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Abstract

Background: In patellofemoral pain syndrome (PFPS) as a common cause of knee pain in athletes, muscle
weakness is proposed to contribute to its pain and dysfunction. This study was conducted to determine whether
hip and knee muscles strengthening can accordingly reduce pain.

Methods: In a single blinded, randomized clinical trial, 32 females (52 knees) with PFPS were randomly divided
into a case and a control group. All the hip muscles and knee extensor in the case group and only the knee
extensor in the control group were tested. In the case of recognizing weakness, they underwent a 4-week streng-
thening exercise program, after which a retest was taken. Pain as indicated on a visual analogue scale was
recorded before and after the intervention.

Results: Both groups revealed pain reduction, although the amount of reduction was significantly greater in the
cases compared to the subjects in the control group. Among the muscles selected for strengthening, only the hip
flexors, abductors, and external rotators were found related to successful treatment as defined by at least 15%
pain reduction on a pain visual analogue scale.

Conclusions: Despite the current concept of focusing on quadriceps strengthening exercise in PFPS in the
attempt to reduce pain and dysfunction, the results of this study did not support this idea. More attention should

be shifted toward the hip muscles, if a long term and more efficient treatment is targeted.

Keywords: Muscle weakness; Muscle strengthening; Patellofemoral pain syndrome

Introduction

Patellofemora pain syndrome (PFPS), as a common
source of diffused anterior knee pain in young and
active individuds, accounts for 25% of all the knee
problems in sports medicine clinic.** Despite its pre-
valence, the etiology and treatment of this syndrome
remain vague and controversial.®> It has been sug-
gested that factors like abnormal lower limb biome-
chanics, soft tissue tightness, muscle weakness, over-
use and overload may result in increased cartilage and
subchondral bone stress and subsequent pate-
lofemoral pain.>* Abnormal muscular factors (weak-
ness and tightness) that alter tracking of the patellain
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the femora trochlear notch can contribute to in-
creased patellofemord contact pressure and result in
pain and dysfunction.”” As early as 1976, Nicholas et
al. emphasized the importance of hip flexor muscle
strength in this condition.® The hip musculature (es-
pecialy external rotator and abductor) contributes to
pelvic stability and leg alignment during weight bear-
ing activities®>’ Thus, it has been theorized that
weakness of these muscles may be a contributing fac-
tor to this syndrome.

Many non-operative approaches have been deve-
oped to treat this syndrome, but no single intervention
has been demonstrated as the most effective.’ Exercise
therapy to strengthen quadriceps is often prescribed.
Despite the longevity of such treatment, with reported
experiments as early as 1922 advocating quadriceps
strengthening exerdise, its efficacy is still debated.***
The purpose of this study was to evauate whether a
non-operative treatment program emphasizing hip and
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knee strengthening exercise results in decreased pate-
lofemoral pain.

Materials and Methods

The study was carried out in the Physiotherapy Clinic
affiliated to the Rehabilitation Faculty of Shiraz Uni-
versity of Medical Sciences, Shiraz, Southern Iran.

After a broad screening test involving al female
students residing in Shiraz University of Medica Sci-
ences dormitories, 32 subjects (52 knees) at the age
range of 18-30 years (22.62+2.67 years), with PFPS
in one or both lower extremities volunteered to par-
ticipate in the study by signing an informed consent
form approved by the university Ethics Ccommittee.
They were divided into a case (16 patients, 24 knees)
and a control (16 patients, 28 knees) group based on a
systemic random allocation strategy (Table 1).

The inclusion criteria were 1. Retro- or peri-
patellar pain from at least two of the following activi-
ties: sguatting, prolonged sitting, stair climbing, run-
ning, kneeling; 2. Insdious onset of pain without a
history of trauma persisting for at least 4 weeks; 3.
Pain during patdlar compression test, patelar grind
test or medial/lateral patellar facet tenderness and 4.
No professiona sports activity by the subj ects.

Muscle strengthening and pain intensity

Subjects were excluded if any of the following
conditions was present. 1. Meniscal injury, 2. Cruci-
ate or collateral ligament involvement, 3. Tenderness
over iliotibia band, patdlar or pes anserinous ten-
don, 4. A positive history of patelar dislocation, 5. A
positive patellar apprehension sign, 6. Knee surgery
inthe past 2 years, 7. Diagnosis of peri-patelar bursi-
tis, sinding-larsen-johansson and osgood-schiatter
disease, 8. Referra pain from the lumbar or hip re-
gion, 9. Pes planus or cavus, 10. Leg length discrep-
ancy, 11. Lower limb maignancy, 12. Pregnancy and
13. A positive history of being on a steroidal or non-
steroidal medication during the previous 6 months.

