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Abstract

Background: Patellofemoral Pain Syndrome (PFPS) is
one of the most common orthopedic knee conditions encoun-
tered in athletes and general population and is more prevalent
in females than in males. Lower limb malalignment is an
important etiological factor for PFPS.

Aim of the Study: The purpose of this study was to deter-
mine if there was any relationship between static lower
extremity alignment and PFPS.

Patients and Methods: Forty nine patients (38 females
and 11 males) diagnosed as PFPS had participated in this
study with age ranged from eighteen to thirty five years. Each
patient was assessed for static lower limb alignment measures
(pelvic tilting angle, tibial torsion using PALM (PALpation
meter); femoral neck anteversion using inclinometer; Q-angle,
tibiofemoral angle using plastic standard goniometer and
navicular drop using ruler) and patellofemoral pain by kujala
scale.

Results: The results showed no relationship between lower
limb alignment measures and PFPS Pelvic angle (p=0.03,
p=0.839), Tibial torsion (p=0.145, p=0.319), Q-angle (p=
0.074, p=0.612), Tibiofemoral angle (p=0.051, »p=0.729),
FNA (p=-0.144, p=0.436), Navicular drop (p=0.03, p=0.836).

Conclusion: Lower extremity malalignment does not
affect pain and function in patients with PFPS.

Key Words: Patellofemoral pain syndrome — Static lower
extremity alignment.

Introduction

PATELLOFEMORAL Pain Syndrome (PFPS)
is one of the most common knee joint dysfunctions
among young physically active individual [1]. It
accounts for 10% to 25% of all visits seen in
physical therapy clinics [2]. The prevalence of
PFPS is 1.5 times higher in females than males [3].
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Despite the high incidence of PFPS, the patho-
mechanics of this disorder remain poorly under-
stood [4] . Some theories for the origin of non
traumatic gradual onset of PFPS are: (1) Neuromus-
cular imbalance of the Vastusmedialis Obliqus
(VMO) and the Vastuslateralis (VL) muscles; [5]
(2) Tightness of the lateral knee retinaculum,
hamstrings, iliotibial band, and gastrocnemius; [6]
(3) Over pronation of the subtalar joint [7] and (4)
Hip muscles weakness have been suspected to
increase patellofemoral malalignment and the ad-
vancement of PFPS signs and symptoms [4].

Previous literatures suggested that, in the ab-
sence of direct trauma, the etiology of PFPS is
multi factorial. Factors related directly to the
Patellofemoral Joint (PFJ) [8], factors distal to the
knee [9], and proximal factors including hip muscles
weakness have also been proposed to contribute
to patellofemoral malalignment and the develop-
ment of PFPS [10].

Lower Extremity Alignment (LEA) has been
proposed as a risk factor for acute and chronic
lower extremity injuries, including PFPS [11] and
anterior cruciate ligament injuries [12]. Skeletal
malalignment can alter the joint load distribution
and, therefore, joint contact pressure distribution
of adjacent or distant joints [13].

It is important to recognize and quantitate lower
limb alignment in the diagnosis and treatment of
PFJ symptoms and disorders. To researcher's knowl-
edge few published studies have addressed the
relationship among LEA and function in PFPS
patients, this relationship may be important because
one skeletal malalignment may cause compensatory
alignment changes at other bony segments, resulting
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in abnormal stress patterns or compensatory mo-
tions along the kinetic chain.

Static alignment measurements of leg length
discrepancy, Femora Neck Anteversion (FNA),
knee genu varum, valgum and recurvatum, exces-
sive Q-angle (greater than 20 degrees) [14], patella
alta, tibial torsion, increased ankle dorsi flexion,
and excessive subtalar and forefoot varus (navicular
drop more than 15mm) [15] have been proposed as
potential intrinsic risk factors for running injury
[16].

