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ABSTRACT Background and Purpose. Lateral patello-femoral pain can shorten an 
athletic career and generally decrease an individual’s physical activity and functional level, 
such as preventing stair climbing and reducing the ability to rise from a chair. Leg length 
inequality is associated with patello-femoral pain. A leg length test that best distinguishes 
the difference between people who have lateral patello-femoral pain and those who do not 
would have clinical utility. The purpose of the present study was, fi rst, to determine if uni-
lateral, lateral patello-femoral pain was associated with the longer leg when inequality of 
leg lengths existed and, second, to determine if leg length direct measurement, indirect 
measurement or quadriceps angle (Q angle) could correctly classify participants according 
to the presence or absence of patello-femoral pain. Method. The study used an ex post 
facto, two-group quasi-experimental design. A volunteer sample of 52 participants (14 
males, 38 females), ranged in age from 18 to 52 years. Three methods were used to measure 
leg lengths: palpation meter (PALM) on anterior superior iliac spines (ASIS) while partici-
pants maintained centred weight-bearing position on a high resolution pressure mat; tape 
measurement from ASIS to medial malleolus (supine); tape measurement from ASIS to 
lateral malleolus (supine). Additionally, Q angle was measured in supine position. Patellar 
grind test, medial retinacular and lateral patellar palpation screened for patello-femoral 
pain. Results. Logistic regression analysis determined correctness of membership in 
painful and non-painful patello-femoral groups. The PALM method of indirect measure-
ment of leg length differences overall correctly classifi ed approximately 83% of the partici-
pants. Tape measure to medial and lateral malleoli as well as Q angle did not yield 
signifi cant results. Conclusion. The results suggested that the PALM method of measuring 
leg length differences may have clinical utility in differentiating between patients who are 
likely to sustain patello-femoral pain syndrome and those who will not. Copyright © 2006 
John Wiley & Sons, Ltd.
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INTRODUCTION

Lateral patello-femoral pain occurs at the 
articulation between the lateral facet of the 
patella and the lateral femoral condyle. 
Powers (1998) found that lateral patello-
femoral pain has an estimated prevalence of 
25% of all knee injuries whether in the 
general population or in sports injuries. 
Patello-femoral pain occurs more frequently 
in women than men (Powers, 1998), possibly 
due to the increased lateral patellar forces 
from the wider female pelvis and increased 
incidence of femoral ante-version in women 
(Vigorita and Morgan, 1995) but men have 
more patello-femoral pain than women in 
the athletic population (Powers, 1998). Addi-
tionally, in a review of 2002 running inju-
ries, patello-femoral pain was the most 
common injury, found in 38% of the men 
and 62% of the women (Taunton et al., 
2002).

Both dynamic and static forces affect the 
medial or lateral orientation of the patella. 
The dynamic component is a complemen-
tary association between the vastus lateralis 
and vastus medialis muscles. Muscular pull 
of the larger vastus lateralis muscle is nor-
mally 12–15˚ lateral to the long axis of the 
femur, while the pull of the smaller vastus 
medialis muscle is 15–18˚ medial to the long 
axis of the femur (Lieb and Perry, 1968). 
The distal, medial portion of the vastus 
medialis muscle is called the vastus medialis 
oblique (VMO). The VMO (albeit small) is 
an extremely important portion of muscle 
because its line of pull is approximately 55˚ 
medial to the long axis of the femur. Weak-
ness of the vastus medialis muscle, in par-
ticular the VMO, can allow increased lateral 
forces on the patella (Powers, 1998).

Increased lateral forces on the patella can 
be caused by factors other than muscular 
imbalance. Static forces that contribute to 

increased lateral orientation of the patella 
are structural anomalies such as external 
tibial torsion, femoral ante-version (internal 
femoral torsion) and genu valgus. Structural 
anomalies can cause increased lateral force 
on the patella by increasing the obliquity of 
the pull of the quadriceps muscle at the knee 
joint (Grelsamer and Klein, 1998). Also, 
activities that increase knee fl exion, such as 
squatting (Dye, 2002; Wallace et al., 2002) 
and stair climbing (Salsich et al., 2002), 
increase patello-femoral joint force and 
symptomatic pain.