By employing a digital myometer (Medical Re-
search Itd, Leeds, UK), muscle strength testing was
performed. A good repeatability as indicated by ICC
of 0.76 to 0.85 has been reported for this technique
with the same device.™ Pain intensity was marked on
a 10 cm visua analogue scale (VAS) for both groups.
The subjects followed a 4-week treatment program.
At the end of the 4" week, the muscle strength and
pain intensity tests were repested.

During the test procedure, the subjects applied a
maximum isometric muscle contraction against the
strap of the myometer. After a set of practice trids, 3
consecutive successful trials were recorded. The mus-
de contraction was held for 5 seconds with 60 sec-

Table 1: Subject allocation chart showing the number of subjects in each group

33 patientsrandomly
allocated to treatment

/

AN

17 allocated toreceive hip &
knee strenghtening exercises
17 received intervention

16 allocated to receive knee
strengthening exer cises
16 recaived intervention

A\ 4
1 lost to follow up

A4

16 in analysis
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105


http://www.irmj.ir

Razeghi et al.

onds of rest between the trials. The average of the
peak force from 3 trials was used for data analysis.
The hip flexor, extensor, abductor, adductor, internal
and externa rotator and knee extensor in the case
group and the knee extensor in the control group un-
derwent assessment.

Hip flexion and extension was tested in side lying.
The strap of the myometer applied resistance on the
anterior (for flexion) and posterior (for extension)
aspects of the distal tight at 12 cm proxima to the
head of the fibula Figure 1 displays the technique
used to measure the | eft hip extension strength.

Fig. 1: The technique used to measure left hip exten-
sor strength

Hip abduction and adduction was tested in the su-
pine position. The hip was in neutral position with the
knee extended. Resistance was applied on the latera
(for abduction) and medial (for adduction) aspects of
the distal tight at 12 cm proximal to the head of the
fibula. Figure 2 shows the technique used to measure
the right hip adduction strength.

Fig. 2: The technique used to measure right hip ad-
ductor strength
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Internal and external hip rotations were tested in
prone with 90" flexion of the knee Resistance was
applied 15 cm proximal to the lateral malleolus.
Figure 3 shows the technique used to measure the
right hip internal rotation strength. Knee extension
strength was measured in the same position as hip
rotation, except that the myometer was placed above
the head of the subjects.

Fig. 3: The technigue used to measure right hip in-
ternal rotator strength

Exercise was requested to strengthen al the hip
muscles and knee extensor in the case group in the
subjects suffering from bilateral knee pain and in the
presence of any discrepancy in the strength of any
muscle group while comparing the affected side with
the sound side in unilaterally affected knees. Streng-
thening exercise in the control group focused only on
the quadriceps muscle. The treatment program con-
sisted of progressive resistive exercises for the hip
muscles and terminal and 90" to 50 resistive knee
extension and mini squat for the quadriceps. The Mc
Queen progressive resistive technique was applied to
increase exercise resistance.

The data were analyzed, using SPSS software
for windows (version 15.0; SPSS Inc, Chicago, Il-
linois, USA). The non-parametric Wilcoxon and
Mann-Whitney U test was used to compare the per-
centage of the improvement in the muscle strength
in the successful and unsuccessful outcomes.
Treatment success was defined as a minimum of
1.5 cm reduction in pain on each 10 cm VAS,
which has been considered clinically significant."
Statistical significance was accepted at the leve of
a< 0.05.
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Results

The VAS pain score decreased significantly after thein
tervention (6.68+1.62 to 3.37+1.50, p=0.001 in the case
group; and 6.31+1.25 to 4.81+1.79, p=0.005 in the cor+
tral group) as shown in Table 2. Pan reduction was sig-
nificantly greeter in the cases compared to the subjectsin
the control group (p=0.032) (Table 3). A significantly
better leve of treatment success was aso achieved in the
case group compared to that in the contrd group (66.7%
and 33.3%, respectively, p< 0.05). Hip flexion strength
increesed by 32.95% in 16 lower extremities with suc-
cessful treatment, compared to 4.25% in 8 extremities
with unsuccessful treetment (p< 0.05). Hip abductor
strength showed 34.75% improvement in the lower ex-
tremities, showing a successful outcome and 9.87% in the

Muscle strengthening and pain intensity

lower extremities, showing an unsuccessful outcome (p<
0.05). The hip externd rotator strength in the lower ex-
tremities with successful outcome improved 24.21% and
3.25% in the extremities of subjects with unsuccessful
results (p< 0.05) (Table 4). Improvement in the hip exten-
sor, adductor and internd rotator strength was unrdated
to the outcome (p> 0.05) (Table5).

