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Abstract

Background: The rel iabi l i ty and measurement error of several impairment measures used during
the cl inical examination of patients with patel lofemoral pain syndrome (PFPS) has not been
establ ished. The purpose was to determine the inter-tester rel iabi l i ty and measurement error of
measures of imoairments associated with PFPS in Datients with PFPS.

Methods: A single group repeated measures design was used. Two pairs of physical therapists
part icipated in data col lect ion. Examiners were bl inded to each others' measurements.

Resufts: Thirty patients (age 29 +l- 8; 17 female) with PFPS part icipated in this study. Inter-tester
rel iabi l i ty coeff icients were substantial for measures of hamstrings, quadriceps, plantarf lexors, and
ITB/TFL complex length, hip abductors strength, and foot pronation ( lCCs from .85 to .97);
moderate for measures of Q-angle, t ibial torsion, hip external rotat ion strength, lateral ret inacular
t ightness, and quali ty of movement during a step down task ( lCCs lrom .67 to .79); and poor for
femoral anteversion ( lCC of .45). Standard error of measurement (SEM) for measures of muscle
length ranged from 1.6 degrees to 4.3 degrees. SEM for Q-angle, t ibial torsion, and femoral
anteversion were 2.4 degrees, 2.9 degrees, and 4.5 degrees respectively. SEM for foot pronation
was I mm. SEM for measures of muscle strength was | .8 Kg for abduction and 2.4 Kg lor external
rotat ion.

Conclusion: Several of the impairments associated with PFPS had suff icient rel iabi l i ty and low
measurement error. Further investigation is needed to test i f  these impairment measurements are
related to physical function and whether or not they are useful for decision-making.

Background
Patel lofemoral pain syndrome (PFPS) is a common knee
problem among young active individuals [1-31. The

mechanism of PFPS is not well  understood. I t  has been
proposed that PFPS may arise from abnormal muscular
and biomechanical factors that alter tracking of the patel la
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within the femoral trochlear notch contributing to
increased patellofemoral contact pressures that result in
pain and dysfunction [4,5]. Authors have suggested a vari-
ety of impairments involved in the et iology of PFPS [6-8].
However, there is no evidence that these impairments are
associated with the patient 's functional l imitat ions. In the
absence of definitive impairments in which to focus the
examination or treatment in patients with PFPS, cl inicians
tend to perform an extensive physical examination that
general ly includes a mult i tude of impairment measures
such as muscle weakness, soft t issue t ightness, structural
or postural alterat ions, and poor qual i ty of movement [31.

Reliabi l i ty and rneasurement error are essential propert ies
of any measurement that need to be establ ished before the
measurement can be considered cl inical ly meaningful
and useful.  Rel iabi l i ty is the abi l i ty of a test to consistently
yield more or less the same results when administered on
several occasions to stable subjects, whereas measurement
error provides the threshold for interpreting test results
being reasonably confident that true change has occurred

[9,10]. Although several studies have investigated the rel i-
abi l i ty of impairment rneasLlres associated with patel-
lofernoral  dysfunct ion in heal thy subjects [11'151, the
rel iabi l i ty and measurement error of impairment rneas-
ures used during the cl inical examination of patients with
PIrPS has not been establ ished.

Arnclng the measures of muscle strength performed in
patients with PFPS, rel iabi l i ty of hip abduction and hip
external rotat ion strength tests have not been determined
in pat ients wi th PFPS. I  l ip abductor and external  rotat ion
strength are commonly rneasured in patients with PFPS
because weakness of these muscles has been l inked with
PI]PS [16, 17]. Authors have suggested these muscles help
to maintain pelv ic stabi l i ty  by eccentr ical ly control l ing
femoral internal rotat ion during weight-bearing activi t ies.
Weakness may result in increased medial femoral rotat ion
and valgus knee moments,  augment ing compressive
forces on the patel lofemoral  jo int  [16,171. I re land et  a l

I lB] suggest that individuals with PFPS have weaker hip
muscles when compared to matched control groups.
Another study has shown that hip abduction strength is
one of the variables able to dist inguish between patients
with and without PFPS [191.

Soft t issue restr ict ions, such as shortening of the quadri-

ceps, hamstrings, and plantarf lexor muscles, shortening of
the i l iot ibial band/tensor fascia lata (ITB/TFL) complex,
and shortening ofthe lateral retinacular structures have all
been associated with PFPS and are impairments com-
monly measured in this populat ion l2O-221. I t  is theo-
rized that t ight quadriceps and hamstrings may increase
compression of the patel lofemoral ioint [20]. While two
studies agree support ing the associat ion of quadriceps
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flexibility and PFPS, the same studies conflict regarding
the association of hamstrings flexibility and PFPS 121,22]1.
There is some evidence to support the association
between plantarf lexors t ightness and PFPS [21]. Concern-
ing the ITB/TFL and lateral ret inacular t issues, although i t
has been theorized that tightness of these tissues may dis-
place the patel la lateral ly and increase the stress in the
patel lofemoral ioint or medial ret inacular t issue [1,231,
evidence to support such theory does notyet exist. In gen-
eral,  studies investigating the measurement propert ies of
the above mentioned soft t issue measures have not used
individuals with PFPS, or have not determined the meas,
urement error [1 1,12,24-301.

Studies examining the measurement propert ies clf  tests
used to determine structural or postural alterat ions in
patients with PI]PS are also lacking. Some structural or
postural alterat ions that have been l inked to PFPS are
excessive foot pronation, quadriceps angle (Q angle), t ib-
ial torsion, and fernoral anteversion. Irvidence to support
that increased foot pronation causes PIrPS is inconclusive

[6,31].  Regarding Q-angle,  i twas reported that Q-angle is
more accentuated in runners with PFPS than rn runners
without PFPS l7l.  ' l 'o our knowledge, just one study has
investigated the relat ionship between t ibial torsion and
PIrl)S and reported that the lateral rotat ion of the t ibia rel,
at ive to the femur was increased in patients with PI]PS

1321. Studies that investigated the associat ion of femoral
anteversion and PIrPS have reported confl ict ing results

132,33]1. Although some measures of structural alterat ions
have shown good rel iabi l i ty lal ,  samples of patients with
PIrPS have rarely been used I t  3- t  5 l .  A recent study using
patients with PFPS reported poor consistency of these
measurements [301.

