 

identify the time individuals took to stabilise following a single-leg landing on a force plate 

to provide information on dynamic postural stability rather than lower limb performance. 

They included recreational athletes who had undergone an ACL reconstruction or had ACL 

deficient knees (ACL ruptures, partial tear or increased laxity). The first test consisted of a 

step-down from a height of 19cm onto a force plate. The second test consisted of a hop onto 

a force plate from a distance equal to the participant‟s leg length. Ground reaction forces in 

the vertical, medial lateral and anterior posterior directions and the moments about each 
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axis were collected for 3 seconds. They used a sequential estimation technique to calculate 

the time it took for the participant to stabilise, termed Time to stabilisation (TTS) and is a 

measure of dynamic postural stability. It measures the time it takes for the initial 

components of the ground reaction force (GRF), after landing from a jump onto one leg, to 

become similar to the components of the GRF in a stabilised single-leg stance. Their 

conclusion was that the step-down test was able to identify dysfunction in an ACL 

reconstructed knee compared to the uninjured limb.  

 

Caulfield and Garrett (2004) investigated changes in the GRF during jump landing 

following a similar protocol to that of Colby et al. (1999). Their participants were male 

recreational soccer and Gaelic football players who had a history of unilateral functional 

ankle instability. They concluded that the significant changes in the timing and magnitude 

of peak forces in participants with functional ankle instability compared to uninjured 

participants were due to an impaired pre-programming of ankle joint movement in the pre 

and post-impact periods when landing. It is thought that a centrally controlled motor 

program (pre-programming) controls dynamic ankle stability. As reflex correction (takes 54 

milliseconds) and the beginning of EMG activity to build up enough force in the peroneal 

muscles for dynamic stabilisation (takes 72 milliseconds) is not possible before 

approximately 126 milliseconds after heel strike (Delahunt, Monaghan, & Caulfield, 2006; 

Konradsen, Voigt, & Hojsgaard, 1997) .  

 

Another form of TTS is a jump-stabilisation manoeuvre which was developed by Ross et 

al. (2003) to quantify dynamic postural stability. This involved individuals performing a 

two-legged jump, starting 70cm away from a jump-height measuring device. Participants 

jumped vertically to touch a mark on the device, set at 50-55% of their individual maximal 

jump height. They then landed on one leg on a force plate, where they remained as 

motionless as possible for 20 seconds. The Ross et al. (2003) method of calculating TTS 

differed from that of Colby et al. (1999), in that if calculated the individuals stable single-

leg stance by analysing the last two 5 second windows of the 20 second period. The 

window with the smallest ground reaction force (GRF) range for each of the anterior 

posterior and medial lateral components became their “horizontal range-of-variation line”.  

The GRF data were rectified and an unbounded third-order polynomial equation was used 
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to fit each component. Stabilisation was considered to be the point where the horizontal 

range-of-variation line transected the unbounded third-order polynomial (Ross & 

Guskiewicz, 2004). Using this technique, Ross and Guskiewicz, (2004) showed that 

individuals with functional ankle instability took significantly longer to stabilise than those 

with stable ankles following a single-leg jump landing.  

 

Ross et al. (2005) developed their technique further to account for those with unstable 

ankles whose range-of-variation line was greater than those with stable ankles. These 

participants had the potential to intersect the unbounded third order polynomial line sooner 

(and appeared to be more stable) compared to those with stable ankles whose range was 

smaller and who may have taken longer to reach the point of stabilisation. This was done 

by using normalised range-of-variation reference variables calculated from participants 

with stable ankles. All participants in this study were university students who participated 

in at least three hours of recreational sport per week. 

 

Wikstrom et al. (2005) examined the landing protocols and analysis techniques described 

by Colby et al. (1999) and Ross and Guskiewicz (2004) to establish which of these would 

be more likely to detect differences in dynamic stability for individuals with and without 

functional ankle instability. This study concluded that the Ross protocol (2004) was more 

effective in detecting differences between the two groups.  

 

VanMeter (2007) attempted to standardise a protocol to define the number of practice and 

test trials needed for testing TTS. Healthy university students performed twenty trials of the 

same single-leg jump-land protocol to that of Ross and Guskiewicz (2004). A specific 

number of trials after which no further improvements were observed could not be defined. 

However, significant differences were observed in the medial lateral direction between 

trials 4-20 compared to trials 1-3.  These results suggested that a minimum of three practice 

trials may be required for a healthy participant to become familiar with the task (VanMeter, 

2007).  

 

TTS later development: In 2005 Wikstrom et al. reported that TTS had intrinsic limitations. 

In particular, as forces were measured in three directions producing three separate 
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measures, global changes of dynamic postural stability of the lower limb may not be 

observed. They also suggested that a 20-second measurement period was not representative 

of athletic activity and suggested a time of 3 seconds was more appropriate. To overcome 

these issues Wikstrom et al. (2005) trialed a new measure of dynamic postural stability: the 

Dynamic Postural Stability Index (DPSI) using healthy recreational university students. 

The DPSI is a measure of overall stability but has the ability to measure both directional 

and global measures. However, it does not measure TTS which is a time-based measure. 

DPSI is a unit-less measure of overall stability. Therefore, they can be used for separate 

clinical questions. The DPSI was found to be precise and had excellent test-retest 

reliability, and was able to detect differences between stable and unstable ankles 

(Wikstrom, Tillman, Chmielewski, Cauraugh, & Borsa, 2007). However, a 3-second 

measurement may not be long enough for use as a clinical tool for measuring patient‟s 

progress and improvement over time, as they may take longer than 3 seconds to stabilise 

especially initially following injury, or as a return to sport criteria. 

 

Ross et al. (2008) developed their own version for analysing anterior posterior and medial 

lateral GRF data together, the Resulting Vector (RV). They analysed their data to compute 

receiver operating characteristics (ROC) curves, resulting in the RVTTS  being rated as 

only a fair assessment tool at discriminating between those with and without functional 

ankle instability. Their participants included both male and females in the age range of 18-

23 years. 

 

Wikstrom et al. (2008) further investigated the dynamic postural stability differences in 

single-leg jump-landings from different directions (forward, diagonal and lateral) among 

healthy young recreationally active participants. They found the direction of the jump 

showed statistical differences in dynamic postural stability in both frontal and vertical 

planes. They concluded that using only forward jump-landing protocols may be misleading 

and may possibly overlook important aspects of neuromuscular control.  

 

TTS with EMG or motion analysis equipment:  EMG and motion analysis have been used 

during the TTS manoeuvres to investigate what biomechanical and muscle activation 

differences occurred in the poorer performing tests compared to the better performing tests. 
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Wikstrom et al., (2008) used the same jump-landing protocol in three directions to 

investigate the deficits in neuromuscular control in failed jump-landing trials. Their 

participants were all healthy and recreationally active and were recruited from within their 

university student population. Results showed significantly different neuromuscular control 

between successful and failed trials. Successful trials required earlier onset of muscle 

activity and significantly more preparatory and reactive EMG amplitudes to effectively and 

safely resist the collapse, of the lower limb on landing.  

 

Caulfield and Garrett (2002) adapted the Colby et al. (1999) study to examine differences 

in patterns of ankle and knee movement prior to and following landing from a single-leg 

jump in participants with and without functional ankle instability. All participants were 

males between 18 and 32 years who participated in recreational sport. Participants stood on 

their unaffected leg on a 40cm height box and hopped off the box landing on a force plate 

on their affected leg. Using a motion analysis system, they were able to show that 

significant ankle and knee joint angular displacement differences existed immediately pre 

and post impact between participants with and without functional ankle instability. Colby et 

al. (1999) concluded that these observed differences were due to alterations in muscle 

activation sequencing in the central nervous system, as reflex correction could not have 

occurred by this time.  

 

More recently, a number of studies have also used motion analysis for kinematic analysis 

while participants perform jump-landing tasks. Following Ross and Guskiewicz (2004) 

jump-landing protocol, TTS measures were also found to be an effective measure at 

discriminating between groups with and without functional ankle instability in a study by 

Marshall et al. (2009). They also established that those with functional ankle instability had 

delayed trunk muscle responses compared with healthy control participants (Marshall, et 

al., 2009). Participants in this study ranged from 20-38 years. No information was given 

about their activity level or from where the sample population was recruited. 

 

In a study using procedures to analyse RVTTS described by Ross et al. (2005), Gribble and 

Robinson (2009b) confirmed those with functional ankle instability had significantly 

reduced dynamic postural stability. They also demonstrated those with functional ankle 

instability prepared to land with less knee flexion compared to the control group. Gribble 
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and Robinson (2009b) further suggested that a more extended knee position before impact 

contributed towards why GRF took longer to dissipate and control following impact, thus 

resulting in longer RVTTS values. They believed this altered proximal joint pre-landing 

pattern was a feed forward response. Their participants ranged from 17-27 years but there 

was no information given either on activity levels or from where they were recruited. 

 

Time to stabilisation has continued to be developed by a number of authors from the 

original studies of stepping off a box (Colby, et al., 1999). In the above studies, participants 

were recruited from a recreationally active University student population and thus the TTS 

procedure may not be suitable for all age groups or in less active participants. The results 

from the above studies may thus not be transferable to other populations. However, it 

appears reasonable that TTS may be used as an outcome measure for detecting differences 

following other lower limb injuries other than functional ankle instability.  

 

2.5  Lower limb performance 

A number of hop tests which require strength, power and postural stability, have been used 

in research to assess for deficits in performance (2.4.1 Dynamic tests). Outcomes for these 

tests were measured with a timer and may thus not be as precise as outcomes measured on a 

force plate.  

 

Although the vertical hop test has been found to be reliable, vertical rebound hopping has 

been found to be very sensitive at detecting lower limb dysfunction (Petschnig, Baron, & 

Albrecht, 1998). Vertical rebound hopping was described by Petschnig et al. (1998) where 

a jumpergometer was used instead of a force plate to measure flight and contact times 

during rebound hopping. Participants hopped for 10 seconds with the number of hops in 

this time recorded. For inclusion their control group were required to be exercising only 

occasionally with the other two groups being 13 and 54 weeks post ACL reconstruction 

surgery. Participants‟ ages ranged from 18 to 36 years. Following ACL reconstruction the 

vertical rebound hop test was capable of detecting functional limitations up to 54 weeks 

postoperatively and was found to be highly reliable (Petschnig, et al., 1998).  
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2.6 Outcome measures chosen for the current research project 

In summary, Wikstrom et al. (2005) recommended the protocol of Ross and Guskiewicz 

(2004), suggesting it was more effective at detecting differences in dynamic postural 

stability than the protocol of Colby et al. (1999), although the protocol of Ross and 

Guskiewicz (2004) does require a specialised device for measuring jump height. The 

analysis protocol described by Ross et al. (2005), using a normalised range-of-variation 

line, was not considered appropriate as it was intended for studies including control 

participants. The later protocol calculating RVTTS (Ross, et al., 2008) has not been shown 

to discriminate strongly between affected and unaffected ankles. Finally, the protocol 

described by Wikstrom et al. (2007) lacks sufficient validation, and thus was also not 

considered. Although motion analysis had been considered, TTS methods appear stronger 

for the purpose required.  

 

 Main outcome measure: For the purpose of the following study, the well repeated 

protocols developed by Ross and Guskiewicz (2004) were planned.  

 

Secondary outcome measure: As a measure of lower limb performance, the protocol of 

Petsching et al. (1998) assessing vertical rebound hopping has been shown to be reliable 

and sensitive. 
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3 Methodology 

3.1 Introduction 

This chapter presents the methods used to investigate the hypotheses: 

Hypothesis 1:  

That identification of the directional bias assessment will predict the outcome of exercise 

intervention, where exercising participants with a matched individual-specific unilateral 

exercise bias (matched bias) will perform superior to participants exercising with an 

unmatched bias exercise.  

Hypothesis 2:  

That matched bias will result in an immediate measurable improvement from baseline in: 

i. Dynamic postural stability (decreased Time to stabilisation in single-leg 

landing and reduced time on the ground during consecutive rebound 

hopping) 

ii. Performance (increased time in the air during consecutive rebound hopping).  

Conversely, exercising in the opposite direction (unmatched bias) will result in immediate 

degradation of dynamic postural stability and performance from baseline. 

 

The study design, ethical approval, participant selection and recruitment criteria, testing 

protocol, data collection, analysis and statistical methods are presented. Details of the 

directional bias assessment and the intervention procedures are presented in Appendices C, 

and E. Development and pilot testing of the directional bias assessment, intervention and 

data collection resulted in a number of substantial changes in the main study and these are 

presented in Appendix B. 

 

3.2 Ethical approval 

Māori were consulted through the Ngai Tahu Research Consultation Committee and ethical 

approval for this study was granted by the Lower South Regional Ethics Committee 

(reference number, LRS/09/02/003 dated 22.04.2009 Appendix A). 
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3.3 Study design 

A randomized repeated measures cross-over design was utilised where the examiner and 

participants were blinded to the experimental condition. The research was conducted in the 

School of Physiotherapy where participants attended two appointments in the 

Biomechanics Laboratory. The first of these entailed an assessment of the directional bias 

by two researchers, the main researcher (ET) and the expert advisor (CP). The second 

appointment entailed two interventions, that is, exercises matched and unmatched to the 

directional bias (Figure 3.1).  

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3. 1 STUDY DESIGN. 

G1 = Group 1 matched bias (MB) followed by unmatched bias (UB) exercises 

G2 = Group 2 unmatched bias followed by matched bias exercises 

 

3.3.1 Randomisation 

 A third investigator (GS) used the expert advisor‟s directional bias assessment results and 

randomly allocated participants to the order of the exercise intervention (matched versus 

unmatched directional bias) for the individual participants, using internet website 

RANDOM.ORG – Integer Generator (Appendix C). Results were placed in individual 

sealed envelopes to be opened by ET at the second appointment.  
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3.3.2 Blinding 

The two main researchers (ET and CP) were blinded to each other‟s results during the 

assessments, as were the participants. Further, the main researcher and the participants were 

blinded to the participants‟ individual directional matched bias, at the time of the exercise 

interventions and data collection for the dependent variables. The main researcher (ET) 

processed and analysed all data, and remained blinded to the exercise conditions. A triple-

blinded study design was thus used (Domholdt, 2005). 

 

3.3.3 Sample size 

Based on previous research, the mean ± SD for Time to stabilisation (TTS) in the anterior 

posterior (AP) direction was predicted to be approximately 3.27 ± 0.72s (Ross & 

Guskiewicz, 2004). To detect a 15% difference in TTS a sample size of 35 participants was 

required. This was calculated with the two-sided alpha at 0.05 and power of 0.8 (SISA, 

1997) using a cross-over design. Allowing for a 20% dropout rate a sample of 45 

participants was required. 

 

3.4 Participants 

3.4.1 Participant selection 

The target population was all persons who had experienced more than one musculoskeletal 

injury on the same lower limb. For this study, an accessible sample consisting of University 

of Otago and Otago Polytechnic staff and students within Dunedin was chosen. These 

tertiary institutions together comprise the largest employment group within Dunedin and 

represent a wide cross-section of occupations (academics, administrators, trades people and 

service workers) within the Dunedin community. Students also represent a large proportion 

of the Dunedin population (20.3% based on 2007 Census). The lower age of 18 years for 

inclusion into the study was chosen because it represents adulthood, and is the age of the 

majority of the first year students. The upper level of 50 years was chosen for participants 

to feel comfortable with hopping.  

 

3.4.2 Inclusion criteria 

Participants had to meet the following criteria to be included in the study:  
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 aged 18-50 years;  

 a history of more than one unilateral musculoskeletal lower limb injury, the most recent 

of which needed intervention from a health care professional more than 6 weeks, but 

less than 3 years, prior to the study; 

 ability to hop and land on the affected limb.  

 

3.4.3 Exclusion criteria:   

Exclusion criteria for participants were: 

 lower limb injuries incurred within the last 6 weeks;  

 currently receiving physiotherapy treatment for any injuries;  

 any surgery in the past 12 weeks;  

 surgery on affected limb within the last 6 months; 

 any fractures of affected limb in the last 12 months; 

 known arthritic conditions in any of the joints on the affected limb; 

 inability to take any body weight through arms; 

 current neurological or lower back disorders, vestibular deficits or visual impairments 

that may affect postural stability; 

 known systemic conditions.  

 

3.4.4 Participant recruitment 

Participants were recruited into the study via posters, advertisements and e-mail distribution 

lists within the University of Otago and Otago Polytechnic campuses (Appendix A). 

Posters were also placed at local sporting centres and clubs.  Brief presentations were held 

to Physiotherapy undergraduate students, informing them of the study. Potential 
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participants were invited to contact ET by e-mail or to telephone the clinical research 

administrator, School of Physiotherapy.  

 

3.4.5 Information sheet, questionnaire and injury profile 

The respondents were directed to a website, which included an information sheet, an on-

line questionnaire and an injury profile form (Appendix A). They were asked to submit the 

completed forms into an on-line data base from which ET retrieved the information which 

had been coded according to a pre set plan.  

 

Returned forms were checked to determine whether or not the respondent met the inclusion 

and exclusion criteria. A reference number was recorded for each returned questionnaire 

and injury profile form that met the inclusion criteria. Respondents not meeting inclusion 

criteria were informed as such by ET. Potentially eligible respondents were provided with 

two appointment time frames, the first for assessment and the second for the intervention 

and were asked to confirm their availability. They were requested to attend the 

appointments at the School of Physiotherapy Biomechanics Laboratory and to wear shorts 

and a T- shirt to both appointments. Respondents who did not respond to emails were 

contacted by telephone about appointment times. All respondents who had been given 

appointments were reminded by telephone a day prior to their planned sessions.  

 

3.4.5.1 Development of participant demographic and injury questionnaire 

The first part of the questionnaire (Appendix A) was designed to gather demographic 

participant information. Activity level questions were developed for describing whether the 

participants met the American College of Sports Medicine (ACSM) minimum health 

recommendations, which are considered the “gold standard” advice for normal adults 

(Haskell et al., 2007). The medical history questions were included to determine possible 

exclusion criteria and the participants‟ injury profiles were determined as suggested by 

Fuller et al. (2006).  
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3.5 Data collection 

3.5.1 Coding of data sheets 

 

For every respondent who met the criteria ET added a reference number sequentially, 1, 

2… to their questionnaire and injury profile forms. The information from these forms was 

coded and entered onto an Excel 2003 spreadsheet.  

 

The electronic and video data collected were accessible by password and hard copy data 

was securely locked away with only the researcher and supervisors able to gain access to it. 

At the end of the project, any personal information was destroyed immediately except that, 

as required by the University's research policy, any raw data on which the results of the 

project depend were retained in secure storage for ten years, after which it will be 

destroyed. Reasonable precautions were taken to protect and destroy data gathered by 

email.  

  

3.5.2 Inter-tester agreement of the directional bias assessment 

Once all participants had been assessed and all bias assessment data collected, the expert 

advisor‟s directional bias assessment results were compared to the researcher‟s assessment 

results. The data was classified as categorical data because two assessors made 

observations on the one participant and, as nominal data as there was no obvious ordering.  

 

3.5.3 Force plate data collection 

Two force plates (AMTI, Advanced Mechanical Technology Inc, Massachusetts, USA) 

recessed flush with the floor of the Biomechanics Laboratory were used to collect three-

dimensional ground reaction force (GRF) data at a sampling rate of 1000 Hz during the 

TTS and rebound hop testing. The plates were in an L shape arrangement (Figure 3.7). The 

smaller of the two forces plates was model OR6-5, with the analog signals amplified by a 

model MCA6 AMTI amplifier. The larger force plate was model BP2436 and AMTI 

amplifier model SGA6-4. The gains on both amplifiers were set at 1000. An external USB 

analogue to digital converter was used, model: NI-USB 6218 (NI, National Instruments, 

Austin, Texas, USA) and data collection software CORTEX 1.1.4 (Motion Analysis 
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Corporation, Santa Rosa, California, USA) was used to convert digital data to ground 

reaction force data using AMTI supplied force plate calibration data. The force data from 

both force plates were added together to derive total ground reaction force and was used in 

subsequent calculations. 

 

3.5.3.1  Time to stabilisation force plate data collection 

For development of methods for calculating TTS from ground reaction force data and pilot 

testing of data collection refer to Appendix B.  

 

 The video recordings were used to determine the two successful trials for initial analysis 

(3.8.1.2).  Dynamic postural stability was assessed by using TTS. An algorithm written in 

Microsoft Excel 2003 was used to independently analyse the horizontal plane AP (anterior 

posterior) and ML (medial lateral) components of the GRF data.  

 

To calculate AP TTS, the raw data was smoothed with a moving RMS 250 point window 

with the smoothed line staying below the stability threshold for at least 500 samples. The 

threshold or “horizontal range-of-variation line” was obtained from the smoothed data and 

was the smallest of the two ranges (maximums) of the last two five second windows (10-

15s and 15-20s) of the 20 second baseline TTS trials (Ross & Guskiewicz, 2004). The 

average of the two horizontal range-of-variation lines from the baseline measures was 

applied to each of the corresponding MB and UB interventions. The hypothesis of this 

study predicted the participants would be more stable after performing MB exercises as 

opposed to UB. Consequently, it was expected that the horizontal variation line (threshold) 

would be higher in the UB intervention, reflecting a greater instability in GRF in the last 10 

seconds of the 20 second trial, and thus result in the UB intervention showing a shorter 

TTS. It was thought by applying the same (threshold) to both MB and UB conditions this 

would give a truer indication of the participant‟s dynamic postural stability relative to the 

baseline stability. Thus, the above procedure was applied to the UB intervention and MB 

intervention calculation of TTS for all participants who successfully completed the TTS 

tests (Appendix B).  
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To determine ML TTS from GRF, the raw data was smoothed with a moving RMS 500 

point window with the smoothed line staying below the threshold for at least 500 samples 

(Appendix B). The horizontal variation lines (threshold) were obtained from the two 

baseline trials as mentioned for AP direction. 

 

3.5.3.2 Rebound hop test force plate data collection 

Rebound hop was used as a measure of muscle performance by using time in the air as an 

indication of power (height hopped), while time on the ground was taken as a measure of 

dynamic postural stability, coordination and control to take off again. 

 

The video recordings were used to determine which trial was a successful trial for analysis. 

A successful trial was when the participant kept their hands on their hips throughout the 

hopping task and was able to do all five hops on the force plate. A Microsoft Excel 2003 

spreadsheet was used for data analysis of rebound hop from the participants test leg. The 

data was separated into time in the air (flight) and time on the ground (land). The median 

values for both were used for analysis. 

 

3.6 Directional bias assessment procedure  

All respondents who met the inclusion/exclusion criteria were scheduled a one-hour 

appointment at the School of Physiotherapy. Respondent‟s forms were checked to confirm 

that the respondent met all the inclusion and exclusion criteria and their injury history was 

documented on a body chart. They were also asked whether they preferred to sit or stand 

for long periods of time (e.g. 2 hours). This was to gain information about their possible 

preference for flexion or extension that may help with or confirm this component of the 

bias in the directional bias assessment. This is part of current clinical practice during patient 

examination towards determining a directional preference (McKenzie & May, 2003).  

 

Those who met the criteria had the requirements and procedures of the study explained to 

them in more detail. Any further questions about the study were answered. They were then 

asked to fill in and sign a consent form (Appendix A), following which their reference 

number was then written on it. They were then weighed and their height measured. 
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3.6.1 Assessment of directional bias  

Directional bias assessments were independently assessed by the main researcher (ET) and 

the expert advisor (CP) following assessment procedures based on Phillips (2008). 

Assessment procedures and participants instructions were standardised (Appendix C). 

Figure 3.2 presents a flow diagram of the directional bias assessment. For a full description 

of the directional bias assessment, refer to the Directional Bias Assessment Manual in 

Appendix D. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3. 2 FLOW DIAGRAM OF DIRECTIONAL BIAS ASSESSMENT PROCEDURE. 

 SHR- single heel raise, L- left, R- right, C- centre; SLK–single leg kick, 4PK-four point kneel  
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3.6.1.1 Baseline observations 

Baseline observations entailed two assessment procedures, namely single heel raises (SHR) 

and hopping to assess for any differences in performance on the left or right sides to 

establish the lateral bias (left or right) (Appendix D, Directional Bias Assessment Manual).  

 

 

 

Figure 3.3 Single heel raise and Hopping. 

 

3.6.1.2 Lateral (left or right) directional bias assessment with lumbar lordosis 

(extension bias) 

Single leg kick (SLK) and 4 point kneel (4PK) exercises, (Appendix D, Directional Bias 

Assessment Manual), were performed to confirm  the left or right lateral directional bias 

with lumbar spine in a lordosed position (extension bias). That was, whether the left or 

right side was deficient (increased movement observed). 
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Reassessment 

A reassessment of both the SHR and hop were performed. The lateral (left or right) 

directional bias result was then compared to the baseline result and to the participant‟s 

history of injury from the injury profile form. 

3.6.1.3 Lateral (left or right) directional bias assessment with lumbar flexion (Flexion 

bias) 

 

The participant was then tested for response to a flexion bias exercise. This was done by 

observing their performance during repeated roll ups (Appendix D, Directional Bias 

Assessment Manual).  

Reassessment 

Reassessment of the SHR and hop tests, were performed as above to determine whether the 

participant was a flexion or extension bias responder by assessing for any difference in the 

participant‟s SHR and hop test performance following the flexion bias exercises compared 

with the extension bias exercises.  

 

The participant‟s directional bias was placed into one of four categories; flexion right 

(Flexn R), flexion left (Flexn L), extension right (Extn R) or extension left (Extn L). The 

researcher filled in an exercise directional bias assessment outcome form (Appendix C) by 

recording the participant‟s name and reference number and by circling the appropriate 

individual-specific exercise bias direction, of the participants matched exercise bias. The 

completed form was put in an envelope, which had “Research Student” written on it, and 

sealed. It was later given to GS and stored in a locked filing cabinet until decoding after the 

experiment had been completed.  

 

ET then scheduled the 90-minute intervention appointment following which, the participant 

proceeded to the adjacent room where their directional bias was assessed by CP. CP was 

given a copy of the participant‟s questionnaire and injury profile forms. He placed his 

completed exercise directional bias assessment outcome form in an envelope marked with 

“Expert Advisor” which was then sealed. The supervisor (GS) received the expert advisors 

directional bias assessment results. 
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3.6.2 Classification of directional bias assessment 

Directional biases are comprised of two parts: a left or right lateral bias and a flexion or 

extension bias. The matched lateral bias was the side that was deemed to be deficient 

(dynamic postural stability deficiency) and required improved control. That is, the side with 

the poorer performing SHR and hop and there was more movement observed in the lumbar 

spine while the participant was performing the SLK exercise as well as more lateral 

movement and lumbar movement during the 4PK exercise. The flexion or extension 

matched bias was the direction that the participant had the better control, with a resulting 

better performance of the SHR and hop during reassessment. Thus, the participant-specific 

flexion or extension bias that was associated with improved performance was used to 

improve the lateral deficiency.  

 

3.7 Inter-tester reliability of the directional bias assessment 

This was determined by comparing independent assessments performed by the researcher 

(ET) and the expert advisor (CP) after the trial was completed, both of whom were blinded 

to each other‟s directional bias assessment results.  

 

Blinding was assured by supervisors, as well as other staff members who were working in 

the same room as the researchers at various times.  

 

3.8 Time to stabilisation, rebound hop and exercise intervention 

procedures 

Participants wore shorts and were bare footed throughout the intervention. The intervention 

procedure was explained to them, they were familiarised with the equipment for the data 

collection, and the intervention exercises (Figure 3.4). Participants were also shown the 

force plate, where they would perform their Time to stabilisation (TTS) and rebound 

hopping tests, and the yardstick (for measuring jump height) including how it worked 

(Figures 3.6 and 3.7). The participants were informed that a video camera would record 

their testing tasks. If they felt comfortable with this, they signed a consent form (Appendix 

E). If they declined to consent, the video was turned off. All test trials of those who 

consented were recorded including failed trials. 
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FIGURE 3. 4 CLINICAL PILATES REFORMER AND EXERCISE MAT. 

 

Following randomisation a slip of paper with the order of each participants exercise 

intervention (MB vs. UB) had been placed in a sealed envelope with the participant‟s name 

and reference number on it by GS. The appropriate one was opened by ET during the 

second appointment. This slip of paper had a circle placed around L or R to indicate which 
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leg was to be tested first during the TTS and hopping tasks. The exercise biases for groups 

1 and 2 were indicated via a circle drawn around flexion or extension and L or R (Appendix 

E). ET was blinded to the participants matched exercise bias and test leg. 

3.8.1 Time to stabilisation  

The procedure for this test was carried out as described in Ross and Guskiewicz (2004) 

except the participants were barefooted for testing in the present study and only two 

successful test trials were required (Appendix B, Development and Pilot testing). The 

procedure and instructions were explained before testing started.  

3.8.1.1 Set-up calculations 

Participants were assessed for maximum vertical jump height. One practice trial was 

allowed, followed by three test trials. The maximum vertical jump height was determined 

by subtracting the standing reach height from the participants highest vertical height 

jumped (Appendix E). 
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FIGURE 3. 5 FLOW DIAGRAM OF THE EXPERIMENTAL PROCEDURE. DEPENDENT 
VARIABLES: TIME TO STABILISATION (TTS) ANTERIOR POSTERIOR (AP) AND MEDIAL 
LATERAL (ML) DIRECTIONS, REBOUND HOP (HOP) TIME IN THE AIR (FLIGHT) AND TIME ON 
THE GROUND (LAND). 
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Matched bias exercises (MB), unmatched bias exercises (UB). Group 1 exercises: MB followed by UB, 

Group 2 exercises: UB followed by MB exercises. Period 1: 1st set of 4 exercises, Period 2: 2nd set of 4 

exercises. 

 

3.8.1.2 Time to stabilisation procedure  

The plastic rods on the Yardstick were set at 50% and 55% of the participant‟s maximal 

vertical jump height. Participants were then instructed to use the same 2-footed jumping 

technique (Appendix E, TTS set-up calculations), only this time jumping up to reach the 

50% mark with their fingertips (Figure 3.6). They could reach as high as 55% of their 

maximum vertical jump height but no higher for a successful jump. Participants started 

with the leg that had been randomly generated to start all their tests. They were then 

instructed to land on their test leg, place their hands on their hips, stabilize quickly, and 

remain as motionless as possible until they heard the buzzer sound (20 seconds) while 

facing forward. One successful practice trial and two test trials were performed with up to 

one minutes rest between trials. A trial was deemed unsuccessful if they hopped, moved 

their foot, put their non-test leg down, failed to jump within the 50% to 55% jump mark or 

were unable to keep their hands on their hips. Unsuccessful trials were repeated.  

This procedure was then repeated on the other leg but this time they faced the other 

direction to allow the reaching arm to be close to the rods. A maximum of six unsuccessful 

trials on any one side was allowed before this test was deemed too difficult and abandoned.
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FIGURE 3. 6 SINGLE-LEG JUMP LAND EXERCISE USED TO DETERMINE TIME TO 
STABILISATION. 
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3.8.2 Rebound hop 

The instructions and procedures for this test were based on (Petschnig, et al., 1998). 

Participants stood in the middle of the force plate with their feet pointing straight ahead. 

They were instructed to stand on their test leg, looking at a mark on the wall, with their 

hands on their hips and with their knee of their non-test leg flexed (Figure 3.7). When they 

heard the buzzer sound they were instructed to “hop as high and rhythmically as possible, 

to keep contact with the force plate as short as possible, as if it were a hot plate” for 5 hops 

(Petschnig, et al., 1998). One practice trial and one test trial were performed with up to one 

minutes rest between each trial. A trial was repeated if their non-test foot touched the 

ground, they hopped off the force plate or if they took their hands off their hips. This 

procedure was then repeated on the other leg.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3. 7 REBOUND HOPPING ON THE FORCE PLATE TO DETERMINE DYNAMIC 
POSTURAL STABILITY AND MUSCLE STRENGTH AND POWER. 
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Baseline testing 

Once baseline testing had been completed, the participant was ready to proceed with the 

intervention. 

3.8.3 Intervention 

Figure 3.5 presents a flow diagram of the intervention procedure. Refer to Appendix F, 

Intervention Exercise Instruction Manual for exercise descriptions, instructions and how the 

exercises were biased. 

3.8.3.1 Exercises for left or right flexion bias (Phillips, 2008) 

Refer to Appendix F, Intervention Exercise Instruction Manual, for the following 4 left or 

right flexion biased intervention exercises. Two mat exercises and two reformer exercises 

were chosen to demonstrate how different types of exercise regimes could be adapted to 

biasing.  

 

Spine stretch and single leg stretch exercises were performed on a mat with a sequence of 

exercise for 1 minute followed by a 15 second rest period. This sequence was repeated until 

a total of 4 minutes had been performed for each exercise.  

 

Stomach pull flat and stomach massage exercises were performed on the reformer using the 

same procedure as for the other exercises.  