Patients and M ethods

Upon approval of Cairo University's supreme
council of postgraduate studies and research, the
study extended from January 2017 to June 2017.
Forty nine patients (38 females and 11 males)
referred from orthopedic surgeon diagnosed as
PFPS. Their mean age, body mass, height, BMI
values were 24.94+3.69 years, 67.4%11.41Kq,
164.24+8.26¢cm, and 23.32+3.71K g/m? respective-
ly. They were interviewed and screened based on
the following inclusion criteria: Anterior or retro-
patellar knee pain from at least 2 of the following
activities: Prolonged sitting; stair climbing; squat-
ting; running; kneeling; and hopping/jumping [17],
non-traumatic incident (6 monthsto 1 year), their
age ranged from 18-35 years and BMI under 30.
The exclusion criteriawere: A history of any of
the following conditions: Meniscal or other intra
articular pathologic conditions; cruciate or collateral
ligament involvement, a history of traumatic pa-
tellar subluxation or dislocation, previous surgery
in the knee, ankle and hip joints, knee, ankle and
hip joints osteoarthritis. This study was conducted
at Kasr El-Aini Outpatient Clinic, Cairo, Egypt.

Procedures:

Each subject was assessed for six static lower
extremity alignment for both limbs: (Pelvic tilting
angle and tibial torsion using the PALM, FNA by
bubble inclinometer, Q-angle and tibiofemoral
angle using goniometer, navicular drop by aruler)
and pain assessment by kujala questionnaire (Ap-
pendix).

1- Anterior pelvic tilting angle:

Pelvic angle was measured in bilateral stance
while the subject standing and bearing equal weight
on both lower limbs Fig. (1). This angle represents
the angle formed by aline from the ASIS to the
PSIS relative to the horizontal plane using incli-
nometer. This method with measurements done
using inclinometer has been reported to have an
ICC of 0.77 to 0.99 for intratester reliability [18].

Pelvic angle measures were taken in a stand-
ardized stance, with left and right feet spaced equal
to the width of the left and right acromial processes
and toes facing forward. The stance was achieved
by instructing participants to march in place and
then took a step forward. They were instructed to
look straight ahead during standing measures with
equal weight over both feet [19].

2- Femoral neck anteversion:

The bubble inclinometer was calibrated by
zeroing it to afixed vertical reference using the
wall. The participant lied in prone with the knee
flexed to 90° and the pelvisisfixed to the plinth
using abelt Fig. (2), the examiner passively rotated
the hip joint internally until afirm end point was
reached then passively rotated the hip joint exter-
nally, the hip angle was measured by placing the
bubble inclinometer over the distal third of the
tibia and the degree difference between them was
recorded [20] .

3- Q-angle:

Q-angle Fig. (3) was measured from a standing
position as the angle between aline passing from
ASISto the center of the patella and another line
from the patellar center to the tibial tuberosity
using the universal goniometer. As the quadriceps
contraction may affect the position of the patella,
special care was taken to ensure that the partici-
pant's quadriceps muscle was relaxed [21] . This
was done by giving clear instructions to the subject
and teaching him how to relax the muscle, and was
confirmed by palpation.

4- Tibiofemoral angle:

Tibiofemoral angle Fig. (4) was measured from
standing. With the goniometer axis over the patellar
center, the angle was measured by aline from the
knee center to amid way landmark between the
ASIS and the greater trochanter, and aline from
the knee center to the mid-malleolar distance [22].

5- Tibial torsion:

The participant was positioned in supine lying
position Fig. (5), the examiner passively positioned
the femur so that the line between the epicondyles
is parallel to the horizontal plane. Tibial torsion
was measured as the angle between the true hori-
zontal and the bi-malleolar axis. This angle was
measured using PALM inclinometer by placing
the two caliper arms on the medial and lateral
malleolus and recording the angle displayed by
the inclinometer. Normal tibial torsion was reported
to be on average 25° in adult population [23].
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6- Navicular drop test:

Navicular drop Fig. (6) was determined as the
difference in height of the navicular tuberosity
from the floor during sitting and standing. An
initial measurement was taken with the participant
seated, both feet on the floor, un-weighted, and in
subtalar neutral. The unweighted navicular position
is the distance from the floor to the marked point
on the navicular tuberosity. The participant then
was asked to stand and was instructed to keep
equal pressure on both feet while the measurement
was repeated. Navicular drop was calculated as
the difference between the two measurements [18].

Functional assessment:

All patients were assessed for their functional
status by completing Kujala questionnaire for
patellofemoral joint pain (anterior knee pain scale)
that has been validated for the evaluation of patel-
lofemoral joint disorders. The maximum total score
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of this assessment tool was 100, with higher scores
indicating greater levels of function with lower
levels of pain (Appendix).

Fig. (1): Pelvic angle measurement.

Fig. (2): Femoral neck anteversion angle measurement. Right: External rotation. Left: Internal rotation.