Quali ty of movement, sometimes referred to as neuromo-
tor control or movement coordination, refers to the bio-
mechanics of the lower extremit ies, trunk and arms in
relat ionship with i ts surrounding during physical act ivi-
t ies [4].  I t  has been theorized that patients with PFPS
exhibit altered movernent patterns in the lower extremi-
t ies that may result in alterat ions of the load distr ibution
across the patel lofemoral joint 11,21,341. Altered move-
ment patterns may be recognized during physical act ivi-
t ies as movements performed with poor qual i ty. We are
unaware of studies that investigated the consistency of
measures of qual i ty of movement in patients with PFPS.

The purpose of this study was to determine the inter-tester
rel iabi l i ty and measurement error of measures of irnpair-
ments associated with PFPS in a populat ion of patients
diagnosed with PFPS. We have selected to examine the
measurement properties of measures of hip abduction
strength, hip external rotation strength, quadriceps
length, hamstrings length, plantar flexors length, ITB/TFL
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complex length, lateral retinacular structures length, foot
pronation, Q-angle, t ibial torsion, femoral anteversion
and quality of movement, because of their frequent use in
the examination of individuals with PFPS and the lack of

:13:-"t"" 
concerning their rel iabi l i ty and measurement

Methods
A single group repeated measures design was used in this
study. Data for this study was obtained as part of a larger
mult icenter study that investigated predictors of function
in persons with PF'PS.

Subjects
I l .rdividuals were el igible to part icipate in t l-r is study i f  they
were diagnosed by a physician with PITPS, were between
12 ancl  50 years ofage, had pain in one orboth knees, had
duration of signs and symptoms greater than 4 weeks, had
history of insidious onset not related to trauma, and had
pain in the patel lar region with at least three of the fol low-
ing: manual compression of the patel la against the femur
at rest or during an isometric knee extensor contraction,
palpation of the postero-medial and postero-lateral bor-
ders of the patel la, resisted isometric quadriceps femoris
muscle contraction, squatt ing, stair cl imbing, kneeling, or
prolonged sit t ing.

I lxclr-rsion cri teria included previous patel lar dislocation,
knee surgery over the past 2 years, concomitant known or
suspected diagnosis of: peripatel lar bursit is or tendonit is,
internal knee derangement, systemic arthri t is, l igamen-
tous knee injury or laxity, pl ica syndrome, Sinding-l .arsen-

Johansson's disease, Osgood Schlatter 's disease, infect ion,
malignancy, musculoskeletal or neurological lower
extrernity involvement that interferes with physical act iv-
ity, and pregnancy. 'l'hirty patients were recruited from 2
cl in ical  s i tes:  Wi l ford I Ia l l  Medical  Center,  in San Anto-
nio, ' lX, and University of Pit tsburgh's Centers for Rehab
Services, Pit tsburgh, PA). Al l  subjects who agreed to par-
t icipate signed a consent forrn approved by the Inst i tu-
t ional Review l loard of the respective cl inical si te.
Demographic characterist ics of the part icipants are
reported in' l 'able l .

Procedures
Subjects had one lower extrernity tested unless they had
bilateral symptoms, in which case the most symptomatic
side was tested. The most symptomatic knee was deter-
mined by the patient 's self-report.  Data were col lected
during one assessment session that lasted approximately
60 minutes. We col lected data during the same assessment
session to ensure the subf ects remained as stable as possi-
ble (did not change) in the parameters tested. Examiners
met once during a 2-hour session before the study was ini-
tiated to review operational definitions and practice the
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Table l :  Demographic character ist ics of  the sample.  Values
represent the mean (Standard Deviation) unless otherwise
stated.

Var iable (n= 30)
Age in years
Number of subjects in each age range:
From l4to l9years
From 20 to 29 years
From 30 to 39 years
From 40 to 47 years
Number of  females
Height in cm
Weithr in kt
Body Mass Index as kg/cm2
Numeric Pain Rat ing Scalea score
Act iv i ty of  Dai ly Liv ing Scale*+ score

2e. |  (8.4)

2 (7%)
r6 (s3%)
7 (23%)
s (17%)
t7 (se %)
r7r ( i l . r )
7e (  r8.6)
.26 (.0s)
3.e (r .e)
67.3 (  |  7.3)

* Numeric pain rating scale ranges from 0 (No Pain) to l0 (Worst
lmaginable Pain) points.
8x Activity of daily living scale ranges from 0 to 100 points. One
hundred indicates absence of symptoms and functional l imitat ions.

procedures to ensure standardization. l tach examiner was
provided with the Manual of Standard Operating Proce-
dures oIthe study, which contained detai led explanations
about the performance of each test.

' Iwo pairs of physical therapists (1 pair from each site)
with dif ferent levels of experience part icipated in data col-
lect ion. One pair of testers had 3 and 5 years of cl inical
practice (pair 1); whereas the other pair had 2 and 10
years of cl inical experience (pair 2). During each data col-
lect ion session, the subject remained inside an examina
tion room. ' Io ensure that the examiners remained
blinded to each other's assessments, the two examiners
entered the examination room independently, performed
and recorded the measurements, and then left  the room.
The results were not shared with the other examiner. ' l 'he

ffreasurements were always performed in the same order.
Order of test ing was based on patient posit ioning in the
fol lowing order: supine, prone, side-lying, and standing
posit ions. This was done to avoid excessive changing o[
posit ions, ensure that the examiners were performing al l
tests under the same condit ions, and ensure that any order
effect would be the same for each examiner. Each exam-
iner in the pair alternated serving as the init ial  exarniner.