 

3.8.3.2 Exercises for left or right extension bias (Phillips, 2008) 

 The 4 left or right extension biased exercises were performed for a total of 4 minutes each 

using the same procedure of exercising and resting as was described above. 

 

Single leg kick and four point kneel exercises were performed on a mat. Only the leg for 

that bias (left or right) was exercised. Knee stretch and cat stretch were the two reformer 

exercises for extension left or right bias. 

 

3.8.3.3 Period 1 

According to random allocation (3.3.1) the four Period 1 exercises, were performed on the 

designated side of the body (either left or right) and with the pelvis in a flexed (posterior 
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pelvic tilt) or extended position (with a lordosis). Before each exercise, ET demonstrated 

the exercise and the participant practiced it. The exercise was then performed for 1 minute, 

the participant was given a 15 second rest, and then they repeated this sequence until 4 

minutes of the exercise had been performed. This procedure was repeated for each of the 

four exercises, thus a total of 16 minutes of exercise was completed. The participant then 

proceeded to the force plate for testing.  

Testing 

The TTS and rebound hop were retested using the same procedures as above. ET conducted 

the testing and was blinded to the exercise bias. 

3.8.3.4 Period 2 

The opposite condition exercises were performed. The same procedure was followed as for 

Period 1. The participant then proceeded to the force plate for testing. 

Testing 

TTS and rebound hop were retested using the same procedures as above. 

 

3.9 Data analysis Aim 1: Inter-tester reliability of the directional bias 

assessment  

Simply calculating percentage agreement would not take into account the number of 

agreements that would have occurred by chance. Thus, a kappa statistic was considered. A 

kappa statistic is a measure of chance-adjusted agreement between observers where 

 

K = observed agreement – chance agreement  

  1- chance agreement 

 

or  K = Po – Pc  

1-Pc 

 

A kappa value of 0 represents an agreement no better than chance and a value of 1 

represents perfect agreement. Landis and Koch proposed guidelines for the strength of 

agreement beyond chance of kappa values (Landis & Koch, 1977): 
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     <0   poor 

       0 - 0.20  slight 

  0.21 – 0.40  fair 

  0.41 – 0.60  moderate 

  0.61 – 0.80  substantial 

  0.81 – 1.00  almost perfect 

 

Adjusting kappa 

The above method of calculating kappa is a chance-adjusted measure. Byrt et al. (1993) 

suggested that kappa was affected not only by chance, but also by bias between observers 

and by prevalence (the distribution of data across the categories). He devised a way to 

adjust kappa to take account of these influences (Byrt, Bishop, & Carlin, 1993). In 

categories with low prevalence, the result leads to a substantial decrease in the kappa value 

and so Byrt proposed a prevalence-adjusted bias-adjusted kappa (PABAK).   

 

As bias and prevalence could not be assumed to be absent from the assessment under 

investigation the adjusted bias kappa methodology was used to analyse the inter-tester 

agreement of the directional bias assessment. This was achieved by averaging the values 

across the agreed categories where both observers marked the same category (e.g. Flexn L) 

and substituting this mean value in place of the actual value (Sim & Wright, 2005). Bias 

was adjusted for in the same way by substituting the mean value for the actual values across 

the rest of the data (Sim & Wright, 2005). 

 

3.10  Data analysis Aim 2: Intervention 

Data analysis was performed using the Analysis ToolPak Add-In in Excel 2003 and SPSS 

Version 16 statistical software package. The level of statistical significance was set at 0.05. 

The raw experimental data were tested using a One-Sample Kolmogorov-Smirnov Test on 

SPSS to confirm normal distributions (Appendix G). The force platform data was screened 

for outlier values caused by measurement artefact and equipment failure. The data were 

tested for outliers via inter-quartile range calculations (< 1
st
 quartile - 2*IQR and >3

rd
 

quartile + 2*IQR). That is those values which lay outside were to be excluded if it appeared 
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to be an artefact of measurement error or an erroneous value, which was unlikely to be a 

“true” representation of the participant‟s performance. 

3.10.1  Hypothesis 1  

A number of authors suggest that it is incorrect to analyse data from a cross-over trial by a 

simple comparison of treatments as if it was a typical matched pair design (Altman, 1991; 

Diaz-Uriarte, 2002). Hills and Armitage (1979) proposed methods and models for 

analysing two-period cross-over designs (Appendix G) (Hills & Armitage, 1979). These 

were intended to extricate any effects of time and carry-over from the previous treatment 

period, from the treatment effects.  

 

For cross-over trials, three statistical analyses are required to be conducted. The data should 

be tested for both a period effect, a treatment-period interaction (carry-over from one period 

to the other) and for a treatment effect (Altman, 1991; Armitage, 1995; Diaz-Uriarte, 2002; 

Hills & Armitage, 1979). 

3.10.1.1  Period effect 

A period is the time during  which a treatment is applied (Diaz-Uriarte, 2002). In this case, 

MB exercises were performed in one-period and UB exercises during the other period. A 

potential period effect would be seen if the participants consistently did better or worse in 

one period when compared to the other. A period effect is not accounted for by 

randomisation as it is a participant‟s individual response over time regardless of the 

intervention exercises given (Hills & Armitage, 1979). However, there may have been a 

trend in one direction.  

 

Any “order effect” would not be present in the present study as each participant performed 

both exercise interventions and the order of the interventions were randomised (Diaz-

Uriarte, 2002). 

 

On account of the groups being of unequal size, a period effect was tested for using a two-

tailed Two-Sample t-test assuming unequal variance. If the statistical test chosen did not 

take into account both a period effect and the unequal group size, the results could be 

biased, with the estimate of the direct treatment effects biased and the estimates of the 

standard errors inflated (Diaz-Uriarte, 2002).  
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A t-test compared the mean difference between the two periods in group 1 ( d 1 = MB-UB) 

with the mean difference between the two periods in group 2 ( d 2 = UB-MB). Cross-over 

differences were used for the calculation of any period effect, ( d 1 with – d 2) in order that 

both sequences were MB-UB, refer to Appendix G. Participants should not do better in one 

of the periods compared to the other if there was no period effect and thus the mean 

difference between the periods should be zero ( d 2 would be the same size as d 1 but with 

the opposite sign) (Altman, 1991; Armitage, 1995; Diaz-Uriarte, 2002; Hills & Armitage, 

1979).  

 

3.10.1.2  Treatment-period interaction 

Treatment-period interaction (carry-over effects) in the present study refers to the effects of 

the exercises, regardless of whether they were MB or UB, which may have persisted after 

the end of the first period into the second period. There was no washout period in the 

present study, with the second period exercises following immediately after completion of 

testing following the first period exercises. For there to be no treatment-period interaction, 

the participants mean average response would be the same regardless of order of the 

exercise conditions. The treatment-period interaction was tested for using a two-tailed Two-

Sample t-test Assuming Unequal Variance, comparing the participant‟s average responses 

of the two periods between the two groups (Appendix G). 

 

 However, in cross-over trials this test is noted for its lack of statistical power (Altman, 

1991). To overcome this and if it lacked statistical power, it was essential the data was 

scrutinized very closely. Hills and Armitage (1979)  use a graph of the mean responses of 

the two groups in the two periods to try and distinguish between the possible mechanisms 

for a treatment-period interaction (Figures 4.1 and 4.2, 4.6 and 4.7). In this experiment a 

treatment-period interaction may have been caused due to no washout period, different 

physiological and psychological states in the first and second periods or due to a period 

effect that may have changed the general level of response from period one to period two 

and thus changed the treatment effect. They do suggest however, that this test may be 

insensitive as it is based on the variability of the means between participants. If the mean 

responses of the two groups coincide then there is no treatment-period interaction. If there 
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were a treatment response, the MB should have lower levels for TTS and rebound hop land 

time while flight time should be higher than UB levels. 

 

If  a treatment-period interaction was displayed in the graphs, it has been suggested a 

scatter diagram of the difference between the two periods against the average of the two 

periods along with a correlation analysis may produce further insight  into any association 

(Altman, 1991; Hills & Armitage, 1979). A difference between the two exercise groups 

would be indicated by a vertical separation of the two groups. An absence of a treatment-

period interaction would require the two groups data to lie symmetrically either side of the 

y = 0 line. That is, there should be no horizontal difference of the data between the two 

groups (Altman, 1991). 

 

3.10.1.3  Treatment effect 

A treatment effect refers to an effect of the exercises as a result of the participants 

performing them. Due to the possibility of period or treatment-period interaction both of 

these were required to be tested for first (Altman, 1991; Armitage, 1995; Hills & Armitage, 

1979). If neither were found to be statistically significant, the treatment effect would be 

evaluated via a paired t-test. If one or other of these were present it would mean that the 

order of the exercise conditions would affect the magnitude of the treatment effect and a 

significant treatment-period interaction would result in a biased outcome (Altman, 1991).  

If this was found to be the case, Altman (1991) suggests the second period data would need 

to be discarded, which would result in lowering the power of the study. However, Diaz-

Uriate, 2002 suggests that studies need to be designed with a long enough washout periods 

or include treatment-period interactions in the statistical model. 

 

 In this study, the first hypothesis predicts that following the performance of MB exercises 

TTS and time on the ground during rebound hopping will be less and time in the air during 

the rebound hop task will be greater, than after the performance of the UB exercises. This is 

a directional hypothesis and thus a one-tailed t-test was used (Altman, 1991; Portney & 

Watkins, 2000).  
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3.10.2  Time to stabilisation and rebound hop 

Appendix G displays the template used for organisation of data for analysis. The data was 

then applied to test for a period effect, treatment-period interaction and for treatment effect 

as described above, for AP and ML TTS and for the mean values of the 5 rebound hops. 

Time on the ground (Land) and time in the air (Flight) were both analysed. The graphs 

described by Hills and Armitage (1979) were performed to display period and treatment 

effects as well as treatment-period interactions (Hills & Armitage, 1979), along with the 

graphs described by Altman (1991) to display treatment-period interactions and treatment 

effects.  

3.10.2.1  Variability of the two Time to stabilisation tests 

In the present study variance was used to measure the variability of TTS tests. That was, to 

determine whether participants were able to perform the TTS task with more consistency 

under any of the two MB or UB conditions, in either or both the AP and ML directions. To 

calculate variance the sum of the squared differences between the mean and the two 

repeated TTS tests, for each respective MB and UB condition was divided by n-1 (Altman, 

1991). For hypothesis 1 a test for significant differences was applied to the MB and UB 

conditions via a t-test, in both the AP and ML directions. Variability between each of the 

two TTS tests was also calculated by using a second method that of the absolute 

differences, between the two repeated tests in the MB and UB conditions. These absolute 

values for each of the conditions were similarly compared via a t-test.  

3.10.2.2  Repeatability of Time to stabilisation testing 

Repeatability was tested by following Bland and Altman‟s (1986) method (Appendix G). A 

plot of the mean of each participant‟s two TTS tests against the differences between the two 

tests was performed in both the AP and ML directions. The mean difference in each 

direction was expected to be zero. A repeatability coefficient used by Bland and Altman, 

which has been adopted by the British Standards Institution, states 95% of differences are 

expected to be less than two standard deviations from the mean (Bland & Altman, 1986). 

Intraclass correlation coefficients (ICC) were also calculated as a second measure of 

repeatability as other TTS studies have used this method for their measure of repeatability. 

The strengths of the correlations for both single measure and average measure ICC with a 

two way random effects model with consistency type were interpreted as: 0.69 = poor, 0.70 

to 0.79 = fair, 0.80 to 0.89 = good, and 0.90 to 1.00 = excellent (Portney & Watkins, 2000). 
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3.10.2.3   Standard error of measurement (SEM) 

SEM is a measure of absolute reliability, which represents the standard deviation of the 

measurement errors. These are presented with the repeatability data in Appendix G and 

were used to compare with other TTS studies, which have reported SEM. 

3.10.3  Hypothesis 2 

If hypothesis 1 was accepted the next important step for further research would be to 

determine whether MB and UB exercise would result in an immediate significant 

improvement or decrement from baseline measures respectively. It was decided to collect 

baseline measurements as part of a pilot study for this purpose. The analysis of results for 

such a study would be via repeated measures ANOVA utilising a pairwise comparison. 

However, the power of the present study, which was calculated for the main hypothesis 

(hypothesis 1), was via t-tests. Thus, repeated measures ANOVA would result in the pilot 

study being underpowered for the purpose of testing hypothesis 2, as more participants 

would be required with a three-way comparison. Three t-tests of pairs Baseline vs. MB, 

MB vs. UB and Baseline vs. UB would be performed. Thus, the alpha level of 0.05 would 

be divided by 3 and thus, reducing it to 0.017 for H2.  

 

Before conducting ANOVA analysis Mauchly‟s sphericity tests would be conducted to 

validate the repeated measures factor ANOVA (Mauchly, 1940). This test would test for 

equality of the variances of the differences between the Baseline, MB and UB measures. 

Sphericity is assumed in an ANOVA with repeated measures, but if the level of 

significance of the sphericity test was found to be less than P = 0.05 then corrections would 

be required by using other estimates such as the Greenhouse-Geisser correction to reduce 

the risk of a Type 1 error in ANOVA analysis. This has the disadvantage of reducing power 

by erring on the side of safety, and would therefore be less likely to result in a significant 

difference (Altman, 1991).  

3.10.3.1  Variability 

 

Variance was tested via an ANOVA F-test for all three TTS test conditions that of Baseline, 

MB and UB for both AP and ML directions and absolute differences were also similarly 

compared for the three TTS conditions in the AP and ML directions via F-tests. 
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3.11 Assumptions 

The following assumptions apply to this study: 

 

1. Ground reaction forces are indicative of the variables of Time to stabilisation in both the 

medial lateral and anterior posterior directions and time on and off the ground during rebound 

hopping tested in this study. That is, it will indicate a sense of dynamic postural stability, 

which predicts whole body reactions. 

2. Ground reaction force can be used as an indicative measure of muscle performance by 

measuring the time off the ground as a measure of power (jump height).
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4 Results 

 

4.1 Descriptive analysis of participants  

Forty-five respondents volunteered to participate in the study. Twelve of these did not 

meet the inclusion or exclusion criteria, were not available during the appointment times 

or did not respond to requests for appointments. Thus, 33 participants were included in 

the study.  

4.1.1 Characteristics of the participants 

The included participants (Table 4.1) described their ethnicity as the following:  27 New 

Zealand European, 3 Maori, 1 Tongan, 1 Indian, 1 English, 1 Egyptian and 2 American. 

Based on the BMI, 16 participants could be classified as “normal”, 10 as “overweight” and 

7 as “obese” ("World Health Organisation," 2010).  

 

TABLE 4. 1 DEMOGRAPHICS OF PARTICIPANTS. 

 Men (n = 16) 

Mean ± SD 

Females (n = 17) 

Mean ± SD 

 

All (n = 33) 

Mean ± SD 

 
Age (years)    28.0 ± 11.0   27.0 ± 8.9  27.0 ±

 
9.8 

Height (cm) 179.0 ± 7.8 168.4 ± 7.2 173.7 ± 9.2 

Weight (kg)    83.5 ± 18.0    78.0 ± 14.3    80.7 ± 16.2 

BMI (kg/m
2
)   25.8 ± 4.2  27.3 ± 5.3   26.6 ± 4.8 

BMI-body mass index 

 

All participants reported exercising moderately for at least 30 minutes per day 5 times 

per week, with 25 (76%) exercising vigorously for 20 minutes per day 3 times per week.  

All participants met the minimum American College of Sports Medicine (ACSM) 

minimum health recommendations which are considered the “gold standard” advice for 

healthy adults (Haskell, et al., 2007). Leg dominance was determined by which leg they 

preferred to kick a ball, with the result, 30 described themselves as right-leg dominant 

and 3 as left-leg dominant. 

4.1.2 Medical history 

One participant had a tonsillectomy within the 12 week exclusion period. The 

participant had recovered from this minor surgery and had been cleared to return to 

exercise, thus was included in the study.  
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4.1.3 Injury profile 

A total of 197 injuries were reported by the 33 participants (Tables 4.2 and 4.3). Two 

participants were to be discharged from physiotherapy treatment at the time of their first 

laboratory appointment: one reported only one physiotherapy visit to have a very minor 

ankle sprain checked and had not lost any days of sport; the other for a lower leg 

overuse injury. Both were included in the study, as they had returned to sport and were 

able to perform the required tests comfortably. 

 

Ninety-eight injuries were located on the left side and 99 on the right side. Twenty-two 

participants (67%) had injuries only on one side. One of the three left leg dominant 

participants had sustained injuries only on their dominant side, and 21 of the right leg 

dominant participants had sustained injuries only on their dominant side, with 11 

participants having injuries on both sides (33%). 

 

Table 4.2 Numbers of injuries reported in each of the injured body parts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Injured body part 

Hip 7 

Groin 2 

Thigh 24 

Knee 76 

Lower leg 6 

Achilles tendon 2 

Ankle  56 

Foot  8 

Shoulder 8 

Other 8 

Total 197 
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Table 4.3 Numbers of the types of injuries reported. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 Directional bias assessment 

There were four possible categories for the directional bias assessment: flexion left, 

flexion right, extension left or extension right. The results of the expert advisor‟s 

assessment was used for the intervention and indicated that 9 participants had a flexion 

left bias, 13 a flexion right bias, 5 an extension left bias and 6 an extension right bias. 

4.2.1 Inter-tester reliability of the directional bias assessment 

Table 4.4 summarizes the directional bias assessment results of the expert advisor and 

the researcher. 

 

Agreement between the researchers was achieved for 27 participants (82%). The inter-

tester reliability was shown to be K = 0.75, with the adjusted kappa as K = 0.76 

(Appendix G), indicating “substantial” agreement (Landis & Koch, 1977). Calculation 

of kappa is shown in Appendix G. 

Type of injury 

Fracture 11 

Dislocation/subluxation 12 

Muscle tear 1 

Tendon rupture 1 

Ligament rupture  38 

Lesion of meniscus 8 

Sprain 58 

Strain 41 

Bursitis 2 

Tendonitis 5 

Other 20 

Total 197 
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Table 4.4 Two testers Directional Bias Assessments results. 

 Researcher  

 Advisor Flexn L Flexn R Extn L Extn R Total 

Flexn L 9 0 0 0 9 

Flexn R 1 11 0 1 13 

Extn L 3 0 1 1 5 

Extn R 0 0 0 6 6 

Total 13 11 1 8 33 

Flexn-flexion, Extn-extension, L-left, R-right 

 

 

4.3 Data analysis  

4.3.1 Group allocation 

Following randomisation, Group 1 performed the matched bias exercises first followed 

by unmatched bias exercises (MB UB), and consisted of 14 participants performing the 

TTS and 18 the rebound hop tests. Group 2 performed unmatched bias followed by 

matched bias exercises (UB MB), numbered 12 participants for TTS and 15 for the 

rebound hop tests.   

4.3.2 Missing data 

 There were no dropouts with the 33 enrolled participants returning for the intervention. 

A complete set of data was obtained for the rebound hop test. However, only 26 

participants were able to perform a successful TTS test. Four were unable to co-ordinate 

the task while three failed to reach the 50% mark on the yardstick. Those unable to 

complete the TTS task included four of the five participants 40 years or over and six of 

the seven participants with a BMI > 30. Thus, no TTS test data was available for those 

participants. All participants performed both exercise conditions. 

A technical error occurred in recording of the raw data of GRF of the FX component 

(AP direction) in one of the two trials for one participant. Thus, these data were 

excluded from analysis. All other data for that participant remained. One MB TTS value 

was an outlier for one participant in the FY component (ML direction) and in the FX 

component for UB for another participant (3.10; Appendix G). These values were quite 

distinct from all other TTS values at 10.88s and 9.08s, which may have been a result of 
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measurement error and were judged unlikely to be a “true” representation of the 

participant‟s performance. The data of those components was excluded from analysis 

for these participants. Results reporting this are presented in Appendix G. 

4.3.3 Data distribution 

 The frequency tables of the dependent variables indicated a normal distribution for most 

data (Appendix G). Data outliers refer to 4.3.2 above.  

4.4 Time to stabilisation Hypothesis 1, Main outcome 

Table 4.7 presents a summary of the findings for AP and ML TTS. (Appendix G 

provides more detailed results). There were no statistically significant differences for 

period effect or treatment-period interactions (Table 4.6; Appendix G). A significant 

treatment effect was found between MB and UB exercises in ML TTS (Table 4.7; 

Appendix G). These are presented more fully in sections 4.4.1 to 4.4.3. Variability and 

repeatability of TTS are displayed in Table 4.8. 

4.4.1 Period effect 

Period effect were not statistically significant for AP (t19 = 0.35, P = 0.73) and the ML 

(t23 = -0.28, P = 0.78) TTS. 
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TABLE 4. 5  RESULTS OF TIME TO STABILISATION (MEAN ± SD,S) USED TO ASSESS 
PERIOD EFFECT,  TREATMENT-PERIOD INTERACTION AND TREATMENT EFFECT. 

AP-anterior posterior, ML-medial lateral, MB-matched bias, UB-unmatched bias, G1-MB UB, G2-UB 

MB,  diff-difference. Adapted from template of Altman (1991). 

 

4.4.2 Treatment-period interaction 

No statistically significant differences were found for treatment-period interactions for 

AP TTS (t21 = - 1.31, P = 0.21) and ML (t23 = -1.55, P = 0.13) (Table 4.6; Appendix G). 

 

Figures, 4.1 and 4.2 show that the mean TTS responses of the two groups did not 

coincide. This indicates that there were treatment-period interactions, with AP TTS 

(Figure 4.1) showing a greater treatment-period interaction than ML TTS (Figure 4.2) 

as the mean responses for the former were further apart than those of the latter. Thus, 

participants in both groups did not perform as expected in period 2. Participants of 

Group 1 (receiving the MB in period 1, followed by the UB in period 2) did not increase 

their TTS following the UB condition in the period 2 as expected, which indicates 

carry-over from period 1, and  TTS of Group 2 did not fall as far as expected following 

period 2 MB condition. This may indicate carry-over due to no washout from the UB 

exercises.  

 

 

 

 

 

 

Period 1 

 

Period 2 

 

Period 1 minus 2 

 

 

(Period effect) 

Period Average 

 

 

(Treatment-period 

Interaction) 

MB-UB Cross-

over difference 

95% CI 

(Treatment effect) 

 

 

MB-UB 

 

AP      

G1   2.51 ±0.65 

 

2.66 ±1.00 -0.15 ±1.29 2.58 ±0.55 -0.15 (-0.88 to 0.58)  

G2 

 

 

3.05 ±0.95 2.75 ±0.51 0.31 ±0.83 2.90 ±0.64 -0.31 (-0.63 to 0.01) 

ML 

     

G1 

 

2.96 ±0.85 3.34 ±1.30 -0.52 ±1.20 3.34 ±0.91 -0.52 (-0.17 to 0.13) 

G2 3.76 ±1.01 3.37 ±0.90 0.39 ±0.12 3.56 ±0.79  -0.39 (-0.43 to - 0.35) 
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FIGURE 4. 1 OUTCOMES OF ANTERIOR POSTERIOR TIME TO STABILISATION IN PERIOD 
1 AND PERIOD 2. 

AP TTS – anterior posterior Time to stabilisation, MB-matched bias exercises, UB-unmatched bias 

exercises, G1-exercise sequence MB UB, G2-exercise sequence UB MB 
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FIGURE 4. 2 OUTCOMES OF MEDIAL LATERAL TIME TO STABILISATION IN PERIOD 1 
AND PERIOD 2. 

ML TTS - medial lateral Time to stabilisation, MB-matched bias exercises, UB-unmatched bias exercises, 

G1-exercise sequence MB UB, G2-exercise sequence UB MB 

 

Both scatter plots (Figures 4.3 and 4.4) displayed an uneven distribution for TTS 

between the two groups. The data for the two groups did not lie symmetrically above 

and below the horizontal line, thus this indicated treatment-period interactions. There 

was a larger vertical spread between the two groups of the data in Figure 4.4 indicating 

a larger treatment effect in the ML direction than in the AP direction (Figure 4.3). No 
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correlation to very weak correlations can be observed between treatment effect and the 

average response in both the AP and ML directions. 
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FIGURE 4. 3 PLOT OF DIFFERENCES BETWEEN PERIODS AGAINST AVERAGE OF THE 

TWO PERIODS FOR GROUP 1 PARTICIPANTS (MB FOLLOWED BY UB) ( ) AND GROUP 2 
(UB FOLLOWED BY MB) (■) FOR ANTERIOR POSTERIOR TIME TO STABILISATION.  
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FIGURE 4. 4  PLOT OF DIFFERENCES BETWEEN PERIODS AGAINST AVERAGE OF TWO 

PERIODS FOR GROUP 1 PARTICIPANTS (MB FOLLOWED BY UB) ( ) AND GROUP 2 (UB 
FOLLOWED BY MB) (■) FOR MEDIAL LATERAL TIME TO STABILISATION.  
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TABLE 4. 6 SUMMARY OF PERIOD EFFECT AND TREATMENT-PERIOD INTERACTION FOR 
TIME TO STABILISATION AND REBOUND HOP. 

TTS-Time to stabilisation, AP-anterior posterior, ML-medial lateral, Flight-mean time in the air between 

5 rebound hops, Land-mean time on the ground between 5 rebound hops. 

 

4.4.3 Treatment effect 

As no statistically significant period effects or treatment-interactions were found, it was 

possible to continue the planned analysis as described by Altman (1991) and Hills and 

Armitage (1979), in which all the participants data were collated together under MB and 

UB groupings and analyses performed (Figure 4.5; Table 4.7). 

 

 A statistically significant difference of 15.4% was observed in the ML direction (t24 = - 

2.11, P = 0.02), indicating that following MB exercises participants took less time to 

stabilise than after UB exercises. A decrease of 8.8% was found for AP TTS following 

MB exercises compared to UB exercises, however this was not statistically significant 

(t23 = -1.05, P = 0.15). Treatment effect results are displayed in Appendix G. 

 

 

 

 

TTS t-Statistic Two-tail P 

value 

Period effect  AP TTS   0.35 0.73 

Period effect  ML TTS  -0.28 0.78 

Treatment-period interaction  AP TTS  -1.31 0.21 

Treatment-period interaction ML TTS  -1.55 0.13 

 

 

Rebound hop 

  

Period effect Flight -0.14 0.89 

Period effect Land -1.14 0.27 

Treatment-period  interaction Flight  0.11 0.91 

Treatment-period  interaction Land  1.16 0.25 
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Time to stabilisation Medial Lateral (mean, 95% CI)
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FIGURE 4. 5 MEANS AND 95% CONFIDENCE INTERVALS OF TTS IN THE ANTERIOR 
POSTERIOR AND MEDIAL LATERAL DIRECTIONS (N=26). 
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TABLE 4. 7 SUMMARY TABLE OF PARTICIPANT DATA ORGANISED IN MATCHED BIAS AND UNMATCHED BIAS CONDITIONS. 

Primary outcomes Mean ± SD 

Matched 

 

Unmatched 

Mean difference 

 (95% CI) 

P value Percentage 

difference 

AP TTS  2.63 ± 0.58 2.86 ± 0.98 -0.23 (-0.11 to 0.16)      0.15  -8.8 

ML TTS  3.05 ± 0.91 3.52 ± 1.17 -0.47 (-1.33 to -0.39)  0.02* -15.4 

      

Secondary outcomes      

Hop (time in the air) 0.25 ± 0.06 0.24 ± 0.06 0.003 (-0.004 to 0.01) 0.23   4.0 

Hop (time on the ground) 0.40 ± 0.09 0.41 ± 0.10 -0.013 (-0.015  to - 0.01)   0.05*  -3.3 

TTS-Time to stabilisation (s), AP-anterior posterior, ML-medial lateral, MB- matched bias, UB-unmatched bias, *P< 0.05 



 
 

73 

4.4.4 Variability 

A statistically significant decrease in both TTS variance and absolute difference was found 

for MB when compared to UB in the ML direction (P = 0.008, P = 0.006) respectively, with 

no difference found in TTS variance and absolute difference for the AP direction (Table 

4.8). 

 

TABLE 4. 8 T-TEST RESULTS FOR VARIANCE AND ABSOLUTE DIFFERENCES IN ANTERIOR 
POSTERIOR AND MEDIAL LATERAL TIME TO STABILISATION UNDER MATCHED AND 
UNMATCHED CONDITIONS. 

 TTS (s) 
Mean (SD) 

95%CI diff. n P value 
Matched Unmatched 

Variance      

AP Matched-Unmatched 1.09 (1.99) 1.47 (2.59) (-1.62, 0.86) 24 0.535
 

ML Matched-Unmatched 0.53 (0.80) 1.93 (2.09) (-2.38,-0.40) 25 0.008*
 

Absolute Difference      

AP Matched-Unmatched 0.56 (0.49) 0.64 (0.58) (-0.36, 0.21) 24 0.583
 

ML Matched-Unmatched 0.40 (0.32) 0.82 (0.56) (-0.69,-0.13) 25 0.006*
 

*Significant at alpha = 0.05, AP-anterior posterior, ML-medial lateral, SD-standard deviation. 

 

 

 

4.4.5 Repeatability 

The raw data of the two AP and ML TTS tests for each participant are displayed in 

Appendix G. The mean values of the differences between the two tests in the AP direction 

for Baseline, MB and UB respectively were (0.04s, -0.17s and -0.08s). In the ML direction 

they were (-0.71s, -0.38s and 0.13s). 

Table 4.13 displays the repeatability coefficients and Appendix G display the graphs 

plotting the mean differences between the two tests for each participant for Baseline, MB 

and UB in both the AP and ML directions. The repeatability coefficients are represented as 

two dashed lines between where 95% of differences are expected to lie.  
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AP and ML TTS ICC values are displayed in Table 4.14 and Appendix G, comparing the 

differences between a single measure value and mean values when calculating ICC. 

 

Outlier data were excluded in the above TTS results. Results with outlier data included in the 

analysis can be found in Appendix H. The level of significance with outlier data included was 

(P = 0.06) in both the AP and ML directions which indicates these outliers did have an effect 

on the results. 

 

4.5 Rebound hop Hypothesis 1, Secondary outcome 

Table 4.7 displays a summary of the rebound hop results. More detailed results are 

displayed in Appendix G. No statistically significant differences were found for these 

analyses.  

4.5.1 Period effect 

No statistically significant period effects were found for flight (t29 = -0.14, P = 0.89) and 

for land (t22 = -1.14, P = 0.27).   

 

TABLE 4. 9 RESULTS OF REBOUND HOP (MEAN ± SD,S) USED TO ASSESS PERIOD EFFECT, 
TREATMENT-PERIOD INTERACTION AND TREATMENT EFFECT.  

Flight-mean time in the air during 5 rebound hops (s), Land-mean time on the ground during 5 rebound  hops (s), MB-

matched bias exercises, UB-unmatched bias exercises, G1-MB followed by UB exercises, G2-unmatched bias followed 

by matched bias exercises. Adapted from template of Altman (1991). 

 

 

 

 

Period 1 Period 2 Period 1 minus 2 

 

 

(Period effect) 

Period average 

 

 

(Treatment-period 

interaction) 

MB-UB Cross-over 

difference 

95% CI 

(Treatment effect) 

Flight 

 

     

G1  

 

0.247 ±0.048 

 

0.245 ±0.057 

 

0.002 ±0.022 

 

0.246 ±0.052 

 

  0.002 (-0.005 to 0.01) 

G2 

 

0.241 ±0.072 

 

 

 

 

 

0.245 ±0.079 

 

 

 

 

 

-0.004± 0.024 

 

 

 

 

 

0.243 ±0.075 

 

 

 

 

 

   0.004 (-0.004 to 0.012) 

Land 

 

     

G1 

 

0.410 ±0.093 

 

 

0.430 ±0.093 

 

 

-0.021± 0.057 

 

 

0.420 ±0.098 

 

 

-0.021(-0.03 to -0.01) 

G2 

 

0.383 ±0.093 

 

 

0.379 ±0.096 

 

 

0.004 ±0.020 

 

 

0.381 ±0.094 

 

 

-0.004(-0.01 to 0.003) 
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4.5.2 Treatment-period interaction 

No statistically significant difference for flight (t24 = 0.11, P = 0.91) or for time on the 

ground (t30 = 1.16, P = 0.25) were found. The participant‟s average response in Group 1 was 

0.003s longer in the air than Group 2. Group 2 spent 0.039s less time on the ground 

between hops than Group 1.  

