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Impaired muscle capacity of the
hip and knee in individuals with
isolated patellofemoral osteoarthritis:

a cross-sectional study
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Abstract

, Fabio Viadanna Serrao, Leticia Mancini

Aims: The aims of this study were to compare the capacity of the knee and hip muscles
between individuals with and without isolated patellofemoral osteoarthritis (PFOA) and to
evaluate the impact of PFOA on pain, stiffness, and physical function.

Methods: This cross-sectional study evaluated muscle capacity of the hip and knee using an
isokinetic dynamometer. The isokinetic variables used in the statistical analysis were peak
torque, total work, and average power. Pain, stiffness, and physical function were assessed

using questionnaires.

Results: A total of 26 individuals participated in the study (13 with PFOA and 13 controls]. The
PFOA group exhibited lower peak torque, total work, and average power for knee extension
and flexion in the concentric mode (p<0.01) as well as lower peak torque and total work

for knee extension (p=<0.005) and lower total work for knee flexion (p=0.05) in the eccentric
mode. The PFOA group exhibited lower peak torque of the extensor, abductor, adductor, and
internal rotator muscles of the hip (p<0.05), less total work of the abductor and adductor
muscles (p=<0.04), and lower average power of eccentric adduction of the hip (p=0.01)
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compared with the healthy controls. Compared with the control group, the PFOA group had a
higher level of pain, stiffness, and compromised physical functioning self-reported (p <0.005).
Conclusion: Participants with PFOA exhibited impairments regarding muscle capacity of the
hip and knee, higher level of pain and stiffness as well as compromised physical functioning in

comparison with healthy controls.
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diseases muscle, strength muscle
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Introduction

All compartments of the knee can be affected by
osteoarthritis (OA), with the patellofemoral com-
partment being the most frequently affected even
before the tibiofemoral compartment.!>? In com-
parison with medial tibiofemoral OA, individuals
with patellofemoral osteoarthritis (PFOA) report
more disability and are more prone to suffering
the early onset of chronic symptoms, which con-
tributes to the functional limitations associated
with the disease.>

Although many studies have investigated charac-
teristics of the thigh muscles (especially the
quadriceps) in tibiofemoral OA, data on individ-
uals with isolated PFOA are scarce. Three
studies showed that isometric weakness of the
quadriceps was associated with PFOA.™?
Moreover, a stronger femoral quadriceps seems
to protect the patellofemoral joint against the loss
of cartilage in the lateral compartment.!® In a
recent prospective cohort study, Culvenor et al.!!
found that low quadriceps strength increased the
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risk of aggravating cartilage damage in the lateral
patellofemoral joint in women but not in men.

The strength of the hip muscles has been under-
explored in individuals with PFOA. Knee insta-
bility in individuals with OA can also be a
consequence of an increase in dynamic valgus,!2
which could be related to hip muscle weakness,
especially the gluteus maximus and medius.
Dynamic valgus appears mainly during activities
with unilateral weight support involving medial
rotation and adduction of the hip as well as knee
abduction.!? The gluteus medius and maximus
muscles act eccentrically to control the move-
ments of hip flexion, adduction, and medial rota-
tion during activities with body weight support.14
Thus, the weakness of these muscles can result in
excessive hip adduction and medial rotation dur-
ing activities with unilateral support, leading to an
increase in dynamic valgus of the knee, which
results in an increase in the angle of the quadri-
ceps (Q angle) and, consequently, an increase in
lateralizing forces acting on the patella, causing
greater stress on the lateral patellofemoral joint.!>
This aspect is well established in individuals with
patellofemoral pain (PFP) and has been impli-
cated in the development and progression of this
syndrome.!¢-18 As PFP seems to be a precursor of
PFOA,%19:20 the study of these aspects in PFOA is
extremely relevant.