Meosures
Each part icipant completed a demographic questionnaire
and self-reported measures of pain and function prior to
the physical examination. Subjects' age, gender, height,
weight, prior history of knee problems, mechanism of
injury, current episode duration, and symptom location
were recorded.

Pain intensity was measured using an 11-point numeric
pain rat ing scale ranging from 0 (No Pain) to 10 (Worst
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Imaginable Pain). Patients rated their current, best, and
worst level of pain during the last 24 hours. The average of
the three ratings was used to represent the patient's overall
pain intensity. Numeric pain scales have been shown to
be rel iable and val id [35-38].

The Activi ty of Daily Living Scale (ADLS) of the Knee Out-
come Survey was used as a knee-specific measure of phys-
ical function [39]. The ADLS assesses the effects of knee
impairment on activi t ies of dai ly l iv ing. The ADLS consists
of l4 i tems that measure the ful l  spectrum of symptoms
and functional l imitat ions during activi t ies of dai ly l iv ing
that one may experience as a result of a variety of knee
pathologies. l 'he ADLS score is transformed to a 0 to 100
point scale with 100 indicating the absence of symptoms
and functional l i rnitat ions. Psychornetr ic test ing has dem-
onstrated the ADLS to be rel iable, val id and responsive in
subjects wi th PFPS [39,401.

Measurements performed during the physical examina-
t ion were as fol lows:

Hamstrings length was determined by measuring the
straight leg raise using a gravity goniometer (MIl,  Medical
Research Ltd., Leeks, LIK). The subject was in the supine
posit ion with the tested knee extended and the other leg
flat on the table to avoid excessive posterior pelvic t i l t .
I lefore start ing the measurement, the goniorneter was
zeroed on the lower half  of the anterior border of the t ibia.
' l 'hen, the lower extremity was passively l i f ted to the end
range of motion or f i rm end feel and the measurement
recorded in degrees (Figure I ) .  

' l 'he average measurement
of two tr ials with 5-second pause between tr ials was
recorded.

Tightness of the lateral retinacular structures was
assessed with the patel lar t i l t  test Iaal.  The patel lar t i l t  test
was performed with the subject in supine with the knee in
ful l  extension and the femoral condyles placed in the hor-
izontal plane. ' l 'he exarniner attempted to l i f t  the lateral
edge of the patel la from the lateral femoral condyle. The
patel la was not al lowed to move lateral ly during the meas-
urement ( l ; igure I ) .  The inabi l i ty to l i f t  the lateral boarder
of the patel la above the horizontal plane indicated a pos-
i t ive test for t ightness of the lateral ret inaculum. Adequate
length of the lateral retinaculum or negative test was indi-
cated by the ability to lift the lateral boarder of the patella
above the horizontal plane. Tightness of lateral ret inacu-
lum was scored as t ight or normal.

Q-Angle was measured with the knee in full extension
with the subject supine. The angle formed by the intersec-
t ion of the l ine of appl icat ion of the quadriceps force ( l ine
frorn the anterior superior iliac spine to the center of
patel la) with the center l ine of the patel lar tendon ( l ine
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from the center of the patella to the tibial tubercle) was
measured in degrees with a universal goniometer (Figure
1) 142]1. The center of the patella and the tibial tubercle
were marked with a demographic penci l ,  which was
wiped out after the measurement. Before the measure-
ment the tester palpated the anterior superior i l iac spine
and asked the subject to keep his second f inger point ing
down over this landmark during the measurement. Sub-

iect was also asked not to contract the quadriceps muscles
during the measurement.

Tibial torsion was measured with a universal goniometer
with the part icipant prone on a low table, and with the
tested knee bent at 90'.  I leight of the table was adjusted
so the tester could comfortably visual ize the plantar sur-
face of the subject 's foot. To faci l i tate visual izat ion, the
tester marked the most prominent aspect of the medial
and lateral malleolus with a srnal l  dot. ' l 'he exanrrner
measured the angle formed by the axis of the knee ( imag-
inary l ine frorn the medial to lateral femoral epicondile)
and an irnaginary l ine through the malleol i  ( l i igure I ) .  We
elected to measure t ibial torsion with the patient in a
prone posit ion rather than the posit ion usually described
with the patient si t t ing with knees in 90" because t ibial
torsion is a horizontal plane rotat ional malal ignment

143,441. We bel ieve using an inferior view o[ the leg ena-
bles better observation of the talocrural ioint axis in the
horizontal plane.

Quadriceps length was determined by measuring the
quadriceps femoris muscle angle during passive knee f lex-
ion with the subiect in the prone posit ion. Care was taken
to avoid anterior t i l t ing of the pelvis and/or extension of
the lumbar spine. The angle of knee f lexion in the prone
posi t ion was measured using a gravi ty goniometer which
was zeroed on a horizontal surface prior to the measure-
ments. The gravity goniometer was placed over the distal
t ibia (Figure 1). 1'he average measurement of two tr ials
with 5-second pause between tr ials was recorded.

Femoral anteversion was measured using the Craig's test
with the part icipant in the prone posit ion with the knee
flexed to 90' [451. Before start ing the measurement, the
gravity goniometer was zeroed on a vertical surface and
placed on the medial surface of the lower leg, just proxi-
mal to the medial malleolus ( ' I 'able 2). The examiner pal-
pated the posterior aspect of the greater trochanter of the
femur. The hip was then passively rotated unti l  the most
prominent port ion of the greater trochanter reached the
horizontal plane. The degree of anteversion was then esti-
mated based on the angle of the lower leg with the vertical
(Figure 1).