 

Figures 4.6 and 4.7 both show there was a treatment-period interaction as the mean 

responses for the two groups do not coincide (Figure 4.7) and only just on the far right in 

(Figure 4.6). In Figure 4.6, Group 1 participants did better than expected in Period 2 (Time 

in the air not falling as far) and Group 2 participants did not do as well as expected in 

Period 2. Figure 4.7 presents an unexpected result with Group 1 participants spending 

longer on the ground following MB exercises than the Group 2 participants following UB 

exercises. In Period 2 results of both groups displayed in the graph are in the direction 

hypothesised, although Group 2 participants did not fall as far as expected. Following MB 

exercises participants in both groups spent less time on the ground although in Group 2 

there was less of a difference. A treatment effect in the flight response following MB 

exercises can be observed.  
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FIGURE 4. 6 OUTCOMES FOR TIME IN THE AIR DURING 5 REBOUND HOPS DURING 
PERIODS 1 AND 2. 

Flight-median value of time in the air during 5 rebound hops, MB-matched bias exercises, UB-unmatched bias exercises, 

G1-MB UB exercise sequence, G2-UB MB exercise sequence. 
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FIGURE 4. 7 OUTCOMES FOR TIME ON THE GROUND DURING 5 REBOUND HOPS DURING 
PERIODS 1 AND 2. 

 Land-median value of time on the ground during 5 rebound hops, MB-matched bias exercises, and UB-unmatched bias 

exercises, G1-MB UB exercise sequence, G2-UB MB exercise sequence 
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FIGURE 4. 8 PLOT OF DIFFERENCES BETWEEN PERIODS AGAINST AVERAGE OF TWO 

PERIODS FOR GROUP 1 PARTICIPANTS (MB FOLLOWED BY UB) ( ) AND GROUP 2 (UB 
FOLLOWED BY MB) (■) FOR THE MEDIAN VALUE OF TIME IN THE AIR DURING 5 REBOUND 
HOPS. 
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FIGURE 4. 9 PLOT OF DIFFERENCES BETWEEN PERIODS AGAINST AVERAGE OF TWO 

PERIODS FOR GROUP 1 PARTICIPANTS (MB FOLLOWED BY UB) ( ) AND GROUP 2 (UB 
FOLLOWED BY MB) (■) FOR THE MEDIAN VALUE OF TIME ON THE GROUND BETWEEN 5 
HOPS REBOUND HOPS. 

 

4.5.3 Treatment effect 

As no statistically significant period effects or treatment-interaction were found, all 

participant data was collated together under MB and UB conditions and analysis 

performed. 

The mean and SD for the Time in the air (Flight) and Time on the ground (Land) are 

displayed in Table 4.7 and Figure 4.10.  

 

Treatment effect results are displayed in Appendix G. A statistically significant difference 

was established for land following MB exercises where the participants took less time to 

stabilise than after UB exercises (t22 = -1.68, P = 0.05). Although no significant difference 

was established for flight (t29 = 0.74, P = 0.23), a trend can be observed in the same 

direction as was hypothesised, that following MB exercise participants spent longer in the 

air than following UB exercises. Neither of these results met the clinically important 

difference of 15%, with a 4% difference for flight and a -3.3% difference for land.  

 

Results, Table 4.9, indicate that group 2 (UB MB) participants showed a 100% increase in 

flight times compared to the results in group 1 (MB UB), although the difference was very 
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small (0.002s). The difference between the groups in the time on the ground was a -81% 

decrease for group 1 compared with group 2. 
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FIGURE 4. 10 MEANS AND STANDARD DEVIATIONS OF REBOUND HOP, TIME IN THE AIR 
AND TIME ON THE GROUND (N=33). 

 

 

4.6 Data analysis Hypothesis 2, Main outcome 

Results of Mauchly‟s test of sphericity for AP and ML TTS, were greater than P = 0.05, (P 

= 0.104 and 0.175) respectively and thus equal variance can be assumed. Within-participant 

effects, for assumed sphericity, were found to be significantly different (P = 0.049) in the 
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AP direction but not in the ML direction (P = 0.114), (Appendix G). For pairwise 

comparisons in the AP direction MB was less than Baseline (P = 0.008) and MB and UB 

no difference. No other significant differences were found (Appendix G, Table 4.15). 

 

Hypothesis 2, ANOVA results of variance and absolute difference between Baseline, 

Matched and Unmatched conditions for both AP and ML TTS tests are displayed in Tables 

4.9 to 4.11. A significant difference in variance (P = 0.035) and absolute difference (P = 

0.012) were found between conditions in the ML direction but no differences were found in 

the AP direction. Post-hoc test revealed significant decreases in ML TTS variance 

following MB exercises compared to Baseline (P = 0.048) and UB exercises (P = 0.023). 

Similarly, significant decreases in ML TTS absolute difference were also found following 

MB exercises compared to Baseline (P = 0.037) and UB exercises (0.019). 
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TABLE 4. 10 ANOVA RESULTS FOR VARIANCE AND ABSOLUTE DIFFERENCES IN ANTERIOR 
POSTERIOR AND MEDIAL LATERAL TIME TO STABILISATION UNDER BASELINE, MATCHED 
AND UNMATCHED CONDITIONS. 

TTS Mean (SD) 
Mauchly’s 

Test † 
df 

Mean 

Square 
F P value 

AP Baseline 3.12 (0.66)      

AP Matched 2.63 (0.58) 0.104 2 1.479 3.212 0.049* 

AP Unmatched 2.86 (0.97)      

ML Baseline 3.58 (1.28)      

ML Matched 3.05 (0.91) 0.175 2 2.158 2.270 0.114 

ML Unmatched 3.52 (1.17)      

Variance       

AP Baseline 1.87 (2.23)     
 

AP Matched 1.09 (1.99) 0.660 2.00 3.69 0.71 0.497 

AP Unmatched 1.47 (2.59)      

ML Baseline 2.27 (3.09)      

ML Matched 0.53 (0.80) 0.036† 1.60 26.37 3.97 0.035* 

ML Unmatched 1.93 (2.09)      

Absolute 

Difference 
      

AP Baseline 0.82 (0.53)     
 

AP Matched 0.57 (0.49) 0.485 2.00 0.409 1.37 0.265 

AP Unmatched 0.64 (0.58)     
 

ML Baseline 0.84 (0.67)     
 

ML Matched 0.40 (0.32) 0.455 2.00 1.49 4.83 0.012* 

MLUnmatched 0.82 (0.56)     
 

† If P<0.05 Sphericity cannot be assumed and the Greenhouse-Geisser adjustments to the degrees of 

freedom were used. AP-anterior posterior, ML-medial lateral 

*Significant at alpha = 0.05. 
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TABLE 4. 11 ANOVA PAIR-WISE COMPARISONS FOR MEDIAL LATERAL VARIANCE.   

 Mean difference 95% CI of differences P-value 

Baseline-Matched  1.734 ( 0.011, 3.456)   0.048
*
 

Baseline-Unmatched  0.340 ( -1.648, 2.328) 1.000 

Matched-Unmatched -1.393 (-2.629, -0.158)   0.023
*
 

*Significant at alpha = 0.05 

 

TABLE 4. 12 ANOVA PAIR-WISE COMPARISONS FOR MEDIAL LATERAL ABSOLUTE 
DIFFERENCE. 

 Mean difference 95% CI of differences P-value 

Baseline-Matched   0.433 ( 0.022, 0.845)   0.037* 

Baseline-Unmatched   0.023 (-0.420, 0.466) 1.000 

Matched-Unmatched -0.410 (-0.763,-0.058)   0.019* 

*Significant at alpha = 0.05. 

 

TABLE 4. 13 REPEATABILITY COEFFICIENTS FOR TIME TO STABILISATION IN THE ANTERIOR 
POSTERIOR AND MEDIAL LATERAL DIRECTIONS. 

Condition Anterior Posterior Medial Lateral 

Baseline 3.76 4.10 

Matched Bias 2.94 2.92 

Unmatched Bias 4.27 3.84 

 

TABLE 4. 14 INTRACLASS CORRELATION COEFFICIENTS FOR TIME TO STABILISATION AS 
SINGLE AND MEAN VALUES. 

 Anterior Posterior 

ICC (95% CI) 

 

Medial lateral 

ICC (95% CI) 

 Single measures*  0.040 (-0.052 to 0.206) 0.449 (95% CI 0.027 to 0.343) 

Mean values** 0.428 (95% CI -0.127 to 0.734) 0.510 (95% CI 0.048 to 0.768) 

ICC- intraclass correlation coefficient, CI-confidence interval, * ICC2,1, **ICC2,2. 
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TABLE 4. 15 ANOVA PAIR-WISE COMPARISONS FOR ANTERIOR POSTERIOR TIME TO 
STABILISATION. 

 Mean difference 95% CI of differences P-value 

Baseline-Matched   0.496 ( 0.114, 0.877)   0.008
*
 

Baseline-Unmatched   0.268 ( -0.288, 0.824)  0.679 

Matched-Unmatched -0.228 (-0.787,  0.331)  0.909 

*Significant at alpha = 0.05 

 

4.7 Data analysis Hypothesis 2, Secondary outcome: 

Mauchly‟s sphericity results for rebound hop indicated that equal variance could not be 

assumed and therefore a Greenhouse-Geisser correction was required. A within-participants 

effects (Greenhouse-Geisser) and pairwise comparisons results are presented in Appendix 

G. Within-participant effects resulted in a significant difference for time on the ground (P = 

0.041) and (P =0.016) for time in the air. A significant difference was found between 

Baseline and UB for time in the air (P = 0.036) and no significant difference for time on the 

ground. That is, participants spent longer in the air at Baseline than following UB exercises.
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5 Discussion 

This study has investigated the inter-tester reliability of the directional bias assessment of 

dynamic postural stability deficits. It also investigated the predictive validity of the 

directional bias assessment to predict the outcome of the exercise intervention: where 

following MB exercises an immediate measurable improvement in dynamic postural 

stability and rebound hopping would result, compared to UB exercises. Having established 

that the directional bias assessment demonstrates acceptable reliability, a “substantial” 

agreement of PABK K = 0.76, following MB exercises participants were able to stabilise 

significantly more quickly (3.05 ± 0.91s vs. 3.53 ± 1.17s; P = 0.02) after landing from a 

jump onto a single-leg in the medial lateral direction than following UB exercises. This was 

accomplished with less variance between the two TTS tests, P = 0.008. Participants also 

spent less time between hops following MB exercise compared to UB exercise, (0.40 ± 

0.09s vs. 0.41 ± 0.10s; P = 0.05), also indicating improved stability. Further, compared to 

baseline measures a significantly shorter TTS in the AP direction was demonstrated 

following MB exercise, P = 0.008 and a significant degradation of time in the air during 

rebound hoping following UB exercise, P = 0.036.  

5.1 Aim 1: Inter-tester reliability of the directional bias assessment  

This was the first study to investigate a core principle of DMA Clinical Pilates, that is, 

whether dynamic postural stability deficits can be reliably identified via a clinical 

directional bias assessment. Although some physiotherapists in the clinical field currently 

use directional bias assessments, the reliability or validity of such a directional bias 

assessment to identify dynamic postural stability deficits has not been previously 

determined.  

 

Using the method of Landis and Koch (1977) the reliability of directional bias assessment 

between the expert advisor and the researcher resulted in a substantial agreement (k = 0.75). 

There was no significant change following the application of the PABAK kappa value (k = 

0.76), which suggests that neither bias nor prevalence adversely affected the result (refer to 

3.9) (Byrt, et al., 1993; Landis & Koch, 1977; Sim & Wright, 2005).  
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Although the results of the present study identified substantial agreement between the 

assessors, Table 4.4 displays a difference between the testers in identifying Flexn L and 

Extn L. Thus, there appears to be excellent agreement for the lateral bias but some 

discrepency in the sagital bias. This may be explained by: carry-over effects from the first 

assessment, into the immediately following second assessment, resulting in treatment-

period interactions; fatigue due to the long session; or that more time was required for the 

directional bias to become obvious. All of these points are discussed in 6.1.1. Use of a 

washout period between the testers may have yielded superior inter-tester outcomes.  

 

The significance of the inter-tester reliability result in the present study means we can be 

confident that a directional bias assessment can reliably identify deficits in dynamic 

postural stability in participants who have recovered from unilateral lower limb injuries. 

The directional bias assessment may be transferable clinically to patients during recovery 

from a lower limb injury. That directionally biased neuromuscular deficits can be reliably 

detected between testers strengthens our confidence that directional bias exists as a valid 

clinical entity. 

 

The results from the present study however, cannot directly be compared to other inter-

tester reliability studies of sub-grouping classifications within physiotherapy, as the present 

study investigated dynamic postural stability deficits and not pain as in all other studies 

(Clare, Adams, & Maher, 2004; Fritz, Brennan, Clifford, Hunter, & Thackeray, 2006; 

Razmjou, Kramer, & Yamada, 2000). However, the present study, with an adjusted kappa 

of k = 0.76 does compare favourably with results generally within physiotherapy. For 

example, the inter-tester reliability of the McKenzie evaluation of patients with mechanical 

low back pain, where two testers simultaneously assessed 45 participants, found k = 0.70 

agreement for selection of the McKenzie syndromes and k = 0.95 for the classification of 

derangement sub-syndromes (Razmjou, et al., 2000). In another study, testers classified 

participants based on inspection of McKenzie assessment forms and found the inter-tester 

reliability of the syndrome classification was k = 0.56, and of the sub syndrome k = 0.68 

(Clare, et al., 2004).  Examining the inter-tester reliability of a classification algorithm for 

sub-grouping patients with low back pain resulted in a k = 0.60 (Fritz, et al., 2006).   
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5.2  Aim 2: Immediate effects of directionally biased exercises  

5.2.1 Hypothesis 1:  

The present study is also the first to investigate whether the identification of directional bias 

will predict the outcome of exercise intervention, where exercising participants with a 

matched individual-specific unilateral directional exercise bias (matched bias) will have an 

immediate (within one session) improvement of dynamic postural stability and rebound 

hopping, in participants with previous unilateral lower limb injuries. Before treatment 

effects were calculated both period effects and treatment-period interactions were 

investigated. 

5.2.1.1 Period effect  

A period effect changes the general level of response from Period 1 to Period 2 and thus 

changes the treatment effect. The differences between the two periods should be the same 

but with the opposite sign (Altman, 1991). Results for TTS in both the AP and ML 

directions in the present study do show opposite signs, although the values differ. However, 

the differences of 0.16s and 0.13s respectively, are not large enough to be significantly 

different (Table 4.5 and Appendix G). With 95% confidence intervals reaching zero in all 

but Group 2 in ML direction, this indicates that it did not matter in which order the 

exercises were given. That is, participants did not perform better in one period compared to 

the other during TTS testing.  

 

The differences between the two periods for Groups 1 and 2 for rebound hop were of 

opposite signs as expected for time in the air and time on the ground (Table 4.9). However, 

the flight-time cross-over difference between the two periods for Group 2 was twice that of 

Group 1 (0.004s and 0.002s) respectively. A difference of nearly eight times greater was 

found between periods for Group 1 compared to Group 2 participants for time on the 

ground between hops which indicates that the order of the exercises may have had an 

effect. However, following t-tests no statistically significant differences were found 

between periods indicating any period effect present did not reach statistical significance.  
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5.2.1.2 Treatment-period interaction 

The reasons for a possible treatment-period interaction in the present study, according to 

Hills and Armitage (1979) were:  

1. There was no washout period between the two periods. Thus, the effects of the exercises 

in Period 1 may still have been present in Period 2, resulting in a different response to 

the Period 2 set of exercises. If the residual effects of the two directional exercise biases 

were different then an interaction would have resulted. 

 

2. A physiological or psychological state induced by the first exercises may have persisted 

into the second period. This may have been due to fatigue, finding the exercises or 

testing too difficult, or becoming bored or anxious about time in this 90 minute session. 

A number of participants commented on fatigue and some clearly found the testing and 

stomach massage, and spine stretch exercises very hard. 

 

3. The general level of response may have caused the treatment effect to vary. That is, 

those participants who had a larger average response value may have shown a greater 

treatment effect than those with a lower average response value. A period effect, if 

present, would also affect the mean values of the two conditions. 

 

 It has been suggested that it is difficult to distinguish between these possible mechanisms 

via t-tests of the mean responses, as they are noted for their lack of statistical power 

(Altman, 1991; Armitage, 1995; Hills & Armitage, 1979). The absence of period effects 

cannot be tested for, only their presence (Diaz-Uriarte, 2002).  Therefore, we cannot 

exclude the possibility of a period effect obscuring the main effects of the present study. 

Results from the t-tests showed no treatment-period interaction (4.4.2). 

 

However, examination of Figures 4.1, 4.2, 4.6 and 4.7 which plot response to treatment 

against Period 1 and 2 (4.4.2), as suggested by Hills and Armitage (1979) clearly reveals a 

treatment-period interaction in both the AP and ML TTS directions and particularly time on 

the ground between hops, as the mean responses do not coincide. Group 1 participants 

performed better than expected in the second period during TTS and time in the air (not 
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increasing to levels of Group 2 UB in period 1), which may indicate some carry-over from 

MB exercises in period 1. Meanwhile, the Group 2‟s TTS time did not fall as far as 

expected in period 2 suggesting this may have been due to fatigue or perhaps carry-over 

from period 1.  The difficult flexion bias exercises may have also contributed to some 

fatigue as well as inhibition of local stabiliser muscles (5.2.3). However, this cannot be 

calculated here due to the small number of participants. 

 

Figure 4.7 displays results which were not as expected. During period 1 MB participants 

spent longer on the ground between hops compared to those of UB exercises. This may 

have been influenced as mentioned above due to difficulty with some flexion biased 

exercises. However, Group 1 participants increased time on the ground, as expected, during 

the period 2 UB exercises. Also Group 2 participants reduced their time on the ground only 

slightly, perhaps due to period and treatment-period effects discussed above. 

 

Thus, as a result of no washout period, which leads to carry-over effects and fatigue, all the 

graphs clearly demonstrate an interaction. Therefore, we cannot rely on t-tests results to 

provide a true treatment effect for TTS, flight and land times, between MB and UB 

exercises, as treatment effects would be underestimated. Further TTS, in period 2 of Group 

2, participants may have been influenced by the situation in (2) above. 

 

Following methods recommended by Altman (1991) and Hills and Armitage (1979), and 

examining scatterplots of the average response to treatment in the two periods against the 

differences between the two periods, we can further explore the possibility of a treatment-

period interaction. The resulting scatterplots (Figures 4.3, 4.4, 4.8 and 4.9) clearly reveal a 

treatment–period interaction. The spread of data is not symmetrical across the y = 0 line 

and all the R
2 

values (correlation coefficients) are around zero. These tell us that there is no 

association between the treatment effects (differences between the two periods) and the 

mean of the two periods. Consequently, this suggests there are residual effects (Hills & 

Armitage, 1979). The vertical spread of data between the conditions is larger for time on 

the ground indicating a greater treatment effect (Altman, 1991). Thus, both types of graphs 

confirm there is a treatment-period interaction, and the treatment effect results obtained 

from t-test analysis therefore, cannot be relied on as true results. 
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Treatment-period interactions can bias the direct treatment effects mainly due to differential 

carry-over effects, different exercises resulting in different effects as stated in (1) above 

(Diaz-Uriarte, 2002). The treatment-period interaction in the present study may have been 

best dealt with by minimizing the chances of such an occurrence by: a) having a washout 

period, b) using less challenging flexion bias exercises (stomach massage and spine stretch) 

and c) greatly reduced fatigue. Fatigue would have been significantly reduced had the other 

leg not been tested as well. A washout period would have decreased the 90 minute 

intervention time, thus also reducing the risk of fatigue. The treatment effects in the present 

study appear to have been biased, by interactions as observed in both types of graphs 

(Figures 4.1 to 4.4 and 4.6 to 4.9), which would have resulted in the differences between 

the two exercise conditions being reduced (Altman, 1991). 

 

5.2.1.3 Treatment effect 

The cross-over differences of the mean TTS in each of the 2 exercise groups should have 

been the same. However, examination of Table 4.5 indicates they varied by 0.16s in the AP 

direction and by 0.13s in the ML direction. In the AP direction, Group 2 (UB MB) 

participants showed a 106.7% decrease in TTS compared to the results found in Group 1 

(MB UB), thus suggesting strongly that there was an interaction between treatment and 

period (Hills & Armitage, 1979). The difference between the groups in the ML direction 

was smaller with 0.13s difference representing a 25.0% difference between Group 1 and 

Group 2. In Table 4.9, the cross-over differences between conditions 1 and 2 for flight time 

show a 100% difference and for land-time an 81% difference both being in favour of MB 

exercises, which confirms the above discussion indicating the occurrence of a treatment-

period interaction.   

 

As no significant period effect or treatment-period interaction was found, analysis for a 

treatment effect was calculated via paired t-tests.  

 

Main outcome measure: A statistically significant decrease (P = 0.02) was found in the 

time it took participants to stabilise in the ML direction after landing from a jump onto their 

test leg following MB exercises, compared to UB exercises (3.05 ± 0.91s vs. 3.53 ± 1.17s). 
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Thus, the alternative hypothesis for this outcome measure was accepted. This represents an 

immediate 15.4% difference in favour of MB exercises.  Furthermore, participants were 

also able to repeat this test with significantly less variance (P = 0.008) between tests 

following MB exercise. However, the difference between the exercises for TTS in the AP 

direction was not statistically significant (P = 0.15).  Thus, the null hypothesis was 

accepted. These results indicate that MB exercises have the ability to significantly improve 

dynamic postural stability within one session in the ML direction. Results of the t-tests are 

presented in (4.4.3, 5.2, Figures 4.5, and Table 4.7). The lack of a statistical level of 

significance for a treatment effect in the AP direction may have been due to a number of 

influences such as reduced power of the study (5.3) and the presence of treatment-period 

interaction (5.2). However, a trend can be identified in both AP and ML directions for TTS, 

that following MB exercises participants took less time to stabilise landing from a jump 

onto a single-leg than following UB exercises.  

 

Secondary outcome measure: For rebound hopping the mean differences for both flight and 

land are also in the direction hypothesised, with a significant decrease in the median time 

participants spent on the ground between hops found, (0.40 ± 0.09s vs. 0.41 ± 0.10s; P = 

0.05) (P = 0.05), (Table 4.7). That is, following MB exercises participants spent less time 

reorganising themselves for the next hop compared to following UB exercises, which may 

indicate their dynamic postural stability between hops was superior after MB exercises. 

This represents a significant clinical difference, within one session. However, subsequent 

hop performance was unchanged as no significant difference was observed between the two 

exercises in the median time participants spent in the air (P = 0.23) during 5 rebound hops. 

Thus, the alternative hypothesis was accepted for time on the ground and the null 

hypothesis was accepted for time in the air during rebound hopping.  

 

These results therefore may not be a true representation of treatment effect, due to the 

influence of treatment-period interactions (Figure 5.1) and lowered power of the study 

(5.3). The two flexion biased exercises, which were too challenging for many participants, 

may have also contributed to the non-significant results. It has been demonstrated that local 

trunk stabilising muscle activity is reduced when exercises are made harder, with transverse 

abdominus muscle activity significantly reduced (Imai et al., 2010). This was found to be 
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particularly so during a curl up exercise which required similar muscle activity to the two 

difficult exercises in the present study. If this was the case, these muscles would then not 

control (stabilise) the trunk as effectively and thereby potentially leading to less optimal 

muscle control of the pelvis and lower limb (Asplund & Ross, 2010). This could, in the 

present study, contribute towards participants not performing as well (stabilise as quickly). 

This may have been more pronounced during the flight times during rebound hopping if the 

lower limb muscles were unable to work as effectively, and therefore have reduced the 

participants‟ ability to hop as high. If these flexion biased exercises were performed as part 

of MB exercises the resulting TTS and land values would have been larger than expected, 

with flight times smaller than expected due to fatigue or reduced local muscle stabiliser 

activity, thus reducing any potential treatment effect. Conversely, the larger resultant TTS 

and land values and smaller flight would have increased any treatment effect during UB 

exercises. Accordingly, 17 of the 26 participants (65%) had flexion as part of their MB, 

thus potentially reducing the decreased TTS times and increased flight times found. If the 

flexion exercises were part of the MB and were performed during the second period, the 

effects of fatigue and decreased local muscle stabiliser activity may have been magnified, 

thus reducing a treatment effect to a greater degree. This influence was unable to be tested 

for due to the small size of the groups. Thus, fatigue from period 2 exercises and 

subsequent testing, plus carry-over effects, may have also influenced the results by diluting 

the treatment effect.  
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FIGURE 5. 1 EFFECTS OF TREATMENT-PERIOD INTERACTION ON TIME TO STABILISATION 
IN THE ANTERIOR POSTERIOR DIRECTION. 

TTS-Time to stabilisation in seconds 

 

5.2.1.4 Comparison with previous work 

The findings of this study suggest that similar to the McKenzie approach, following exercises 

matched to an individual‟s directional preference (bias in this study) participant outcomes were 

superior to those who were given exercises in the opposite direction (bias) to their matched 

directional preference (Long, et al., 2004; 2008).  Findings in this present study also concur 

with Long et al. (2004; 2008) in that outcomes have the potential to deteriorate if exercises are 

not matched to the directional preference. This suggests that not only can directionally biased 

exercises matched to an individual centralise or abolish pain as in the McKenzie approach, but 

this rational can also be applied to improve performance outcomes related to dynamic postural 

stability as found in this present study. However, this initial study requires further investigation 

to confirm this. 
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The immediate 15.4% difference found in favour of MB exercises in this present study is 

similar to other findings following Physiotherapy interventions such as those following grade 

IV mobilisations which resulted in immediate improved effects of 17% (Makofsky et al., 2007) 

and 14% (Yerys et al., 2002). Abbott (2001a) also found a 17% immediate improvement 

following MWM‟s. However, the 15.4% findings in the present study are larger than the 4% 

immediate improvements in muscle strength found following grade I mobilisations by 

Makofsky et al. (2007) and Yerys et al. (2002) as well as the 3% and 5% immediate 

improvements found following a lumbopelvic joint manipulation by Grinstaff et al. (2009). 

5.2.1.5 Possible physiological explanations 

Jones et al. (1989) and Seynnes et al. (2007) have suggested the immediate improvements 

in strength may be due to altering of the neural drive, which results in a learning effect by 

laying down the correct sequence of muscle activation, as a motor pattern, in the central 

nervous system (Jones, et al., 1989; Seynnes, et al., 2007). Modulation of neuromuscular 

recruitment by the central nervous system has been suggested to be strongly influenced by 

the afferent proprioceptive system (Jones, et al., 1989; Matsusaka, et al., 2001; McKeon, et 

al., 2008; Rasool & George, 2007; Rozzi, et al., 1999; Seynnes, et al., 2007).  

 

A number of authors have demonstrated CNS changes following lower limb injury: 

Snyder-Mackler et al. (1994) have suggested the quadriceps femoris muscle firing is 

disrupted by the CNS following a knee injury and Hurley et al., (1992) and Urbach et al., 

(1999) demonstrated reflex bilateral inhibition following an ACL injury and suggested that 

this  is caused by central processes.  While a number of authors have demonstrated 

significant changes in the untreated leg subsequence to postural stability training following 

an injury, which suggests that the improvement may be  due to central processing changes 

(Gauffin, Tropp, & Odenrick, 1988; Rasool & George, 2007). Thus, there appears to be 

agreement that CNS changes occur following a lower limb injury and these need to be 

addressed during rehabilitation.  

 

Rehabilitation to improve postural stability following injury traditionally involves exercises 

in a single-leg stand position. However, it appears from this present study, that there must 

be more than peripheral cue sensitisation for the improvements in dynamic postural 

stability as no exercises in the traditional single-leg stand position were performed. The MB 



 
 

93 

exercises in this present study were aimed at targeting improved stability more locally at 

the trunk and pelvis and thus improving the whole kinetic chain. A number of studies have 

demonstrated improved lower limb performance following the application of a pelvic belt 

or manual compression to stabilise the pelvis (Mens, Damen, et al., 2006; Mens, Inklaar, et 

al., 2006; Mens, et al., 1999). While other authors have demonstrated neuromuscular 

training programs targeting the pre-activation of core muscles to stabilise the trunk and hip 

have resulted in improved lower limb function and decreased injury rates (Mandelbaum, et 

al., 2005; Myer, et al., 2008). 

 

A possible explanation for the immediate improvements found in the present study could be 

that the proprioceptive information the central nervous system received from the MB 

directional bias exercises was superior to that received by the UB directionally biased 

exercises and to that of traditional single-leg stand postural stability training exercises, 

which typically involves two to six weeks of training (5.2.1.6.1). In this study, perhaps the 

CNS was able to act upon the superior proprioceptive information it perceived as being 

relevant enabling it to lay down the correct sequence of muscle activation as suggested by 

Jones et al., (1989) and Seynnes et al., (2007), with a resultant more immediate 

improvement. Studies have shown that a learning effect can produce immediate within one 

session improved performance (Costa, et al., 2004; Madhavan, et al., 2009; Madhavan & 

Shields, 2007, 2009). 

5.2.1.6  Clinically important difference 

The effects of directionally biased exercise on measures of dynamic postural stability have 

not been previously reported. A previously defined clinically significant difference was 

thus not available.  However, calculated on the TTS of participants with functional ankle 

instability (Ross & Guskiewicz, 2004), a difference of half a second, which represented a 

15% difference in that study, would be needed for a clinically significant difference. Thus, 

the 15.4% difference for TTS in the ML direction found in the present study may be 

clinically relevant for an immediate (within one session) improvement in dynamic postural 

stability. Had there not been treatment-period interactions present, this target may have 

been exceeded, and/or, a clinically important difference also reached in the AP direction. 

The lowered power of the study (5.3) may have also influenced the non-significant result, 

and lower clinical significant difference.  
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These findings are also significant for a within session improvement, as this population had 

recovered from previous injury. Thus, supporting previously mentioned authors, Ageberg et 

al., (2001, 2007), Holder-Powell and Rutherford, (2000) and Staples, (1972) that long-term 

postural stability deficits remain for up to 42 years following injury. 

5.2.1.6.1 Comparison to previous work 

Previous work has found inferior, similar and superior outcomes to the present study but 

those of previous work were gained following between two and six weeks of proprioceptive 

training. With two weeks of dynamic postural stability training, involving various single-

leg standing exercises, Rasool and George (2007) demonstrated a 13.6% change in dynamic 

postural stability, assessed by reach performance using the SEBT protocol on a group of 

healthy males. Static postural stability has been measured in other studies following 

proprioceptive rehabilitation programs in participants with functional ankle instability (Eils 

& Rosenbaum, 2001; Han, Ricard, & Fellingham, 2009; Matsusaka, et al., 2001; Powers, 

Buckley, Kaminski, Hubbard, & Ortiz, 2004). Eils & Rosenbaum, 2001;  demonstrated a 

9.2% improvement in postural sway following a 6 week program involving 12 different 

postural stability exercises and Matsusaka et al., 2001, a 26% improvement in postural 

sway following 6 weeks of ankle disk training. While (Powers, et al., 2004) found 

improvement in  centre of pressure values following 6 weeks of ankle strength training of 

1.7% and 11.3%  following proprioceptive training (with theraband) and a decrease of 6% 

following strength and proprioception training. In another study, (Han, et al., 2009) 

demonstrated a 10% improvement in centre of pressure (total distance travelled) following 

4 weeks of training with an elastic band to simulate a perturbation force.  

 

 Thus, the present study compares favourably with these previous works. However, more 

importantly in the present study the 15.4% improvement was achieved within one session. 

Further the present study treatment effects were lowered due to the presence of treatment-

period interactions. 

 

5.2.2 Hypothesis 2: 

Hypothesis 2 was a pilot study to test: matched bias exercises will result in an immediate 

measurable improvement in dynamic postural stability (decreased TTS in single-leg landing 
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and reduced time on the ground during consecutive rebound hopping) and performance 

(increased time in the air during consecutive rebound hopping) compared to the baseline 

condition. Conversely, exercising in the opposite direction (unmatched bias) will result in 

immediate degradation of dynamic postural stability and performance. This pilot study was 

conducted for the purpose of estimating the required sample size for planning a subsequent 

clinical trial.  

 

 Although greatly underpowered repeated measure ANOVA also produced significant 

results.  

Main outcome measure: Following MB exercises TTS in the AP direction was significantly 

less (P = 0.008) compared to Baseline and UB, representing MB exercises are superior 

compared to UB exercises in the AP direction. Thus, the alternative hypothesis was 

accepted for this outcome measure. Participants were also able to repeat this test with 

significantly less variance (P = 0.035) compared to Baseline and UB exercises. However, 

due to the influences on the treatment effect as discussed above and the pilot study being 

under-powered for ANOVA analysis, a significant difference was not found between the 

two exercises in the ML direction (Figure 5.3). Thus, the null hypothesis was accepted for 

hypothesis 2 in the ML direction.  

 

Secondary outcome measure: A significant degradation in participant‟s height hopped 

values (time in the air) during rebound hopping was found following unmatched bias 

exercises compared to Baseline measures (P = 0.036, Appendix G).  Thus, the alternative 

hypothesis was accepted for this outcome measure. No significant difference was found for 

time on the ground although there was a significant difference for within-participants 

effects (P = 0.041). 