Three previous studies evaluated isometric
strength of the hip muscles in patients with
PFOA.821.22 In studies by Pohl ez al. and Hoglund
et al., individuals with PFOA exhibited a reduc-
tion in the isometric strength of the hip abductors
in comparison with the individuals in the healthy
control group.82! Moreover, Hoglund ez al. found
that individuals with PFOA had lower isometric
strength of the hip extensors.® On the other hand,
Macri et al. found no difference in isometric
strength of the abductors, extensors, and internal
hip rotator muscles.?? Furthermore, neither study
found a difference in isometric external rotator
strength between groups.%21:22 Finally, although
the gluteus medius and maximus muscles act
eccentrically to control or resist excessive hip
adduction and medial rotation during activities
with body weight support, no previous study has
evaluated the eccentric strength of these muscles
in individuals with PFOA.

To the best of our knowledge, no studies have eval-
uated the eccentric strength of the hip muscles or

the eccentric strength of the knee flexors and exten-
sors in individuals with PFOA compared with
healthy individuals. Given the important role of the
thigh and hip muscles during the execution of func-
tional tasks, such investigation is extremely impor-
tant. In parallel to changes in muscle strength,
individuals with PFOA may also report pain, stiff-
ness, and deficits in physical function, so investigat-
ing these issues is also relevant. Therefore, the aim
of the present study was to investigate differences
between individuals with isolated PFOA and
healthy controls with regards to eccentric and con-
centric muscle capacity of the knee flexion and
extension as well as eccentric muscle capacity of the
hip abduction, extension, adduction, internal rota-
tion, and external rotation. Our secondary aim was
to describe and compare pain, stiffness, and physi-
cal function level self-reported in individuals with
PFOA to individually matched controls. The
hypothesis of this study is that individuals with iso-
lated PFOA have weaker hip and knee muscles
compared with healthy controls. Also, individuals
with PFOA will report more pain, stiffness, and
greater impairment in physical function compared
with healthy individuals.

Materials and methods

Study design

The present cross-sectional study was conducted at
the Rheumatology and Hand Rehabilitation
Research Lab and the Isokinetic Dynamometry Lab
of the Physical Therapy Department of Universidade
Federal de Sdo Carlos (UFSCar), Brazil. This study
followed the recommendations of the STROBE
statement and received approval from the UFSCar
Human Research Ethics Committee (certificate
number: 96324918.4.0000.5504).23 All partici-
pants signed a statement of informed consent. The
data were collected between August 2019 and
February 2020.

Participants

Individuals from the general community of Séo
Carlos city were recruited through the divulgation
of the study on the website of the institution, fly-
ers, as well as local radio, newspapers, and maga-
zines. All participants were submitted to a
radiological exam of both knees and the severity
of knee OA was graded using the Kellgren and
Lawrence (KL) criteria by a specialist.?* The
diagnosis of OA was based on the clinical and
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radiographic classification criteria of the American
College of Rheumatology.?>

The participants were divided into two groups: a
PFOA group and a control group of healthy indi-
viduals. For both groups, men and women
between 40 and 65years of age were recruited.
For the PFOA group, the participants needed to
have anterior or retro patellar pain =4 on the
11-point numeric pain scale that is aggravated by
two or more activities that place considerable load
on the patellofemoral joint, such as climbing
stairs, standing up from the sitting position, or
squatting?®; morning stiffness lasting less than
30min, joint crepitation2>; and evidence of the
formation of osteophytes in the patellofemoral
joint in radiographs (profile and axial skyline
view) through the Grade 2 or 3 KL classifica-
tion.?” Individuals with unilateral and bilateral
symptoms were included in the study. To be
included in the control group, the participants
could not have any radiographic abnormalities of
the knee.