Fig. (3): Q-angle measurement.

Fig. (4): Tibiofemoral angle measurement.
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Fig. (5): Tibial torsion measurement.

Fig. (6): Navicular drop test. (Left): The distance of the navicular tuberosity from the floor was
measured from sitting. (Right): The same distance was measured again from standing.

Results

Statistical analysis was conducted using SPSS
for windows, Version 22 (SPSS, Inc., Chicago,
IL). Prior to final analysis, data were screened for
normality assumption and presence of extreme
scores. This exploration was done as a pre-requisite
for parametric calculations of the analysis of dif-
ference. Descriptive analysis using histograms with
the normal distribution curve showed that the
AKPS, pelvic angle, tibial torsion, FNA, Q-angle,
TFA, and navicular drop were not normally dis-
tributed and violates the parametric assumption
for the measured dependent variable. Normality
test of data using Shapiro-Wilk test was used, that
reflect the data was not normally distributed for
all most dependent variables. Spearman product
moment correlation coefficient was used to deter-
mine the correlations among the AKPS, pelvic
angle, tibial torsion, FNA, Q-angle, TFA, and
navicular drop. Theinitial alphalevel for the
correlation analysis was set at 0.05.

General characteristics:

The current study was conducted on 49 partic-
ipants (38 females and 11 males) suffering from
PFPS their mean age, body mass, height, BMI
values were 24.94+3.69 years, 67.4%111.41Kq,
164.24+8.26cm, and 23.32+3.71K g/m? respec-
tively.

Correlation among the AKPS, pelvic angle,
tibial torsion, FNA, Q-angle, TFA, and navicular
drop:

The correlations among the AKPS, pelvic angle,
tibia torsion, FNA, Q-angle, TFA, and navicular
drop were studied through the Spearman product
moment correlation coefficient. It revealed that
there was no correl ation between AKPS and pelvic
angle (p=0.03, p=0.839). Additionally, there was
no correlation between AKPS and tibial torsion
(p=0.145, p=0.319), between AKPS and FNA (p=
—0.144, p=0.436), as well as between AKPS and
Q-angle (p=0.074, p=0.612), moreover there was
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no correlation between AKPS and TFA (p=0.051,
p=0.729). Finally, there was no correlation between

Pelvic angle

150
AKPS

Fig. (7): Scatter plot for the bivariate correlation between
AKPS and pelvic angle.
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Fig. (9): Scatter plot for the bivariate correlation between
AKPS and femoral anteversion angle.

N
W

N
(=]

Ja—
wn

—_
S

Tibiofemoral angle

wn
1

1143

AKPS and navicular drop (p=0.03, p=0.836) (as
shown in Figs. (7-12).
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Fig. (8): Scatter plot for the bivariate correlation between
AKPS and tibial torsion.
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Fig. (10): Scatter plot for the bivariate correlation between
AKPS and Q-angle.
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Fig. (11): Scatter plot for the bivariate correlation between
AKPS and tibiofemoral angle.

Discussion

The main purpose of this study was to investi-
gate the relationship between static Lower Extrem-
ity Alignment (LEA) and Patellofemoral Pain

1
0 50 100 150

AKPS

Fig. (12): Scatter plot for the bivariate correlation between
AKPS and navicular drop.

Syndrome (PFPS). The study general hypothesis
stated that there would be no relationship between
static lower extremity alignment measures and
PFPS. The results of this study accept this general
hypothesis as there were no association between
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pelvic angle, tibial torsion, FNA, Q-angle, tibi-
ofemoral angle, navicular drop and PFPS (p less
than 0.145 and p=0.05).

Nakagawa et al., [24] found that greater hip
adduction, hip internal rotation, and knee abduction
were associated with higher levels of pain and
reduced function in males and females with PFP.

Therefore, the higher the number of kinematic
aterations (pelvic angle, tibial torsion, FNA, Q-
angle, tibiofemoral angle, and navicular drop, the
worse the symptoms and function, which have
been shown to be associated with a poor prognosis
[25]. Bakry et al., [26] found no relationship between
static LEA measures (pelvic angle, tibial torsion,
FNA, TFA, Q-angle, navicular drop) and hamstring
strain injury in Egyptian soccer players.