  

At baseline the participants clearly hopped higher and as fatigue set in, the times were 

much less perhaps due also to the reduced muscle activity of the local trunk muscle 

stabilisers for reasons as discussed in 5.2 (Figure 4.10). Nevertheless, following MB 

exercises participants were able to spend longer in the air compared to baseline. For land-

time between hops participants again performed better at baseline. However, following MB 

exercises they spent less land-time than following UB exercises. Both the period effects and 

treatment-period interactions affected the treatment effects, and thus the treatment effects 
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may have been greater had there been a washout period, which may have lessened both the 

effects from carry-over and fatigue. 

 

In summary, following the methods described by others (Altman, 1991; Bland & Altman, 

1986; Diaz-Uriarte, 2002; Hills & Armitage, 1979) in the analysis of cross-over trials, 

carry-over and treatment-period interactions were shown to exist in the present study. A 

trend in the direction hypothesised is present thus indicating further research is warranted if 

the above limitations are overcome by having a washout period and using less difficult 

flexion bias exercises. If participants returned on another day, at least two sets of 10 

rebound hops, only on the treatment leg could be performed without risk of fatigue. 

Further, if treatment-period interactions could be reduced a significant difference may 

result between MB and UB exercises. 

 

There are several possible explanations for finding two significant differences for hypothesis 1, 

namely chance and bias (5.5.1.1). However, there are also several possible explanations for the 

absence of a significant difference. These were discussed above along with explanations for the 

two significant differences found for hypothesis 2. 

 

5.3  Power of the study 

The estimated sample size required for the present study was 35 (3.3.2). Thirty-three 

participants were recruited and all of them attended both appointments. However, seven 

participants were unable to complete the TTS task and were thus excluded from that task. 

Due to irregularities in one participant‟s trial in the AP direction, this data was excluded 

from analysis (4.3.2). However, all other data for this participant remained. Data which 

were clearly outliers were also excluded, one each in the AP and ML directions, for two 

other participants (Appendix G). This led to 7.7% of AP TTS data and 3.8% of ML TTS 

data being excluded in the analysis. However, it was decided that it was important to keep 

as much data in the analysis as possible, because this option outweighed the potential bias 

of removing all three participants‟ data from analysis for TTS. The power of the study for 

TTS, which was already down by nine participants, was thus reduced further to 11 

participants in parts of the AP direction and 10 in parts of the ML direction. Uneven group 

sizes for groups 1 and 2 resulted from randomisation, and were not affected further 
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following seven participants failing to complete the TTS test. However, with the exclusion 

of TTS data for three participants these group sizes became more even. Consequently, due 

to these uneven group sizes, two t-tests for period effect and treatment-period interaction 

were conducted assuming unequal variance. 

 

The reduced power may have contributed, in part, to non-significant differences in the AP 

direction for TTS between MB and UB exercise conditions (P = 0.1, Table 4.7). The 

absence of a significant difference between MB and UB exercises in 2 of the 4 outcome 

measures for hypothesis 1 may be associated with a type II error, where no significant 

differences were found between MB and UB exercise (Domholdt, 2005). The required 

power for the present study was estimated from data by Ross and Guskiewicz (2004) which 

was not a cross-over study and which comprised a young and healthy population. To test 

whether there was a true difference, if one existed, the power has been recalculated 

(Domholdt, 2005). Based on the findings of the present study, a sample size of 79 would be 

required to detect a significant difference between the two directional bias exercises for 

TTS in the AP direction for a one-sided alpha at 0.05 and a power of 0.8. Thus, in the 

present study it was possible that a Type II error occurred, where the sample size was too 

small due to an overestimation of the difference between MB and UB exercise, and an 

underestimation of the magnitude of the standard deviation of the TTS in the present 

participants in performing TTS exercises (Domholdt, 2005).  

 

The power of the study was lower than that required for ANOVA analysis for hypothesis 2, 

as the present study was calculated for the requirements of hypothesis 1. Thus, it was 

unlikely to find a significant difference between the three conditions (Baseline, MB and 

UB). 

 

5.4 Time to stabilisation 

As a group, following MB exercises participants were able to stabilise significantly more 

quickly in the ML direction than following UB exercises (3.05 ± 0.91s vs. 3.53 ± 1.17s; P = 

0.02), however, no significantly shorter time occurred for TTS in the AP direction between 

MB and UB exercise. Other studies using the same single-leg jump-landing technique have 

found participants with functional ankle instability took significantly longer to stabilise 
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than healthy participants in both AP and ML directions (Gribble & Robinson, 2009a, 

2009b; Ross, et al., 2005; Ross & Guskiewicz, 2004). However, Marshall et al. (2009) 

found, similar to the present study, significantly longer TTS in the ML direction when he 

compared participants with and without functional ankle instability, but not significantly 

longer in the AP direction. There appears to be a considerable variation within the TTS 

values amongst these three studies (Figure 5.1) (Gribble & Robinson, 2009a, 2009b; 

Marshall, et al., 2009; Ross & Guskiewicz, 2004) and results of the current study (Figure 

5.2).  

 

 

FIGURE 5. 2 TIME TO STABILISATION RESULTS FROM FOUR STUDIES IN THE ANTERIOR 
POSTERIOR AND MEDIAL LATERAL DIRECTIONS DISPLAYING THE RANGE OF MEANS AND 
STANDARD DEVIATIONS. 

TTS-Time to stabilisation; s-seconds; AP-anterior posterior; ML-medial lateral; 1 = present study, left hand 

bar unmatched bias, right hand bar matched bias; all other bars = left hand bar functional ankle instability 

participants, right hand bar control participants; 2 = Ross et al. 2004; 3 = Gribble et al. 2009; 4 = Marshall et 

al. 2009.  

 

This variation could be explained by the different methodologies used in the calculation of 

TTS in the four studies. The present study attempted to replicate the methodology used in 

Ross and Guskiewicz (2004) but was unable to fit a similar smoothed curve and achieve 

sensible TTS values for much of the data, despite acquiring a copy of the equation used by 
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Ross and Guskiewicz (2004). Graphs that illustrate the difficulties encountered in both 

obtaining a smooth curve and in achieving realistic TTS values are presented in Appendix 

B. For this reason, the method by Ross and Guskiewicz (2004) was modified for the 

purpose of this study, as described in Appendix B. The modified method of obtaining TTS 

was found to have a mean error and standard deviation of 0.17 ± 0.49s from the estimated 

true values in the AP direction and 0.17 ± 0.82s in the ML direction across 16 participants. 

This indicates that the model, on average overestimated TTS by 0.17s in both the AP and 

ML directions, which was considered acceptable for the purpose of this study. The large 

95% confidence intervals (-0.44s to 1.70s in the AP direction, -1.9s to 1.9s in the ML 

direction) indicate that TTS calculations have large variability. No other study is known to 

have included errors for TTS determination. 

 

The previously injured participants of the present study, who also represented a varied 

range in age, weight and athletic ability (i.e. a normal population), found performing the 

TTS task very challenging. Many were not proficient at landing and stabilising on one leg 

for 20s, which may have contributed to the relatively large variability in the patterns of 

movement during the stabilisation period in this group of participants. The resulting TTS 

was thus not as consistent as might be expected from the able-bodied, younger and more 

athletic participants in previous studies (Ross and Guskiewicz 2004; Ross, et al., 2005; 

Wikstrom et al.2009). 

 

In the present study, as mentioned, large variations were found for GRF, possibly due to a 

combination of previous injury, variability of participants and relative difficulty of the TTS 

task. An initial drop was seen in ground reaction force (GRF) as participants briefly 

stabilised, which was often followed by further periods of rises and falls before finally 

stabilising (Figure 5.2). The initial brief stabilisation was sometimes not considered long 

enough (500ms) before another perturbation in the GRF (Figure 5.2, top two graphs). It was 

thus difficult to determine where they had fallen below the threshold line for long enough 

to be considered to have finally stabilised. These large variations in the pattern of GRF 

gave rise to inconsistencies in the TTS produced from the algorithms, and led to large 

standard deviations around the TTS error value.  
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FIGURE 5. 3 EXAMPLES OF TIME TO STABILISATION GRAPHS OF RECTIFIED RAW DATA 
ILLUSTRATING THE POINT AT WHICH THE PARTICIPANT FINALLY BECAME STABLE - GREEN 
ARROW OR MAY HAVE STABILISED GREY ARROW.  

 

In the  Ross and Guskiewicz (2004) study, postural stability was measured by the point at 

which deviations in GRF fell below a horizontal range-of-variation line value. Greater time 

to this point indicates greater postural instability. A flaw in this calculation of TTS was 

observed in the present study. It was expected that the horizontal range-of-variation line 

(threshold) would be higher following UB exercises, reflecting greater instability in GRF. 

Due to the higher threshold, a stable point was able to be reached earlier and thus result in 

the UB exercises showing a shorter TTS compared to the expected lower threshold 

following MB exercises and thus taking participants longer to reach this point. To 

overcome this, the mean of each participant‟s baseline horizontal range-of-variation line 

values was used to calculate TTS for both MB and UB, thus, keeping it consistent across 

the two different directional bias exercises. Ross et al. (2005) had devised a normalised 

reference variable from a separate healthy group to overcome this problem. However, this 

was not considered appropriate for this study, as the injured group of participants was not 

compared to uninjured controls as in the Ross et al. (2004, 2005) studies. The present 

study‟s threshold may still have allowed the more unstable participants to appear to 

stabilise more quickly. However, as the aim of the present study was to determine whether 

differences in outcomes existed between two different directional bias exercises on the 

same participant, the application of the same baseline (threshold) to both MB and UB 

exercise would give a more valid indication of the participant‟s dynamic postural stability 

relative to the baseline stability. 

 

 Marshall et al. (2009) used a method whereby a horizontal range-of-variation line value 

was taken separately during a 5s period of quiet single-leg stance, and not during the single-

leg jump-landing procedure. This value was the participant‟s minimal threshold of quiet 

standing and may be too low for the dynamic TTS task. This may explain his larger values 

of TTS (Figure 5.2). Gribble and Robinson (2009a) used a different methodology to 

calculate TTS, that of sequential estimation. This involved using an algorithm to calculate a 

cumulative average of the data points by consecutively adding 1 point at a time. Wikstrom 

et al. (2005)  however, suggested the Ross and Guskiewicz (2004) protocol was more 
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effective than the sequential estimation method at detecting differences in TTS between 

those with functional ankle instability and controls. The assessment of TTS thus lacks 

standardisation across different studies and population groups.  

 

The present study differed from previous studies using TTS as a measure for postural 

stability as it used a cross-over, rather than a cross-sectional study design. The differences 

in TTS values found in the present study would not have been expected to be as great 

between MB and UB exercises as when comparing injured to the healthy uninjured 

participants in the other studies. All that could be expected in the present study would have 

been relative improvement in dynamic postural stability with the most appropriate 

exercises. However, if similar to the above studies, normal participants for a normalised 

reference variable had been used, the TTS values in the present study would more than 

likely be larger, perhaps similar to those found by Marshall et al. (2009) (5.4; Figure 5.1). 

As the sequential estimation method of Gribble and Robinson (2009a) has been found to be 

less sensitive at detecting differences in TTS, it is probable that this method would be even 

less likely to have identified a statistically significant difference between the MB and UB 

exercises in the present study. 

 

5.4.1.1 Variability 

The variance of the two repeated TTS tests in the Baseline, MB and UB groups was 

calculated to determine the significance of any differences in variability between the 

conditions in both the AP and ML directions (Tables 4.8; 4.10 to 4.11). Following MB 

exercises variance was significantly smaller when compared with both Baseline and UB in 

the ML direction, but not in the AP direction. This indicates that the participants were able 

to perform the TTS test with more consistency in the ML direction following MB exercises 

compared to UB and Baseline. The above results were also confirmed when absolute 

differences between the two TTS tests were calculated under each of the same conditions as 

above. That is, following MB exercises, the absolute differences were significantly smaller 

when compared with both Baseline and UB exercises in the ML direction (Tables 4.8, 4.10 

and 4.12). This may have been due to the anatomy of the ankle joint and the narrower base 

of support in the ML direction, leading to greater dynamic instability in the ML direction 

compared with the AP direction, thus allowing for a greater improvement following MB 
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exercises to occur in the ML direction. In addition to the current study, Ross and 

Guskiewicz (2004), Ross et al. (2005), Wikstrom et al. (2005), Marshall et al. (2009) and 

Gribble and Robinson (2009a) all reported that participants took longer to stabilise in the 

ML direction, consistent with a degree of anatomical control on stability. However, in Ross 

and Guskiewicz (2004) and Ross et al. (2005) studies a greater difference was found 

between those with and without functional ankle instability in the AP direction compared to 

the ML whereas, Marshall et al (2009) found larger differences in the ML direction 

compared to the AP direction. In the above studies, it may have depended on ankle 

pathology (positive anterior draw signs) whereas in the current study participants had a 

variety of lower limb injuries. Although those with ACL knee injuries may have had 

greater instability in the AP direction, however these may have been balanced out with 

those with MCL laxity thus leading to greater ML movement. 

 

5.4.1.2 Repeatability 

A potential bias may have arisen between the two measures of TTS as a result of changes in 

the participant‟s performance. These potential changes can vary widely due to such things 

as fatigue or inattention. Another potential bias may have been due to the reliability of our 

method of calculating the point of TTS as discussed in Appendix B. A common method for 

assessing repeatability is by using a correlation coefficient, but this would only measure the 

strength of any association between the two performances but not any agreement. Variance 

components due to error or true differences cannot be separated out in a set of data by the 

use of correlation coefficients (Portney & Watkins, 2000). Bland and Altman (1986) have 

suggested that data showing poor agreement can produce high correlations and have also 

suggested, a test of significance is irrelevant to whether there is agreement or not (Bland & 

Altman, 1986). They suggest the use of repeatability coefficients. 

 

A large variation in TTS between the two trials in each group was apparent during data 

analysis in the present study, that is, at Baseline and post MB and UB exercise. On testing 

repeatability of TTS, the mean of the differences between the two trials in each condition 

were all very close to zero (0.13 to -0.71, Appendix G) for Baseline, MB and UB trials in 

the AP and ML directions. According to Bland and Altman (1986) this is expected as the 

method was the same in the two trials. A repeatability coefficient is 2 SD from the mean of 
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these differences. Thus, 95% of the differences between each of the two trials will fall less 

than 2 SD from the mean. These were found to be very large, ranging from 2.92s to 4.27s 

within the three conditions and AP and ML directions (Table 4.13; Appendix G), indicating 

this single-leg jump stabilisation test was not very repeatable from one trial to the next. 

However, due to this particular cohort of participants the outcomes of the TTS task resulted 

in large variations between participants as well as within participant trials. If there had been 

more trials the effects of a poor trial would have been reduced, potentially narrowing the 

SD values. In future TTS studies, the methodological problems identified in TTS 

measurements need to be addressed, either a) by exploring the modified method used in the 

present study further by using the median of three or more values, b) discuss issues directly 

with Ross for further instructions for fitting the data to a smooth curve.  

 

5.4.1.3 Intraclass Correlation Coefficients 

Other studies have reported reliability of the same single-leg jump-land stabilisation test as 

ICCs (Ross, et al., 2005; Ross & Guskiewicz, 2004; Wikstrom, Tillman, Smith, et al., 

2005). Intraclass Correlation Coefficients are a reliability coefficient which measures the 

strength of the relation between 2 variables as well as the agreement via analysis of 

variance (Portney & Watkins, 2000). An ICC measure of reliability applied to the present 

study would take into account the variance between the two trials for each participant as 

well as the variance between all participants in the trial (Armitage, 1995). Ross and 

Guskiewicz (2004) reported ICC (2,3) values for TTS of 0.61 and 0.80 in the AP and ML 

directions respectively and Ross et al. (2005) reported ICC (2,7) values of 0.79 and 0.65 in 

the AP and ML direction respectively, corresponding to poor to good correlation (Portney 

& Watkins, 2000). Whereas the presented study resulted in ICC (2,1) 0.04 (95% CI -0.052 

to 0.206) and 0.449 (95% CI 0.027 to 0.343) for AP and ML respectively, thus reporting a  

poor strength of agreement. The difference in results between these three studies can be 

explained by different methodologies. Normalised range-of-variation data were used in 

Ross et al. (2005) paper. 

 

A variation of Ross et al. (2005) normalised range-of-variation line was used in the present 

study with results much lower than in both studies by Ross et al. (2004, 2005) as they used 

mean values and not a single measure as above. Using mean values results in 
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overestimating the reliability of a single measure as can be seen when mean values were 

calculated for the present study; ICC (2,2) 0.49 and 0.51 for AP and ML respectively. 

However, these results remain poor. 

 

 Limitations of both Ross studies are the low number of participants used in the calculations 

of ICC‟s, with 15 and 12 in the 2004 and 2005 respective studies. Such small numbers with 

moderate ICC values would lead to wide CIs, and therefore the true ICC value is not known 

with any great certainty. There were no CIs reported with the ICC values in the studies of 

Ross, thus along with the small numbers limits the confidence we can have in the value of 

the Ross et al. (2004, 2005) outcomes as an accurate measure of the true ICC value. 

Further, their ICC values were calculated on a separate group of participants with normal 

ankles and thus the resultant values do not represent the reliability of TTS in participants 

with unstable ankles on which the above studies were conducted. They used ICC values 

from healthy athletes to estimate the variance within participants with unstable ankles. In 

this respect their method was incorrect.  

 

 Wikstrom et al. (2005) reported CIs with their ICC (3,1) values of 0.80 (95% CI of 0.62 to 

0.91) in the AP direction and 0.66 (95% CI of 0.41 to 0.84) in the ML direction. However, 

with reliability coefficients being interpreted as: 0.69 = poor, 0.70 to 0.79 = fair, 0.80 to 

0.89 = good, and 0.90 to 1.00 = excellent, the conclusion for TTS reliability with scores in 

the range of 0.41 (poor) to 0.91 (excellent) has to be inconclusive (Portney & Watkins, 

2000). Despite similar ICC values reported by Wikstrom et al. (2005) and Ross et al. (2004, 

2005), Wikstrom et al.‟s (2005) study values were calculated for a single participant, which 

does give more confidence in their values, whereas in the Ross studies mean values were 

used, which overestimates the reliability of a single measure. However, Wikstrom et al. 

(2005) used sequential estimation of the mean over the first 3 seconds relative to the grand 

mean at 3 seconds for calculating TTS, hence limiting the TTS value to less than 3 seconds 

and thus there was not the same spread of values as in the current study where some 

participants took longer than 5 seconds to stabilise. Due to this fact, the ICC values would 

be expected to be higher in Wikstrom et al.‟s study and cannot be compared to the present 

study. The higher ICC values of the above studies cannot be directly compared to the 
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present study due to inconsistencies in methodology noted, leading to a lack of confidence 

in their results. 

 

Thus, despite various methodologies in this and other studies noted, determination of TTS 

is complex and does not appear to be a very repeatable test. It is a very challenging task 

with many human variables requiring control. 

 

5.4.1.4 Standard error of measurement 

Along with the ICC values, the above studies (Ross, et al., 2005; Ross & Guskiewicz, 

2004; Wikstrom, Tillman, Smith, et al., 2005) also reported standard error of measurement 

(SEM) values. This is a measure of the standard deviation (SD) of measurement errors. A 

SD measures the spread of values about a group mean whereas, a SEM measures the values 

within one participant, had that participant been tested repeatedly (Domholdt, 2005). 

 

Due to differences in the methods used in calculating SEM values, the results in other 

studies cannot be directly compared to those found in the present study.  

 

 

TABLE 5. 1 TABLE REPORTING STANDARD ERROR OF MEASUREMENT VALUES FROM FOUR 
STUDIES. 

 SEM, TTS AP 

(seconds) 

SEM, TTS ML 

(seconds) 

Ross (2004) 0.30 0.32 

Ross (2005) 0.15 0.26 

Wikstrom (2005) 0.06 0.21 

Present study MB  1.50 

UB   1.79 

MB  1.49 

UB   1.58 

SEM- standard error of measurement, TTS- Time to stabilisation, AP-anterior posterior, ML- medial lateral 

 

 

Table 5.1 presents SEM values from four studies. The SEM values in the present study 

were considerably higher (Appendix G). The large differences can be explained by the fact 

that the values were calculated from the 26 participants‟ data rather than estimated from 
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ICC values from a normal population. All study participants had had more than one injury 

to their test leg with varying severity. Some participants were more unstable than others. In 

both of the Ross studies, the SEM values were estimated from ICC values obtained from 

separate small groups (12 and 15) of recreationally active uninjured participants. Lower 

values that result from uninjured participant groups cannot be directly compared to the 

participants higher values found in the present study. Thus, due to small populations and 

uninjured participants, the values in the other studies lead to overestimated ICC values and 

low predicted SEM values. As the TTS in the Wikstrom et al. (2005) study was limited, due 

to their maximum TTS limit of 3 seconds, it is not comparable with methods or results in 

the present study (or even the Ross studies) as many of the present study participants took 

longer than 3 seconds to stabilise. This restriction to such a narrow window may explain 

the high ICC and low SEM values.  

 

Another reason for larger TTS and SEM values in the present study may be that 

participants performed these tests barefooted, whereas in all the studies mentioned above 

participants wore shoes. Shoes may provide some additional foot control, aiding in the 

control of stability, and potentially shortening the TTS measured in those other studies. As 

the age of shoes plus their design to aid foot control and absorption of GRF would vary 

greatly, it was decided to have the participants and test conditions more homogeneous in 

the present study by having them all barefooted. It is considered here that this would better 

reflect their ability to stabilise, and reduce a potentially confounding factor in measuring 

changes in TTS between the MB and UB. 

 

5.4.1.5 Number of trials 

The number of TTS trials executed in previous studies has varied from two in the present 

study, to three trials in a number of papers (Ross & Guskiewicz, 2004; Shaw, Gribble, & Frye, 

2008; Wikstrom, et al., 2007; Wikstrom, Tillman, Smith, et al., 2005), 7 trials in some further 

studies (Ross, et al., 2005; Ross & Guskiewicz, 2006; Ross, et al., 2008) and Gribble & 

Robinson (2009a) reported 10 trials. VanMeter (2007) attempted to determine the number of 

practice trials required to learn the TTS task for a learning effect to occur. Although results 

were inconclusive they suggested that three practice trials may be required in a population of 

healthy participants. Madhavan and Shields (2007) however, found significant fast motor skill 
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learning occurring for up to six trials, with improvements still occurring for all 10 repetitions. 

This suggests that a minimum of six trials of TTS may be required to gain more accurate 

values. 

 

Due to the variability noted between trials and the poor repeatability in the present study a 

more true value of TTS may have resulted from a minimum of three trials as suggested by 

VanMeter (2007), which would dilute the effect of a poor trial. Three trials had been planned 

for the present study but due to a miscommunication over randomisation of the order of MB 

and UB exercises, the test leg was also randomised, thus, it was decided to include both legs. 

To avoid participants becoming fatigued with increased testing, the TTS intervention was 

reduced to two trials on each leg. For this reason, the present study may not have adequately 

accounted for the variation observed between trials. 

5.4.1.6 Participant selection 

The TTS procedure was found to be more challenging than first anticipated with only 26 of 

the 33 participants able to complete the TTS task. During pilot testing, it was discovered 

trialists over 50 years were unable to perform the task and thus the upper limit for 

recruitment into the study was set at 50 years. This age limit was also set to lessen the 

possibility of osteoarthritis affecting participant‟s ability to perform the testing tasks. 

However, only one of the five participants‟ ≥ 40 years, and one of the seven participants 

with a BMI > 30, was able to complete the TTS task. Participants in other studies were 

much younger, had a narrower age range (19 to 27 years) and were all under 90kgs 

(Gribble & Robinson, 2009a, 2009b; Marshall, et al., 2009; Ross, et al., 2005; Ross & 

Guskiewicz, 2004; Shaw, et al., 2008; Wikstrom, Tillman, Smith, et al., 2005). In contrast, 

in the present study, the age of the participants ranged from 18 to 50 years and seven 

participants were heavier than 90kgs. In the studies mentioned above, participants were 

reported to be athletes from a university student population who were involved in 

volleyball, soccer, basketball, and strength training. However, activity levels were not 

mentioned by Marshall et al. 2009. All participants in the present study exercised 

moderately for at least 30 minutes 5 days per week. These participants were representative 

of a normal population, whereas the earlier published studies enrolled groups of young 

athletes who would be expected to be much more able to perform the challenging TTS task. 

It is likely their participants were more skilled at balancing on one leg or landing from a 
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jump than the present study population. Thus the age, fitness, weight, and methods used are 

all very important factors that may have contributed towards differences in explaining 

lower ICC and SEM values.  

 

In conclusion, challenges involved in accurately determining TTS, the poor repeatability of 

this task, the challenges of the task related to the age, fitness and abilities of the 

participants, the power of the study may have contributed towards the non-significant 

differences in the AP direction. In addition, the above mentioned methodological 

differences between studies designs made it difficult to make direct comparisons between 

the studies. Alternatively, it may need to be accepted that the directional biased exercises 

do not have a significant effect on TTS in the AP direction. However, the results 

demonstrate initial evidence that individual-specific matched directional bias exercises may 

be capable of resulting in superior immediate outcomes. 

 

5.5 Rebound hop  

Following MB exercises the participants spent less time on the ground (land) between hops 

than following UB exercises (0.40 ± 0.09s vs. 0.41 ± 0.10s) with a mean difference of  

-0.013 (95% CI -0.015 to -0.011, P = 0.05; Table 4.7). This indicates improved dynamic 

postural stability and coordination following MB exercises, enabling the participants to 

reorganise themselves more quickly for their next hop. There was no significant difference 

found between MB and UB for time in the air (flight), representing how high the 

participants hopped (Figure 4.10). Baseline measures were significantly better (hypothesis 

2) with more time in the air, than following UB exercises (P = 0.036; Appendix G). In 

addition, participants appear to have spent more time on the ground between hops 

following both exercise conditions compared to baseline measures (Figure 4.10). This may 

indicate that participants may have been affected by fatigue due to the long intervention 

session, as well as carry-over from period 1 exercises into period 2 exercises (Figures 4.6 

and 4.7). On account of this being a more dynamic and challenging task, such effects may 

have become more evident during this task compared to TTS which did not have an 

explosive element to it.  
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Assessment of rebound hopping provides useful information in a number of aspects, which 

are all required during its performance, that of dynamic postural stability, strength and 

power. Risberg & Ekeland (1994) found both the one and two legged vertical jump tests to 

be unreliable in detecting these functional limitations. However, Petschnig et al. (1998) 

considered the rebound hop test to be sufficiently sensitive to detect functional lower limb 

limitations in patients greater than 54 weeks post knee ligament reconstructive surgery. 

They suggest that rebound hopping measurements allow rehabilitation to be focused 

towards the more deficient aspect, either dynamic stabilisation (those who have longer 

contact time) or strength (height hopped), or both. Further, they found the non-involved leg 

to be an adequate reference guide. Results in the present study suggest dynamic 

stabilisation which was significantly improved following MB exercises compared to UB 

exercises was the major residual problem in this group of participants following lower limb 

injuries. Strength was adversely affected following UB exercises as height hopped 

significantly deteriorated compared to baseline measures. 

 

The median value of both flight and land during the 5 rebound hops was recorded in the 

present study. As only the one test was performed it was thought it was best to have a value 

of central tendency rather than have a mean value which would have included any extreme 

value and thus, distorted the outcome. With the test involving five rebound hops a median 

value would represent an actual value the participant performed, whereas a mean value may 

not have. Petschnig et al. (1998) took the mean of the 3 highest values of the better of 3 ten 

second hopping trials. They reported a significant difference (p < 0.05) for both time in the 

air and time on the ground, in participants 13 and 54 weeks post surgery following anterior 

cruciate ligament reconstruction.   

 

The different methodologies in the two studies may account for the different results. The 

methodology of the present study allowed for only one set of five hops. This would not be 

as reliable as the Petschnig et al. (1998) study because if a participant landed badly during 

one of the hops, this would have affected the results in the present study disproportionately 

with only the one trial. In Petschnig et al.‟s (1998) study, they took the three best values 

from the best of three trials. As a result of feedback during pilot testing, rebound hopping 

was reduced to 5 hops, as trialists found 10 seconds of hopping too difficult.  
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Two methodological limitations have been identified in the present study: a) It may have 

been more advisable to have the mean of the best three hops during a set of proximally 10 

hops, b) limited to only one set of hops. Two sets had been originally planned, as 

mentioned above. Consequently, a repeatability coefficient of rebound hopping was unable 

to be calculated. Petschnig et al. (1998) tested for reliability on a group of 55 healthy male 

participants for jumping frequency, contact time and jump height on two different days. 

They reported an overall ICC value of all measures of 0.89 and reported their 

measurements as “reliable”. However, neither their individual results nor CIs were 

reported. In addition, the reliability of the rebound hop was not performed on the post 

surgical participants and thus cannot be relied on to give a true ICC value in that study 

population. The results from Petschnig et al. (1998) study cannot therefore be directly 

applied to the present study, as our methodology and participant population were different. 

 

5.5.1.1 Chance and bias 

The significant difference found for time on the ground between hops may have been due 

to chance. With alpha set at 0.05 there was a 5% probability that the significant result was 

due to chance (Domholdt, 2005). This represents a Type I error (Domholdt, 2005). The 

probability of a Type I error occurring is comprised of 3 determinants: the between-group 

difference, within-group variability and effect size (Domholdt, 2005). The size of the 

difference between the groups in this case was very small (0.01s) which raises concerns 

that the difference may have occurred by chance. However, the variability within the 

groups for land was moderately small, indicating that the difference seen may have been 

genuine. With a relatively small sample size the likelihood of a Type I error was increased. 

Without further research repeating this study, it cannot be confirmed that a Type I error has 

occurred (Domholdt, 2005). 

 

There are a number of factors to be considered in order to prevent bias in cross-over trials. 

Bias was reduced in the present study because: a) previous research literature and clinical 

experience indicated that the study was suitable as a cross-over study design because 

effects appeared to be immediate and reversible, b) the order of the exercise conditions was 

randomised, c) there were no dropouts and d) the data from both periods was included in 
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analysis. There was potential for bias however, due to the possibility of a carry-over effect, 

and if these effects were present then the data available would be biased and would have 

lowered any treatment effect. There was also potential for bias due to the potential of period 

effects, with an absence of time between the two periods which would have lowered any 

treatment effect ("The Cochrane Collaboration, 2009.,").  

 

5.6 Clinical implications 

5.6.1 Directional bias assessments 

The inter-tester reliability for the novice Clinical Pilates Physiotherapist and the expert 

advisor for the directional bias assessment were shown to be “substantial”. This indicates 

that there is the possibility that these assessment techniques can be taught and applied by a 

wider number of therapists. 

5.6.2 Directional bias exercises 

Despite many design problems and in particular treatment effects lowered by treatment-

period interactions, hypothesis 1 outcomes found two significant differences between MB 

and UB exercises. One of the main outcome measures, that of, ML TTS resulted in an 

immediate 15.4% difference in favour of MB exercises. Furthermore, participants were also 

able to repeat this test with significantly less variance between tests following MB exercise. 

Stability between hops was also found to be significantly better following MB exercises. 

This represents a significant clinical difference, within one session, for improvement to a 

patients dynamic ability to balance plus coordination to reorganise themselves to hop again. 

Such improvements may also lead to improved sporting performance and perhaps with 

improved consistency. Results also indicate, in particular those from hypothesis 2, that 

perhaps not all exercises that are currently given to patients and sports people are 

beneficial. 

 

This study supports the proposition that the directional bias assessment is able to identify 

dynamic postural control deficits following lower limb injury. If these deficits are not 

identified and corrected, to the extent that local pathology allows, they may prevent patients 

from making a full recovery. Thus, identifying and correcting these deficits may prevent 

long-term deficits and re-injury following a lower limb injury. 
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Hypothesis 2 outcomes, although greatly underpowered, were able to demonstrate a 

significant improvement in TTS in the AP direction following MB exercises compared to 

baseline measures. It also demonstrated that following UB exercises a significant 

degradation was observed in the height participants were able to hop compared to baseline. 

Thus, these results may be clinically significant, as this was a within one session difference, 

in a population where many of the participants were performing at a high level compared to 

a patient population. In a patient group, the difference would be expected to be greater. If 

this was to be built on, with further treatment sessions and home programs, the directional 

bias assessment and exercise programs may have important implications for physiotherapy 

rehabilitation.  

 

Consequently, Physiotherapists may have to reassess their current rehabilitation 

management programs for patients, to incorporate a more individual specific directionally 

biased exercise program, which this study suggests gives superior outcomes with MB 

exercises and inferior results with the wrong exercise bias. Thus, patients may be able to be 

rehabilitated more quickly with resulting earlier return to work and or sport with 

consequently less cost to the health system and to patients.  In addition, under this protocol 

patients may have less recurrent injuries and long-term deficits, further reducing costs and 

time off sport and work. However, future studies are required to investigate these potential 

benefits. 