The exclusion criteria for the PFOA group were
those used by Pohl er al.?!: previous history of
fracture or recurrent subluxation of the patella;
bone abnormalities (fracture, osteochondritis dis-
secans, or bipartite patella); known OA in other
weight supporting joints; osteotomy or arthro-
plasty of the hip, knee, or ankle; arthroscopic sur-
gery or injections in the knee in the previous
3months; physical therapy in the previous
6 weeks; the use of a cane or other gait-assistance
device; and any physical or medical problem that
may be a contraindication for the evaluations.
Individuals with concomitant tibiofemoral OA
(KL grade of =2 on an antero-posterior radio-
graph) were also excluded.® The same exclusion
criteria applied to the control group. The two
groups were matched for sex.

The participants were instructed not to perform
any physical activity beyond habitual activity in
the 48h prior to the tests. The dominant lower
limb was evaluated in the control group and was
determined based on the answer to the following
question: “Which leg would you use to kick a soc-
cer ball as far as possible?”?8 The affected limb
was evaluated in the PFOA group. In cases of
bilateral isolated PFOA, the more symptomatic
limb was evaluated according to the level of pain
verified by the numeric pain rating scale.?®

Outcome measures

Western Ontario and McMaster Universities
Osteoarthritis Index. All volunteers answered the
Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), which is a self-
report questionnaire specific to patients with
knee and/or hip OA composed of three domains:
pain (five items), joint stiffness (two items), and
physical function (17 items).3° The 72h prior to
the application of the questionnaire were consid-
ered for the evaluation. The domains are scored
on a five-point scale (none =0, mild =1, moder-
ate =2, intense =3, and very intense=4). The
maximum score for each domain of the ques-
tionnaire were considered, with higher scores
denoting worse pain, stiffness, and physical func-
tion. A version translated and validated for Bra-
zilian Portuguese language was used.3!

Anterior knee pain scale. Functioning was evalu-
ated using the Anterior Knee Pain Scale (AKPS),
which was developed especially for patients with
PFP.32 The score ranges from 0 to 100 (higher
scores denote less functional limitation) for the
evaluation of pain when squatting, running,
jumping, climbing stairs, and after remaining in
the sitting position for a prolonged time with the
knee flexed as well as the evaluation of the occur-
rence of claudication, edema, subluxation, atro-
phy of the quadriceps, deficient knee flexion, and
the need for support while walking.32

Level of physical activity. The level of physical
activity of each participant was classified accord-
ing to the World Health Organization guidelines.33
Active individuals were those who practiced at
least 150-300min of moderate-intensity aerobic
physical activity; or at least 75—150min of vigor-
ous-intensity aerobic physical activity; or an
equivalent combination of moderate and vigorous
physical activity throughout the week for substan-
tial health benefits.

Isokinetic assessment of hip and knee. Eccentric
torque during hip abduction, extension, and lat-
eral rotation, as well as both concentric and
eccentric torque during knee extension and flex-
ion were determined using the Biodex Multi-Joint
System 3 isokinetic dynamometer (Biodex Medi-
cal Inc., Shirley, NY, USA) and recorded at a
sampling frequency of 100Hz. The isokinetic
dynamometer is considered the gold standard for
the measurement of muscle strength.3* The
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equipment was calibrated prior to the evaluations.
All procedures, including correction for the effect
of gravity on the torque measurements, were con-
ducted in accordance with the instruction manual
of the equipment.35

Prior to each evaluation, the participant was
familiarized with the activity, performing three
submaximal and two maximal contractions.3%
After a 3-min rest, data collection began, which
consisted of five repetitions of maximal contrac-
tion at a velocity of 30°/s for the assessment of hip
torque and 60°/s for the assessment of knee
torque.3”-3® During the evaluations, the partici-
pants received standardized, vigorous, verbal
encouragement to stimulate a greater production
of force during the contractions.?® However, the
participants received no visual feedback from the
equipment at any time. The order of the muscle
groups to be evaluated was randomized. Between
each isokinetic assessment, participants were
asked if they had knee pain (evaluated using the
numeric pain rating scale). None of the partici-
pants in this study reported pain during the isoki-
netic assessments.