Plantar flexors length was determined by measuring the
amount of ankle ioint dorsiflexion with the knee extended
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l l luslrttions of ur*ururcs of irnprirmcnls

Figure I
l l lustrat ion of the techniques used to measure impairments associated with PFPS
(A) Hamstrings length - straight leg raise test
(B) Tightness of the lateral ret inacular structures - patel lar t i l t  test
(C) Q-angle
(D) Tibial torsion - angle formed between inter-epicondilar and intermalleolar l ines
(E) Quadriceps muscle length - quadriceps femoris muscle angle
(F) Femoral anteversion - Craig's test
(G) Plantar flexors length
(H) Hip external rotation strength
(l) Hip abduction strength

0) ITB/TFL complex length- Ober's test
(K) Foot pronation - navicular drop test
(L) Quality of movement - example of lateral step down test trial using arm strategy
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and again with the knee flexed at 90'. Ankle dorsiflexion
measured with the knee extended was used to account for
the influence of gastrocnemius tightness. Measurement of
ankle dorsiflexion with the knee bent was used to detect
t ightness of loint capsule or soleus muscle. The subf ect
was posit ioned in the prone posit ion with the foot hang-
ing offthe table and the subtalar joint was maintained in
the neutral posit ion. Dorsif lexion was measured with a
standard goniometer as the angle formed by the lateral
midl ine of the leg on a l ine from the head of the f ibula to
the t ip of the lateral malleolus and the lateral midl ine of
the foot in l ine with the border of the rearfoot/calcaneus
(Figure I ) .  The average measurement of two tr ials with 5-
second pause between tr ials was recorded.

Hip external rotation strength - Strength measures were
performed using the Lafayette Manual Muscle Test (MMT)
System (Lafayette Instrument, l .afayette, IN). Muscle
strength was recorded in terms o[force, in ki lograms. Hip
external rotat ion strength was examined with the subject
posit ioned in prone on a padded table with the test knee
flexed to 90' and the hip in neutral rotat ion. ' fhe contral-
ateral lower extremity was posit ioned with the hip in neu-
tral rotat ion and the knee in ful l  extension. ' l 'o obtain
optirnal rnechanical advantage, the examiner stood on the
side of the table opposite of the test l imb. Subjects exerted
an isometric contraction of their hip external rotators for
3-5 seconds in a posit ion of neutral hip rotat ion. The
manual resistance against the external rotat ion was
appliecl with the MMT just proximal to the medial malle-
olus (Figure 1) To maintain uni formity in the nature of
verbal commands provided by the tester during test ing,
the testers were instructed to always give a strong verbal
encouragement during the perfonr-rance of every maxi-
mum effort. 'l'he average force of two trials with one
rninute of rest between tr ials was recorded.

Hip abduction strength was measured with the subject in
side-lying with the test hip posit ioned superior with
respect to the contralateral hip. Subjects exerted an iso-
metric contraction of their hip abductors for 3-5 seconds
in a posi t ion of  approximately 30'of  h ip abduct ion and
5" of hip extension. ' l 'he manual resistance was applied
with the MMT just proximal to the lateral malleolus in the
direct ion of adduction (Figure 1). To maintain uniformity
in the nature of verbal commands provided by the tester
during testing, the testers were instructed to always give a
strong verbal encouragement during the performance of
every maximum effort. The average force of two trials with
one minute of rest between trials was recorded.

Length of the Iliotibial Band/Tensor Fascia Lata (lTB/
TFL) Complex was examined using the Ober's test [461.
The subject was posit ioned in side-lying with the tested
leg positioned superior and the lower leg slightly flexed at
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the hip and knee to maintain stability. The gravity goni-
ometer was zeroed on a horizontal surface prior to the
measurement and was placed over the distal portion of
the ITB/TFL complex (Figure 1 ). The test leg was flexed to
a r ight angle at the knee and grasped just below the knee
with the examiner's distal hand. The examiner moved the
subiect's thigh first in flexion, then through abduction
combined with extension unti l  the hip was posit ioned in
mid-range abduction with neutral f lexion/extension.
From this position the thigh was allowed to drop toward
the table unti l  the point where the l imb stopped moving
toward the table. At that point the measurement was
taken. The result was recorded as a continuous variable.
Negative values represent more t ightness whereas posit ive
values (below horizontal) represent less t ightness. ' fhe

average measurement of two tr ials with 5-second pause
between tr ials was recorded.

Foot pronation was measured by the navicular drop test

114,47];.  Navicular drop test measures the dif ference
between height of the navicular at subtalar joint neutral
posit ion and that of the relaxed stance posit ion 114,47|1.
The sublect stood on a high hard surface with his feet
shoulder width apart.  ' fhe examiner stayed behind the
subject with the eyes leveled at subject 's feet. The examiner
marked the subject 's navicular tuberosity with a demo-
graphic penci l ,  which was wiped out after the measure-
ment. ' l 'he examiner put the subject in the subtalar ioint
neutral posit ion. [ Ising an index card placed perpendicu-
lar to the table, the examiner recorded the distance from
the navicular to the f loor (Figure 1). The subject was then
instructed to relax from the subtalar neutral posit ion and
the measurement was repeated. ' l 'hen, with a metric ruler,
the distance between the two dots, in the index card
(which represents the dif ference in the posit ion of the
navicular tubercle with respect to the f loor between the
subtalar neutral and relaxed standing posit ions) was
recorded in mil l imeters. Creater distances between the
dots indicate greater pronation.

Quality of movement during the lateral step down test
was assessed using a scale designed for this purpose. ' I 'he
subject was asked to stand in single l i rnb support with the
hands on the waist,  the knee straight and the foot posi-
tioned close to the edge of a 20 cm high step. 'I'he contral-
ateral leg was posit ioned over the f loor adjacent to the
step and was maintained with the knee in extension. The
subject then bent the tested knee unti l  the contralateral leg
gently contacted the floor and then re-extended the knee
to the start position. This maneuver was repeated for 5
repetitions. The examiner faced the subject and scored the
test based on 5 cri teria: 1) Arm strategy. I fsubject used an
arm strategy in an attempt to recover balance, 1 point was
added (Figure l) ;2) Trunk movement. I f  the trunk leaned
to any side, I  point was added; 3) Pelvis plane. I f  pelvis
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rotated or elevated one side compared with the other, I
point was added; 4) Knee posit ion. I f  the knee deviated
medially and the tibial tuberosity crossed an imaginary

vertical line over the 2nd toe, add I point, or, if the knee

deviated medial ly and the t ibial tuberosity crossed an

imaginary vertical line over the medial border of the foot,

add 2 points, and; 5) Maintain steady uni lateral stance. I f

the subf ect stepped down on the non-tested side, or i f  the

subject tested l imb became unsteady ( i .e. wavered from

side to side on the tested side), add 1 point. Total score of

0 or I  was classif ied as good quali ty of movement, total

score of 2 or 3 was classif ied as medium quali ty, and total

score of 4 or above was classif ied as poor qual i ty of move-

ment.