Relationship between pelvic angle and PFPS:

It was hypothesized that there would be no
relationship between pelvic angle and PFPS. Based
on the results of present study, this hypothesis was
accepted as evident by no relationship between
pelvic angle and PFPS (p=0.03, p=0.839). The
lack of statistical significance could be attributed
to the small sample size. Thus, further research
with alarger sample size is warranted before con-
clusion on the relationship between pelvic angle
asymmetry and PFPS.

Due to scarcity of literaturesin this area, our
results cannot be compared to other studiesin
PFPS. However, associations between pelvic angle
asymmetry and other musculoskeletal dysfunctions
exist. For example, one study reported association
between increased foot pronation, decreased pelvic
tilt angle and increased anterior knee laxity [27].

Hertel et al., [28] found that increased anterior
pelvic tilt was significantly associated with ACL
injury history. This study support the work of
Loudon et al., [29] who found that in females
anterior pelvic tilt was significantly related to
having a history of ACL injury when assessed
statistically in aunivariate analysis, however it
was not a significant factor when examined in a
multivariate analysis.

Based on clinical observations [30] and previous
research [27] expectation was that greater anterior
pelvic tilt would be related to greater anterior knee
laxity concomitant to its proposed effect on align-
ment of the hip (femoral internal rotation), knee
(valgus and genu recurvatum), and ankle (prona-
tion).

Relationship between Tibial torsion and PFPS,

It was hypothesized that there would be no
relationship between tibial torsion and PFPS. Based
on the results of present study, this hypothesis was
accepted as evident by no relationship between
tibial torsion and PFPS (p=0.145, p=0.319).

Literature search failed to find previous studies
that investigated the relationship between tibial
torsion and PFPS. Similarly, Shultz et al., [27]
concluded that tibial torsion is not a significant
predictor for anterior knee laxity. However, it was
proposed by Meyer and Haut [31] that excessive
internal tibial torsion can increase the risk of
developing ACL injury. Also Amis and Dawkins
[32] found that internal tibial torsion was a predictor
for ACL and Medial Collateral Ligament (MCL)
injuries.

Guler et a., [33] concluded that torsional abnor-
malities were considered both a possible cause and
effect of OA. Turner [34] suggested that patients
with OA of the knee had reduced external torsion
or true internal torsion. In addition, Yagi [35] re-
ported that tibial torsional deformities occurred in
association with medial type osteoarthritic knees.

Rel ationship between femoral anteversion and
PFPS:

It was hypothesized that there would be no
relationship between FNA and PFPS. Based on the
results of present study, this hypothesis was accept-
ed as evident by no relationship between FNA and
PFPS (p=-0.144, p=0.436). Findings of the present
study agree with the work of Reikeras [36] who
found no relationship between FNA and PFPS.

Findings of the present study disagree with the
work of Montgomery et a., [37] who found arela-
tionship between FNA and PFPS. Eckhoff [3g]
found a relationship between femoral anteversion,
osteoarthritis of the knee and patellar instability.
Increased anteversion had been associated with
anterior knee laxity [27], ACL injury [39].

Relationship between Q-angle and PFPS:

It was hypothesized that there would be no
relationship between Q-angle and PFPS. The
present study supported this hypothesis (p=0.074,
p=0.612). Almeidaet al., [40] supported our study
as they conducted a cross sectional study on females
with PFPS and fonud that there was no significant
correlation between Q-angle, pain intensity ( r=
—-0.29; p=0.19), functional capacity (r=—0.08;
p=0.72).
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Furthermore, Thij set a., and Ramskov et d.,
[41,42] prospectively monitored novice street run-
ners and found that the Q-angle did not differ
between the athletes who devel oped PFPS and
those who did not. Thus, they did not consider it
to be arisk factor. Similar findings were reported
by Boling et a., [43] from a prospective study on
1319 participants, with three years of follow-up.
Furthermore, arecent systematic review with meta-
analysis confirmed the lack of relationship between
an excessive Q-angle and development of PFPS.
In addition to that, Witvrouw et al., [14] agree with
the present study as they did not find any relation-
ship between Q-angle and PFPS. Also, Lunet a.,
[44] agreed with our study as they measured static
lower limb alignment in 87 recreational runners
before their training period and observed their
injury history over six months of their usual training
program. They found no strong evidence that lower
extremity alignment is associated with running
injuries, including PFPS.