 

Snyder-Mackler et al. (1994) suggested that CNS changes were required to be addressed in 

order to decrease the risk of re-injury and persistent residual symptoms. Plus, they 

suggested in order to overcome the reflex inhibition of quadriceps femoris muscles another 

tool was required other than the traditional volitional exercises. Directional bias exercises 

may be such a tool to help resolve these problems however, further research is required. 
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6 Challenges and directions for future research 

6.1 Challenges 

6.1.1 Inter-tester reliability 

A limitation in the present study was the inclusion of only two therapists in the inter-tester 

reliability study. Thus, further studies with larger numbers of therapists will be required to 

confirm the inter-tester reliability of the directional bias assessment. 

 

A further limitation was participants performed their second directional bias assessment 

immediately after the first assessment. Thus, they performed exercises for an hour, which 

may have led to fatigue in some cases. It has been shown that recovery from both 

intermittent and eccentric exercise occurs within 24 hours (Clarkson & Hubal, 2002; Fox, 

1988). Thus, if participants had returned at least 24 hours later for the second bias 

assessment the risk of fatigue would have been minimised.  

 

The chance of any beneficial carry-over effects which may have occurred from the final 

exercises performed in the first assessment (matched bias), may have affected the baseline 

measures during the second assessor‟s assessment. Thus, these would also have been 

reduced if the second assessment was on another day. Carry-over effects from the first 

assessment may have persisted causing a treatment-period interaction during the second 

assessor‟s assessment, resulting in a different outcome in that assessment. This may have 

accounted for the differences between the two assessor‟s results in identifying Flexn L and 

Extn L biases. If carry-over effects and treatment-period interactions had occurred during 

the bias assessments this would have lowered the inter-tester reliability of the bias 

assessment. It would have also resulted in participants exercise bias being incorrect during 

the experimental testing, as the results from the second assessment were used for the 

experimental testing, and thus lowering the treatment effect outcome. 

 

With some athletically skilled participants, the true bias may have required more time to 

become obvious. The second assessors assessment may have allowed suffficient time for 

the true bias to become obvious and thus account for the differences in results between the 
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two assessors. Werneke et al. (2003) reported that when classifying patients into directional 

preference (bias) sub-groupings using the McKenzie classification procedure, the 

classification was more precise at discriminating outcomes when patients were assessed 

over several visits rather than on a first visit outcome. This applied particularly for patients 

who did not “centralise” on their first visit. Anecdotal evidence from DMA Clinical Pilates 

trained physiotherapists, have also found this to be the case in some patients during Clinical 

Pilates directional bias assessments, where deficiencies were more clearly revealed on the 

patient‟s next visit after exercising for 24 to 48 hours with the “wrong” directional bias 

exercises. Thus, a more accurate result may have occurred if the participants had been sent 

away to exercise in a particular directional bias and had returned the following day for the 

directional bias to be confirmed. 

 

The directional bias assessment only allowed for 4 sub-groups. Thus, it did not allow for 

those who may have only had a lateral bias, and thus responded equally to a lateral bias 

combined with a flexion or extension bias, or those who may have only had a flexion or an 

extension bias without the lateral bias. The latter may have been the case in participants 

who had multiple injuries on both legs. The limited sub-groupings also did not cater for 

participants with a rotational bias. Anecdotally, these directional bias combinations have 

been observed clinically, but were not included in the present study. This was done to try to 

make this first study of directional bias assessments as simple as possible, especially for 

physiotherapists who may wish to replicate this study.  If any of these other sub-groups had 

existed in the present study it would likely have lowered the inter-tester reliability score of 

the directional bias assessments as the two assessors may have classified the participants 

differently. This result would have placed them in the wrong sub-group during the 

experimental procedures, and led to a reduced treatment effect result. 

 

Reliability studies of the McKenzie (1981) spinal pain classification system have many 

more groupings and sub-groupings than the 4 categories in the present study, including a 

category for non-responders who did not fit into any of the McKenzie classifications (Clare, 

et al., 2004; Razmjou, et al., 2000; Riddle & Rothstein, 1993). The present study did not 

include a category for participants who possibly had pathology in their lumbar spine, which 

may have prevented a learning effect and thus a response to a directional bias. Despite 
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simplification of the categories in the present study, a substantial kappa agreement was 

obtained. 

6.1.2 Hypothesis 1: Time to stabilisation 

Limitations of the present study have been identified and have been discussed in Chapter 5. In 

summary the main limitations were: the different methodology used to calculate the TTS to 

those used in other studies, the different participant population and the presence of treatment-

period interactions. The results of this study cannot therefore be directly compared to those of 

other studies. 

6.1.2.1 Number of trials 

Limitations (of the present study) were; 

 The low number of test trials performed (2 trials on each leg). With only the test leg 

data used, participants may have become more fatigued with the extra effort required to 

obtain two successful trials on their non-test leg. This may have been particularly so in 

those who may have required up to 6 test trials on each leg to complete the task;  

 Performance of only two test trials allowed for a poor trial to have a large effect on the 

resultant TTS values. Because of relatively small changes in times expected between 

MB and UB times a poor trial could have had a major effect on the differences between 

the two exercise conditions. 

6.1.2.2 Participant selection 

The estimated sample size required for the present study was 35 (3.3.2). Thirty-three 

participants were recruited, with seven participants unable to complete the TTS task, 

leaving 26 for this part of the study. The participants unable to complete the TTS task were 

either 40 years or over or had a BMI greater than 30. With nine fewer participants than 

required, and data for a further three participants excluded for parts of the analysis, the 

power of the TTS task was lowered. 

 

A further limitation was the categorisation of participants into one of four groups. Long 

(2004) only included those participants who presented with a directional preference (6.1.1) 

and it would be expected that their results would be superior to those of the present study. 

Further, the present study had a limited number of categories compared to Long et al. 

(2004) which covered more directional preference (6.1.1) options. 
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6.1.2.3 Period effects and Treatment-period interaction 

The major limitation of the present study was that the second period exercises followed 

immediately after the first, which led to: 

 fatigue as participants were being exercised and tested for a full 90 minutes. This was 

particularly the case for those who required numerous attempts to learn and complete 

two successful TTS trials on each leg. Further some participants required a number of 

hop trials to obtain a successful one; 

 fatigue due to some of the exercises being too challenging and reducing the muscle 

activation of  the local trunk muscle stabilizers; 

 treatment-period interaction; 

 absence of a baseline measure between the two periods. If the testing had occurred 

over 2 days then a second baseline measure, taken before the second period exercises, 

could have been performed with baseline measurements included in the analysis. 

6.1.3 Hypothesis 1: Rebound hop 

Three limitations were identified with the rebound hop testing: 

 an inadequate number of hops;  

 an inadequate number of trials; 

 reliability coefficient of this test was unable to be performed. 

These could only be addressed by having testing over two days to reduce fatigue and allow 

for more trials and more hops. See also discussion above in 6.1.2.1 and 6.1.2.3. 

6.1.4 Hypothesis 2 

Hypothesis 2 was not powered sufficiently to give significant results. Future studies will be 

able to use these results for power calculations. 



 
 

118 

6.2 Directions for future research 

6.2.1 Inter-tester reliability 

Indications from this study suggest that improvements in future studies can be made in the 

following areas: 

 perform the second directional bias assessment on the following day to avoid carry-

over effects and fatigue; 

 a more reliable assessment may be produced if the directional bias is confirmed 

following  exercising in a particular directional bias for 24 hours;  

 add other directional bias categories (as discussed above); 

 involve less experienced Clinical Pilates clinicians to investigate the reliability of this 

assessment for general clinical use.  

6.2.2 Time to stabilisation 

Obtain clear directions from Ross as to how to smooth out data using his 3
rd

 order 

polynomial algorithm, or to further investigate the above TTS method for improved 

reliability and repeatability coefficients. 

6.2.2.1 Number of trials 

It is recommended to have a minimum of three trials to dilute the effects of a poor trial. 

6.2.2.2 Participant selection 

If the above TTS task procedure (3.7.1.2) is to be followed in future research, it would be 

advisable to: restrict the age inclusion criteria to a maximum of 40 years and a BMI to 

below 30; include only those participants who fit into a directional bias category, whether it 

remains at 4 or expands to fit other variations (6.1.1).  

6.2.2.3 Period effects and Treatment-period interaction 

It is recommended to make sure the exercises are not too challenging and have at least 24 

hours between the periods. 

6.2.3 Long term effects 

It is not known how long these beneficial immediate effects last. Thus, further research is 

required to investigate the long-term effects of directional bias exercises. 
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6.2.4 Matched and unmatched directional bias exercises compared to baseline 

measures 

Adequately powered trails are required to establish outcomes following both matched and 

unmatched directional biased exercises compared to baseline measures. 

6.2.5 EMG 

EMG included in future studies would determine whether the muscle activation 

sequences were affected by MB and UB exercise.  

6.2.6 Rebound hop 

 To overcome a poor landing within a trial, it would be advisable to have more than 5 

rebound hops per trial. As hopping for 10 seconds has been reported to be too 

challenging, perhaps 10 hops per trial maybe adequate. The number of hops required 

for a reliable result needs to be investigated. 

 More than one trial is also recommended thus, providing enough trials to perform 

repeatability coefficient calculations and to dilute the effects of a poor trial. 

6.2.7 Patient population 

A goal of the present research was for the results to be transferable to the general 

population and therefore to most patients seen in Physiotherapy clinics who had recovered 

sufficiently from injury to be able to hop. Thus, the present study participants were 

representative of a greater age and weight range and activity experience than the other Time 

to stabilisation studies reported above. Although the present study participants all met the 

gold standard for activity, this included moderate activities such as walking which is 

different from the participant activity levels reported in the above studies. However, before 

the directional bias assessment and exercises can be reliably transferred to patient 

management further research needs to be carried out on a patient group for validation. 

 

6.3 Delimitations 

The following delimitations apply to this study: 

 

1. The immediate results of this experimental laboratory designed study cannot be transferred 

directly to clinical results. 
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2. This study only examined ground reaction force (GRF) as a proxy for physical performance 

during dynamic postural stability (TTS and time on the ground during rebound hopping) 

and power (height hopped) during rebound hopping. 

 

This study used voluntary participants who had recovered from previous injuries, some of 

whom were competing at high levels of sport. This population was chosen to ensure the 

testing tasks were able to be performed and without causing harm.
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7 Conclusions 

 

This is the first study to investigate core principles of DMA Clinical Pilates. In particular 

the identification of an individual-specific directional bias and that, outcomes for patients 

performing individual-specific matched biased exercises is superior to those of non-specific 

biased exercises.  

 

This study found that the directional bias assessment was a reliable and valid tool, to 

identify a directional bias in dynamic postural stability deficits in individuals who had 

recovered from previous lower limb injuries. The degree of validity of the directional bias 

assessment between testers yielded a “substantial” inter-tester agreement. There was an 

82% agreement between testers which resulted in a kappa of K = 0.75 and a PABAK 

adjusted kappa of K = 0.76.  

 

Identification of a directional bias was found to be a valid clinical tool in predicting the 

outcome of an exercise intervention in participants following lower limb injuries. Two of 

the four outcome measures in hypothesis 1 (outcomes following MB exercises are superior 

to UB exercises) demonstrated an immediate, within session, statistically significant 

difference between the exercise conditions, as follows:  a) Following MB exercises 

participants were able to stabilise more quickly after landing from a jump onto their test leg 

(P = 0.02); b) They spent less time on the ground between hops (P = 0.05) than following 

UB exercises; c) The variance between repeated TTS trials was found to be significantly 

smaller following MB exercises in the ML direction compared with UB measures (P = 

0.008), which indicates significantly more consistency in performance following matched 

directional biased exercises; d) A clinically important difference of 15.4% was found in 

favour of MB exercises in the ML direction for TTS.  

 

Hypothesis 2 (outcomes following MB exercises are superior to Baseline and UB exercises 

are inferior to Baseline) demonstrated participants ability to stabilise following a single-leg 

jump-land (TTS) was statistically superior (stabilise more quickly) following MB exercises 

compared to Baseline measures in the AP direction, (P = 0.041). Unmatched bias exercises 
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were found to be significantly detrimental (P = 0.036) compared to Baseline in height 

hopped during 5 rebound hops. Following MB exercises, ML TTS variance was also found 

to be significantly smaller compared to Baseline (P = 0.048) and UB (P = 0.023). 

 

Results from this study will give physiotherapists considerable confidence in using this 

protocol, as these statistically significant results were demonstrated despite treatment-

period interactions (which would have lowered any treatment effect) being clearly 

identified graphically. Participants who performed MB exercises in the first period 

performed better than expected in the second period subsequent to UB exercises and 

conversely those participants who performed UB exercises in period one did not perform as 

well as expected in the second period following MB exercises. Incorporating a washout 

period in future studies would overcome treatment-period interactions as well as effects 

from fatigue. This would give clearer results as to whether significant differences in the AP 

direction as well as participant‟s ability to hop higher also occurred.  

 

The results of this study can give great confidence to those DMA Clinical Pilates trained 

Physiotherapists that this directional bias assessment and treatment tool  can identify 

dynamic postural stability deficits, and is thus able to predict immediate improved 

outcomes from a matched bias exercise program (ML TTS, P = 0.02 and time on the 

ground between hops, P = 0.05). It provides evidence that these immediate improvements 

in dynamic postural stability and function can be predicted via the clinical assessment tools 

in this study. However, further studies are required to confirm this. This individual-specific 

directional bias assessment, and directionally biased exercises, has important implications 

for physiotherapy rehabilitation in its potential to obtain more immediate and improved 

outcomes for patients following lower limb injury. The clinically significant difference of 

15.4% within one session has potential to be built on, with MB exercises incorporated into 

additional treatment sessions and home programs. 

 

 The present study represents a preliminary step in the understanding of this novel approach 

to physiotherapy rehabilitation following lower limb injuries. It has also demonstrated that 

the whole kinetic chain is affected following a lower limb injury. Therefore, clinicians need 

to consider examining proximally for spinal control, and improving any deficits found, into 
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any rehabilitation management plan. The immediate improvements demonstrated in this 

study may indicate that corrections were made to the central pre-programming and thus 

may lead on to improvements in residual deficits and to decreased re-injury rates known to 

occur following lower limb injuries. However, further research is needed to evaluate this.  

 

This initial investigation revealed a number of issues in regard to Methodology as well as 

data reduction of TTS. Addressing these in future studies should lead to clearer results in all 

outcome measures.
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The Centre for Physiotherapy Research is investigating whether specific exercises have 

an immediate effect on the ability to hop and postural stability. 

 

 

 

To participate all we require is that you: 

 are between 18 and 50 years old 

 have had more than one lower limb injury on the same side, the most recent 

treatment being more than 6 weeks, but less than 3 years ago 

 are able to hop 

 

 

Time commitment: two sessions at the School of Physiotherapy. 

 

 

If you are interested in participating or would like more information please contact us at 

the School of Physiotherapy. 

 

Ph: Marina (Clinic Research Administrator) at 479 4979, or 

Evelyn at evelyn.tulloch@otago.ac.nz 

 

This project has been reviewed and approved by the Lower South Regional Ethics 

Committee. [Ref LRS/09/02/003] 
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Do asymmetrical exercises affect the ability to hop and 

balance? 

 
           

INFORMATION SHEET FOR PARTICIPANTS 

[or PARENTS / GUARDIANS ETC.] 

 

Principal Investigator: Evelyn Tulloch 

Supervisors: Drs Haxby Abbott, Gisela Sole and Allan Carman 

Advisor: Craig Phillips 

 

Thank you for showing an interest in this project.  Please read this information sheet 

carefully before deciding whether or not to participate. If you decide to participate we 

thank you. If you decide not to take part there will be no disadvantage to you of any 

kind and we thank you for considering our request.   

 

What is the aim of the project? 

 

This project is being undertaken as part of the requirements for the Masters Degree in 

Physiotherapy. The aim is to investigate the effect of asymmetrical exercise direction 

(exercising with legs off to one side) on the performance of hopping and balancing, by 

participants who have a history of more than one injury on the same lower limb. 

 

 What type of participants are being sought? 

 

 Age 18-50 years  

 A history of more than one injury to a muscle or joint on the same lower limb, the 

most recent of which needed treatment more than 6 weeks, but less than 3 years ago.  

 Ability to hop on the affected limb.  

 

People who are in one or more of the categories listed below will not be able to 

participate in the project, to avoid risk to them: 

 

  Lower limb injuries incurred within last 6 weeks.  

 Currently receiving physiotherapy treatment for any injuries.  

 Any surgery in past 12 weeks.  

 Surgery on affected limb within last 6 months. 

 Any fractures of affected limb in last 12 months. 

 Known arthritic conditions in any of the joints on affected lower limb. 

 Current neurological or lower back disorders, vestibular deficits or visual 

impairments that affect balance. 
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What will Participants be Asked to Do? 

 

If you would like to take part in this project, you will be asked to fill in a questionnaire. 

If you are eligible you will be given a 60 minute appointment to come into the School 

Of Physiotherapy, University of Otago. Comfortable trousers or shorts should be worn 

to this appointment. The study will be explained to you and if you agree to take part you 

will be asked to sign a consent form. Should you give your consent you will then be 

asked to perform a few simple exercises to determine which exercises you will perform 

during the study.  

 

A 90 minute appointment will be made for the study two or three weeks later. A pair of 

shorts should be brought to this appointment. You will be given a practice trial before 

performing the two tests where you will be asked to:  

 1. Stand with your hands on your hips. When given a cue, jump up to touch a 

mark and land on your affected leg, staying as still as possible for 20 seconds. This test 

will be repeated twice with a one minute rest between tests. 

  2. Stand on your affected leg with your hands on your hips and when instructed, 

hop as high as you can for 5 hops keeping contact with the ground for as short a time as 

possible.  

Having completed these tests you will be asked to do four simple exercises, such as 

lying on your stomach bending one knee, raise your thigh just off the floor and return it 

to the starting position. You will do these exercises for a total of 16 minutes and then 

repeat the tests. You will then be asked to do four different simple exercises, for 16 

minutes and again repeat the tests. 

 

Benefits and Risks 

 

None of the exercises or tests should cause any harm to your previous injuries. Because 

only 32 minutes of exercise is involved there will be no long term benefits for your 

previous injuries. 

 

Remuneration 

 

There will be no monetary remuneration but you will be offered a free Clinical Pilates 

Class at the School of Physiotherapy for each appointment you attend. All participants 

who attend both appointments will go in a draw for a $50.00 New World voucher. At 

the conclusion of testing this will be drawn by Dr Sole (a supervisor) by drawing a 

name out of a hat. The successful participant will be notified and the voucher can either 

be collected from the School of Physiotherapy Clinics or mailed out. 

 

Can Participants Change their Mind and Withdraw from the Project? 

 

You may withdraw from participation in the project at any time and without any 

disadvantage to yourself of any kind. 

 

What Data or Information will be Collected and What Use will be Made of it? 
Participants will be asked to fill in a questionnaire to gather personal information and to 

confirm that they meet the criteria for inclusion into the study. Data from the force plate 

will be collected to determine if there are any differences in measurements between the 

two exercise conditions. The data after the first exercise will be compared to the data 

after the second exercise to see if exercising in different directions changes the 

measurements.  
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Confidentiality and Safety 

 

Only the researchers indicated above will have access to the data. The results of the 

project may be published and will be available in the University of Otago Library 

(Dunedin, New Zealand) but every attempt will be made to preserve your anonymity. 

You are most welcome to request a copy of the results of the project should you wish. 

 

The data collected will be securely stored in such a way that only those mentioned 

below will be able to gain access to it. At the end of the project any personal 

information will be destroyed immediately except that, as required by the University's 

research policy, any raw data on which the results of the project depend will be retained 

in secure storage for ten years, after which it will be destroyed. 

 

Reasonable precautions will be taken to protect and destroy data gathered by email.  

However, the security of electronically transmitted information cannot be guaranteed.  

 

In the unlikely event of a physical injury as a result of your participation in this study, 

you will be covered by the accident compensation legislation with its limitations. If you 

have any questions about ACC please feel free to ask the researcher for more 

information before you agree to take part in this trial. 

 

This study has been approved by the Lower South Regional Ethics Committee. If you 

have any queries or concerns about your rights as a participant in this study you 

may wish to contact a Health and Disability Services Consumer Advocate, 

telephone: (03) 479 0265 or free phone 0800 3777 66 or free fax 0800 2787 7678 

(0800 2 SUPPORT) or email advocacy@hdc.org.nz. If there is a specific Maori 

issue/concern please contact Linda Grennell at 0800 377 766  
 

What if Participants have any Questions? 
If you have any questions about our project, either now or in the future, please feel free 

to contact either:- 

Evelyn Tulloch   or Dr Haxby Abbott 

School of Physiotherapy   School of Physiotherapy  

University Telephone Number: 4795757 University Telephone Number: 4795133 

 

mailto:advocacy@hdc.org.nz
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Do asymmetrical exercises affect the ability to hop and 

balance? 
 

 

Patient Questionnaire 
 

Ref No: 

 

(Please complete all questions. Print information on sheets where applicable or put 

an x as required) 

 

 

Name:          

   

  First    Surname 

 

 

Address:  

 

 

Phone Numbers: Home:  

   Work:  

   Cellphone:  

 

E-mail:  

 

Age:  (years) 

 

Gender: M F  
 

Ethnicity: Which ethnicity group do you belong to? (mark with an x) 

 

  New Zealand European 

   Maori 

   Samoan 

   Cook Island Maori 

   Tongan 

   Niuean 

   Chinese 

   Indian 

   Other (other such as DUTCH, JAPANESE, TOKELAUAN). Please 

state: 
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Height: (cm)   (will be measured in clinic) 

 

Weight: (kg)   (will be measured in clinic) 

 

Leg dominance: (which leg do you kick a ball with) Left  Right
  

 

Activity level: 

1. Do you exercise moderately (e.g. walking) for 30 minutes per day 5 times per 

week?  

 

Yes   No  

       

2. Do you exercise vigorously (e.g. running, cycling, and swimming) for 20 

minutes per day 3 times per week?  

 

  Yes   No  

 

Medical History: 

 

3. Are you currently receiving any therapy (please specify) 

 

  Yes   No  

 

 

4. Any history of neurological dysfunction (e.g. strokes, paralysis, numbness) 

 

  Yes   No  

 

5. Any history of inner ear disorders or visual impairments that affect balance 

 

  Yes   No  

 

6. Any history of fractures of the spine, pelvis and lower limb in the past 12 

months 

 

  Yes   No  

 

7. Any current history of lower back pain that required treatment within the last 3 

months 

 

  Yes   No  

 

8. Any surgery on lower limb in the past 6 months 

 

  Yes   No  

 

 



147 
 

9. Any surgery in the past 12 weeks 

 

  Yes   No  

 

10. Currently receiving physiotherapy treatment for any injuries 

 

  Yes   No  

 

11. Are you able to put weight through your arms (e.g. to do an exercise on your 

hands and knees) 

 

  Yes   No  
 

12. Any lower limb injuries with in the last 6 weeks 

 

  Yes   No  

 

Classification of lower limb injuries:  

 

13. Have you ever injured a muscle or joint on one of your  lower limbs 

 

  Yes   No  

 

(if yes please fill in attached sheet) 
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Injury Profile (please fill in where appropriate) Name:                                                               Ref No: 

 

Injured body part Type of injury 

Date of 

injury Side injured 

How long before 

you could walk 

normally 

Number of 

times injured 

same part 

Treatment  

(Physio etc.) 

Days off 

sport/ 

recreation/

work 

Example: Thigh strain June.08   left 

   right 
2 days  2 Massage/physio 0 

 ____________  ___________  ______ 
   left 
   right 

 ______________  ________________________________________________________________________   ___________________  ______ 

 _____________  ___________  ______ 
    left 

    right 
 ______________  ________________________________________________________________________   ___________________  ______ 

 _____________  ___________  ______ 
    left 

    right 
 ______________  ________________________________________________________________________   ____________________  ______ 

 _____________  ___________  ______ 
    left 

    right 
 ______________  ________________________________________________________________________  ____________________  ______ 

 _____________  ___________  ______ 
    left 

    right 
 ______________  ________________________________________________________________________  ____________________  ______ 
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For official use only 

 

 Injured body part 

 1 hip 

 2 groin 

 3 thigh  

 4 knee  

 5 lower leg  

 6 achilles tendon  

 7 ankle  

 8 foot  

 9 toe 

 10 other 

 

 

 

Type of injury 

1 fracture 

2 dislocation 

3 muscle fibre rupture 

4 tendon rupture 

5 ligament rupture with 

instability 

6 ligament rupture without 

instability 

7 lesion of meniscus 

8 sprain 

9 strain 

 

 

 

 

10 bursitis 

11 tendonitis 

12 other 

 

 

 

Consequences – treatment by  

1 doctor 

2 physiotherapist 

3 surgeon  

4 massage therapist 

5 X-ray 

6 MRI 

7 ultrasound 

8 self 

9 no treatment  

10 other treatment 
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Name: 

 

Ref no: 
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Do asymmetrical exercises affect the ability to hop and balance? 

 

CONSENT FORM FOR PARTICIPANTS 
 

I have read the Information Sheet dated 20 February 2009 concerning this project and 

understand what it is about.  All my questions have been answered to my satisfaction.  I 

understand that I am free to request further information at any stage. I have had the 

opportunity to use whanau support or a friend to help me ask questions and understand the 

study. 

I know that:- 

1. My participation in the project is entirely voluntary; 

 

2. I am free to withdraw from the project at any time without any disadvantage; 

 

3. Personal identifying information will be destroyed at the conclusion of the project but 

any raw data on which the results of the project depend will be retained in secure 

storage for ten years, after which they will be destroyed; 

 

4. I am not anticipated to feel any discomfort while performing the exercises or tests. 

There is a risk that I may lose my balance during the testing but no injury is 

anticipated. If I lose my balance while standing on one leg I am free to put my other 

foot on the ground to regain my balance; 

 

5. There will be no commercial use made of any data;  

 

6. I understand that my participation in this study is confidential and that no material 

which could identify me will be used in any reports on this study. 

 

7. The results of the project may be published and will be available in the University of 

Otago Library (Dunedin, New Zealand) but every attempt will be made to preserve my 

anonymity. 

 

I  _________________________________________ (full name) hereby consent to take 

part in this study.  

 

............................................................................  ............................... 

 (Signature of participant)     (Date) 

 
This study has been approved by the Lower South Regional Ethics Committee.
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Appendix B 

Pilot Testing
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Development and pilot testing 
 

Directional bias assessment 

The purpose of the pilot study was to define the methodology of the bias assessment in 

terms of the duration of the tasks, test the clarity of instructions and how the whole 

procedure ran. A convenience sample was used representing the same range of ages, sex 

and activity levels expected for the main study. 

 

The assessment of directional bias was based on DMA Clinical Pilates course work Levels 

1-4 (Phillips, 2008). Details of the following exercises can be found in Appendix D 

Directional Bias Instruction Manual. 

 

Directional bias assessment initially planned was: 

1. Baseline and reassessment tests: 3 sets of 10 hops on each leg. 

2. Lateral bias with extension bias assessment: 3 sets of 10 SLK‟s and 4PK on each leg.  

3. Lateral bias with flexion bias: 3 sets of 10 roll ups. 

 

Hop 

The purpose of this exercise was to assess: 

1.  how much they wobbled, spread of the area of the hops and how long they spent on 

the ground between hops 

2. muscle performance – power, assessed visually as the height of the hop and how 

quickly they fatigued.  

 

Despite many of the trialists being very active people they reported becoming very tired 

during the assessment procedure. In particular, the initial protocol of three sets of 10 hops 

on each leg was too tiring on calf muscles. This was reduced to 1 set of 5 hops and 5 

single heel raises (SHR) were added in.  
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Single leg kick (SLK) 

As a result of the trials, it was decided to add in against-bias and with-bias exercises to the 

assessment (Chapter 3.5.1.2) to help confirm the observed bias during SLK exercise. 

 

Roll ups 

The roll up exercise initially planned was modified to the procedure reported in Appendix 

B, due to feedback of fatigue, difficulty performing the exercise as well as some trialists 

finding roll ups impossible to do. 

 

Double leg kick (DLK) 

It was difficult to determine whether some trialists were a flexion or extension bias 

responders during pilot testing. These trialists had had previous injuries and had returned to 

participating in high intensity sport. The McKenzie approach is to reassess their patients 

after 24-48 hours, following patients performing exercises either in a flexion or extension 

direction when it is difficult to determine whether patients have a directional preference 

(McKenzie & May, 2003). Clinically this is also suggested for Clinical Pilates. However, 

this was not possible for the current study. An additional set of 10 repetitions of a double 

leg kick exercise was thus added when necessary, to add a greater challenge to control the 

extension shear forces required during this exercise.  

 

Experimental procedures 

 The purposes of pilot testing the bias assessment procedures also applied to pilot testing of 

the intervention procedures. It also provided the researcher an opportunity to practice using 

the laboratory equipment, to gauge the duration taken by trialists to execute the exercises, 

to get feedback from the trialists about the number of exercises required. 

 

 Also discussed below is the development of the data collection for Time to stabilisation 

outcome measure. 

 

 

 Development and pilot testing of time to stabilization (TTS) 
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A search of the literature revealed two methodologies of interest for determining TTS. 

Firstly, authors had used stepping or hopping off a box (Brown, Padua, Marshall, & 

Guskiewicz, 2008; B. Caulfield & Garrett, 2004; B. M. Caulfield & Garrett, 2002; Colby, 

et al., 1999; Fontbote et al., 2005; Riemann, Myers, Stone, & Lephart, 2004; Wikstrom, 

Tillman, & Borsa, 2005). The height of the boxes in these studies ranged from 15cm to 

40cm and varied as to whether the participants wore shoes or not.  

 

The second method described by Ross and Guskiewicz (2003) involved jumping, from 

70cm away, to touch a mark 50 to 55% of their maximum jump height and land on their 

test leg, stabilise as quickly as possible and balance for 20 seconds. Shoes were worn in 

these studies (Ross & Guskiewicz, 2004; Wikstrom, Tillman, & Borsa, 2005). 

 

Hopping off a box 

Because a jump measuring device was not available in the School of Physiotherapy, trialing 

a method using a box was executed. It was thought that hopping from a height of 19cm as 

used in Colby et al. (1999) would not be challenging enough for participants who had 

recovered from a previous lower limb injury. As a 30cm high box was available it was 

trialed. The base of the box was placed 30 cm from the middle of the force plate. It was 

decided trialists would be barefooted as very small differences in forces were expected to 

be measured. It was thought shoes would add in an uncontrollable variable, that of the 

absorption of variable amounts of forces in the different pairs of shoes. The trialist hopped 

from the box landing on a mark 30cm away onto the force plate. The trialist reported that it 

was too uncomfortable landing on the force plate and commented that he altered his landing 

technique because of discomfort. A box 20cm high was trialed, but this was reported to be 

not challenging enough for measuring stability in an active person, thus this procedure was 

abandoned.  

 

Jump landing 

A yard stick measuring device was sourced from another University Department and the 

TTS protocol was changed to that of Ross et al. (2004). However, it was decided to have 

the participants perform these techniques barefooted as it was thought that the shod 
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condition would mask possible changes in postural stability. The trialists reported no 

discomfort whilst performing this task barefooted. 

 

Failed trials 

 During pilot testing some trialists found this procedure very challenging to coordinate all 

the parts. Namely, reaching up to touch the rod while jumping to 50-55% of their maximum 

jump height, landing on their test leg onto the force plate, keeping their hands on their hips, 

stabilising quickly without any extra foot movement, hopping or having to put their other 

foot down. Some trialists found they jumped too high or not high enough while others 

tended to jump too far forward. However, there were only two trialists unable to manage 

the task after numerous practices. It was noted that these two trialists remained on the ball 

of their foot longer, and thus toppled forward, compared to those who managed to stabilise. 

These two trialists reported becoming fatigued with the numerous practices and their leg 

and hip on the landing side became painful.  

 

To overcome these problems it was decided only six practice trials would be allowed 

during the experimental procedure before abandoning this particular test for that 

participant. Both of these trialists were over 50 years, so it was hoped by setting the upper 

limit of the inclusion criteria at 50, this problem would not arise during the experimental 

testing.  

 

Other logistical problems discovered and resolved through the pilot 

testing included:  

 the ceiling in the biomechanics laboratory was relatively low with a metal frame 

above the force plate. While testing the maximum jump height a tall participant had 

the potential of being able to jump higher than the ceiling. One trialist managed to 

touch the ceiling and he was not exceptionally tall, being 178cm. This was resolved 

by rearranging the motion analysis cameras surrounding the force plates, which 

were required to be switched on for the operating of the force plates and data 

recording, to allow for the yard stick to be dismantled and moved to one end of the 

laboratory where the ceiling was higher.  
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 the researcher found it difficult to observe the trialist, to check that they reached the 

50% mark, didn‟t jump higher than the 55% mark, that they had their hands on their 

hips and stabilised without hopping, moving their foot or touching down their non 

test foot while operating the computer. The computer being moved to a better 

position and operating the 20 second timing remotely overcame this. It was decided 

to video these procedures to allow verification later. 