Doto onolysis
Descript ive stat ist ics, including frequency counts for cate-

gorical variables and measures of central tendenry and

dispersion for continuous variables were calculated to

summarize the data. Kolmogorov-Smirnov Z-tests were

perforrned to assess whether continuous data approxi-

mated a norrnal distr ibution. Inter-tester rel iabi l i ty for cat-

egorical or ordinal impair lnent measurelnents was

deterrnined by a Cohen's Kappa stat ist ics and i ts 95% Cl

[481. lntraclass correlat ion coeff icients ( lCC) and their

95o/o Cl were calculated for continuous measures [49,501.
' l 'he ICC model (2, 1) was used when the unit of analysis

was a single lneasurement, and the model (2, 2) was used

when the r-rnit  of analysis represented the mean of 2 rat-

ings [49,501. 
' fhe mean square estimates to calculate the

ICC coeff icients were obtained from a random effects 2-

way analysis of variance with repeated measures [50].
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Calculat ion of the standard error of measurement (SEM)

was used to determine measurement error. Results of the
reliability analyses for the continuous measures were used
to calculate the SEM. The SEM was calculated as (SD * v 1

- r), where r is the test-retest reliability coefficient and SD

is the standard deviat ion of the combined scores 151,52]1.

The sample size was calculated a priori  using Sample-

Power'" (Chicago, I l l inois) stat ist ical software based on

the calculat ion of Cohen Kappa coeff icients on a dichoto-
mous variable ( i .e. t ight or not t ight during the patel lar t i l t

test). To ensure sufficient statistical power to achieve a

lower bound ofthe 95%o confidence interval for Kappa of

0.30, assuming Kappa would be equal  to 0.60, a sample

size of 30 subjects was needed [aBl. This sample size

would also be adequate to calculate ICC coeff icients on

the continuous variables, given that we had 2 testers per

subject, hoping for an ICC of .85, and having determined

that rel iabi l i ty of .60 or higher would be acceptable [53].

Results
All the continuous variables were found to approximate a

normal distr ibution (Kolrnogorov Smirnov Z tests p >

.10). Results of the rel iabi l i ty analysis are in Table 2. I 'able

2 shows the means and standard deviat ions of the 4 testers

on the continuous variables, the percentage of f indings

and percentage of agreement for categorical or ordinal

variables, the rel iabi l i ty model used during the analysis,

the rel iabi l i ty coeff icient with the 95o/o Cl, and the stand-

ard error of measurement for continuous variables. ' I 'able

3 shows the rel iabi l i ty coeff icient values for the overal l

sample and for each of the two pairs of testers.

Table 2: Means and standard deviations ofthe 4 testers ofthe continuous variables, percentage offindings for categorical or ordinal

variables, the reliability model used during the analysis, the reliability coefficient, the percentage of agreement for Kappa calculation,

the 95% Cl, and the standard error of measurement for continuous variables.

Var iable (n = 30) Mean (SD) or Model used
% of findings

Rel iabi l i ty  coeff ic ient

and 7" of

agreement for Kappa

calculat ion

95%CI SEM

Hamstrings length (degrees)

Lateral retinacular length (tight, normal)

Q-angle (degrees)

Tibial torsion (degrees)

Quadriceps length (degrees)

Femoral anteversion (degrees)

Gastrocnemius length (degrees)

Soleus length (degrees)
Hip external rotation strength (Kg)

Hip abduction strength (Kg)

ITB/TFL complex length (degrees)

Foot pronation (mm)

Quality of movement
( f rom 0to I  =good; f rom 2to 3 = medium;,  

"n6 "6o"9 
= poor)

8 r .s (rs.0)
83% tight
t2.2 (4.3)
r7.6 (s.4)

r38.s (r2.3)
r2.8 (6.  r )
e.3 (s.8)
r6.0 (6.0)
r7.r  (s.2)
t2.e (4.6)
rs.s (r  r .  r )
s.e (2.7)

33% good
50% medium

l7% poor

rcc (2,2)
Kappa

rcc (2,  r )
rcc (2,  r )
rcc (2, 2)
rcc (2,  r )
rcc (2,2)
rcc (2, 2)
rcc (2,2)
rcc (2,2)
rcc (2, 2)
rcc (2,  r )

Kappa

.92
7t (e3%)

.70

.70

.91

.45

.92

.85

.79

.85

.97

.93
.67 (8o%)

(.82; .e6) 4.3
(.57; .86)
(.46r .8s) 2.4
(.4s; .8s) 2.9
(.80; .96) 3.8
(. l0; .70) 4.s
(.83; .96) 1.6
(.7 t ;  .94) 2.2
(.s6;  .e l )  L.4
(.68r .93) 1.8
(.e3; .e8) 2.1
(.84: .e7) 0.7
(.58; .76)
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Table 3: Comparison of reliability coefficient for the overall sample and for each of the pairs of testers.