When the quadriceps muscle exerts force 
laterally on the patella, the lateral surface of 
the patella rubs against the medial portion 
of the lateral femoral condyle causing 
increased compression and friction between 
the articular surfaces. The articular cartilage 
lacks innervation so pain may not be per-
ceived initially (Hungerford and Barry, 
1979).

In contrast to articular cartilage, the sub-
chondral bone is highly innervated. When 
articular cartilage is no longer able to spread 
force over an area larger than the contact 
area the concentration of force causes 
the subchondral bone to register pain 
(Goodfellow et al., 1976; Cox, 1985; Powers, 
1998). With continued compression and 
friction, articular cartilage deteriorates until 
subchondral bone is exposed. When the 
bone is no longer protected by articular car-
tilage, exposed nerve endings in the bone 
produce pain (Goodfellow et al., 1976).

Additionally, an important biomechani-
cal function of articular cartilage is its visco-
elastic ability to spread force over an area 
larger than the contact area (Goodfellow 
et al., 1976). As increased lateral compres-
sion and friction cause the articular surface 
to deteriorate, the visco-elastic force-
spreading property is compromised, then 
destroyed (Goodfellow et al., 1976).
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Leg length differences have been recog-
nized as a source of musculoskeletal prob-
lems for decades (Gross, 1983; Cohen et al., 
1996). Multiple techniques for measuring 
leg length differences have evolved second-
ary to the observed relationship between 
overt leg length inequalities and musculosk-
eletal dysfunction. Currently, it is believed 
that many physiotherapists continue to use 
the tape measure technique to measure leg 
length differences.

The tape measure technique is a form of 
direct measurement that obtains leg length 
by assessing the distance from the anterior 
superior iliac spine (ASIS) to the medial or 
lateral malleolus (McCaw, 1992; Cowen 
et al., 1996). Giles and Taylor (1981) reported 
the tape measure methods are the least accu-
rate, whereas radiographic measurement is 
the most accurate and serves as the criterion 
standard for all other measures. However, 
radiography is expensive, involves exposure 
to radiation and is not readily accessible to 
most physiotherapists (McCaw, 1992).

Overt leg length inequalities often can be 
detected through observation by the experi-
enced clinician. Other than radiographic 
measurement, the most accurate measure-
ment technique is the indirect method of 
judging bilateral pelvic height by an experi-
enced clinician (Gofton, 1985). The clini-
cian places a hand on each iliac crest (or 
other pelvic landmarks) and determines 
height symmetry through observation. Cli-
nicians may augment observation through 
use of a commercially available instrument 
that combines an inclinometer with calipers 
to quantify leg length difference. The PALM 
instrument (Performance Attainment Asso-
ciates, Saint Paul, MN, USA) uses an incli-
nometer to determine degree difference in 
height of the iliac bones. A second part of 
the PALM is the caliper that measures the 
distance between bony landmarks, such as 

anterior superior iliac spines (ASIS). This 
device may allow more objective quantifi ca-
tion of iliac bone height differences com-
pared to the subjective method of visual 
determination.

Physiotherapists and other clinicians 
have observed anecdotally that with func-
tional leg length inequality, the longer leg 
usually is the one that has lateral patello-
femoral pain. Brady et al. (2003) defi ned 
functional length inequality as being a uni-
lateral asymmetry of the lower extremity 
that did not include an osseous component. 
For the purpose of the present study, that 
defi nition was modifi ed to include possible 
osseous component. If there is an associa-
tion between leg length inequality and lateral 
patello-femoral pain, early intervention to 
correct leg length differences may prevent 
this common and painful disorder. The 
purpose of the present study was to deter-
mine if unilateral, lateral patello-femoral 
pain was associated with the longer leg when 
inequality of leg lengths existed, and to 
determine if leg length direct measurement, 
indirect measurement or Q angle could 
correctly classify participants according to 
the presence or absence of patello-femoral 
pain.

Hypotheses

The following hypotheses were investigated 
during the study.

