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*: Factors well documented in controlled clinical trials 
**: Factors documented with limited clinical scientific evidence 
#: Postulated factors for which there Is no scientific evidence 
##: evidence 
Italics: Factors that are not associated to PFPS 
***: PFPS Inclusion Criteria 
1. 
2. iJ::Imll'rl'>.nml" BDiDrehellsicm test 

****: PFPS Exclusion Criteria 
A: Musculoskeletal conditions of the knee 
B: Knee effusion 
c: t:?t:>torr~.r/ 
D: Previous corticosteroid ,ruc.,.."',,,, 

*** **** 

A 

*** **** 

A 

B 
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The ITB/TFL flexibility was measured by calculating the hip abduction angle of the femur 

relative to the cephalad line parallel to the trunk (positive value for abduction). The range of 

movement was measured in the same position that was defined by the end of hip extension 

described above. The centre of the goniometer was placed on the Asis. the moveable arm 

was directed towards the mid patella marker and the static arm was directed along the 

cephalad line parallel to the trunk. Quadriceps flexibility was measured by determining the 

knee flexion angle obtained when the knee was passively flexed with the hip in the same 

position as described above. The measurement was taken in degrees at the point where the 

tester first felt resistance. The goniometer was placed on the lateral femoral condyle. the 

moveable arm was directed towards the lateral malleolus and the static arm was directed 

towards the greater trochanter (Figure 3-1). 

Figure 3-1 The Modified Thomas Test 

Figure Four Test Measurement 

The patient was positioned in prone lying with the leg to be tested externally rotated in a 

modified Faber's test position. The subjects were instructed to place the lateral malleolus on 

the tibial tubercle of the opposite leg (Figure 3-2). No rotation of the trunk occurred by 

ensuring that the trunk remained flattened in the prone position whilst the subject externally 
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rotated the leg. The tester measured the vertical distance (cm) from the lowest point of the 

ASIS to the floor, using a Vernier height gauge. 

Figure 3-2 The Figure Four Test and Stretch 

Repeatability 

The author and two additional therapists were assigned as rater one, two and three. Rater 

one and two performed a repeatability study for the Modified Thomas Test in the first week 

and then rater one and rater three performed a repeatab;lity study for the Figure Four Test in 

the second week. Rater one measured the same subject at the same time of day on the first 

day and the third day for each measurement. Rater two or rater three measured the subjects 

in the same order on the second day with the subjects being instructed not to do any form of 

exercise or stretching in between testing. The raters took each measurement once and noted 

it on a separate sheet of paper to that of the other tester's measurements. The raters were 

blinded to each other's results. 

Statistical tests 

All data were processed on a personal computer by using Microsoft Office software (Microsoft 

Corp., Redmond, Washington). The data were analysed with the SPSS 10.0 computer 

software program (SPSS Inc., Chicago, Illinois). 
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The limits of agreement were calculated and values are detailed in Table 3-2. 

Examples of the Bland and Altman graphs are given in Figures 3-3,3-4,3-5 and 3-6. An 

impression of the repeatability can be gained by observing the deviation of the scatters 

(difference between the two measures) from zero. Ideally all the scatters would fall on the 

zero y-axis, thereby indicating no difference in any of the measures. The upper and lower 

bold lines represent the limits of agreement [5] . 

Table 3-2 Limits of agreement and mean value measurements of the Modified Thomas 
test and Figure Four Test. 

Iliopsoas (deg) 

Quadriceps (deg) 

ITBfTFL (deg) 

Figure Four (em) 

I ntratester 
9.2 
20.9 
6.19 
2.4 

Extratester 
6.7 
21 
6.6 
1.8 

Mean of two measurements (degrees) 

Mean 
7.95 
20.95 
6.4 
2.1 

• Difference 
between 
measurements 
for Tester 1 

Figure 3-3 Intra-tester repeatability for iliopsoas flexibility 
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Figure 3-4 Inter-tester repeatability for Iliopsoas flexibility 

Mean of measurements by Tester 1 (em) 