Variable

Hamstrings length (degrees)
Lateral retinacular length (tight, normal)

Q-angle (degrees)
Tibial torsion (degrees)

Quadriceps length (degrees)
Femoral anteversion (degrees)
Gastrocnemius length (degrees)
Soleus length (degrees)
Hip external rotation strength (Kg)
Hip abduction strength (Kg)
ITB/TFL complex length (degrees)
Foot pronation (mm)

Qual i ty of  movement
( f rom 0to I  =good:from 2to 3 = medium;4and above = poor)

Reliabil ity coefficient

Overal l  sample (n = 30)
.92
.71
.70
.70
.91
.45
.92
-db

.79

.oJ

.97

.93

.67

Pair  I = ?O\ Pair2(n= l0)
.98
.55
.77
.83
.93
.oa

.97

.92

.97

.59

.99

.7)

.ot

(n
.88
t.0
.56
.60
.90
.3 1
.78
.85
.71
.86
.90
.89
.6L

Discussion
Shrout has suggested a classif icat ion of rel iabi l i ty coeff i-
cients in which values less than 0.10 are considered virtu-
al ly none agreement; .1 1 to .40 indicate sl ight agreement;
.41 to .60 indicate fair agreement; values between .61 and
.80 indicate moderate; and values greater than .Bl indi-
cate substantial agreement [501. I ]ased on this classif ica-
t ion the inter-tester rel iabi l i ty coeff icients were substantial
for measures of hamstrings length, quadriceps length, gas-
trocnemius length, soleus length, I ' l 'B/ ' lTl.  complex
length, hip abductors strength, and foot pronation. Mod-
erate values of rel iabi l i ty were observed for measures of Q-
angle, t ibial torsion, hip external rotat ion strength, lateral
ret inacular t ightness, and test of qual i ty of movement.
Measurement of femoral anteversion resulted in fair rel ia-
bi l i ty .

' l 'o n-rake val id interpretat ion of measurerrrents, the meas-
Llrements must f i rst dernonstrate reasonable rel iabi l i ty.
lnterpretat ior.r of the confidence intervals around the val-
ues with substantial agreement (above .80) leads to the
estimation that the inter-tester rel iabi l i ty of these meas,
ures fal ls anlnvhere between .68 and .98. Therefore, con-
sidering the worst case ( lower bound of the 95% CI of hip
abduction strength of .68), the rel iabi l i ty o[ these meas-
ures are still satisfactory for clinical use. Measures with a
moderate level of rel iabi l i ty had their confidence intervals
ranging from .45 and .91, with the lower bound of these
intervals ranging from .45 to .58, which warrants some
caution when interpreting the f indings of Q-angle, t ibial
torsion, hip external rotat ion strength, t ightness of lateral
retinacular structures, and quality of movement. Regard-
ing the interpretation of femoral anteversion, both the
reliability coefficient value and the confidence intervals
suggest that interpretation of this test's finding may not be
consistent.

We have chosen to focus our investigation on inter-tester
rel iabi l i ty, rather than intra-tester rel iabi l i ty for two rea-
sons. First,  in today healthcare system it  is becoming
increasingly common to have more than one cl inician
treating a patient for the same episode of care. Second,
data for this study was obtained as part of a larger mult i-
center study that investigated predictors of function in
persons with PITPS. As a result,  data were been col lected in
mult iple sites by dif ferent cl inicians. Furthermore, when
designing this study we assumed that the levels of intra-
tester rel iabi l i ty would be at least equal or higher than the
determined inter-tester rel iabi l i ty.

We are not aware of prior studies that determined the rel i-
abi l i ty of measuring hamstrings length using the straight
leg raise test in a populat ion of patients with PITPS. Our
results support the f indings in three prior studies and are
in confl ict with one study. lwo studies that were per-
formed with healthy adults and used standard goniometer
to measure the straight leg raises reported intersession cor-
relat ion of r = .BB and an ICC for inter-tester rel iabi l i ty of
.99 for this measure [54,551. Although we acknowledge i t
may not be appropriate to direct ly compare results of rel i-
ability studies that calculated Pearson correlation coeffi-
cient with studies that calculated ICC, such comparison
gives us at least an approximation of the consistenry of
the measurement. Another study with a populat ion of
patients with low back pain that used a gravity goniometer
to perform the measure reported an ICC of .87 for the
inter-tester rel iabi l i ty and a SEM of 6.4 degrees [56]. Our
results conflict with the findings of IIunt et al, performed
with healthy individuals [571. They reported fair inter-
tester rel iabi l i ty of measuring straight leg raise with an
electronic incl inometer, with ICC of .54 and .48 for the
left and r ight leg respectively [57]. tsecause Hunt, et al,  did
not provide a descript ion of subject inclusion cri teria or a
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clear description of the test procedure used in their study

[57], i t  is not possible to speculate why their measures
were less consistent than our f indings or those of other
studies. Perhaps the day-long time interval for inter-rester
measures used in Flunt et al's study may have been too
long and al lowed for true variat ion in t issue compliance
over t im€.

We elected to rneasure hamstrings length using the
straight leg raise test rather than the popli teal angle test to
avoid the potential for ceiling effects with the later test

[46]. In our cl inical experience, the cei l ing effect wi l l  hap-
pen with several patients with PFPS who may completely
extend the knee before starting to feel the passive ham-
str ings resistance during the popli teal angle test. ' l 'here-

fore, in individuals with less hamstrings t ightness, the
popl i teal  angle wi l l  be l imi ted on the abi l i ty  to pick up
subtle t ightness.

Our study yielded better rel iabi l i ty for the patel lar t i l t  test
than that reported by Watson et al [24] Watson et al 's
study included mainly asymptomat ic indiv iduals (19
symptomatic and 76 asymptornatic) as subjects and stu-
dents as testers. ' l 'hey reported inter,tester rel iabi l i ty with
Kappa values ctf  .2O, .33, and .35 for the three pair of test-
ers, with respective percent agreements of 57o/o, 47o/o, and
620/o [241. We bel ieve our study may have had higher rel i-
abi l i ty because we used experienced therapists who were
fami l iar  wi th the test  in c l in ical  pract ice.  Another poten-
t ial  explanation for such dif ference is the exclusive use of
patients diagnosed with PI;PS in our study. I  Iaving only
patients with PFPS may increase the incidence of posit ive
f indings and result in a more real ist ic determination of
Kappa values. Watson et al [24] did not report the inci-
clence of posit ive f indings in their study.