• Participants with unilateral patello-
femoral pain will have signifi cantly 
greater functional leg length differences 
as measured by the PALM than those 
with no patello-femoral pain.

• In participants with functional leg length 
inequalities and unilateral, lateral patello-
femoral pain, the pain will occur in the 
longer extremity.
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METHOD

Study design

The study used an ex post facto, quasi-
experimental research design. Participants 
were assigned to two groups on the basis 
of presence or absence of lateral patello-
femoral pain assessed in the fi nal step in the 
experiment.

Participants

Fourteen males and 38 females between the 
ages of 18 and 52 years volunteered to par-
ticipate in the study. Participants were 
excluded from the study if they had knee 
surgery less than six months prior to the 
study or if they had enough adipose tissue 
in the area of the ASIS to make palpation of 
that landmark unreliable. Each participant 
signed an informed consent form before par-
ticipating in the study.

Materials

The testing equipment included a Tekscan 
high-resolution pressure mat (HRMat by 
Tekscan, Inc.), a standard large goniometer, 
a standard tape measure, a carpenter’s level 
and a palpation meter (PALM, Performance 
Attainment Associates, 3550 LaBore Road, 
Suite 8, Saint Paul, MN 55110-5126, USA). 
Petrone et al. (2003) concluded that the 
PALM was a valid, reliable tool for measur-
ing pelvic crest height differences. Prior to 
the current study, intra-rater and validity 
testing (unpublished data) was conducted on 
the PALM by the researcher with relative 
errors of 1% for validity of inclinometer and 
intra-rater reliability and 4% for caliper 
measures.

The pressure mat provided feedback for 
participants to balance weight equally on 

each foot, preventing the creation of an arti-
fi cial leg length discrepancy through centre 
of gravity displacement. The standing par-
ticipant watched the computer monitor and 
moved an icon on the screen by shifting their 
weight from side to side. By maintaining the 
icon position centred in a designated circle 
on the monitor, the participant maintained 
centre of pressure at body midline.

Procedure

The university’s Institutional Review Board 
approved the research before data collection. 
Prior to measurement, participants changed 
into a hospital gown to allow access to ana-
tomical pelvic landmarks, and for measur-
ing leg lengths.

Measurement of leg length differences 
was performed using three methods:

• the palpation meter (PALM)
• tape measure to medial malleolus
• tape measure to lateral malleolus.

Additionally, quadriceps angle (Q angle) 
was measured and clinical testing deter-
mined the presence or absence of patello-
femoral pain.

Each participant was measured three 
times using each measuring technique. The 
mean of the three measurements was calcu-
lated and recorded to increase accuracy of 
the measurement (Beattie et al., 1990). After 
all measurements were completed, each par-
ticipant was evaluated for lateral patello-
femoral pain bilaterally. The researcher 
performed all tests with the participant in 
supine position while the researcher stood 
on the tested side. The researcher alternated 
direct measurements of the right and left 
legs to decrease likelihood of memory 
biasing the measurements. The lateral 
patello-femoral pain testing was performed 
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last to prevent expectation bias during leg 
length measurements.

Indirect measurement with PALM

A standard carpenter’s level was used to 
ascertain that the fl oor was level before the 
high-resolution mat was placed on the fl oor. 
The same level was used to assure calibra-
tion of the PALM prior to each data collec-
tion session. Anterior/posterior lines were 
placed on the mat 7.6 cm to the right and left 
sides of the mid-point for placement of the 
medial border of the foot. This line placed 
the feet approximately in line with the shoul-
ders for most of the participants, and foot 
placement was adjusted outward for the par-
ticipants with broader shoulders to obtain 
good alignment (Gross et al., 1998). A 
medial/lateral line was placed four inches 
from the cord end of the mat to be the 
forward border for the tip of the great toes.