Knee extensor and flexor torque. For the
determination of knee extensor and flexor
torque, the participant was seated with the hips
and knees flexed at 90°. The trunk and thigh
were stabilized with straps.#? The rotation axis
of the dynamometer was aligned with the lat-
eral epicondyle of the femur and the lever arm
was attached distally to the ankle 5 cm above the
medial malleolus.#? The range of motion for the
evaluations was 20°-90° of knee flexion (com-
plete knee extension =0°).4!

Hip abductor and adductor torque. For the
determination of hip abductor and adductor
torque, the participant was positioned in lateral
decubitus with the evaluated lower limb posi-
tioned parallel to the floor over the non-evaluated
limb in neutral medial/lateral rotation and flex-
ion/extension of the hip.3” The hip and knee of
the non-evaluated limb were flexed slightly. The
trunk and contralateral lower limb were stabilized
with straps. The volunteer was instructed not to
flex the evaluated limb and maintain the toes fac-
ing forward during the tests to avoid any com-
pensation and change in muscle recruitment. The
rotation axis of the dynamometer was at a point
representing the intersection of two lines: one line

directed downward from the posterosuperior iliac
spine toward the knee and another oriented medi-
ally and posteriorly to the major trochanter of the
femur toward the midline of the body. Resistance
was applied to the distal third of the thigh 5cm
above the upper edge of the patella.3” The range
of motion of the test was from 0° (neutral posi-
tion) to 30° of hip abduction.38

Lateral and medial hip rotator torque. For the
determination of the torque of the lateral and
medial hip rotators, the participant was seated
with the hips and knees flexed at 90°.38 The trunk
and thigh were stabilized with straps. The rota-
tion axis of the dynamometer was aligned with
the longitudinal axis of the femur37 and the lever
arm was fixed 5cm above the medial malleolus.
The range of motion during the evaluation was
from 10° of medial rotation to 20° of lateral rota-
tion of the hip.38

Hip extensor torque. For the evaluation of hip
extensor torque, the participant was positioned
with the trunk at 90° of flexion, arms around the
chair of the dynamometer for stabilization, and
the non-evaluated limb with contact with the floor
supporting the body weight.3® A pelvic strap was
used for stabilization. The axis of the dynamom-
eter was aligned with the greater trochanter of the
femur and the lever arm was fixed to the distal
third of the posterior thigh above the popliteal
fold. The participant was instructed to maintain
the knee flexed at 90° during the test. The range
of motion was 90—60° of hip flexion (neutral posi-
tion=0°).3¢

Statistical analysis

The sample size was calculated with the aid of the
G*Power software (version 3.1.9.2; Kiel
University, Germany) based on the hip abduction
torque in eccentric mode of the first five partici-
pants in each group. Considering a significance
level of € =0.05 and B=0.95 to detect a differ-
ence in hip abduction torque of 24.9 Nm/kg with
a standard deviation (SD) of 13.4, 13 participants
were needed for each group.

The data were analyzed with the aid of IBM SPSS
Statistics (IBM SPSS Statistics for Windows,
Version 25.0. Armonk, NY, USA). The normal-
ity and homoscedasticity of the data were deter-
mined using the Shapiro-Wilk test and Levene’s
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test, respectively. For all normality and homosce-
dasticity tests, the result was p>0.05, except for
the WOMAC domains (p<0.001). The isoki-
netic variables considered in the statistical analy-
sis were means of peak torque, total work, and
average power. All isokinetic variables were nor-
malized by individual body mass (kg) (isokinetic
variable/body mass X 100). Student’s z-test was
used for the comparison between groups regard-
ing demographic and anthropometric variables,
strength of the hip and knee muscles, and score
on the AKPS. Mann—-Whitney U test was used for
the comparison between groups regarding
WOMAC domain scores. The effect size (Hedges’
g) was calculated for each comparison and the
interpretation suggested by Cohen was used for
the classification of the standardized mean differ-
ence, with 0.8, 0.5, and 0.2 indicative of large,
medium, and small effect sizes, respectively.4?
For all analyses, the significance level was set at
5% (p=<0.05).