I ' r ior studies that used the same methocl as we did to
neasure Q-angle have reported lower levels of inter-tester
rel iabi l i ty than in our study. ' fomsich et al used a sample
of healthy young individuals tested by therapists with
experience ranging frorn 2.5 to 5.5 years and reported an
ICC of .23 and a SEM of 3.7" [58] .  Greene et  a l  had 25 test-
ers measuring each other's knees, two of whom had patel-
lofernoral pain symptonrs. They reported inter-tester
rel iabi l i ty with ICC values of .20 and .26 for left  and r ight
knee respectively [1 11. The better rel iabi l i ty in our study
could be explained by better standardization of measure-
ments and training of raters, or because al l  our subjects
were diagnosed with PFPS. As increases and decreases rn

Q-angle are associated with increased patel lofemoral pres-
sures, it is possible that patients with PFPS have more var-
iabi l i ty in the measures of Q-angle than asymptomatic
individuals [42]. The decreased data variabi l i ty in the
other studies may have artificially reduced the ICC values.
Sutl ive et al measured Q-angle on individuals with PFPS
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in a standing posit ion and reported an ICC of .40 (95o/o
Cl:  .08;  .70) and a SEM of 4.2 ' [30] .  In Sut l ive et  a l 's  study
they do not give detai ls about the methodology of the
measure [30]. We have chosen to measure Q-angle in a
non functional posit ion to avoid contraction of the quad-
riceps. Control for quadriceps contraction in a standing
posit ion is more dif f icult  than in a supine posit ion. Quad-
riceps contraction during this measurement could pul l  the
patel la sideways and result in inconsistent readings. We
believe measuring Q-angle with the part icipant in a
supine posit ion may yield more consistent results.

Our f inding indicates a fair to poor rel iabi l i ty of the
Craig's test to measure femoral anteversion, which is con-
sistent with prior studies. One study reported Pearson cor-
relat ion coeff icient of r = .47 for inter-tester rel iabi l i ty of
th is test  I l5 l  and another study reported ICC of .17 [301.
The low rel iabi l i ty may be due to the dif f iculty in accu-
rately palpating the greater trochanter and determining i ts
most lateral posit ion, especial ly in overweight individu-
als. ' [ 'o test this hypothesis, we divided the sample accord
ing to body mass index (BMI),  in which indiv iduals wi th
BMI of .249 or below are classif ied as normal or under-
weight, and those with BMI of .25 or above are classif ied
as overweight or obese [59]. ' l 'he ICC for the 1l  indiv idu,
als wi th UMI of  .249 or below was .81 (95o/o CI .39;  .95),
whereas for the l9 individuals with I IMI of .25 or above
was .20 (95o/o Cl  - .30;  .60). ' l 'herefore,  i t  appears that  in
overweight individuals rneasurerr lents of femoral antever-
sion may be more dif f icult  to perform and consequently
less consistent. LInt i l  further study investigates the associ-
at ion of t lMI and the consistency of femoral anteversion
measures we recommend that cl inicians make judgments

based on the results of this measurement with caution.

Measures of dorsif lexion with the knees extelrded or
f lexed at 90" resulted in substantial rel iabi l i ty, which is in
disagreement with prior studies. Elvery et al reported ICC
of .50 for intertester rel iabi l i ty for ankle passive dorsif lex-
ion [27]. In another study Youdas et al reported an ICC of
.28 for measurements of act ive dorsif lexion [29]. A third
study reported ICCs of .29 and .38 for ankle dorsif lexion
with knee extended and f lexed respectively [30]. We
believe our study may have resulted in better rel iabi l i ty for
several reasons: 1) We trained the testers to be consistent
with posit ioning the arms of the goniometer; 2) We srabi,
lized the tibia during active dorsiflexion; 3) Measuring
active dorsiflexion performed by the subject removes the
confounding effect oftester strength that could be a prob-
lem if  dorsif lexion was measured passively; 4) We used
the average of  two tr ia ls.

Our results are in agreement with previous studies that
have indicated good rel iabi l i ty for measures of quadriceps
length, hip abduction strength, ITB/TFL complex tight-
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ness, and foot pronation. Eng & Pierrynowski have tested
the consistenry of measures of quadriceps length using
the quadriceps femoris muscle angle in a populat ion of
female with PFPS and reported an ICC of .94 for intra-
tester rel iabi l i ty [60]. A prior study that examined the rel i-
abi l i ty of measuring hip abduction strength using a hand
held dynamometer in runners with i l iot ibial band syn-
drome reported substantial inter-tester reliability, with an
ICC of 0.96 [61]. Another study used Pearson correlat ion
coefficients to determine test-retest reliability using a
hand held dynamometer in two boys with muscular dys-
trophy and reported correlat ion coeff icients of .86 for hip
abduction strength [62]. In a recent study Reese & Bandy
tested the rel iabi l i ty of measuring ITB/TFL complex in
asymptolnatic individuals using the Ober test as a contin-
uous measure as we did and reported an ICC of .90 [63].
Sel l  et al investigated the rel iabi l i ty of measuring foot pro-
nation using the navicular drop test and reported an ICC
value of.73 for the inter-tester rel iabi l i ty [  141. In disagree,
ment with our study and Sell  et al study, Sutl ive et al
reported an ICC of .51 for the navicular drop test [30].

We identi f ied only one study that investigated the rel iabi l-
i ty of measuring t ibial torsion using the same method as
we did and they reporred an ICC of .32 (95o/o CI:  .07;  .53)
with a Sl lM o1 6.4 '  . ' l 'he better rel iabi l i ty  in our study
could be explained by better standardization of measure-
ments and training of  raters.

Another i rnportant point  of  d iscussion when cornpar ing
our results with results from other studies is that the age
crf our subjects ranged from 14 to 47 years, which repre-
sents a wider range than most of the other studies. Llaving
included adolescents as well  as adults formed a heteroge-
neous sample and potential ly created considerable dif fer-
ence between the measurements. I l igher variat ion in the
rleasurement inf luence the within and between subjects
variance, both of which can increase the ICC [49].