Participants stood on the pressure mat, 
placing bare feet on the designated spaces. 
The participants maintained a balanced 
stance by observing the computer screen 
and making weight-bearing adjustments as 
needed. The researcher marked the ASIS on 
each side with washable ink, then placed the 
caliper tips of the palpation meter on 
the right and left ASIS (Gross et al., 1998). 
The width of the pelvis between the right 
and left ASIS was measured in centimetres 
and the angle of incline was noted in degrees 
with appropriate right or left designation. 
Sine trigonometric function (Sine θ = oppo-
site/hypotenuse) determined the difference 
in height between the right and left ASIS. 
The width of the pelvis in centimetres served 
as the hypotenuse of the triangle. The angle 
of incline served as the angle θ. The trigo-
nometric function was solved to fi nd the side 
of the right triangle opposite to the angle θ 
as the leg length difference in centimetres.

Quadriceps angle measurement

The second phase of the experiment was Q 
angle measurement. With the participant in 
supine position with legs extended and 
relaxed, the researcher palpated, marked and 
verifi ed the ASIS. The procedure was 
repeated to mark the centre of the patella and 
the tibial tuberosity. A standard large goni-
ometer was used to measure the Q angle 
three times on each leg with the average of 
the three measures used for calculations.

Direct measurement of leg length

The third and fourth tests were the direct 
measurements of leg length using a standard 
tape measure from the ASIS to the medial 
and lateral malleoli, respectively. The par-
ticipant was in supine position, with legs 
extended and relaxed. The mark for the loca-
tion of the ASIS was used for the proximal 
point of measurement. Then the centres 
(most prominent point) of the medial and 
lateral malleoli were palpated and marked 
with a washable ink marker (Gross et al., 
1998). Finally, a tape measure was extended 
from the ASIS to the medial malleolus on 
each lower extremity to determine the leg 
length. The measure was also taken from the 
ASIS to the lateral malleolus in the same 
manner. The average of the three measures 
was used in the calculations.

Patello-femoral pain test

The participant remained in supine position 
on the plinth with legs extended and relaxed. 
The researcher performed a lateral patellar 
grind test, pushing the lateral facet of the 
patella against the lateral condyle of the 
femur in a grinding manner (Powers, 1998). 
Then the lateral border of the patella was 
palpated for tenderness. In the fi nal test 
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(Bassett Sign), the researcher palpated the 
medial retinaculum for tenderness (Powers, 
1998). If both knees tested positive to lateral 
patello-femoral pain but the pain was 
unequal, the leg with greater pain was 
considered to be the painful side.

Analysis

Logistic regression analysis (Cohen et al., 
2003) was performed to determine if the 
participants with unilateral, lateral patello-
femoral pain also had leg length differences 
signifi cantly greater than those participants 
without patello-femoral pain. Logistic 
regression predicts group membership based 
on values of a set of predictor variables and 
will indicate the best predictor of the set of 
variables (Tabachnik and Fidell, 1989; Cohen 
et al., 2003). The dichotomous grouping 
(dependent) variable was patello-femoral 
pain with two levels (presence and absence 
of pain). The predictor variables were four 
measurements:

• PALM measurement
• tape measure from ASIS to medial 

malleolus
• tape measure from ASIS to lateral 

malleolus
• Q angle.

The data were examined to determine if the 
longer leg had the patello-femoral pain, 
using a binomial test.

Since the fi rst run of logistic regression 
revealed a correlation matrix with a correla-
tion of −0.604 between the two direct mea-
sures to the medial and lateral malleoli, the 
direct measure to the medial malleolus (p = 
0.126) was dropped. The research literature 
supported the direct technique of tape 
measure to the lateral malleolus as the more 
accurate of the two direct measures (Giles 

and Taylor, 1981) so that measure was 
retained for the next iteration.

RESULTS

Participants were separated into ‘painful’ 
(n = 14) and ‘non-painful’ (n = 38) groups 
based on the patello-femoral pain testing 
results. Since the interest of the study was a 
comparison between unilateral pain and no 
pain, data from the three participants with 
equal bilateral pain were discarded, reduc-
ing the number of participants from 55 to 
52.