 

 

Rebound hop 

Time hopping 

All participants in Petschnig et al.‟s (1998) study performed 3 sets of rebound hopping for 

10 seconds. However, during early pilot testing in the present study calf muscles were 

reported to fatigue long before the 10 seconds were up. It was felt that continuing for the 

full 10 seconds gave no more information once fatigue had set in. This procedure was 

altered to 5 hops, the same as performed during the assessment procedure. 

 

Varied hopping techniques  

It was observed during testing that some participants used different techniques to hop. 

Some bent their knee while jumping up and landing very flat footed with their emphasis 

more on hopping as high as possible and not considering the instruction of spending as little 

time on the force plate as possible. More guidance was needed to instruct the participants to 

use a Straight knee on the upward movement and to be as rhythmical as possible. 

 

Legs tested 

Initially it had been planned for the participants to perform 3 repetitions of each of the 2 

tests, TTS and rebound hop, only on their test leg i.e. the leg with more than one previous 

injury. Unfortunately due to a miscommunication, the test leg was also randomised. Thus, 

half of the participants would not have had their injured leg tested. This was discovered too 

late to correct and so it was decided to include both legs for testing. To avoid participants 

becoming too fatigued with increased testing, the hop test was reduced to one trial of 5 

hops on each leg and the TTS to 2 trials on each leg. The reduced number of trials for each 



 

 
 

158 

test was also necessary to keep the time for the intervention and testing within the time 

frame all ready in place.  

 

Intervention procedures   

Length of time exercising 

Most trialists found it too difficult to perform each of the 4 exercises for 4 minutes without 

a rest and maintain a good technique. Trialists reported fatigue, as well as their wrists, hips, 

backs or thigh muscles became painful. Some trialists were unable to hold their arms out in 

front while performing the stomach massage and spine Stretch exercises for 4 minutes. 

These exercises were changed to allow them to have their arms crossed across their chest.  

 

To alleviate fatigue the procedure for all exercises was changed to executing each exercise 

for 1 minute with a 15 second rest, repeating this until 4 minutes of the exercise had been 

performed. It was important that all participants received the same dosage of the 

intervention, so these times were all monitored with a timer. 

 

Stomach massage 

 On re-testing the altered procedure, it was found the stomach massage was still very 

difficult for some trialists. To overcome this problem, during the intervention the 

participants were allowed to put the hand on the same side as they were rotated to i.e. the 

exercise side, behind them on the carriage when the exercise became too difficult. This took 

some of the load off their backs and hip flexors which trialists had reported as becoming 

painful. 

 

Timing of exercises and rest periods 

The researcher used a stopwatch during pilot testing of the intervention procedures. 

Findings were: too much time was spent looking at the stop watch and not enough attention 

was able to be spent paying attention to whether exercises were executed correctly. A timer 

which counted down and then beeped was then trialed, which proved to be a satisfactory 

solution. A sheet of paper was ruled up for recording each completed minute of exercise to 

make sure the full 4 minutes of intervention were performed. This also ensured that each 

participant completed the 4 exercises for each exercise intervention. 
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Heat 

During pilot testing some trialists reported becoming very hot. Not all had worn appropriate 

clothing. Thus, water was made available during the assessment and intervention and 

participants were instructed to wear shorts and a t shirt for both appointments.  

 

Data Collection 

Time to stabilisation force plate data collection 

The video recordings were used to determine the two successful trials for initial analysis. A 

trial was deemed successful if the participant was able to stick the landing (not over 

balance).   

 

Dynamic postural stability was assessed by using time to stabilization (TTS). Initially the 

researcher followed the Ross protocol for calculating TTS (Ross & Guskiewicz, 2003; Ross 

& Guskiewicz, 2004).  The (Ross, et al., 2005) protocol using a normalised reference 

variable was considered but due to time constraints, concerns over the risk of dropouts (as 

the study was already low on numbers), and establishing a baseline after interventions, it 

was decided inadvisable to ask participants to return for another appointment to establish 

normalised reference variables in preference to the present study‟s method, because of the 

risk of dropouts. An algorithm written in Microsoft Excel 2003 was used to independently 

analyse the horizontal plane AP (anterior posterior) and ML (medial lateral) components of 

the ground reaction force (GRF) data. However, despite Ross supplying a formula for the 

3
rd

 order polynomial, the researchers were unable to fit a similar smoothed curve and 

achieve realistic TTS for much of our data. Figure 7 shows Ross‟s TTS calculation of a 

single trial and Figures 8 & 9 demonstrate the difficulties in obtaining the smooth curve for 

a 3
rd

 order polynomial and unrealistic values obtained for some data. Figure 8 displays TTS 

occurring immediately following landing on the forceplate which is quite unrealistic as 

graphically TTS occurs around 4000ms. Likewise Figure 9 displays TTS earlier than 

expected and the curve is not smooth as it dips below zero. 
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Figure 1.  Time to stabilization calculation for a single trial reproduced from Ross  

(2004; Figure 1).  

 

 

Figure 2. Time to stabilisation from present study, data for a single trial using the Ross 

equation. 
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Figure 3. Time to stabilisation from present study data for a single trial using the Ross 

equation. 

 

To obtain a consistent TTS from horizontal AP and ML components of the ground reaction 

force, ten alternative approaches were investigated, involving combinations of five different 

data smoothing approaches and two different criteria for crossing a minimum threshold. To 

smooth the data in place of the 3
rd

 order polynomial curve the following functions were 

tested; a low pass Butterworth digital filter of either 5Hz, 2Hz, or 1Hz cut-off, or applying a 

Root Mean Square to a moving 250 sample window (RMS 250) or 500 sample window 

(RMS 500). Ross‟s method of calculating the optimal postural stability (minimum 

threshold) was retained, by looking at the last two 5 second windows (of the 20 seconds 

landing trial) and choosing the threshold as the smallest GRF range (maximum) of these 

two windows (Ross & Guskiewicz, 2004). He named this the horizontal range-of-variation 

line. To find the point when a participant was deemed to have stabilised, that is when 

smoothed GRF fell below this threshold line, two alternative criteria were investigated. The 

first was the smoothed GRF line needed to remain below the horizontal range-of- variation 

line for 1 second and the alternative was for ½ second before it was considered that the 

participant had reached optimal postural stability. It is at this point of smoothed GRF 

crossing the range-of- variation line that is taken as TTS.  
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To decide the most appropriate data-smoothing and threshold method to use, the resulting 

TTS‟s of each combination (5 x 2) were compared to corresponding TTS estimated by the 

researcher and the three supervisors. To do this graphs of the raw horizontal AP and ML 

components of the GRF data for the first baseline measurement of the test leg of all 30 

participants were printed and a copy given to all three supervisors and the researcher. Each 

independently marked on the graph at which time point they considered the participant had 

become stable. A consensus was then obtained as to the TTS for each participant in both 

the AP and ML directions for their first baseline trial. Using a random number generator 16 

of the 30 participants were selected and all ten combinations of data-smoothing and 

thresholds detection methods were applied to the AP and ML GRF data to obtain respective 

TTS. The two methods chosen were the ones that produced the smallest mean difference to 

the respective TTS estimated by the four examiners in either the AP or ML directions. The 

two chosen methods were then applied to the AP and ML GRF data for the remaining 14 

participants, and the TTS compared to the estimated true values to obtain a measure of the 

error associated with the methods. 

 

The best performed method for determining TTS in the AP direction from GRF, and 

therefore chosen for calculating AP TTS, was smoothing the raw data with a moving RMS 

250 point window with the smoothed line staying below the threshold for at least 500 

samples. The threshold was obtained from the smoothed data and was the smallest of the 

two ranges (maximums) of the last two five second windows (10-15s and 15-20s) of the 20 

second trial. The mean and standard deviation of differences to estimated true values was 

0.17 ± 0.49 seconds for 16 trials.     

      

The best performed method for determining TTS in the ML direction from GRF, and 

therefore chosen for calculating ML TTS, was smoothing the raw data with a moving RMS 

500 point window with the smoothed line staying below the threshold for at least 500 

samples. The threshold was obtained from the smoothed data and was the smallest of the 

two ranges (maximums) of the last two five second windows (10-15s and 15-20s) of the 20 

second trial. The mean and standard deviation of differences to estimated true values was 

0.17 ± 0.82 seconds for 16 trials.          
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The hypothesis of this study predicted the participants would be more stable after 

performing MB exercises as opposed to UB. Consequently, it was expected that the 

horizontal variation line (threshold) would be higher in the UB intervention, reflecting a 

greater instability in GRF in the last 10 seconds of the 20 second trial, and thus result in the 

UB intervention showing a shorter TTS. To solve this potential problem an average of the 

two horizontal range-of-variation lines from the baseline measures of each of the Fx and Fy 

was applied to each of the corresponding MB and UB interventions. It was reasoned, by 

applying the same horizontal range-of- variation line (threshold) to both MB and UB 

interventions this would give a truer indication of the participant‟s dynamic postural 

stability relative to the baseline stability. The above procedure was applied to the UB and 

MB intervention calculations of TTS for all participants who successfully completed the 

TTS tests (Figure 10). 
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Figure 4. Time to stabilisation calculation for a single trial. Raw Fx- raw GRF data; Fx- 

s.mooth data: limit-range variation line
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Directional Bias Assessment Procedure
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Directional Bias Assessment Procedure 

 Evelyn 

Assessment 

 Go over forms to make sure participants meet criteria and fill in any missing 

data 

 Ask them whether participants would prefer to sit or stand for a long time (e.g. 2 

hrs) (record on questionnaire sheet) 

 Fill in body chart of all previous injuries 

 Go through procedure of assessment and obtain consent 

 Weigh participants and measure their height (recorded on questionnaire sheet) 

 Book them in for the testing appt 

 Go through bias assessment 

 

Directional Bias Assessment 

 Record name and ref no. on sheet for bias assessment 

 Initial assessment: 5 SHR each leg, then 5 hops each leg 

 Teach participants the exercise  

 They can have a practice it to get it right 

 Then they perform the exercise  

 SLK x 10, repeat on other leg. After 1 minutes rest repeat sequence twice more.  

 4 PK x 10, repeat on other leg. After 1 minutes rest repeat sequence twice more.  

 Reassess the SHR and hop x 5 each leg 

 Record on body chart which leg they prefer to use/stabilise 

 Record on bias assessment form whether L or R, bias 

 Then test roll ups 2 x 5, then as many as can do with good form or roll downs if 

can‟t do roll ups 

 Retest SHR and hop each leg 

 Mark on form whether E or F 

 Add in DLK if necessary 1 x 10, reassess SHR and hop 

 Place form in an envelope marked “student” 

 They will then go to Craig with the questionnaire, injury profile and body chart 

forms  

 

Validation of directional bias assessment 

 Participants can have a drink of water if needed 

 Craig will fill in name and ref no. on a form 

 Craig will repeat assessment and record outcome and put in an envelope 

mark “expert advisor” 

 They can then have another drink and something to eat if they wish 

 

At end both envelopes will go to supervisor who will use expert advisors bias outcomes 

to do the randomisation of test order of matched and unmatched exercise bias. 
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Directional Bias Assessment Procedure 

 Craig 

 

Participant will come to you with 

 Questionnaire 

 Injury profile 

 Body chart 

 

 

Directional Bias Assessment 

 Record name and ref no. on sheet for bias assessment 

 Initial assessment: 5 SHR each leg, then 5 hops each leg 

 Teach them the exercise  

 They can have a practice to get it right 

 Then they will perform the exercise  

 SLK x 10, repeat on other leg. After 1 minutes rest repeat sequence twice more  

 4 PK x 10, repeat on other leg. After 1 minutes rest repeat sequence twice more  

 Record on body chart which leg they prefer to use/stabilise 

 Record on sheet of paper whether L or R, bias 

 Then test roll ups 2 x 5, then as many as can do with good form or roll downs if 

can‟t do roll ups 

 Retest SHR and hop each leg 

 Mark on sheet whether E or F 

 Add in DLK if necessary 1 x 10, reassess SHR and hop 

 Place form in an envelope marked “expert advisor” 

 Check they have testing appointment booked 

 They can then have another drink and something to eat if they wish 
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Directional Bias assessment instructions for participants 
 

Single heel raise 

Stand on one leg and place your hands on top of the assessor‟s hands. Rise up as high as 

you can onto your toes 5 times. 

Repeat on your other leg. 

  

Hop test 

Stand on one leg with your hands on the assessors hands. Hop as high and rhythmically 

as possible 5 times, treating the ground like a hot plate. 

Repeat on your other leg. 

  

Single leg kick 

Lie on your stomach and rest your head on your hands.  

Bend one knee up to 90 degrees, draw up tummy, then breathe in as you lift knee 5cm 

off the floor, breathe out as you extend leg and lower to the floor.  

 

Repeat this 10 times and then repeat on other leg. 

After a one minute rest 

Repeat this sequence twice more. 

 

Retest against-bias:  take your legs across to the right or left (decided by the assessor) 

and repeat one set of the same exercise in that position. 

 

Retest with-bias: take your legs across to the right or left (decided by the assessor) and 

repeat one set of the same exercise in that position. 

 

Four point kneel test 

On your hands and knees, put your hands together directly under your shoulders and 

your knees together directly under your hips. Have a small curve in your lower back. 

 

Breathe in as you extend one leg out fully, parallel to the floor 

Breathe out as you bend your hip and bring your knee towards your chest making sure 

you keep the curve in your back. 

 

Repeat this for a total of 10 times and return to the starting position. 

Repeat on opposite side. 

After a one minute rest repeat this sequence twice more. 

Single heel raise 

 As above 
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Hop test 

As above 

 

 

Roll ups  

Lie on your back with your arms overhead, shoulder blades down.  

Flex shoulders to 90 °   

Breathe in mid range articulating spine, roll up to long sitting.  

Breathe in and roll down slowly and smoothly, articulating segmentally, to starting 

position. 

 

Repeat 5 times or until asked to stop 

After a one minute rest repeat another set of 5 or until asked to stop 

After another minutes rest repeat roll ups for as many as you can do slowly and 

smoothly. 

 

 

Roll downs (if unable to roll up) 
From a long sitting position breathe in and roll down slowly and smoothly, articulating  

segmentally until lying flat with arms over head 

 

Repeat this 5 times or until asked to stop 

After a one minute rest repeat another set of 5 or until asked to stop 

After another minutes rest repeat roll downs for as many as you can do slowly and 

smoothly. 

 

Single heel raise 

As above 

Hop test 

As above 

 

  

Double leg kick 
Assessor to decide if needed  

  

Lie on your stomach and rest your head on your hands.  

Bend both knees up to 90 degrees, draw up tummy, then breathe in as you lift knees 

5cm off the floor, breathe out as you extend both legs and arms and lower to the floor.  

 

Repeat this 10 times  

  

Then repeat the SHR and hop tests 



 

 
 

169 

 

Individual-specific unilateral exercise directional bias assessment 

outcome 
 

 

Participants Name: 

 

Participant Code Number: 

 

 

Circle for matched bias 

 

Left Right 

 

Flexion Extension 

 

 

 

Individual-specific unilateral exercise directional bias assessment 

outcome 
 

 

Participants Name: 

 

Participant Code Number: 

 

 

Circle for matched bias 

 

Left Right 

 

Flexion Extension 

 

 

 

Individual-specific unilateral exercise directional bias assessment 

outcome 
 

 

Participants Name: 

 

Participant Code Number: 

 

 

Circle for matched bias 

 

 
Left Right 

 

Flexion Extension 
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Appendix D 

Directional Bias Assessment Manual
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Directional Bias Assessment 

Instruction Manual 

 

This instruction manual presents details for the directional bias assessment which 

consists of two assessment exercises used for baseline assessment and reassessments, 

two lateral bias intervention exercises with the lumbar spine in extension (extension 

bias) and one flexion bias exercise (with lumbar spine in flexion). One extra extension 

bias exercise, which participants performed when it was hard to differentiate whether 

they were an extension or flexion bias responder, is also reported. 
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Directional Bias Assessment 

 

Baseline assessment 

Participants performed the following two exercises for baseline assessment measures to 

determine whether the participants‟ performance was superior on the left or right side.  

 

1) Single heel raise (SHR) 

Participants were instructed to: 

 stand with feet together, then 

 stand on one leg, place their hands on top of the assessors hands; 

 rise up on to their toes as high as possible; 

 and return to the starting position; 

 repeat this five times on each leg; 

 

The assessors: monitored differences in the performance of SHRs on one leg compared 

to the other by: 

1. assessing possible differences in the weight/effort they could feel through the 

participant‟s hands; 

2. noted any differences in balance; 

3. noted any difference in height raised; 

4. noted any signs of fatigue during the five repetitions.  
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Figure 5. Single heel raise. 

 

2) Hopping 

Participants were instructed to: 

 stand with feet together, then 

 stand on one leg, place their hands on top of the  assessors hands; 

 hop as high and rhythmically as they could, treating the ground like a hot plate; 

 repeat this for five hops on each leg; 

 

The assessors:  

1. assessing any difference in the weight/effort they could feel through the 

participant‟s hands as they hopped; 

2. how rhythmical the hop was; 

3. how high they hopped; 
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4. how large the spread of the area covered was while hopping on one foot 

compared to the other. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Hop.  

 

Lateral directional bias assessment 

Lateral bias was determined from the participants‟ performance during baseline 

assessment measures (the poorer performing side) and was compared to whether the 

participant had a left or right sided bias during the performance of 3 mat intervention 

exercises, two with the pelvis in an anterior pelvic tilt (extension bias) and one with the 

pelvis in an posterior pelvic tilt (flexion bias). 
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Left or right directional bias assessment with lumbar lordosis 

(extension bias) 

 

1) Single leg kick 

Participants were instructed to: 

 lie prone with their feet together, place their hands under their head; 

 bend their knee to 90 degrees, draw their stomach up and; 

  breathe in as they lifted their knee only 5cm off the floor; 

 breathe out as they straightened their knee and lowered their leg to the floor; 

 repeat 10 times on each leg; 

 rest for 1 minute and repeat this sequence twice more. 

 

The assessors observed for any:  

1. lumbar spine extension and/or rotation when the exercise was performed with 

one leg compared to the other; 

2. more effort was required with one leg compared to the other; 

3. improvement in or worsening in control of the lumbar spine with repetition. 

 

Figure 7. Single leg kick (SLK)  (Phillips, 2008). 
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Retest against-bias and Retest with-bias 

Participants were then instructed to: 

 take both legs to the side where it was observed the participant had performed 

the exercise with more stability (against-bias); 

  perform one set of repetitions in this position;  

 take both legs across to the other side (with-bias); 

 and perform another set of repetitions.  

 

The assessors observed for any:  

1. change in the participants control and or effort to perform the exercise in these 

two positions compared to the mid position.   

 

 

 

 

 

 

 

 

 

 

Figure 8. Directional bias assessment showing the right side with less stability, the mid, 

against-bias and with-bias positions during a single leg kick exercise . 
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2) Four point kneel 

Participants were instructed to: 

 get onto their hands and knees, place their hands together directly under their 

shoulders and their knees together directly under their hips, set scapulae in mid 

position and lordose their lumbar spine; 

 keep their hips square as they breathe in and extend their leg out so it was 

parallel to the floor;  

 breathe out as they brought their knee into their chest while maintaining a 

lordosis (disassociating hip flexion from lumbar flexion); 

 return to the starting position; 

 repeat ten times on each leg; 

 after one minutes rest repeat this sequence twice more. 

 
The assessors observed for: 

1. the amount of lateral movement of the pelvis;  

2. loss of lumbar extension and/or rotation control 

comparing one side with the other. Following one minute‟s rest this sequence was 

repeated twice more.  

 

 

 

 

Figure 9. Four point kneel (4PK)  (Phillips, 2008). 

 

 

Reassessment 

From the SLK and 4PK intervention exercises the assessors confirmed whether the left 

or right side was deficient (increased movement observed). A reassessment of both the 

SHR and hop were performed. It was determined whether, compared to the baseline 

measure, the participant performed the SHR with: 
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1. more or less stability; 

2. more or less weight was felt through the assessor‟s hands; 

3. rising higher or lower on to toes; 

4. fatigued any more or less quickly 

The lateral (left or right) bias result was then compared to the participant‟s history of 

injury from the injury profile form. Through clinical observation the lateral bias tends to 

match the side of the injury.  

 

 

Left or right directional bias assessment with lumbar flexion 

(Flexion Bias) 

The participant was then tested for response to flexion bias. This was done by observing 

their performance during repeated roll ups. Participants were asked to repeat this 

exercise 5 times.  

 

1) Roll ups 

Participants were instructed to: 

 lie supine, with feet together and with their arms overhead and their scapulae 

down; 

 flex their shoulders to 90
o
; 

 take a mid range breath in as they articulated their spine as they rolled up into a 

long sitting position; 

 roll down articulating spine segmentally to supine; 

 repeat 5 times. 

 

After a short rest (up to one minute) they were asked to repeat five more roll ups, unless 

their performance deteriorated. If they were still performing this exercise correctly the 

sequence was repeated. 

 

 If the participant: 

1. was unable to perform this exercise; 

2. or found repeating five was too difficult; 

3. or their ability to perform this exercise correctly and smoothly was deteriorating; 

 they were asked to stop if they and perform the roll down part of the exercise instead. 
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Participants were classed as flexion bias responders if: 

1. they were able to perform either version of this exercise easily with good 

control; 

2. could not perform five repetitions, but were able to improve with each set.  

 

If the participants could not perform either version of the exercise or if their 

performance was deteriorating with repetition, they were deemed to be an extension 

bias responder. 

 

To help confirm a left or right lateral bias both legs were taken to the better performing 

side (against-bias), as determined from the above assessment and the participant was 

asked to perform a set of roll ups or roll downs. They were then asked to take their legs 

across to the other side and repeat the exercise for another set (with-bias). Any 

difference in performance was then noted between the two sides and the mid position. 

 

 

 

 

Figure 10. Roll ups (Phillips, 2008). 
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Reassessment 

The SHR and hop tests were performed as above and any difference in the participant‟s 

performance was noted. If the participant was deemed to respond to a flexion bias and 

these reassessment tests were performed with: 

1. better postural stability;  

2. less fatigue towards the end of the hops or SHRs;  

3. less weight felt through the assessor‟s hands; 

4.  the participant was able to hop higher or rise higher onto their toes; 

5. a smaller spread of area was  covered while hopping 

 

These parameters helped to confirm they were a flexion bias responder. If the 

reassessment tests (SHR and hop) were found to have deteriorated and the participant 

found the intervention exercise of roll ups difficult or their form had deteriorated with 

repetition, this contributed towards confirming they responded to an extension bias. 

 

If it was difficult to determine whether they were a flexion or extension bias one set of 

10 repetitions of a double leg was added in.  

 

Double leg kick 

Participants were asked to: 

 lie prone with their feet together, hands under their head and with their thoracic 

spine in slight extension; 

 bend their knees to 90
o
; 

 breathe in as they lift their thighs off the floor 

 breathe out as they extend their arms and legs long and low, keep their shoulders 

down and their abdominals lifted; 

 return to starting position; 

 repeat 10 times. 
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Figure 11. Double leg kick (Phillips, 2008). 

 

After this exercise a further reassessment was performed as above. 

 

 

 The bias for flexion and extension were compared to the question asking whether the 

participant preferred sitting or standing for long periods of time.  

 

Classification of directional bias assessment 
 

These biases are made up of two parts: a left or right lateral bias and a flexion or 

extension bias. The matched lateral bias was the side that was deemed to be deficient 

and required improved control. That is, there was more movement observed in the 

lumbar spine while the participant was performing the SLK exercise and lateral pelvis 

movement +/- lumbar movement during the 4PK exercise. The flexion or extension 

matched bias was the direction that the participant had the better control, with a 

resulting better performance of the SHR and hop. Thus the participant-specific flexion 

extension bias that was associated with improved performance was used to improve the 

lateral deficiency. The unmatched bias was opposite to the matched bias. 
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Appendix E 

Intervention Procedure
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Randomisation 

For the test leg 1 = R and 2 = L. The order for matched and unmatched exercises, for the 

two groups was: 1 = matched bias exercises first and 2 = unmatched exercises first.
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Order of testing 

 
Name: 

 

Reference number: 

 

Test leg: L R 

 

Condition 1: flexion  extension L R 

 

Condition 2: flexion  extension L R 

 

 

 

Name: 

 

Reference number: 

 

Test leg: L R 

 

Condition 1: flexion  extension L R 

 

Condition 2: flexion  extension L R 

 

 

 

Name: 

 

Reference number: 

 

Test leg: L R 

 

Condition 1: flexion  extension L R 

 

Condition 2: flexion  extension L R 

 

 

 

Name: 

 

Reference number: 

 

Test leg: L R 

 

Condition 1: flexion  extension L R 

 

Condition 2: flexion  extension L R 
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Jump height set-up calculations 

 
The maximum vertical jump height was determined by subtracting the standing reach 

height from the participants highest maximal vertical jump height. 

 

This was done using a Swift Yardstick (manufactured by Swift sports performance 

equipment), a jump height measuring device, which was placed over the centre of the 

force plate. Height was measured via plastic rods, which were set at 1 cm intervals from 

160cm to 395cm. Participants stood under the Swift Yardstick, reached up to touch the 

highest rod possible while maintaining both feet flat on the ground, to have their 

standing height measured and recorded. 

 

For their maximum 2-footed vertical jump height, each participant jumped from a mark 

70 cm away from the yardstick, reached up with the arm closest to it and touched the 

highest rod possible. Participants were instructed to jump as high as possible. They were 

allowed to swing their arms as they jumped but were then required to hold their 

reaching arm at 180
0
 of shoulder flexion after takeoff.  
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Time to stabilisation and rebound hop instructions 

for participants 
 

 
Time to stabilization test 
Stand with both feet behind the mark on the floor:  

Jump up to touch the vane on the yardstick with the arm on the same side as your test 

leg. Land on your test leg and stabilize as quickly as possible and place  your hands 

on your hips. 

 

 Keep: 

Your hands on your hips throughout the rest of the test and your head level and facing 

forward; 

Maintain this position until the buzzer sounds. The buzzer indicates the completion of 

the trial. 

 

The test will not be successful if you lose your balance and either: 

Hop or move your landed foot;  

Your other foot touches the floor; 

Your hands come off your hips; 

In which case, another test will then be given.  

 

You will get one practice trial. Then two successful test trials are required to complete 

this test. You will get a one minutes rest between tests. This test will then be repeated 

on the other leg. 

 

If you are unable to execute a successful test with 6 attempts this task will be 

abandoned.  

 
Rebound hop Test  
I want you to: 

Stand on your test leg on the mark on the floor. Have your knee slightly bent; 

Place your hands on your hips and keep them there throughout the test; 

Fix your eyes on the mark on the wall and keep them there throughout the test; 

Bend your other leg at your hip and knee so that your foot clears the floor. 

 

When the buzzer sounds: 

I want you to hop 5 times as high and rhythmically as you can on your test leg;  

Keep contact with the floor as brief as possible, as if it was a hot plate. 

  

 

If you over balance the test will be stopped and you will be given a one minute rest and 

the test will be repeated. 

 

You will be given one practice trial and then one successful test will be recorded. You 

will then repeat this test on the other leg. 

 

 

Intervention exercise instructions for participants 
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Flexion Bias exercises (Phillips, 2008) 

 

Mat exercises  
Single leg Stretch 

Lie on your back with both knees bent up towards your chest; 

On your left/right leg, place your outside hand on the outside of your ankle and your 

inside hand on the inside of your knee; 

Breathe in as you straighten your other leg out no lower than 45 degrees; 

Breathe out as you return it back to the starting position. 

 

Repeat for 1 minute. Rest for 15 seconds; 

Repeat sequence 3 more times. 

 

Spine Stretch 
Sit up Straight with your knees bent; 

Place your arms out in front of you or have them crossed against your chest; 

Rotate your trunk to the left or right; 

Keeping your shoulders down; 

Breathe in as you tip your pelvis back and curl back; 

Breathe out as you return to the starting position. 

 

Repeat for 1 minute. Rest for 15 seconds; 

Repeat sequence 3 more times. 

 

Reformer exercises 
Stomach pull flat 

Feet flat, knees Straight / or bent; 

Placed hands to the left/right, stretch shoulders out fully; 

Breathe in as you push carriage back straightening hips, keeping feet flat; 

Breathe out as you bring carriage in to starting position. 

 

Repeat for 1 minute. Rest for 15 seconds; 

Repeat sequence 3 more times. 

 

Stomach massage 

Place your feet on the bar, hips are bent up & parallel; 

Rotate your trunk to the left or right; 

Have arms out in front, crossed against your chest/or behind on carriage; 

Tip pelvis back;  

Keeping your shoulders down; 

Breathe in as you straighten knees fully, while keeping pelvis tilted back; 

Breathe out as you return to starting position. 

 

Repeat for 1 minute. Rest for 15 seconds; 

Repeat sequence 3 more times 
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Extension Bias exercises (Phillips, 2008) 

 
Mat exercises 
Single leg kick 

Lie on your stomach and rest your head on your hands; 

Bend one knee up to 90 degrees, draw up tummy, then breathe in as you lift  

knee 5cm off the floor; 

Breathe out as you extend leg and lower to the floor.  

 

Repeat for 1 minute. Rest for 15 seconds; 

Repeat sequence 3 more times. 

 

 

Four point kneel 

On your hands and knees, put your hands together directly under your shoulders and 

your knees together directly under your hips. Have a small curve in your lower back; 

Breathe in as you extend one leg fully, parallel to the floor; 

Breathe out as you bend your hip and bring your knee towards your chest making sure 

you keep the curve in your back. 

 

Repeat for 1 minute. Rest for 15 seconds. 

Repeat sequence 3 more times. 

 

Reformer exercises 
Knee Stretch 

With feet on pads, sit on heels; 

Hands placed to the left/right; 

Have shoulder blades down and arms at 90 degrees;  

Keep shoulders at 90 degrees through out exercise; 

Straighten hips to 90 degrees;  

Bend and Straighten hips through a small range, breathing in as you straighten and out 

as you bend. 

 

Repeat for 1 minute. Rest for 15 seconds; 

Repeat sequence 3 more times. 

 

 

Cat Stretch  

Place legs between pads with pelvic bones on edge of carriage; 

Place hands to the left/right; 

Breathe in as you push back until body is flat;  

Keep arms straight breathe out as you extend hips fully as you bring carriage back in. 

 

Repeat for 1 minute. Rest for 15 seconds; 

Repeat sequence 3 more times. 
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Appendix F 

Intervention Exercise Instruction Manual 
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Intervention Exercise 

 

Instruction Manual 

 

 

 

This instruction manual presents details and instructions for the intervention exercises 

which consisted of: two mat and two reformer exercises with the lumbar spine in 

flexion and two mat and two reformer exercises with the lumbar spine in extension. 
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Intervention Exercises 

All exercises were performed for 1 minute followed with a 15 second rest period and 

this sequence was repeated until a total of 4 minutes of the exercise had been performed. 

 

Exercises for left or right flexion bias (Phillips, 2008) 

Two mat exercises and 2 reformer exercises were chosen to demonstrate how different 

types of exercise regimes can be adapted to biasing.  

 

Single leg stretch             

Participants were instructed to: 

 Lie on their back with both knees bent up to their chest; 

 Place their (left or right) hand on the outside of the ankle of their non exercising 

side and the inside hand on the inside of the knee on the same side; 

 Breathe in as they straightened their exercising leg out, no lower than 45 

degrees; 

 Breathe out as they returned their leg to the starting position. 

 

The moving leg was the leg for the bias in this exercise. Figure 12 demonstrates a right 

flexion bias. For a right bias the right leg was exercised and for a left bias the left leg 

was exercised. The participants exercise leg was only extended out to 45 degrees to 

maintain the posterior pelvic tilt.  
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Figure 12. Single leg stretch (Phillips, 2008). 

 

Spine stretch 

Participants were instructed to: 

 sit up onto their ischial tuberosities with their hips and knees flexed; 

 have their arms out in front or crossed across their chest; 

 rotate their trunk either to the left or to the right;  

 breathe in as they posterior pelvic tilt, articulate through their lumbo sacral spine 

through mid range flexion, roll back while keeping their shoulder girdle down; 

 breathe out as they return to starting position. 

 

Spine stretch was made left or right bias by having the trunk rotated to the left or the 

right. 

 

 

 

 

Figure 13. Spine stretch (Phillips, 2008). 
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The following 2 exercises were performed on the reformer. Springs 2M refers to the 

setting of 2 springs in mid position (Figure 14). There is a choice of 3 settings for the 

springs. 2H refers to 2 springs set in the hardest position (Figure 15). That is the setting 

where the springs are stretched the most in the resting position. 