'I'o our knowledge this is the first study that reports the
rel iabi l i ty of measuring hip external rotat ion strength and
quali ty of movement in patients with PFPS. Quali ty of
movement was tested during the lateral step down test.
This test was developed by our group based on the mala-
daptive alterations in lower extremity function that are
normally observed during physical examination in
patients with PFPS 11,4,64,651. In addit ion ro the step
down test being shown to be rel iable, we bel ieve i t  is able
to recognize altered movement patterns commonly
observed in this populat ion [66]. Further studies should
validate this test against referenced measures of function.

When cornparing the reliability coefficients calculated
with the data from the overall sample with the values
obtained from each pair of testers, we observe that the val-
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ues are consistent for most measurements. Measures that
have shown greater differences between both pairs were
lateral retinacular length, femoral anteversion, and hip
abduction strength. These findings reiterate the above dis-
cussion that measures of femoral anteversion are not rel i-
able and that measures of lateral retinacular length
warrant some caution in its interpretation. The difference
between the two pairs of testers in the measure of hip
abduction strength raises addit ional concerns about this
measurement.

An important element of the val idity of measurem€nts,
and the subsequent abi l i ty to accurately interpret these
measurements, rel ies on the evidence of satisfactory rel ia-
bi l i ty and measurement error [671. Poor rel iabi l i ty and
high levels of measurement error reduce the usefulness of
a test and l imit the extent to which test results can be gen-
eral ized [671. Measurement error, determined in this
study by calculat ing the SIIM, refers to the hypothetical
dif ference between an examinee's observed score on any
part icular measurement and the examinee's true score for
the procedure 1671. Knowledge of the Sl,M al lows us ro
put confidence bands around scores and provides a
threshold for interpreting the test results over t ime. LIsing
the SIIM of hamstrings length of 4.3 degrees as an exaln-
ple, one can calculate a confidence interval around the
obtained score. Let 's suppose that the hamstrings length
during the straight leg raise test was B0 degrees. l f  one SIIM
is added to the hamstrings length measure and one SIM
is subtracted from it ,  an interval is created within which
we can be 6B%o certain that the true measure fal ls. I f  two
standard errors are added to the measure and two stand-
ard errors subtracted from it ,  a wider interval is created,
within which we can be 95%o certain that the true measure
fal ls. In our example, i f  a cl inician rreasures hamstrings
length B0 degrees and the SIIM is 4.3 degrees, we can be
687o certain that the true hamstrings length is between
75.7 and 84.3 degrees and 95% certain that i t  is between
71.3 and 88.6 degrees. When interpreting changes over
tirne, if the measure changes from 80 to 84.3 degrees from
one occasion to the next, one can be 68% confident that
true change has occurred, if the measure changes from B0
to 88.6 degrees, the level of confidence in such change
increases to 95o/o. Further val idation might be gained in
future studies that determine how responsive to change
these measurements are fol lowin g interventions.

' fhere is currently no consensus regarding the number of
SEMs an individual 's score must change for that change to
confidently exceed measurement error. In other words,
there is no agreement about what is the preferred level of
confidence. Previous researchers have reported one SEM
as the best measure of meaningful change on health-
related quali ty of l i fe measures [52]. The number of SEMs
that would reflect meaningful change on measures of
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physical impairments is not known. Moreover, the SEM
has several properties that make it an attractive statistic for
determining cl inical ly meaningful change. First,  the SEM
accounts for the possibility that some of the change
observed with a particular measure may be attributable to
random error. Secondly, the SEM is independent of the
sample under investigation; that is, the SEM is expected to
remain relat ively constant for al l  samples taken from a
given populat ion. Third, the SEM is expressed in the orig-
inal metr ic of the measure, aiding i ts interpretat ion [521.

One l imitat ion of this study is that the rel iabi l i ty results
found may be an over-estimate compared to real cl inical
practice. Many factors may have inf luenced the measure-
ments col lected during this research. ' l -he experimental
environment may have been unrepresentative of meas-
ures taken in a busy cl inic. Specif ic aspects ofcl inical prac-
t ice may lower rel iabi l i t ies values of the measures
investigated in the present study. The testers in this study
were well  trained to perform the measures and fol lowed a
standardized protocol. In the real cl inic, cl inicians work
under t ime restraints and may fol low a less str ict set of
rules when test ing their patients. Furthermore, several var-
iat ions in technique may exist across cl inicians. Even
those who are very accurate in the use of the tests may
never have had the opportunity to standardize their own
techniques with those oIcol leagues. We bel ieve the infor-
rnation about the rel iabi l i ty of the measures investigated
in th is study may be of  c l in ical  re levance i f  the c l in ic ians
who intend to use such measures are r ig,orous in the use
of the tests as here described and i f  they rnake the effort to
standardize the technique with the col leagues.

' fo val idate the use of the measures of impairments asso-
ciated with PFPS tested in this study, further research is
warranted in a nurnber of areas. I t  should be determined
whether these irnpairment measurements are related to
pain and function in individuals with PFPS. l t  should also
be determined whether changes in these impairment
rneasurements wil l  be associated with improvement of
pain and function after completing a rehabil i tat ion pro-

8ram.

Conclusion
Several of the impairments associated with PFPS had good
reliability. Inter-tester reliability coeffi cients were substan-
tial for measures of hamstrings length, quadriceps length,
plantar flexors length, ITB/TFL complex length, hip
abductors strength, and foot pronation, which ensure
valid interpretation of these tests results in clinical prac-
tice. Moderate values of reliability were observed for
measures of Q-angle, t ibial torsion, hip external rotat ion
strength, lateral retinacular tightness, and test ofquality of
movement, which warrants some caution when interpret-
ing the findings of these tests. Measurement of femoral
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anteversion resulted in fair reliability, suggesting that
interpretation of this test may not be consistent. Addi-
tional evidence is needed to support their use by testing if
these impairment measurements are related to physical
function and whether or not they can be used to guide
treatment planning which ult imately would result in suc-
cessful treatment outcofires.
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