• Difference 
between 
measurements 
afTester 1 

Figure 3-5 Intra-tester repeatability for the anterior hip flexibility 
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Figure 3-6 Inter-tester repeatability for anterior hip flexibility 

The main findings of the study are that the Modified Thomas Test and the Figure Four Test 

are repeatable means of measuring ilopsoas, quadriceps, ITBITFL and anterior hip structure 

flexibility. The ICC values for intratester repeatability of the Modified Thomas Test (ICC=0.66-

0.83) are similar to those previously reported in a case series study (ICC=0.91-0.94) [42]. The 

interpretation of ICC values has been documented previously [28]. The ICC values below 0.4 

were regarded as representing poor repeatability, ICC values between 0.4 and 0.75 were 

regarded as representing fair to good repeatability, and ICC values above 0.75 were regarded 

as representing high repeatability [28] . In contrast, it has been suggested that clinical 

acceptability of repeatability coefficients of measurement values should exceed 0.90, since 

the use of a measurement determines the minimally acceptable repeatability. In conclusion, 

there are no universally accepted standards of acceptable values for the ICC and therefore, it 

was decided to use three different forms of statistical analysis . The Pearson's correlation 

coefficient values were very similar to th e ICC values, however no previous studies have 

measured the Pearson's correlation coeffi cient values for the Modified Thomas Test. 

The limits of agreement values obtained by the Bland and Altman method suggest that, 

provided two measurements for the sam e subject show a difference of more than those mean 

values expressed in Table 3-2, then on 95% of occasions a real difference between 
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b) The Modified Thomas Test 

Quadriceps, Iliopsoas and ITB flexibility was measured using the modified Thomas Test 

(Figure 4-2). The flexibility of quadriceps has been measured in prone by flexing the knee to 

the end range of movement in previous studies [41;104]. This technique does not control for 

lumbar spine compensation, as a result of inflexible hip flexors and therefore was not chosen 

as a means of testing the quadriceps. However, future research should perhaps aim to define 

a gold standard of measuring quadriceps flexibility to avoid future contradictory evidence. 

Adhesive markers were placed on the following anatomical landmarks in standing: greater 

trochanter, mid-patella, lateral malleolus, lateral femoral condyle and the anterior superior iliac 

spine (ASIS). The subject sat on the examination table with the hip joints positioned on the 

edge of the table while the thighs were positioned over the edge of the plinth . The examiner 

assisted the subject to roll into a supine position on the plinth with the hips and knees flexed 

on the trunk. The lumbar spine and sacrum were maintained in a flat position against the 

plinth and the lower extremity to be measured was gently lowered whilst keeping the contra­

lateral limb flexed to the chest. The end of a subject's hip extension range of movement was 

defined as the point in the passive hip movement when the lumbar spine could no longer be 

maintained in the flattened position and began to move into hyperextension. The length of 

iliopsoas was determined by measuring the angle of hip flexion (positive value for hip flexion). 

The center of the goniometer was placed on the greater trochanter and the moveable arm 
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was directed towards the adhesive marker that was placed on the lateral femoral condyle . 

The static arm of the goniometer was directed in a line parallel to the trunk. 

The effect of ITBITFL flexibility was measured by calculating the hip abduction angle of the 

femur relative to the cephalad line parallel to the trunk (positive value for abduction). The 

range was measured in the same position that was defined by the end of hip extension 

described above. The center of the goniometer was placed on the ASIS, the moveable arm 

was directed towards the mid patella marker and the static arm was directed along the 

cephalad line parallel to the trunk. Quadriceps flexibility was measured by determining the 

knee flexion angle obtained when the knee was passively flexed with the hip in the same 

position as described above. The measurement was taken in degrees at the point where the 

tester first felt resistance. The goniometer was placed on the lateral femoral condyle, the 

moveable arm was directed towards the lateral malleolus and the static arm was directed 

towards the greater trochanter. 

A repeatability study for the Modified Thomas Test was conducted in chapter 3. The Pearson' 

correlation coefficient values for interrater repeatability were r = 0.71-0.91 and for intra rater 

repeatability r=0.7-0.B4 (chapter 3). 

Figure 4-2 The Modified Thomas Test 
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