Results

From a list of 108 individuals, 82 were excluded
based on the exclusion criteria, or failed to return
for the subsequent assessments. Of these, 26 par-
ticipants matched the eligibility criteria. Table 1
displays the anthropometric and clinical charac-
teristics of the sample. Among individuals with
PFOA, only one participant had doubtful OA
(KL grade 1) in the tibiofemoral compartment.
The other 12 participants had isolated PFOA. No
differences between groups were found for age or
BMI (p>0.05) and no differences were found in
terms of physical activity levels. Compared with
the control group, the PFOA group had higher
scores on all WOMAC domains (p<0.005) and
greater functional impairment measured using
the AKPS (p<0.001).

Regarding the strength of the knee extensors,
lower peak torque (p=0.004), total work
(»p=0.01), and average power (p=0.002) were
found during concentric mode in the PFOA
group compared with the control group (Table
2). On average, the PFOA group had 29% lower
peak torque, 30% less total work, and 36% lower
average power regarding concentric extension of
the knee. The PFOA group also has lower peak
torque (p=0.004) and total work (p=0.005) dur-
ing eccentric mode, with an average of 23% and
30% less torque and total work, respectively. No

difference in average power during the eccentric
mode was found between groups (p=0.1).

Regarding the strength of the knee flexors, lower
peak torque (p=0.01), total work (p=0.01), and
average power (p=0.005) during concentric
mode were found in the PFOA group (Table 2).
On average, PFOA group had 28% lower peak
torque, 32% less total work, and 36% lower aver-
age power regarding concentric flexion of the
knee. In eccentric mode, the PFOA group had
less total work compared with the control group
(p=0.05), exhibiting an average of 25% less total
work regarding eccentric flexion of the knee.
Although the PFOA group also had lower peak
torque (p=0.07) and average power (p=0.06)
under this condition, the differences between
groups did not achieve statistical significance.

The results of the isokinetic assessment of the hip
muscles are displayed in Table 3. The PFOA
group had lower peak torque of the extensors,
abductors, adductors, and internal rotators com-
pared with the control group (p <0.05). On aver-
age, the PFOA group had 20% lower extension
torque, 18% lower abduction torque, 17% lower
adduction torque, and 17% lower internal rota-
tion torque. Lower values were also found for
total work of the abductors and adductors in the
PFOA group (p=<0.04), with an average of 28%
less total work in eccentric abduction and adduc-
tion of the hip. Regarding average power, a differ-
ence between groups was found only for the
adductor muscles of the hip (p=0.01), with the
PFOA group exhibiting 22% less average power
in hip adduction.

Discussion

The aim of the present study was to compare the
strength of the knee extensors and flexors in con-
centric and eccentric modes as well as the
strength of the extensors, abductors, adductors,
external rotators, and internal rotators of the hip
in eccentric mode between individuals with and
without PFOA. The present results indicate that
individuals with isolated PFOA have diminished
concentric and eccentric strength of the femoral
quadriceps and hamstrings as well as diminished
eccentric strength of the hip extensors, abduc-
tors, adductors, and external rotators. Regarding
the WOMAC questionnaire, significant differ-
ences between groups were found for the three