No statistically significant changes were found in
the knee extensor strength in both the case and the
control groups, when lower extremities with success-
ful and unsuccessful results were compared (Table 6).
A comparison between patients with successful
treatment in the case and control groups revealed no
datistically significant difference. The same results
were noticed when the subjects with unsuccessful
treatment were compared in the two groups (Table 7).

Table 2: Comparison of pain intensity based on VAS mean before and after intervention in both group

Groups VAS (before) VAS (after) P value
Case 6.68+1.62 3.37+£1.50 0.001
Control 6.31+1.25 4.81+1.79 0.005

Table 3: Comparison of pain intensity based on VAS mean before and after intervention between groups

VAS Groups Mean+SD P value

Before case 6.68+1.62 0.266
control 6.31+1.25

After case 3.37+£1.50 0.032
control 4.81+1.79

Table 4: The percentage of improvement in hip flexion, abduction, and external rotation strength in knees treated

successfully and unsuccessfully

Groups Mean SD 95%, CI P Value
Hip Flexion Unsuccessful treatment 4.25 1.55 5.77 0.004
Successful treatment 32.95 6.68 36.73
Hip Abduction  Unsuccessful treatment 9.87 3.47 13.27 0.003
Successful treatment 34.75 7.60 39.05
Hip External Unsuccessful treatment 3.25 1.26 4.48 0.004
rotation Successful treatment 24.21 19.16 40.87

Table 5: The percentage of improvement in hip extension, adduction, and internal rotation strength in knees

treated successfully and unsuccessfully

Groups Mean SD 95%, CI P Value
Hip Extension  Unsuccessful treatment  28.63 6.90 35.39 0.163
Successful treatment 23.33 4.88 26.09
Hip Adduction  Unsuccessful treatment  47.88 11.12 55.78 0.060
Successful treatment 36.46 8.21 41.11
Hip Internal Unsuccessful treatment  28.50 4.02 32.44 0.202
rotation Successful treatment 25.17 5.47 28.26
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Table 6: The percentage of improvement in knee extension strength in knees treated successfully and unsuc-

cessfully (in case and control groups)

Groups Mean SD 95%, CI P Value

case Unsuccessful treatment 50.37 7.18 57.41 0.125
Successful treatment 43.37 9.28 48.62

control Unsuccessful treatment 41.7 5.36 45.02 0.142
Successful treatment 49.66 9.07 56.92

Table 7: The percentage of improvement in knee extension strength between case and control groups

Groups Mean SD 95%, CI P Value
case 50.37 7.18 57.41 0.064

Unsuccessful treatment control 217 5 36 15.02

Successful treatment case 43.37 9.28 48.62 0.071
control 49.66 9.07 56.92

Total case 45.12 9.12 49.59 0.610
control 46.56 9.31 51.12

Discussion

The results of the present study indicated that pain
decreased significantly after the intervention in both
groups. However, a dstatistically significant greater
reduction was noticed in the case group, which could
be attributed to the improvement in the hip muscle
strength. Treatment success was found to berelated to
improvement in the hip flexion strength. Tyler et al.
reported similar results, suggesting that i mprovement
in the hip flexion strength may provide a stable pelvis
during gait and allow it to act eccentrically to prevent
the pelvis from going into an anterior pelvic tilt and
concomitant femoral interna rotation."* Lee demon-
strated increased patellofemora compression force
with increasing femoral internal rotation that can re-
sult in patelofemoral pain.*®

Based on the results of this study, improvement in
the hip abduction and externd rotation can reduce
patellofemoral pain. Mascal aso showed the positive
effect of the hip abductor strength improvement in the
treatment of PFPS.? The hip externa rotator and ab-
ductor muscles contribute to pevic stability and leg
alignment by eccentrically controlling femoral inter-
nal rotation and influencing the hip adduction during
weight bearing activities>’ It is hypothesized that
weakness of these muscles may increase the media
femoral rotation and valgus knee movement. These
deviations may alter the abduction/adduction moment
a the hip or lead to increased Q angle, which may
subsequently dter tracking of the patella, increase
compressive forces on the patellofemord joint and
ultimately lead to knee pain.*