 

Stomach pull flat 

Participants were instructed to: 

 place both feet flat on the carriage with heels against the shoulder pads, with 

their knees straight or if unable to, then have them slightly bent; 

 place both  hands to the left or to the right along the bar; 

 stretch their shoulders out fully; 

 breathe in as they push the carriage back straightening hips, keeping their feet 

flat; 

 breathe out as they brought the carriage back to the starting position.  

 

To make this exercise left or right bias, both of the participant‟s hands were placed 

either to the right or the left on the bar.  

 

 

       Spring setting 2M 

  

            

 

Figure 14. Stomach pull flat (Phillips, 2008). 
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Stomach massage    

Participants were instructed to: 

 place their feet to the left or right on the bar, have their hips bent up and parallel; 

 tip their pelvis back; 

 have their arms crossed across their chest; 

 rotate their trunk to the left or to the right; 

 keep their shoulders down; 

 breathe in as they straightened their knees fully, while keeping their pelvis tilted 

back; 

 breathe out as they returned to the starting position. 

 

Stomach massage was made right or left bias by having the trunk rotated to the left or 

right either with arms crossed or out in front. If participants found this exercise too 

tiring they were able to rest their hand, on the same side as they were rotated to, on the 

carriage behind them. 

 

 

 

Spring setting 2H 

 

   

 

Figure 15 Stomach massage (Phillips, 2008). 
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Exercises for left or right extension bias 

Two mat exercises and 2 exercises using the reformer were chosen to demonstrate how 

different types of exercise regimes can be adapted to biasing. All 4 of these exercises 

were performed for a total of 4 minutes each using the same procedure of exercising and 

resting as was described above. 

 

The following 2 exercises were performed on a mat. Only the leg for that bias (left or 

right) was exercised. 

 

 Single leg kick 

 Participants were instructed to: 

 lie prone, place their hands under their head; 

 bend their knee to 90 degrees, draw their stomach up and; 

  breathe in as they lift their knee only 5cm off the floor; 

 breathe out as they straighten their knee and lower their leg to the floor. 

 

 

   

Figure 16 Single leg kick (Phillips, 2008). 

 

 

Four point kneel 

Participants were instructed to: 

 get onto their hands and knees, place their hands together directly under their 

shoulders and their knees together directly under their hips, set scapulae in mid 

position and lordose their lumbar spine; 

 keep their hips square as they breathe in and extend their leg out so it was 

parallel to the floor;  
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 breathe out as they brought their knee into their chest while maintaining a 

lordosis, disassociating hip flexion from lumbar flexion; 

 return to the starting position. 

 

 

 

 

Figure 17 Four point kneel (Phillips, 2008). 

 

The following two reformer exercises were performed.  

 

Knee stretch      

Participants were instructed to: 

 place their feet on the pads and sit on their heels; 

 place their hands to the left or right; 

 keep their shoulder blades down and their arms at 90 degrees through the 

exercise; 

 breathe in as they straightened their hips through a small range and out as they 

bend their hips while bringing the carriage back in through a small range.  

 

To bias this exercise both hands were placed to the right or left along the bar. 
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Spring setting 2M 

 

 

 

Figure 18 Knee stretch (Phillips, 2008). 

 

 

Cat stretch         

Participants were instructed to: 

 lie on the reformer with their legs between the shoulder pad supports and their  

pelvic bones on the edge of the carriage; 

 place their hands to the left or right; 

 breathe in as they pushed the carriage back until their body was flat; 

 keep their arms straight and breathe out as they brought the carriage back in, 

extending their hips fully.  

 

Hands were placed to the left or the right along the bar for biasing left or right. 

 

Spring setting 2M 

 

 

 

Figure 19 Cat stretch (Phillips, 2008). 
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Appendix G 

Results
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Period effect, period-treatment interaction and treatment effect 

template (Altman, 1991) 

 

 Sequence Period 1 Period 2 

Period 

differences 

Average 

MB+UB 

Cross-over 

differences 

  MB UB MB-UB  MB-UB 

G1       

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

 MB UB X Y d1 a1 d1 

Mean       

SD       

       

G2  UB MB UB-MB  MB-UB 

 UB MB Y X d2 a2 -d2 

 UB MB Y X d2 a2 -d2 

 UB MB Y X d2  a2 -d2  

 UB MB Y X d2 a2 -d2 

 UB MB Y X d2 a2 -d2 

 UB MB Y X d2 a2 -d2 

 UB MB Y X d2 a2 -d2 

 UB MB Y X d2 a2 -d2 

 UB MB Y X d2 a2 -d2 

 UB MB Y X d2 a2 -d2 

 UB MB Y X d2 a2 -d2 

 UB MB Y X d2 a2 -d2 

Mean       

SD       
 

MB-matched bias, UB-unmatched bias, G1-condition 1 exercise group, G2-condition 2 exercise group
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Kappa calculation 

 Researcher  

 Advisor Flexn L Flexn R Extn L Extn R Total 

Flexn L 9 0 0 0 9 

Flexn R 1 11 0 1 13 

Extn L 3 0 1 1 5 

Extn R 0 0 0 6 6 

Total 13 11 1 8 33 

 

Po = observed agreements 

Pc = the expected agreements that occurred by chance 

 

Po = 9 + 11 + 1 + 6 = 27/33 = 0.82 

Pc = 9 x 13/33 + 13 x 11/33 + 5 x 1/33 + 6 x 8/33 = 3.55 + 4.33 + 0.15 + 1.45 = 0.29 

              33 

K =  Po - Pc 

 1-Pc 

 

Thus K = 0.82 – 0.29       =   0.53 = 0.75   

     1 – 0.29           0.71  

 

Adjusted Kappa.     

 Flexn L Flexn R Extn L Extn R total 

Flexn L 6.75 0.5 0.5 0.5 8.25 

Flexn R 0.5 6.75 0.5 0.5 8.25 

Extn L 0.5 0.5 6.75 0.5 8.25 

Extn R 0.5 0.5 0.5 6.75 8.25 

Total 8.25 8.25 8.25 8.25 33 

Flexn-flexion, Extn-extension, L-left, R-right 
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Graphs showing normal distribution of data for rebound hops for both time in the air and time on the ground 
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Graphs showing normal distribution of data for Anterior Posterior and Medial Lateral TTS 
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TTS (s) data excluded from analysis 

 

 ML ML mean diff   AP AP mean diff 
           
 3.37 3.19 3.28 0.09   1.98 2.93 2.455 -0.48 
 3.54 9.08 6.31 -5.54   1.34 1.45 1.395 -0.06 
 1.93 1.51 1.72 0.21   error 3.86   
 4.00 3.30 3.65 0.35   4.52 4.39 4.46 0.07 
 1.93 3.55 2.74 -0.81   4.13 3.43 3.78 0.35 
 3.74 1.28 2.51 1.23   1.94 0.50 1.22 0.72 
 2.50 3.00 2.75 -0.25   2.91 1.84 2.38 0.54 
 2.89 4.04 3.47 -0.58   1.60 3.68 2.64 -1.04 
 4.06 3.64 3.85 0.21   1.75 6.21 3.98 -2.23 
 2.88 3.40 3.14 -0.26   3.49 1.65 2.57 0.92 
 1.57 0.73 1.15 0.42   2.64 2.97 2.81 -0.17 
 2.83 5.09 1.73 1.10   1.87 1.49 1.68 0.19 
 2.39 1.95 2.17 0.22   3.52 1.57 2.55 0.98 
 2.98 4.18 3.58 -0.60   4.10 10.88 7.49 -3.39 

Average 2.900714 3.424286    Average 2.753077 3.346429   
           
           
           
 3.77 3.90 3.84 -0.07   2.73 4.698 3.71 -0.98 
 4.01 2.99 3.50 0.51   3.71 3.48 3.60 0.12 
 3.52 2.46 2.99 0.53   2.14 2.04 2.09 0.05 
 2.80 3.12 2.96 -0.16   1.03 2.56 1.80 -0.77 
 3.59 4.11 3.85 -0.26   3.70 3.27 3.46 0.22 
 4.66 4.27 4.47 0.195   3.72 5.00 4.36 -0.64 
 3.67 3.98 3.83 -0.16   5.37 1.12 3.25 2.13 
 1.85 3.66 2.76 -0.91   1.43 1.99 1.71 -0.28 
 5.03 5.28 5.16 -0.13   4.88 4.18 4.53 0.35 
 2.94 1.74 2.34 0.60   3.16 1.85 2.51 0.66 
 1.96 2.49 2.23 -0.27   1.31 3.51 2.41 -1.10 
 2.53 2.48 2.505 0.025   2.80 3.61 3.205 -0.405 

Average 3.360833 3.373333    Average 2.998333 3.109   
           
           

IQ range   1.275 0.5775  IQ range   1.339 0.99 
Outlier (-)   -1.31875 -1.9925  Outlier (-)   -1.642 -3.61 
Outlier (+)   7.60625 2.05  Outlier (+)   7.731 3.32 
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Results from a triple-blind randomised cross-over trial comparing matched bias 

exercises (MB) with unmatched bias exercises UB. The data are the Anterior 

Posterior (AP) time (in seconds) to stabilisation (TTS). There was no washout 

period 
 

 
Condition 1: Matched bias exercises followed by Unmatched bias exercises (n = 12) 

 

AP TTS  Group 1 Participant Period 1 Period 2 Period Average 

Cross-

over 

   MB UB differences MB+UB differences 

     d1 a1 MB-UB 

 MB UB 5 2.30 2.46 -0.16 2.38 -0.16 

 MB UB 9 2.34 1.40 0.95 1.87 0.95 

 MB UB 13 2.59 4.46 -1.87 3.52 -1.87 

 MB UB 18 2.13 3.78 -1.66 2.95 -1.66 

 MB UB 20 2.42 1.22 1.20 1.82 1.20 

 MB UB 23 1.80 2.38 -0.58 2.09 -0.58 

 MB UB 28 2.21 2.64 -0.44 2.42 -0.44 

 MB UB 30 2.27 3.98 -1.72 3.12 -1.72 

 MB UB 31 3.97 2.57 1.40 3.27 1.40 

 MB UB 32 2.40 2.81 -0.41 2.60 -0.41 

 MB UB 34 3.69 1.68 2.01 2.69 2.01 

 MB UB 35 2.03 2.55 -0.52 2.29 -0.52 

        

Mean   2.51 2.66 -0.15 2.58 -0.15 

SD   0.65 1.00 1.29 0.52 1.29 

        

        
 

 

Group 2: Unmatched bias exercises followed by Matched bias exercises (n = 12) 

 

 Group 2  Participant  Period 1 Period 2 d2 a2 MB-UB 

   UB MB    

 UB MB 4 3.71 2.31 1.40 3.01 -1.40 

 UB MB 6 3.60 3.10 0.50 3.35 -0.50 

 UB MB 7 2.09 2.89 -0.80 2.49 0.80 

 UB MB 10 1.80 2.66 -0.86 2.23 0.86 

 UB MB 14 3.49 2.17 1.32 2.83 -1.32 

 UB MB 15 4.36 3.73 0.64 4.04 -0.64 

 UB MB 21 3.25 2.78 0.47 3.01 -0.47 

 UB MB 25 1.71 2.55 -0.84 2.13 0.84 

 UB MB 37 4.53 3.41 1.12 3.97 -1.12 

 UB MB 38 2.51 2.87 -0.37 2.69 0.37 

 UB MB 39 2.41 1.90 0.51 2.16 -0.51 

 UB MB 44 3.21 2.63 0.58 2.92 -0.58 

        

Mean   3.05 2.75 0.31 2.90 -0.31 

SD   0.95 0.51 0.83 0.64 0.83 
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Results from a triple-blind randomised cross-over trial comparing matched bias 

exercises (MB) with unmatched bias exercises UB. The data are the Medial Lateral 

(ML) time (in seconds) to stabilisation (TTS). There was no washout period. 
 

 

 

Condition 1: Matched bias exercises followed by Unmatched bias exercises (n=13) 

 

ML TTS  Group 1 Participant Period 1 Period 2 Period Average  

Cross-

over 

   MB UB differences MB+UB differences 

     d1 a1 MB-UB 

        

 MB UB 5 3.28 2.81 0.47 3.05 0.47 

 MB UB 11 1.72 2.99 -1.27 2.35 -1.27 

 MB UB 13 3.65 2.58 1.08 3.11 1.08 

 MB UB 18 2.74 3.78 -1.04 3.26 -1.04 

 MB UB 20 2.51 4.06 -1.55 3.28 -1.55 

 MB UB 23 2.75 3.05 -0.30 2.90 -0.30 

 MB UB 28 3.47 2.83 0.64 3.15 0.64 

 MB UB 30 3.85 3.73 0.12 3.79 0.12 

 MB UB 31 3.14 3.17 -0.02 3.15 -0.02 

 MB UB 32 1.15 2.19 -1.04 1.67 -1.04 

 MB UB 34 1.73 1.97 0.12 2.02 0.12 

 MB UB 35 2.17 2.62 -0.45 2.39 -0.45 

 MB UB 45 3.58 7.13 -3.55 5.35 -3.55 

        

Mean   2.75 3.30 -0.52 3.04 -0.52 

SD   0.85 1.30 1.20 0.91 1.20 

 

 

 
Group 2: Unmatched bias exercises followed by Matched bias exercises (n = 12) 

 

 Group 2 Participant Period 1  Period 2 d2 a2 MB-UB 

   UB MB    

        

 UB MB 4 3.83 3.84 -0.01 3.83 0.01 

 UB MB 6 4.13 3.50 0.63 3.81 -0.63 

 UB MB 7 4.16 2.99 1.17 3.57 -1.17 

 UB MB 10 4.76 2.96 1.80 3.86 -1.80 

 UB MB 14 5.94 3.85 2.09 4.89 -2.09 

 UB MB 15 3.33 4.47 -1.14 3.90 1.14 

 UB MB 21 3.31 3.83 -0.52 3.57 0.52 

 UB MB 25 1.97 2.76 -0.79 2.36 0.79 

 UB MB 37 4.22 5.16 -0.94 4.69 0.94 

 UB MB 38 2.90 2.34 0.56 2.62 -0.56 

 UB MB 39 3.70 2.23 1.47 2.96 -1.47 

 UB MB 44 2.90 2.51 0.39 2.70 -0.39 

        

Mean   3.76 3.37 0.39 3.56 -0.39 

SD   1.01 0.90 0.12 0.79 -0.12 
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Period effect outcomes 

 

 

t-Test: Two-Sample Assuming Unequal Variances 

Period effect AP TTS   

  Group1 Group 2 

Mean -0.15 -0.3061667 

Variance 1.654913636 0.68346 

Observations 12 12 

Hypothesized Mean Difference 0  

df 19  

t Stat 0.353770824  

P(T<=t) two-tail 0.727405996  

t Critical two-tail 2.093024705   
 

t-Test: Two-Sample Assuming Unequal Variances 

Period effect ML TTS   

  Group 1 Group 2  

Mean -0.5216923 -0.39125  

Variance 1.4388089 1.1965233  

Observations 13 12  

Hypothesized Mean Difference 0   

df 23   

t Stat -0.2843859   

P(T<=t) two-tail 0.77865934   

t Critical two-tail 2.06865479    
 

 

 

 

Period effect 

Rebound hop Flight  

  Group 1 Group 2 

Mean 0.002389 0.003533 

Variance 0.000486 0.000578 

Observations 18 15 

Hypothesized Mean Difference 0  

df 29  

t Stat -0.14138  

P(T<=t) two-tail 0.888545  

t Critical two-tail 2.045231   
 

 

 

 

Period effect 

Rebound hop land   

  Group  1 Group 2 

Mean -0.02053 -0.00403 

Variance 0.003265 0.000417 

Observations 18 15 

Hypothesized Mean Difference 0  

df 22  

t Stat -1.14039  

P(T<=t) two-tail 0.266387  

t Critical two-tail 2.073875   
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Treatment-period interaction outcomes 

 

t-Test: Two-Sample Assuming Unequal Variances 

Treatment-period interaction AP TTS  

  Group 1 Group 2 

Mean 2.583333 2.900583 

Variance 0.298959 0.409042 

Observations 12 12 

Hypothesized Mean Difference 0  

df 21  

t Stat -1.3061  

P(T<=t) two-tail 0.205646  

t Critical two-tail 2.079614   
 

t-Test: Two-Sample Assuming Unequal Variances 

Treatment-period interaction ML TTS  

  Group 1 Group 2 

Mean 3.03684615 3.562708 

Variance 0.82219181 0.618746 

Observations 13 12 

Hypothesized Mean Difference 0  

df 23  

t Stat -1.55198118  

P(T<=t) two-tail 0.13431939  

t Critical two-tail 2.06865479   
 

 

 

t-Test: Two-Sample Assuming Unequal Variances 

Treatment-period interaction Flight  

  Group  1 Group  2 

Mean 0.24575 0.243167 

Variance 0.002695 0.005596 

Observations 18 15 

Hypothesized Mean Difference 0  

df 24  

t Stat 0.112984  

P(T<=t) two-tail 0.910983  

t Critical two-tail 2.063898   
 

 

 

t-Test: Two-Sample Assuming Unequal Variances 

treatment-period interaction land   

  Group 1 Group 2 

Mean 0.42020833 0.381183 

Variance 0.00969983 0.008844 

Observations 18 15 

Hypothesized Mean Difference 0  

df 30  

t Stat 1.16169436  

P(T<=t) two-tail 0.25451916  

t Critical two-tail 2.04227035   
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Treatment Effect Paired t-Test TTS and Rebound hop 

 

 

t-Test: Paired Two Sample for Means  

AP TTS   

  MB UB 

Mean 2.627916667 2.856 

Variance 0.342038949 0.95004922 

Observations 24 24 

Pearson Correlation 0.146806678  

Hypothesized Mean Difference 0  

df 23  

t Stat -1.053605402  

P(T<=t) one-tail 0.151503466  

t Critical one-tail 1.713870006  

      
 

t-Test: Paired Two Sample for Means  

ML TTS   

  MB UB 

Mean 3.0456 3.5188 

Variance 0.8316715 1.371333917 

Observations 25 25 

Pearson Correlation 0.44139206  

Hypothesized Mean Difference 0  

df 24  

t Stat -2.107596687  

P(T<=t) one-tail 0.022849162  

t Critical one-tail 1.710882316  

      
 

 

  

Rebound hop Flight   

  MB UB 

Mean 0.24603 0.243121 

Variance 0.004001 0.004018 

Observations 33 33 

Pearson Correlation 0.936237  

Hypothesized Mean Difference 0  

df 32  

t Stat 0.739029  

P(T<=t) one-tail 0.232638  

t Critical one-tail 1.693888  
 

 

  

Rebound hop Land   

  MB UB 

Mean 0.395955 0.408985 

Variance 0.00884 0.010977 

Observations 33 33 

Pearson Correlation 0.905025  

Hypothesized Mean Difference 0  

df 32  

t Stat -1.6794  

P(T<=t) one-tail 0.051407  

t Critical one-tail 1.693888  
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Raw data for two Anterior Posterior Time to stabilisation (s) tests. Repeatability Coefficients were calculated by the mean 

difference +/- 1.96 x SD 

 
Baseline Test 1 Test 2 average difference 

     

 2.29 3.02 2.66 -0.73 

 4.24 1.57 2.91 2.67 

 3.33 2.58 2.965 0.75 

 2.3 4.63 3.47 -2.33 

 4.53 3.17 3.85 1.36 

 3.34 4.12 3.73 -0.78 

 2.35 2.77 2.56 -0.42 

 2.79 4.69 3.74 -1.90 

 5.58 2.82 4.20 2.76 

 2.89 3.99 3.44 -1.10 

 2.19 1.26 1.73 0.93 

 4.14 2.33 3.24 1.81 

 3.18 2.30 2.74 0.88 

 2.82 4.23 3.53 -1.41 

 1.45 2.44 1.94 -1.00 

 4.33 3.40 3.87 0.93 

 2.93 4.71 3.82 -1.78 

 2.58 3.42 3.00 -0.84 

 1.28 5.74 3.51 -4.46 

 4.63 3.15 3.89 1.48 

 2.59 2.54 2.57 0.05 

 4.17 1.61 2.89 2.56 

 2.99 3.41 3.2 -0.42 

 1.57 4.61 3.09 -3.04 

 3.4 0.87 2.14 2.53 

 4.11 1.53 2.82 2.58 

     

Mean 3.15 3.11 3.13 0.04 

SD 1.07 1.23 0.64 1.92 

Repeatability 

Coefficient   3.76 
 

Matched Test 1 Test 2 average difference 

     

 2.62 1.97 2.295 0.65 

 1.56 3.12 2.34 -1.56 

 2.16 2.68 2.42 -0.52 

 2.09 3.08 2.59 -0.99 

 2.25 2.00 2.13 0.25 

 2.24 2.59 2.42 -0.35 

 1.30 2.29 1.80 -0.99 

 2.96 1.45 2.21 1.51 

 3.63 0.90 2.27 2.73 

 4.30 3.63 3.97 0.67 

 2.61 2.18 2.40 0.43 

 2.75 4.63 3.69 -1.88 

 1.98 2.07 2.03 -0.09 

 5.47 3.28 4.38 2.19 

 1.75 2.87 2.31 -1.12 

 2.33 3.86 3.10 -1.53 

 2.62 3.16 2.89 -0.54 

 3.72 1.59 2.66 2.13 

 2.29 2.04 2.17 0.25 

 4.10 3.35 3.73 0.75 

 1.90 3.65 2.78 -1.75 

 2.95 2.14 2.55 0.81 

 1.24 5.58 3.41 -4.34 

 2.77 2.97 2.87 -0.2 

 2.06 1.74 1.90 0.32 

 1.99 3.27 2.63 -1.28 

     

Mean 2.60 2.77 2.69 -0.17 

SD 0.98 1.03 0.66 1.50 

Repeatability 

Coefficient   2.94 
 

Unmatched Test 1 Test 2 mean difference 

    

 1.98 2.93 2.46 -0.95 

 1.34 1.45 1.40 -0.11 

     

 4.13 3.43 3.78 0.70 

 1.94 0.50 1.22 1.44 

 2.91 1.84 2.38 1.07 

 1.60 3.68 2.64 -2.08 

 1.75 6.21 3.98 -4.46 

 3.49 1.65 2.57 1.84 

 2.64 2.97 2.81 -0.33 

 1.87 1.49 1.68 0.38 

 3.52 1.57 2.55 1.95 

     

 2.73 4.70 3.71 -1.97 

 3.71 3.48 3.60 0.23 

 2.14 2.04 2.09 0.10 

 1.03 2.56 1.80 -1.53 

 3.70 3.27 3.49 0.43 

 3.72 5.00 4.36 -1.28 

 5.37 1.12 3.25 4.25 

 1.43 1.99 1.71 -0.56 

 4.88 4.18 4.53 0.70 

 3.16 1.85 2.51 1.31 

 1.31 3.51 2.41 -2.20 

 2.8 3.61 3.21 -0.81 

     

 

Mean 2.82 2.89 2.87 -0.08 

SD 1.21 1.40 0.97 1.79 

Repeatability 

Coefficient   4.27 
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Raw data for two Medial Lateral Time to stabilisation (s) tests. Repeatability Coefficients were calculated by the mean difference 

+/- 1.96 x SD 

 
Baseline Test 1 Test 2 mean difference 

 

 

5.25 4.36 4.81 0.89 

 2.94 5.98 4.46 -3.04 

 3.18 2.28 2.73 0.90 

 1.50 3.90 2.70 -2.40 

 2.84 3.30 3.07 -0.46 

 4.71 4.65 4.68 0.06 

 4.65 4.14 4.40 0.51 

 8.78 5.39 7.09 3.39 

 6.47 3.44 5.00 3.03 

 2.17 4.37 3.27 -2.20 

 2.19 4.03 3.11 -1.84 

 3.97 1.98 2.98 1.99 

 2.02 5.05 3.54 -3.03 

 3.23 3.12 3.18 0.11 

 1.27 4.46 2.87 -3.19 

 5.28 4.14 4.71 1.14 

 3.58 5.83 4.71 -2.25 

 3.05 3.08 3.07 -0.03 

 2.53 7.86 5.20 -5.33 

 3.44 2.61 3.03 0.83 

 3.88 5.80 4.84 -1.96 

 1.14 2.02 1.58 -0.88 

 0.88 3.70 2.29 -2.82 

 1.76 4.07 2.92 -2.31 

 1.96 1.89 1.93 0.07 

 2.16 1.83 2.00 0.33 

     

mean 3.26 3.97 3.62 -0.71 

SD 1.80 1.47 1.27 2.09 

Repeatability 

Coefficient   4.10 
 

Matched Test 1 Test 2 mean difference 

 

 

3.37 3.19 3.28 0.18 

     

 1.93 1.51 1.72 0.42 

 4.00 3.30 3.65 0.70 

 1.93 3.55 2.74 -1.62 

 3.74 1.28 2.51 2.46 

 2.50 3.00 2.75 -0.50 

 2.89 4.04 3.47 -1.15 

 4.06 3.64 3.85 0.42 

 2.88 3.40 3.14 -0.52 

 1.57 0.73 2.31 -1.48 

 2.83 5.09 2.08 -2.26 

 2.39 1.95 2.17 0.44 

 2.98 4.18 3.58 -1.20 

 3.77 3.90 3.84 -0.13 

 4.01 2.99 3.50 1.02 

 3.52 2.46 2.99 1.06 

 2.80 3.12 2.96 -0.32 

 3.59 4.11 3.85 -0.52 

 4.66 4.27 4.47 0.39 

 3.67 3.98 3.83 -0.31 

 1.85 3.66 2.76 -1.81 

 5.03 5.28 5.16 -0.25 

 2.94 1.74 2.34 1.20 

 1.96 2.49 2.23 -0.53 

 2.53 2.48 2.51 0.05 

     

Mean 3.11 3.49 3.30 -0.38 

SD 0.90 1.52 1.00 1.49 

Repeatability 

Coefficient   2.92 
 

Unmatched Test 1 Test 2 mean difference 

 

 

2.79 2.83 2.81 -0.04 

 3.51 4.16 3.84 -0.65 

 4.72 1.25 2.94 3.47 

 3.78 1.37 2.58 2.41 

 3.90 3.65 3.78 0.25 

 4.47 3.64 4.06 0.83 

 3.14 2.96 3.05 0.18 

 1.75 3.91 2.83 -2.16 

 2.76 4.70 3.73 -1.94 

 4.08 2.25 3.17 1.83 

 2.18 2.20 2.19 -0.02 

 1.84 2.09 1.97 -0.25 

 3.06 2.17 2.62 0.89 

 8.36 5.89 7.13 2.47 

 4.62 3.03 3.83 1.59 

 2.38 5.87 4.13 -3.49 

 2.76 5.55 4.16 -2.79 

 2.79 6.72 4.76 -3.93 

 6.85 5.02 5.94 1.83 

 4.05 2.60 3.33 1.45 

 3.54 3.07 3.31 0.47 

 2.74 1.20 1.97 1.54 

 3.30 5.14 4.22 -1.84 

 4.01 1.78 2.90 2.23 

 2.71 4.68 3.70 -1.97 

 3.34 2.45 2.90 0.89 

     

Mean 3.59 3.47 3.53 0.13 

SD 1.44 1.58 1.15 1.96 

Repeatability 

Coefficient   3.84 
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Repeatability coefficient Anterior Posterior Time to stabilisation 
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Repeatability coefficient Medial Lateral Time to stabilisation 
 

TTS-Time to stabilisation 
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ICC Results for Anterior Posterior TTS for single and 

average measures 
 

 
   
        
NO outliers       
        
AP Base1,APBase2,AP Matched1,AP Matched2,AP UnMatched1,AP UnMatched2 
        
Participants = 24 repeats = 6      
        
ICC=MODEL(RANDOM) TYPE(CONSISTENCY) CIN=95%   
        
Reliability Statistics      
Cronbach's 
Alpha Cronbach's Alpha Based on Standardized Items 

N of 
Items 

0.202 0.187    6 
        
Intraclass Correlation Coefficient     

   ICC 
95% Confidence 
Interval  

   
Lower 
Bound 

Upper 
Bound  

Single 
Measures 0.040 -0.052 0.206  
Average 
Measures 0.202 -0.421 0.610  

 

 

 

 

 

TTS ICC(2,2), two way random effects model, average measure   
        
        
Participants = 24       
        
ICC=MODEL(RANDOM) TYPE(CONSISTENCY) CIN=95%   
        
Reliability Statistics      
Cronbach's 
Alpha Cronbach's Alpha Based on Standardized Items 

N of 
Items 

0.428 0.470    3 
        
Intraclass Correlation Coefficient     

   ICC 
95% Confidence 
Interval  

   
Lower 
Bound 

Upper 
Bound  

Single 
Measures 0.200 -0.039 0.479  
Average 
Measures 0.428 -0.127 0.734  
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ICC Results for Medial Lateral TTS for single and average 

measures 
 

 

 
 

 

TTS ICC(2,1), two way random effects model, single measure   
        

Participants = 25       

        

ICC=MODEL(RANDOM) TYPE(CONSISTENCY) CIN=95%   

        
Reliability Statistics      
Cronbach's 
Alpha Cronbach's Alpha Based on Standardized Items 

N of 
Items 

0.513 0.564    6 
        
Intraclass Correlation Coefficient     

   ICC 
95% Confidence 
Interval  

   
Lower 
Bound 

Upper 
Bound  

Single 
Measures 0.149 0.027 0.343  
Average 
Measures 0.513 0.143 0.758  

        
 

 

 

 

TTS ICC(2,2), two way random effects model, average measure   

        

Participants = 25       

        

ICC=MODEL(RANDOM) TYPE(CONSISTENCY) CIN=95%   

        

Reliability Statistics      
Cronbach's 
Alpha Cronbach's Alpha Based on Standardized Items 

N of 
Items 

0.510 0.537    3 

        

Intraclass Correlation Coefficient     

   ICC 
95% Confidence 
Interval  

   
Lower 
Bound 

Upper 
Bound  

Single 
Measures 0.258 0.016 0.525  
Average 
Measures 0.510 0.048 0.768  
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Results of ANOVA analysis for Time to stabilisation 
 

Tests of Within-Participants Effects 
 

        

Source   
Type III Sum 
of Squares df Mean Square F Sig. 

AP TTS 
Sphericity 
Assumed 2.958 2.000 1.479 3.212 0.049* 

 
Greenhouse-
Geisser 2.958 1.686 1.754 3.212 0.059 

 
 
ML TTS 

Sphericity 
Assumed 4.316 2.000 2.158 2.270 0.114 

 
Greenhouse-
Geisser 4.316 1.753 2.462 2.270 0.122 

 

TTS-Time to stabilisation, AP- anterior posterior, ML-medial lateral, *P< 0.05 

 

 

Pairwise Comparisons Time to stabilisation in the anterior posterior direction 

 

 

          

      (I) 
 Measure 

(J) 
Measure 

Mean 
Difference  
(I-J) 

Std. 
Error Sig. 

95% Confidence Interval 
for Difference 

     
Lower 
Bound 

Upper 
Bound 

1 2  0.496 0.148 0.008*  0.114  0.877 

 3  0.268 0.215 0.679 -0.288  0.824 

2 1 -0.496 0.148 0.008* -0.877 -0.114 

 3 -0.228 0.216 0.909 -0.787  0.331 

3 1 -0.268 0.215 0.679 -0.824  0.288 

 2  0.228 0.216 0.909 -0.331  0.787 
 

*P< 0.05 1 = baseline, 2 = matched bias, 3 = unmatched bias 

 

 

Pairwise Comparisons Time to stabilisation in the medial lateral direction 

 

          

         (I) 
     Measure 

(J) 
Measure 

Mean 
Difference 
 (I-J) 

Std. 
Error Sig. 

95% Confidence Interval 
for Difference 

     
Lower 
Bound 

Upper 
Bound 

1 2 0.538 0.279 0.198 -0.181 1.257 

 3 0.065 0.316 1.000 -0.748 0.878 

2 1 -0.538 0.279 0.198 -1.257 0.181 

 3 -0.473 0.225 0.137 -1.051 0.105 

3 1 -0.065 0.316 1.000 -0.878 0.748 

 2 0.473 0.225 0.137 -0.105 1.051 
 

1 = baseline, 2 = matched bias, 3 = unmatched bias 
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Results from a triple-blind randomised cross-over trial comparing matched bias exercises (MB) with 

unmatched bias exercises UB. The data are the median values of time in the air (seconds) during 5 rebound 

hops. There was no washout period. 