Findings of the present study disagree with the
work of Emami et al., [45] who found a correlation
between Q-angle and PFPS. The contrasting results
between the current study and the previous study
may be due to larger sample size. Excessive Q-
angle has been identifying as arisk factor for some
muscul oskel etal injuries for example, ACL injury
[39] and overuse lower extremity injuries [46].

Relationship between Tibiofemoral angle and
PFPS:

It was hypothesized that there would be no
relationship between tibiofemoral angle and PFPS.
Our study supported this hypothesis (p=0.051, p=
0.729). The findings of this study disagree with
the work of Park and Stefanyshyn [47] who found
that varus knee alignment was seen in 32% of
PFPS patients. Decreased tibiofemoral angle has
been associated with increased anterior knee laxity
[271 and ACL injury [39].

Relationship between foot pronation and PFPS

It was hypothesized that there would be no
relationship between foot pronation and PFPS. Our
study supported this hypothesis (p=0.03, p=0.836).
The present study agree with the work of Aliberti
et a., [48) who conducted a study on 77 adults of
both genders and found that there was no associa-
tion between increased rearfoot valgus ( p=0.67)
and PFPS occurrence.

Thisfinding isin agreement with other studies,
which found no difference between rearfoot posture
in stance and the occurrence of PFPS [49] . On the
other hand Barton et al., [50] found arelation
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between increased rearfoot valgus and increased

calcaneal angle during relaxed stance posturein

subjects with PFPS. The contrasting results between

the current study and that of Barton et al., [50] may
be due to methodological difference as he measured

rear foot angle by digital photogrammetry.

Excessive rearfoot pronation has been linked
to overuse injuries of the knee [51] such as ACL
injuries [29]. Navicular drop has been proposed to
be a strong predictor for other muscul oskel etal
dysfunctions such as anterior knee laxity [27] and
was also significantly associated with ACL injury
[39].

Conclusion:

Based on the scope and findings of this study,
it could be concluded that there was no relationship
between static LEA (pelvic angle, tibia torsion,
FNA, Q-angle, TFA, navicular drop) and anterior
knee pain in patients with PFPS. Static LEA does
not related to functional ability in patients with
PFPS.
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Appendix

Kujala Questionnaire for Patellofemoral Joint Pain
Name: Date:

Age:

Knee: L/R

Duration of symptoms: Years

For each question, circle the latest choice (letter) which corresponds to your knee symptoms.

1- Limp:
(8 None (5)
(b) Slight or periodical (3)
(c) Constant (0)

2- Support:
(a) Full support without pain (5)
(b) Painful (3)
(c) Weight bearing impossible (0)

3- Walking:
(8 Unlimited (5)
(b) More than 2km (3)
(c) 1-2km (2)
(d) Unable (0)

4- Stairs:
(8 No diffivulty (10)
(b) Slight pain when descending (8)
(c) Pain both when descending and ascending (5)
(d) Unable (0)

5- Squatting:
(a) No difficulty (5)
(b) Repeated squatting painful (4)
(c) Painful each time (3)
(d) Possible with partial weight bearing (2)
(e) Unable (0)

6- Running:
(8 No difficulty (10)
(b) Pain after more than 2km (8)
(c) Slight pain from start (6)
(d) Severepain (3)
(e) Unable (0)

7- Jumping:
(a) No difficulty (10)
(b) Slight difficulty (7)
(c) Constant pain (2)
(d) Unable (0)

8- Prolonged sitting with the kness flexed:
(a) No difficulty (10)
(b) Pain after exercise (8)
(c) Constant pain (6)
(d) Pain forcesto extend kness temporarily (4)
(e) Unable (0)

9- Pain:
(a) None (10)
(b) Slight and occasional (8)
(c) Interferes with sleep (6)
(d) Occasionally severe (3)
(e) Constant and severe (0)

10- Swelling:
(a) None (10)
(b) After severe exertion (8)
(c) After daily activities (6)
(d) Every evening (4)
(e) Constant (0)

11- Abnormal painful kneecap (patellar) movements

(subluxations):

(a) None (10)

(b) Occasionally in sports activities (6)
(c) Occasionally in dailyy activities (4)
(d) At least 1 documented dislocation (2)
(e) More than 2 dislocations (0)

(e) More than 2 dislocations (0)

12- Atrophy of thing:
(a) None (5)
(b) Slight (3)
(c) Severe(0)

13- Flexion deficiency:
(a) None (5)
(b) Slight (3)
(c) Severe(0)
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