108

Likewise, Tyler showed that improvement in the
hip adductor strength was unrelaed to treatment suc-
cess. Vastus medidis oblique (VMO) has an impor-
tant role as a media stabilizer of the patella, assisting
normal functioning of the patellofemora joint.'"*® It
originates from the adductor longus and magnus ten-
dons and the media intramuscular septum.” The pur-
pose of the hip adductor strengthening exercise is
usually VMO activation and facilitation. Based on
their anatomical finding, Brownstein et al., however,
have suggested that simultaneous activation of the
knee extensor and hip adductors, not the hip adductor
alone, might provide the VMO with a more stable
origin and thus facilitate the preferential activity of
this component of the quadriceps.”

The results of this study were not indicative of the
influence of strength improvement of the hip extensor
muscl es on the knee symptom reduction. This finding
is against that of Mascal et al.'s study that noticed
pain reduction in two PFPS cases going through
combined hip extensor and abductor (Gluteous Max-
imus & Medius) muscle strengthening program. This
difference might be due to the fact that the measure-
ment and strengtheni ng techniques we used generally
focused on the group as a whole and no atempt was
made to separate different muscles.

Trestment success as seen by pain relief was
found unrelated to the strength increase in the hip in-
terna rotator muscles. It could be considered rel evant
to the insignificant effects of these horizontally-
oriented, short lever-armed muscles on the factors
governing PFPS function. As a key finding of this
study, pain reduced in the control group. However,
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the quadriceps strength improved in the lower ex-
tremities with both successful and unsuccessful out-
comes, showing that improvement in the quadriceps
strength might be unre ated to pain reduction.

A sdective hypotrophy of the VMO is usudly re-
ported as a common clinical finding in PFPS patients.
The VMO is bdieved to prevent lateral sublaxation
by pulling the patella medially during knee exten-
sion.! Severd studies have reported that the EMG
VMO/VL ratio in PFPS patients is less than that in
hedthy subjects with decreased VMO activity.?*®
Quadri ceps strengtheni ng exercises and terminal knee
extension are typically administered for PFPS reha
bilitation. However, these exercises have not been
reported to increase the VMO activity.”* The only
known possible way to sdectively strengthen the
VMO is, therefore, the use of electricd muscle stimu-
lation. It is aso hypothesized that in patients with
PFPS, the vastus lateralis (VL) is activated earlier
than the VMO, contributing to a laterally directed
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force on the patella.® Therefore, rehabilitation should
focus on simultaneous activation of VMO and VL
during quadriceps contraction and sdlective strength-
ening of VMO.

Treatment success was significantly related to im-
provement in the hip flexor, abductor and externd
rotator musd e strength. Improvement in the hip ex-
tensor, adductor, internal rotator and knee extensor
was found unrel ated to successful outcomes.

Acknowledgement

Authors would like to acknowledge the great help of
Shiraz University of Medical Sciences to financially
support the research project which resulted in prepar-
ing this paper.

Conflict of interest: None declared.

Arndt A, Westblad P, Winson I,
Hashimoto T, Lundberg A. Ankle
and subtalar kinematics measured
with intracortical pin during the
stance phase of walking. Foot Ankle

study of thigh muscle weakness in
different pathological states of lower
extremity. Am J Sports Med
1976;4:241-8. [12667] [d0i:10.1177/
036354657600400602]

McHugh MP. The role of hip mus-
cles functions in the treatment of pa-
tellofemoral pain syndrome. Am J
Sports Med 2006;34:630-6. [163
65375] [doi:10.1177/03635465052

Int 2004;25:357-64. [15134619] 9 Bizzini M, Childs JD, Piva SR, De- 81808]

Fredericson M, Yoon K. Physical litto A. A systematic review of the 15 Lee TQ, Morris G, Csintalan RP.
examination and patellofemoral pain quality of randomized controlled tri- The influence of tibial and femoral
syndrome. Am J Phys Med Rehabil als for patellofemoral pain syn- rotation on patellofemoral contact
2006;85:234-43. [16505640] [doi:10. drome. J Orthop Sports Phys Ther area and pressure. J Orthop Sports
1097/01.phm.0000200390.67408.f0] 2003;33:4-20. [12570282] Phys Ther 2003;33:686-93. [146
Mascal CL, Landel R, Powers C. 10 Heintjes E, Berger MY, Bierma- 69964]