 
Group 1: Matched bias exercises followed by Unmatched bias exercises (n = 18) 

Flight Group 1 Participant Period 1 Period 2 Period Average Cross-over 

   MB UB differences MB+UB differences 

     d1 a1 MB-UB 

        

 MB UB 5 0.305 0.353 -0.048 0.329 -0.048 

 MB UB 9 0.223 0.250 -0.027 0.237 -0.027 

 MB UB 11 0.202 0.194 0.008 0.198 0.008 

 MB UB 12 0.301 0.296 0.005 0.299 0.005 

 MB UB 13 0.304 0.298 0.006 0.301 0.006 

 MB UB 17 0.153 0.125 0.028 0.139 0.028 

 MB UB 18 0.292 0.281 0.011 0.287 0.011 

 MB UB 19 0.180 0.133 0.047 0.157 0.047 

 MB UB 20 0.253 0.265 -0.012 0.259 -0.012 

 MB UB 23 0.248 0.236 0.012 0.242 0.012 

 MB UB 24 0.262 0.260 0.002 0.261 0.002 

 MB UB 28 0.285 0.270 0.015 0.278 0.015 

 MB UB 30 0.220 0.223 -0.003 0.222 -0.003 

 MB UB 31 0.308 0.302 0.006 0.305 0.006 

 MB UB 32 0.260 0.264 -0.004 0.262 -0.004 

 MB UB 34 0.172 0.203 -0.031 0.188 -0.031 

 MB UB 35 0.228 0.223 0.005 0.226 0.005 

 MB UB 45 0.249 0.226 0.023 0.238 0.023 

        

Mean   0.247 0.245 0.002 0.246 0.002 

SD   0.048 0.057 0.022 0.052 0.022 

 
Group 2: Unmatched bias exercises followed by Matched bias exercises (n = 15) 

 Group 2  Participant Period 1 Period 2 d2 a2 MB-UB 

   UB MB    

 UB MB 4 0.255 0.246 0.009 0.251 -0.009 

 UB MB 6 0.306 0.309 -0.003 0.308 0.003 

 UB MB 7 0.251 0.334 -0.083 0.293 0.083 

 UB MB 8 0.156 0.149 0.007 0.153 -0.007 

 UB MB 10 0.185 0.156 0.029 0.171 -0.029 

 UB MB 14 0.280 0.276 0.004 0.278 -0.004 

 UB MB 15 0.197 0.205 -0.008 0.201 0.008 

 UB MB 21 0.175 0.167 0.008 0.171 -0.008 

 UB MB 25 0.391 0.398 -0.007 0.395 0.007 

 UB MB 37 0.297 0.307 -0.010 0.302 0.010 

 UB MB 38 0.229 0.236 -0.007 0.233 0.007 

 UB MB 39 0.303 0.299 0.004 0.301 -0.004 

 UB MB 42 0.115 0.119 -0.004 0.117 0.004 

 UB MB 43 0.194 0.191 0.003 0.193 -0.003 

 UB MB 44 0.287 0.282 0.005 0.285 -0.005 

        

Mean   0.241 0.245 -0.004 0.243 0.004 

SD   0.072 0.079 0.024 0.075 0.024 
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Results from a triple-blind randomised cross-over trial comparing matched bias exercises (MB) with 

unmatched bias exercises UB. The data are the median values of time on the ground (seconds) during 5 

rebound hops. There was no washout period. 

 

Group 1: Matched bias exercises followed by Unmatched bias exercises (n = 18) 

Land Group 1 Participant Period 1 Period 2 Period Average Cross-over 

   MB UB differences MB+UB differences 

     d1 a1 MB-UB 

        

 MB UB 5 0.433 0.482 -0.049 0.458 -0.049 

 MB UB 9 0.464 0.469 -0.005 0.467 -0.005 

 MB UB 11 0.411 0.441 -0.030 0.426 -0.030 

 MB UB 12 0.495 0.537 -0.042 0.516 -0.042 

 MB UB 13 0.438 0.363 0.075 0.401 0.075 

 MB UB 17 0.386 0.425 -0.039 0.406 -0.039 

 MB UB 18 0.261 0.260 0.001 0.260 0.001 

 MB UB 19 0.494 0.406 0.089 0.450 0.089 

 MB UB 20 0.352 0.345 0.007 0.349 0.007 

 MB UB 23 0.663 0.747 -0.085 0.705 -0.085 

 MB UB 24 0.337 0.337 0.000 0.337 0.000 

 MB UB 28 0.398 0.520 -0.123 0.459 -0.123 

 MB UB 30 0.360 0.426 -0.066 0.393 -0.066 

 MB UB 31 0.502 0.518 -0.016 0.510 -0.016 

 MB UB 32 0.399 0.350 0.049 0.375 0.049 

 MB UB 34 0.294 0.301 -0.008 0.297 -0.008 

 MB UB 35 0.350 0.362 -0.012 0.356 -0.012 

 MB UB 45 0.345 0.462 -0.117 0.404 -0.117 

        

Mean   0.410 0.430 -0.021 0.420 -0.021 

SD   0.093 0.093 0.057 0.098 0.057 

 
 

Group 2: Unmatched bias exercises followed by Matched bias exercises (n = 15) 

 Group 2  Participant Period 1 Period 2    d2    a2   MB-UB 

   UB MB    

 
 
UB MB 4 0.312 0.295 0.017 0.304 -0.017 

 UB MB 6 0.375 0.360 0.015 0.367 -0.015 

 UB MB 7 0.400 0.360 0.040 0.380 -0.040 

 UB MB 8 0.347 0.331 0.016 0.339 -0.016 

 UB MB 10 0.337 0.327 0.010 0.332 -0.010 

 UB MB 14 0.274 0.267 0.007 0.270 -0.007 

 UB MB 15 0.367 0.375 -0.008 0.371 0.008 

 UB MB 21 0.380 0.387 -0.008 0.383 0.008 

 UB MB 25 0.333 0.340 -0.007 0.336 0.007 

 UB MB 37 0.346 0.391 -0.045 0.368 0.045 

 UB MB 38 0.615 0.626 -0.011 0.620 0.011 

 UB MB 39 0.514 0.524 -0.011 0.519 0.011 

 UB MB 42 0.451 0.428 0.024 0.439 -0.024 

 UB MB 43 0.449 0.424 0.025 0.437 -0.025 

 UB MB 44 0.252 0.256 -0.004 0.254 0.004 

        

Mean   0.383 0.379 0.004 0.381 -0.004 

SD   0.093 0.096 0.020 0.094 0.020 
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Results of ANOVA analysis for Rebound hop 

 
Tests of Within-Participants Effects 
 

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

Flight Sphericity Assumed .012 2 .006 5.671 .005 

Greenhouse-Geisser .012 1.271 .009 5.671 .016* 

Huynh-Feldt .012 1.300 .009 5.671 .015 

Lower-bound .012 1.000 .012 5.671 .023 

Flight = median values of time in the air during 5 rebound hops *P< 0.05 

 

 

 

 

Pairwise Comparisons for time in the air during 5 rebound hops 
 

(I) 
Group1 

(J) 
Group1 

Mean Difference 
(I-J) Std. Error Sig. 

95% Confidence Interval for 
Difference

a
 

Lower Bound Upper Bound 

1 2 .022 .009 .088 -.002 .046 

3 .025
*
 .009 .036* .001 .048 

2 1 -.022 .009 .088 -.046 .002 

3 .003 .004 1.000 -.007 .013 

3 1 -.025
*
 .009 .036* -.048 -.001 

2 -.003 .004 1.000 -.013 .007 

1 = baseline, 2 = matched bias, 3 = unmatched bias, *P< 0.05 

 

 

 

Tests of Within-Participants Effects 

Source 
Type III Sum of 

Squares df Mean Square F Sig. 

Land Sphericity Assumed .015 2 .007 3.737 .029 

Greenhouse-Geisser .015 1.564 .009 3.737 .041* 

Huynh-Feldt .015 1.630 .009 3.737 .039 

Lower-bound .015 1.000 .015 3.737 .062 

Land = median time on the ground between 5 rebound hops *P< 0.05 

 

 
Pairwise Comparisons for time on the ground during 5 rebound hops 
 

(I) 
group1 

(J) 
group1 

Mean Difference 
(I-J) Std. Error Sig 

95% Confidence Interval for 
Difference 

Lower Bound Upper Bound 

1 2 -.017 .011 .457 -.046 .012 

3 -.030 .013 .083 -.063 .003 

2 1 .017 .011 .457 -.012 .046 

3 -.013 .008 .308 -.033 .007 

3 1 .030 .013 .083 -.003 .063 

2 .013 .008 .308 -.007 .033 

1 = baseline, 2 = matched bias, 3 = unmatched bias 
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Appendix H 

Alternative Results



 

221 
 

Alternative results of Time to stabilisation with outlier data 

included 

 

Period Effect, Treatment-Period Interaction and Treatment Effect 

No statistically significant differences were found for AP and ML TTS (Appendix H, 

Table 3). Table 3 shows a summary of the mean and SD from these results.  

Period effect 

No statistically significant period effects were found for AP TTS (t21 = -0.33, P = 0.75) 

and ML (t24 = 0.04, P = 0.97).   

 

Table 1. Results (Mean ± SD) of AP and ML Time to stabilisation  

 

TTS-Time to stabilisation, AP-anterior posterior, ML-medial lateral, MB-matched bias, UB-unmatched bias, G1-MB 

UB, G2-UB MB 

 

Treatment-period interaction 

No statistically significant differences were found in AP TTS (t22 =- 0.12, P =0.91) and 

ML TTS (t24 = -1.20, P = 0.24) (refer to Appendix H).The participants‟ average response 

in groups 1 and 2 were (2.86 ± 0.99s) and (2.90 ± 0.64s) respectively for AP TTS and 

for ML TTS Group 1 (3.34 ± 0.97s) and Group 2 (3.56 ± 0.79s).  

 

Figure 19 shows the mean responses for the two groups coincided, thus there was no 

treatment-period interaction. A treatment effect was revealed. That is following MB 

exercises there is a decreased AP TTS. A small period effect was shown with 

participants‟ responses in the second period not being as great as the first period. 

Following UB exercises the participants did not perform as well as expected in the 

second period.  

 Period 1 Period 2 Period 

1-2 

Period 

average 

Cross-over 

MB-UB 

 

95% CI 

MB-UB 

AP       
G1   2.64±0.78 

 

3.09±1.60 -0.45± 1.45 86±0.99 -0.45± 1.45 (-0.98 to 0.08) 

G2 

 

3.05±0.95 2.75±0.51 0.31±0.83 2.90±0.64 -0.31± 0.83 (-0.63 to 0.01) 

 

ML 

 

      

G1 

 

3.24±1.11 3.34±1.26 -0.09± 1.51 3.29±0.91 -0.09± 1.51 (-0.83 to 0.09) 

G2 

 

3.76±1.01 3.37±0.90 0.39±0.12 3.56±0.79 -0.39±-0.12 (-0.43 to - 0.35) 
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Figure 20. Outcomes of AP TTS in period 1 and period 2. AP TTS - anterior posterior Time to 

stabilisation, MB-matched bias exercises, UB-unmatched bias exercises, G1-exercise sequence MB UB, 

G2-exercise sequence UB MB 

 

 

Figure 20 reveals a treatment-period interaction as both groups show their mean 

responses do not coincide. Group 1 participants did better than expected in the second 

period which may indicate some carryover from period 1. While Group 2 did not 

perform as well as expected in period 2. No period effect was revealed.  
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Figure 21. Outcomes of ML TTS in period 1 and period 2. ML TTS - medial lateral Time to 

stabilisation, MB-matched bias exercises, UB-unmatched bias exercises, G1-exercise sequence MB UB, 

G2-exercise sequence UB MB 
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However, both scatter plots (Figures 21 and 22) show an uneven distribution between 

the two groups and this data does not lie symmetrically above and below the horizontal 

line, thus indicating there is a treatment-period interaction. There is a larger vertical 

spread of the data in Figure 21 indicating a larger treatment effect in the AP direction 

than in the ML direction (Figure 22). There is some correlation observed in the AP 

direction between treatment effect and the average response but it is not very strong. 

Whereas, in Figure 22 there is no correlation observed in the ML direction. 
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Figure 22 Plot of differences between periods against average of two periods for Group 1 participants 

(MB followed by UB) ( ) and Group 2 (UB followed by MB) (■) for anterior posterior Time to 

stabilisation. 
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Figure 23 Plot of differences between periods against average of two periods for Group 1 participants 

(MB followed by UB) ( ) and Group 2 (UB followed by MB) (■) for medial lateral Time to stabilisation.  

 

Table 2. Summary of Period and Treatment-period effect for TTS  
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Treatment effect 

As no statistically significant period effects or treatment-interaction were found, all the 

participants data was collated together under MB and UB conditions and analyses 

performed. 

The mean ± SD for the MB AP TTS was (2.69 ± 0.66s) and UB was (3.07 ± 1.31s). The 

mean ± SD for MB ML TTS condition was (3.15 ± 0.99s) and the UB condition was 

(3.53 ± 1.15s) (Figure 23 and Table 3). 

 

No statistically significant differences in the AP or ML TTS directions were found, both 

outcomes being identical (t25 = -1.66, P = 0.06).  Results for treatment effect are 

displayed on page 202. Both results were in the direction hypothesised, that is, 

following MB exercises participants took less time to stabilise than following UB 

exercises. This translated to a 14.0% decrease following MB exercise compared to UB 

exercise for AP TTS and a 12.4% decrease in the ML direction. 

 

A clinically important difference proposed in this study (Methodology 3.1.4) was a 15% 

decrease in AP TTS of the MB compared to the UB. 

 

 Results from Table 1 indicate, in the AP direction, Group 1 (MB UB) participants 

showed a 17.8% bigger decrease in TTS compared to the results in Group 2 (UB MB). 

The difference between the groups in the ML direction was smaller with 0.02 seconds 

representing a 5.4% larger decrease in Group 1 compared to Group 2. 

Repeatability 

Pages 230-1 display the raw data of the participant‟s two tests for AP and ML TTS. The 

mean values of the differences between the two tests in the AP direction were 0.04, -

TTS t-Statistic Two-tail P 

value 

Period effect  AP TTS  -1.15 0.88 

Period effect  ML TTS   0.18 0.86 

Treatment-period interaction  AP TTS  -0.12 0.91 

Treatment-period  interaction  ML TTS  -1.20 0.24 
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0.17 and -0.34 respectively for baseline, matched bias and unmatched bias respectively. 

In the ML direction they were -0.91, -0.22 and 0.13. 

The repeatability coefficients were baseline AP 3.76, MB 2.94 and UB 4.27 seconds. In 

the ML direction they were baseline 4.33, MB 2.45 and UB 3.8 seconds. Pages 232-3 

display the graphs plotting the mean differences between the two tests for each 

participant for Baseline, MB and UB in both the AP and ML directions. The 

repeatability coefficients are represented as 2 dashed lines between where 95% of 

differences are expected to lie.  
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Figure 24. Means and standard deviations of TTS in the Anterior Posterior and Medial Lateral 

directions (n=26) 
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Table 3.  Summary table of participant data organised in MB and UB conditions 

 

Primary outcomes Mean ± SD 

Matched 

 

Unmatched 

Mean difference 

 (90% CI) 

P value Percentage 

difference 

AP TTS  2.69 ± 0.66 3.07 ± 1.31 -0.39 (-0.61 to -0.17) 0.06 -14.0 

ML TTS  3.15 ± 0.99 3.53 ± 1.15 -0.38 (-0.77 to 0.01) 0.06 -12.4 

TTS-Time to stabilisation, AP-anterior posterior, ML-medial lateral, MB- matched bias, UB-unmatched bias   
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Period effect outcomes 

 

 
t-Test: Two-Sample Assuming Unequal 
Variances 
Period effect 
AP TTS    

  Group 1 Group 2 

Mean -0.45393 
-
0.30617 

Variance 2.105089 0.68346 

Observations 14 12 
Hypothesized 
Mean Difference 0  

df 21  

t Stat -0.32452  

P(T<=t) two-tail 0.748754  

t Critical two-tail 2.079614   
 

t-Test: Two-Sample Assuming Unequal 
Variances 
Period effect 
ML TTS    

  Group 1 Group 2 

Mean -0.373 -0.39125 

Variance 1.63984 1.196523 

Observations 14 12 
Hypothesized 
Mean Difference 0  

df 24  

t Stat 0.039191  

P(T<=t) two-tail 0.969062  

t Critical two-tail 2.063898   

 

 

 

 

Treatment-period interaction outcomes 

 

t-Test: Two-Sample Assuming Unequal 
Variances 
Treatment-period interaction 
AP TTS   

  Group 1 Group 2 

Mean 2.862321 2.900583 

Variance 1.055821 0.409042 

Observations 14 12 
Hypothesized Mean 
Difference 0  

df 22  

t Stat -0.11563  

P(T<=t) two-tail 0.908998  

t Critical two-tail 2.073875   

 

 

 

t-Test: Two-Sample Assuming Unequal 
Variances 
Treatment-period interaction 
ML TTS   

  Group 1 Group 2 

Mean 3.149571 3.562708 

Variance 0.937715 0.618746 

Observations 14 12 
Hypothesized 
Mean Difference 0  

df 24  

t Stat -1.19994  

P(T<=t) two-tail 0.241876  

t Critical two-tail 2.063898   
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Treatment Effect Paired t-Test TTS  
 

 

 
t-Test: Paired Two Sample for 
Means  

AP TTS    

  
Condition 
MB 

Condition 
UB 

Mean 2.687115 3.072846 

Variance 0.434852 1.724421 

Observations 26 26 

Pearson Correlation 0.437821  
Hypothesized Mean 
Difference 0  

df 25  

t Stat -1.66169  

P(T<=t) one-tail 0.054533  

t Critical one-tail 1.70814  
 

t-Test: Paired Two Sample 
for Means  

ML TTS    

  
Condition 
MB 

Condition 
UB 

Mean 3.149731 3.531154 

Variance 0.976687 1.320109 

Observations 26 26 
Pearson 
Correlation 0.404021  
Hypothesized 
Mean Difference 0  

df 25  

t Stat -1.65603  

P(T<=t) one-tail 0.055108  

t Critical one-tail 1.70814  
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Results from a triple-blind randomised cross-over trial comparing matched bias 

exercises (MB) with unmatched bias exercises UB. The data are the Anterior 

Posterior (AP) Time (in seconds) to Stabilisation (TTS). There was no washout 

period 
 

 
Group 1: Matched bias exercises followed by Unmatched bias exercises (n = 13) 

 

AP TTS  Group 1 Participant Period 1 Period 2 Period Average Cross-over 

   MB UB differences MB+UB differences 

     d1 a1 MB-UB 

 MB UB 5 2.30 2.46 -0.16 2.38 -0.16 

 MB UB 9 2.34 1.40 0.95 1.87 0.95 

 MB UB 11 2.42 3.86 -1.44 3.14 -1.44 

 MB UB 13 2.59 4.46 -1.87 3.52 -1.87 

 MB UB 18 2.13 3.78 -1.66 2.95 -1.66 

 MB UB 20 2.42 1.22 1.20 1.82 1.20 

 MB UB 23 1.80 2.38 -0.58 2.09 -0.58 

 MB UB 28 2.21 2.64 -0.44 2.42 -0.44 

 MB UB 30 2.27 3.98 -1.72 3.12 -1.72 

 MB UB 31 3.97 2.57 1.40 3.27 1.40 

 MB UB 32 2.40 2.81 -0.41 2.60 -0.41 

 MB UB 34 3.69 1.68 2.01 2.69 2.01 

 MB UB 35 2.03 2.55 -0.52 2.29 -0.52 

 MB UB 45 4.38 7.49 -3.12 5.93 -3.12 

        

Mean   2.64 3.09 -0.45 2.86 -0.45 

SD   0.78 1.60 1.45 0.99 1.45 

        

        

       

        
Condition 2: Unmatched bias exercises followed by Matched bias exercises (n = 12) 

        

 Group 2  Participant  Period 1 Period 2 d2 a2 MB-UB 

   UB MB    

 UB MB 4 3.71 2.31 1.40 3.01 -1.40 

 UB MB 6 3.60 3.10 0.50 3.35 -0.50 

 UB MB 7 2.09 2.89 -0.80 2.49 0.80 

 UB MB 10 1.80 2.66 -0.86 2.23 0.86 

 UB MB 14 3.49 2.17 1.32 2.83 -1.32 

 UB MB 15 4.36 3.73 0.64 4.04 -0.64 

 UB MB 21 3.25 2.78 0.47 3.01 -0.47 

 UB MB 25 1.71 2.55 -0.84 2.13 0.84 

 UB MB 37 4.53 3.41 1.12 3.97 -1.12 

 UB MB 38 2.51 2.87 -0.37 2.69 0.37 

 UB MB 39 2.41 1.90 0.51 2.16 -0.51 

 UB MB 44 3.21 2.63 0.58 2.92 -0.58 

        

Mean   3.05 2.75 0.31 2.90 -0.31 

SD   0.95 0.51 0.83 0.64 0.83 
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Results from a triple-blind randomised cross-over trial comparing matched bias 

exercises (MB) with unmatched bias exercises UB. The data are the Medial lateral 

(ML) Time (in seconds) to Stabilisation (TTS). There was no washout period. 
 

 

 

Group 1: Matched bias exercises followed by Unmatched bias exercises (n=14) 

 

ML TTS  Group 1 Participant Period 1 Period 2 Period Average  

Cross-

over 

   MB UB differences MB+UB differences 

     d1 a1 MB-UB 

        

 MB UB 5 3.28 2.81 0.47 3.05 0.47 

 MB UB 9 5.40 3.84 1.57 4.62 1.57 

 MB UB 11 1.72 2.99 -1.27 2.35 -1.27 

 MB UB 13 3.65 2.58 1.08 3.11 1.08 

 MB UB 18 2.74 3.78 -1.04 3.26 -1.04 

 MB UB 20 2.51 4.06 -1.55 3.28 -1.55 

 MB UB 23 2.75 3.05 -0.30 2.90 -0.30 

 MB UB 28 3.47 2.83 0.64 3.15 0.64 

 MB UB 30 3.85 3.73 0.12 3.79 0.12 

 MB UB 31 3.14 3.17 -0.02 3.15 -0.02 

 MB UB 32 1.15 2.19 -1.04 1.67 -1.04 

 MB UB 34 2.08 1.97 0.12 2.02 0.12 

 MB UB 35 2.17 2.62 -0.45 2.39 -0.45 

 MB UB 45 3.58 7.13 -3.55 5.35 -3.55 

        

Mean   2.96 3.34 -0.37 3.15 -0.37 

SD   1.06 1.26 1.28 0.97 1.28 

 

 
Group 2: Unmatched bias exercises followed by Matched bias exercises (n = 12) 

 

 Group 2 Participant Period 1  Period 2 d2 a2 MB-UB 

   UB MB    

        

 UB MB 4 3.83 3.84 -0.01 3.83 0.01 

 UB MB 6 4.13 3.50 0.63 3.81 -0.63 

 UB MB 7 4.16 2.99 1.17 3.57 -1.17 

 UB MB 10 4.76 2.96 1.80 3.86 -1.80 

 UB MB 14 5.94 3.85 2.09 4.89 -2.09 

 UB MB 15 3.33 4.47 -1.14 3.90 1.14 

 UB MB 21 3.31 3.83 -0.52 3.57 0.52 

 UB MB 25 1.97 2.76 -0.79 2.36 0.79 

 UB MB 37 4.22 5.16 -0.94 4.69 0.94 

 UB MB 38 2.90 2.34 0.56 2.62 -0.56 

 UB MB 39 3.70 2.23 1.47 2.96 -1.47 

 UB MB 44 2.90 2.51 0.39 2.70 -0.39 

        

Mean   3.76 3.37 0.39 3.56 -0.39 

SD   1.01 0.90 0.12 0.79 -0.12 
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Raw data for two Anterior Posterior Time to stabilisation (s) tests. Repeatability Coefficients were calculated by the mean 

difference +/- 1.96 x SD 

 
Baseline Test 1 Test 2 average difference 

     

 2.29 3.02 2.66 -0.73 

 4.24 1.57 2.91 2.67 

 3.33 2.58 2.96 0.75 

 2.30 4.63 3.47 -2.33 

 4.53 3.17 3.85 1.36 

 3.34 4.12 3.73 -0.78 

 2.35 2.77 2.56 -0.42 

 2.79 4.69 3.74 -1.90 

 5.58 2.82 4.20 2.76 

 2.89 3.99 3.44 -1.10 

 2.19 1.26 1.73 0.93 

 4.14 2.33 3.24 1.81 

 3.18 2.30 2.74 0.88 

 2.82 4.23 3.53 -1.41 

 1.45 2.44 1.94 -1.00 

 4.33 3.40 3.87 0.93 

 2.93 4.71 3.82 -1.78 

 2.58 3.42 3.00 -0.84 

 1.28 5.74 3.51 -4.46 

 4.63 3.15 3.89 1.48 

 2.59 2.54 2.57 0.05 

 4.17 1.61 2.89 2.56 

 2.99 3.41 3.20 -0.42 

 1.57 4.61 3.09 -3.04 

 3.40 0.87 2.14 2.53 

 4.11 1.53 2.82 2.58 

     

Mean 3.15 3.11 3.13 0.04 

SD 1.07 1.23 0.64 1.92 

Repeatability 

Coefficient   3.76 
 

Matched Test 1 Test 2 average difference 

     

 2.62 1.97 2.30 0.65 

 1.56 3.12 2.34 -1.56 

 2.16 2.68 2.42 -0.52 

 2.09 3.08 2.59 -0.99 

 2.25 2.00 2.13 0.25 

 2.24 2.59 2.42 -0.35 

 1.30 2.29 1.80 -0.99 

 2.96 1.45 2.21 1.51 

 3.63 0.90 2.27 2.73 

 4.30 3.63 3.97 0.67 

 2.61 2.18 2.40 0.43 

 2.75 4.63 3.69 -1.88 

 1.98 2.07 2.03 -0.09 

 5.47 3.28 4.38 2.19 

 1.75 2.87 2.31 -1.12 

 2.33 3.86 3.10 -1.53 

 2.62 3.16 2.89 -0.54 

 3.72 1.59 2.66 2.13 

 2.29 2.04 2.17 0.25 

 4.10 3.35 3.73 0.75 

 1.90 3.65 2.78 -1.75 

 2.95 2.14 2.55 0.81 

 1.24 5.58 3.41 -4.34 

 2.77 2.97 2.87 -0.20 

 2.06 1.74 1.90 0.32 

 1.99 3.27 2.63 -1.28 

     

Mean 2.60 2.77 2.69 -0.17 

SD 0.98 1.03 0.66 1.51 

Repeatability 

Coefficient   2.94 
 

Unmatched Test 1 Test 2 mean difference 

    

 1.98 2.93 2.46 -0.95 

 1.34 1.45 1.40 -0.11 

 4.52 4.39 4.46 0.13 

 4.13 3.43 3.78 0.70 

 1.94 0.50 1.22 1.44 

 2.91 1.84 2.38 1.07 

 1.60 3.68 2.64 -2.08 

 1.75 6.21 3.98 -4.46 

 3.49 1.65 2.57 1.84 

 2.64 2.97 2.81 -0.33 

 1.87 1.49 1.68 0.38 

 3.52 1.57 2.55 1.95 

 4.10 10.88 7.49 -6.78 

 2.73 4.70 3.71 -1.97 

 3.71 3.48 3.60 0.23 

 2.14 2.04 2.09 0.10 

 1.03 2.56 1.80 -1.53 

 3.70 3.27 3.49 0.43 

 3.72 5.00 4.36 -1.28 

 5.37 1.12 3.25 4.25 

 1.43 1.99 1.71 -0.56 

 4.88 4.18 4.53 0.70 

 3.16 1.85 2.51 1.31 

 1.31 3.51 2.41 -2.20 

 2.80 3.61 3.21 -0.81 

     

Mean 2.87 3.21 3.04 -0.34 

SD 1.22 2.10 1.33 2.18 

Repeatability 

Coefficient   4.27 
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Raw data for two Medial Lateral Time to stabilisation (s) tests. Repeatability Coefficients were calculated by the mean difference 

+/- 1.96 x SD 

 

 
Baseline Test 1 Test 2 mean difference 

 
 

5.25 4.36 4.81 0.89 

 2.94 5.98 4.46 -3.04 

 0.84 2.28 1.56 -1.44 

 1.50 3.90 2.70 -2.40 

 2.84 3.30 3.07 -0.46 

 4.71 4.65 4.68 0.06 

 4.65 4.14 4.40 0.51 

 8.78 5.39 7.09 3.39 

 6.47 3.44 4.96 3.03 

 2.17 4.37 3.27 -2.20 

 2.19 4.03 3.11 -1.84 

 3.97 1.98 2.98 1.99 

 2.02 5.05 3.54 -3.03 

 3.23 3.12 3.18 0.11 

 1.27 4.46 2.87 -3.19 

 5.28 4.14 4.71 1.14 

 3.58 5.83 4.71 -2.25 

 3.05 3.08 3.07 -0.03 

 2.53 7.86 5.20 -5.33 

 3.44 2.61 3.03 0.83 

 0.99 5.80 3.40 -4.81 

 1.14 2.02 1.58 -0.88 

 0.88 3.70 2.29 -2.82 

 1.76 4.07 2.92 -2.31 

 1.96 1.89 1.93 0.07 

 2.16 1.83 2.00 0.33 

     

mean 3.06 3.06 3.52 -0.91 

SD 1.90 1.47 1.29 2.21 

Repeatability 

Coefficient   4.33 
 

Matched Test 1 Test 2 mean difference 

 
 

3.37 3.19 3.28 0.18 

 3.54 7.26 5.40 -3.72 

 1.93 1.51 1.72 0.42 

 4.00 3.30 3.65 0.70 

 1.93 3.55 2.74 -1.62 

 3.74 1.28 2.51 2.46 

 2.50 3.00 2.75 -0.50 

 2.89 4.04 3.47 -1.15 

 4.06 3.64 3.85 0.42 

 2.88 3.40 3.14 -0.52 

 1.57 0.73 1.15 0.84 

 2.83 5.09 2.08 -2.26 

 2.39 1.95 2.17 0.44 

 2.98 4.18 3.58 -1.20 

 3.77 3.90 3.84 -0.13 

 4.01 2.99 3.50 1.02 

 3.52 2.46 2.99 1.06 

 2.80 3.12 2.96 -0.32 

 3.59 4.11 3.85 -0.52 

 4.66 4.27 4.47 0.39 

 3.67 3.98 3.83 -0.31 

 1.85 3.66 2.76 -1.81 

 5.03 5.28 5.16 -0.25 

 2.94 1.74 2.34 1.20 

 1.96 2.49 2.23 -0.53 

 2.53 2.48 2.51 0.05 

     

Mean 3.11 3.33 3.15 -0.22 

SD 0.90 1.38 0.99 1.25 

Repeatability 

Coefficient   2.45 
 

Unmatched Test 1 Test 2 mean difference 

 
 

2.79 2.83 2.81 -0.04 

 3.51 4.16 3.835 -0.65 

 4.72 1.25 2.985 3.47 

 3.78 1.37 2.575 2.41 

 3.90 3.65 3.775 0.25 

 4.47 3.64 4.055 0.83 

 3.14 2.96 3.05 0.18 

 1.75 3.91 2.83 -2.16 

 2.76 4.70 3.73 -1.94 

 4.08 2.25 3.17 1.83 

 2.18 2.20 2.19 -0.02 

 1.84 2.09 1.97 -0.25 

 3.06 2.17 2.62 0.89 

 8.36 5.89 7.13 2.47 

 4.62 3.03 3.83 1.59 

 2.38 5.87 4.13 -3.49 

 2.76 5.55 4.16 -2.79 

 2.79 6.72 4.76 -3.93 

 6.85 5.02 5.94 1.83 

 4.05 2.60 3.33 1.45 

 3.54 3.07 3.31 0.47 

 2.74 1.20 1.97 1.54 

 3.30 5.14 4.22 -1.84 

 4.01 1.78 2.90 2.23 

 2.71 4.68 3.70 -1.97 

 3.34 2.45 2.90 0.89 

     

Mean 3.59 3.47 3.53 0.13 

SD 1.44 1.58 1.15 1.96 

Repeatability 

Coefficient   3.8 
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Repeatability co efficient Anterior Posterior Time to stabilisation 

Baseline AP TTS

R2 = 0.0232
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Matched Bias AP TTS

R2 = 0.0026
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Unmatched Bias AP TTS

R2 = 0.2593
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Repeatability co efficient Medial Lateral Time to stabilisation 

Baseline ML TTS

R2 = 0.0658
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Matched Bias ML TTS

R2 = 0.0998

-5

-4

-3

-2

-1

0

1

2

3

0 1 2 3 4 5 6

Average TTS (seconds)

D
if

fe
re

n
c
e
 (

s
e
c
o

n
d

s
)

 

Unmatched Bias ML TTS

R2 = 0.0084

-5

-4

-3

-2

-1

0

1

2

3

4

0 1 2 3 4 5 6 7 8

Average TTS (seconds)

D
if

fe
re

n
c
e
 T

T
S

 (
s
e
c
o

n
d

s
)

 

 