Leg length differences

Logistic regression analysis showed signifi -
cant (p = 0.002) prediction value with PALM 
only (Table 1). Overall correct prediction 
was 82.7% with correct prediction of 97.4% 
for no patello-femoral pain and 42.0% 
correct prediction for patello-femoral pain. 
The odds ratio was 17.893 for PALM, 0.508 
for direct measure to lateral malleolus and 
1.017 for Q angle, showing the PALM method 
to be nearly 36 times as effective a predictor 
as direct measure and nearly 18 times as 
effective a predictor as Q angle. Nagelkerke 
R2 was 0.260.

TABLE 1: Logistic regression analysis descriptive 
statistics

 Wald p value Exp (B)

PALMdiff 6.719 0.010† 17.893
Tapelatdiff 1.214 0.271 0.508
Qangle 0.013 0.909 1.017
Constant 5.387 0.020† 0.192

PALMdiff = difference score measured with PALM; 
Tapelatdiff = difference score measured by tape to the 
lateral malleoli; Qangle = difference score of quadri-
ceps angle; Constant = computer-generated model.
† Signifi cance.
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In 79% (11/14) of the participants with 
unilateral, lateral patello-femoral pain, the 
pain was in the longer leg, showing a posi-
tive connection between unilateral, lateral 
patello-femoral pain and the longer leg when 
leg length inequalities exist. The binomial 
test approached signifi cance (p = 0.057) in 
separation of the groups.

DISCUSSION

The research literature (Brady et al., 2003) 
supports measure of leg length differences 
through determining levelness of the pelvis. 
Additionally, the current research found clin-
ical application in this indirect measure of leg 
length differences with leg length differences 
measured by the PALM method successfully 
predicting the presence or absence of patello-
femoral pain approximately 83% of the time. 
It is also possible that the people ‘incorrectly’ 
classifi ed into the pain group may eventually 
have patello-femoral pain because of the 
effect of leg length disparity over time.

The current research assessed three leg 
length measures and Q angle, and determined 
which were predictors of patello-femoral 
pain. The researcher conducted the testing in 
a way to eliminate expectation bias by testing 
for patello-femoral pain after all other mea-
sures were completed. Testing for the aetiol-
ogy of leg length differences was beyond the 
scope of the present study. Additionally, the 
researcher identifi ed sources of potential 
error in using the PALM device for measur-
ing leg length inequalities. The discussion 
addresses Q angle, physiological adaptations 
of the longer leg and potential sources of error 
for the measurement device.

Q angle

Q angles of males in this study varied from 
10˚ to 15˚ in the longer leg, with a mean of 

13 .̊ The fi ndings were within the normal 
range for males, which is generally consid-
ered to be between 10˚ and 15˚ (Horton and 
Hall, 1989).

The Q angles of females in this study 
varied from 14˚ to 20˚ in the longer leg, with 
a mean of 15.9 .̊ Since the normal range for 
females is generally considered to be in the 
15˚ to 20˚ range (Ando et al., 1993; Guerra 
et al., 1994; Schulthies et al., 1995; Cowan 
et al., 1996; Papagelopoulos and Sim, 1997) 
the fi ndings were within the normal range.

Physiological adaptations of 
the longer leg

There are several ways that the longer leg 
will functionally shorten itself when leg 
length inequalities exist, and many of them 
may increase the pressure on the lateral 
patello-femoral articulation (Greenfi eld, 
1990). The pelvis can unilaterally rotate in 
the sagittal plane. One way that the longer 
leg functionally shortens itself in standing 
position is through posterior, unilateral rota-
tion on the longer side (Blustein and 
D’Amico, 1985; Blake and Ferguson, 1992; 
Brady et al., 2003). Sometimes the unilateral 
rotation is combined with hip-hiking of the 
longer leg, which, in turn, is responsible for 
scoliotic curvature (Subotnick, 1981; 
Woerman and Binder-Macleod, 1984; Blus-
tein and D’Amico, 1985; Blake and Fergu-
son, 1992; McCaw, 1992). At the hip joint, 
external rotation of the lower extremity can 
functionally shorten the longer leg by mini-
mizing the toe-off function during gait 
(Greenfi eld, 1990).