Management of patellofemoral pain Zeinstra SM, Bernsen RM, Verhaar 16 Powers CM, Chen PY, Reischl SF,
targeting hip, pelvis, and trunk mus- JA, Koes BW. Exercise therapy for Perry J. Comparison of foot prona-
cle function: 2 case reports. J Or- patellofemoral  pain  syndrome. tion and lower extremity rotation in
thop Sports Phys Ther 2003;33:647- Cochrane Database Syst Rev 2003; persons with and without patel-
60. [14669960] (4):CD003472. [14583980] lofemoral pain. Foot Ankle Int 2002;
Dye SF. Therapeutic implication of a 11 Macausland WR, Sargent AF. Re- 23:634-40. [12146775]

tissue hemostasis approach to pa- current dislocation of the patella. 17 Hehne HJ. Biomechanics of the
tellofemoral contact pain. Sport Med Surg Gynecol Obste 1922;35:35-41. patellofemoral joint and its clinical
Arthrosc Rev 2001;9:306-11. 12 van der Linden ML, Aitchison AM, relevance. Clin Orthop Relat Res
[d0i:10.1097/00132585-200110000- Hazlewood ME, Hillman SJ, Robb 1990;(258):73-85. [2394060]
00008] JE. Test-Retest repeatability of glu- 18 Koh TJ, Grabiner MD, De Swart RJ.
Fulkerson JP. Disorders of patel- teus maximus strength testing using In vivo tracking of the human pa-
lofemoral joint, 3 ed. Baltimore: a fixed digital dynamometer in chil- tella. J Biomech 1992;25:637-43.
Williams & Wilkins; 1997; pp. 39-43. dren with cerebral palsy. Arch Phys [1517258] [d0i:10.1016/0021-9290
Mc Connell J, Fulkerson JP. The Med Rehabil 2004;85:2058-63. (92)90105-A]

knee: patellofemoral and soft tissue [15605348] [doi:10.1016/j.apmr. 19 Bose k, Kanagasuntherum R, Os-
injuries. In: Zachazewski JE, Magee 2003.12.037] man M. Vastus medialis oblique: an
DJ, Quillen WS. Athletic injuries and 13 Crossley K, Bennell K, Green S, anatomical and physiological study.
rehabilitation. Philadelphia: Sunders McConnell J. A systematic review of Orthopeics 1980;3:880-3.

Co, 1996; pp. 693-728. physical interventions for patel- 20 Brownstein BA, Lamb RL, Mangine
Kendall FP, Mc Creary EK, Pro- lofemoral pain syndrome. Clin J RE. Quadriceps torque and inte-
vance PG. Muscle testing and func- Sport Med 2001;11:103-10. [1140 grated electromyography. J Orthop
tion, 4" ed, Baltimore:Williams & 3109] [doi:10.1097/00042752-20010 Phys Ther 1995;6:309-14.

Wilkins; 1993; p.451. 4000-00007] 21 Escamilla RF, Fleisig GS, Zheng N,
Nicholas JA, Strizak AM, Veras G. A 14 Tyler TF, Nicholas SJ, Mullaney MJ, Barrentine SW, Wilk KE, Andrews

WWW.irmj.ir Vol 12 March 2010

109


http://www.irmj.ir

Razeghi et a.

22

110

JR. Biomechanics of the knee dur-
ing closed kinetic chain and open
knetic chain exercises. Med Sci
Sports Exerc 1998;30:556-69. [95
65938] [doi:10.1097/00005768-199
804000-00014]

Boucher JP, King MA, Lefebvre R,
Pépin A. Quadriceps femoris muscle
activity in patello femoral pain

23

syndrome. Am J Sports Med
1992;20:527-32. [1443319] [doi:10.
1177/036354659202000507]
Morrish GM, Woledge RC. A com-
parison of the activation of muscles
moving the patella in normal sub-
jects and in patients with chronic pa-
tellofemoral problems. Scand J Re-
habil Med 1997;29:43-8. [9084105]

24

25

Ried DC. Sport injury assessment
and rehabilitation, Newyork: Chur-
chill livingstone, 1992; pp:345-98.
Maffulli N. Anterior knee pain: an
overview of management options.
Rehabilitation of sports injuries. Ne-
wyork: Springer, Berlin Heidelberg,
2001; pp:148-53.

WWW.irmj.ir Vol 12 March 2010


http://www.irmj.ir