At the knee, two functional adjustments 
are possible to effectively shorten the longer 
leg. Knee hyperextension and valgus defor-
mity will each decrease the distance from 
the hip to the foot. Furthermore, pronation 
at the ankle–foot complex functionally 
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decreases the length of the longer leg (Green-
fi eld, 1990). Therefore, leg length differ-
ences left undiscovered and unmediated 
may cause a plethora of somatic pathology 
due to the body’s efforts to correct the 
inequality. Although the adaptations seem 
intuitively to be a source of patello-femoral 
pain, research is needed to determine if these 
various adaptations truly lead to patello-
femoral pain syndrome.

Potential error sources for PALM

While conducting the PALM measures, the 
researcher noted diffi culty in confi dently 
marking the ASIS on a person with a large 
amount of subcutaneous fat in the area of the 
ASIS. In this research, the data from that 
one person was not accepted for analysis 
because of the researcher’s lack of confi -
dence in securing correct placement of the 
tool. In a clinical setting, the PALM may not 
accurately assess patients with subcutaneous 
fat over the ASIS for this same reason, 
thereby limiting its use with the full range 
of patients.

A second source of error could come 
from the tester. Even though the marks 
placed on the skin for the ASIS probably 
increase the accuracy of caliper placement, 
the tester can move the caliper tips or skin 
quite easily while reading the instrument. 
The researcher discovered this while practis-
ing with the PALM prior to data collection. 
The researcher practised several times to be 
consistent in placement and avoid moving 
the skin. In a clinical setting where time is 
constrained, due care would need to be 
observed to avoid tester error.

A third source of identifi ed error is 
uneven weight distribution. If the centre of 
gravity is skewed to one side, a false leg 
length difference can occur with the leg 
bearing the heavier weight appearing to be 

longer than the unloaded leg. The unloaded 
leg may also allow its side of the pelvis to 
drop, thereby increasing the error. Since the 
researcher wanted to promote greatest accu-
racy in a research setting, a pressure mat 
was used to maintain the centre of gravity 
equidistantly between the participant’s feet. 
In the clinic, the practitioner may not have a 
pressure mat. In that case, the clinician 
should critically evaluate the patient’s right–
left weight distribution from the frontal 
plane before using the instrument to avoid 
this potential error.

In the present study, Q angle and the 
direct measurement from the ASIS to the 
medial malleolus or lateral malleolus were 
non-signifi cant (p = 0.936 and 0.668, respec-
tively) as predictors of patello-femoral pain. 
The Q angle method is generally supported 
in the research literature (Messier et al., 
1990; Woodland and Francis, 1992; Caylor 
et al., 1993; Guerra et al., 1994; Cohen et al., 
1996), but was not supported by the results 
of the current study.

Physiotherapists include multiple tests 
and measures when evaluating patients and 
commonly use tape measures to assess leg 
lengths. Although the direct tape measure-
ment techniques are the most commonly 
used clinical method of measuring anatomi-
cal leg length differences, they are consid-
ered by most researchers to be very inaccurate 
(Heilig, 1978; Giles and Taylor, 1981; 
Danbert, 1988; Blake & Ferguson, 1992; 
Smith, 1996) and may account for the poor 
utility in predicting patello-femoral pain in 
the present study.

Eichler (1977) used 10 physicians and 
seven medical students to examine 25 par-
ticipants. The testers recorded the values in 
writing and were asked not to communicate 
with each other. The same tape measure was 
used by all testers from the ASIS to the 
lateral malleolus but the recorded values 
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showed a large variability. In accordance 
with Blake and Ferguson (1992), Eichler 
concluded that there were six reasons for 
error in tape measure methodology: unilat-
eral difference in thigh circumference, uni-
lateral log axis deviation (i.e. genu varus), 
inability to accurately locate the ASIS, 
use of the most lateral part of the lateral 
malleolus instead of the most distal tip, 
unilateral rotation of the pelvis and joint 
contractures.

IMPLICATIONS

The data from the present study suggest 
that the PALM method is promising in 
terms of predicting the presence or absence 
of patello-femoral pain. The predictive 
validity of this method may be linked to 
the greater accuracy of this and similar 
methods in documenting leg length differ-
ences shown previously. The PALM or a 
similar tool may have clinical utility for 
physical therapists.
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