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 12

"X3pU| SI}IY}IB08)S(Q SBI}ISIBAIUN
J3)SBNDI\ PUB O11BIUQ UJBISIM ‘DVINOM ‘uoneziuebig yieaH pl4op ‘OHM ‘UOIIBIASP pJepue)s ‘g ‘@oualime] pue ualby)ay 7y ‘abued ajijienbiajul ‘Y| ‘xapul ssew Apoq ‘| g
"G00 = d :20uaJayyIp Juedyiubis,
'$159) ) ABUNIYM-UUBN J0} SanjeA dp
'89 —( :59402s 3)qissod jo abuey,
'g—( :S9J02s 91qissod jo abueys
-0Z-0 :S2402s a)qissod jo abueyp
'S9J02S UleWOop JYINOM 404 sabued a)iyaenbasjul pue sueipap,
‘001 -0 :S8402s 81qissod Jo abuey,

ce’OHM 01 buipiodoe Ayianoe 1eaisAyd o 1aneTe

87’1 000Gl 6%1000> (6€-011°9L-) 0L~ (V1) 6 (600 S0lL+60L ¢C+60 ,uoiauny jesishyg

L7l 000'GE 6+G00°0 (80-019C-) L'L- (G€)¢ (S'0)0 9LF6'L 70%20 2SS3UNS

6171 000°9¢ 6«€00°0 (6'0-03G%-) L'~ (91 (00 1'€+87¢ €0+170 puled
»$9J00S JYINOM
49402s 91e2S
76° - x«100°0> (27-8°LL) 6°6C - - 8'0¢+ 189 7'€+9'86 ured aauy Jollajuy

€=Ill opeJg9

- - - - - - 0l =119pel9 €l=029peJg UO[EIJISSE)D T

- - - - - - (1'ege)e (Lez)e Aiejuapag

- - - - - - (6°9L) 01 (6°9L) 0L 9AIIY
(% ‘u) eAyiAnoe 1e2ISAYd Jo 18A87T
- - - - - - (C9v) 9 (C9%) 9 (% *U) 1B
- - - - - - (8°€G) L (8°€G) L (% -u) S1eWSS
8G°0 - 1’0 (L001GY-) 6'L- - - §¢+G8¢ Le+99¢ (ew/B¥) INg
v7'0 - €0 (7'C01y8-) e~ - - 6'L+G'CS G+G'6Y (s1eaA) by

([€L=u) ([€L=u)
shiliyiieodlsQ (€L=u) shiliyjieoslsQ (€L=u)
n 1eJowajo))eled 1043u0) 1eJowajonaled 1043u0)
9z|s Kaupym (19 %S6)

Pay3 -uuep amead 9JUDIBYIp UBd W (401) uelpsp as = ueap sal)slud)oeley)

"dnoub joa3uod pue dnoub siuylieos1so Jelowajo)aled Jo solpsiualdeleyd jed1und pue diydedbowas(q | aqel

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

C Carvalho, FV Serrao et al.

"S}IEA ‘M ‘UOIIBIASP PJBPUR)S ‘(]S ‘SJ9}9W UOIMAN ‘W ‘swedboyy By ‘saynor ‘r 2143u9229 ‘903 D143uddu0d ‘NQQ 1BAJISIUI 80UBPIU0D ‘|)

'G0°0’> d :92uaJayip Juedubls,

L0 900 (187 01G7L-] £€C L'LE+716 €eEFLYLL uoixal4
99°0 1’0 (C97019-) 1L 8'0E+LL9 L'l€+8¢8 uolsuax3 QD=
8Ll xG00°0 (9°6€-8) 8°€C 6¢cc+¢eey VAT WA uoixal4
el x¢00°0 (472L-G°8L) 9°GY €eeE+G'¢8 LEEF1°8¢CL uoIsualX3 INOD
(001-6%/M) 4emod abeuaay
%8°0 «70°0 (7Lye-vLL) v 6Ll L0l +G¢GS EY0C+6'LEL uoIxal4
9Ll «G00°0 (8°L£5-9'70L) Z'lee ¢S+ €09L €82+G'180'L uoIsuaix3 SRE|
10°1 %100 (6¥2-€°LE) 1071 6751l +6°00€ goLL* LYYy uoixal4
90°1 xL0°0 (2°627-9%9) 6°9%¢ G0LC+96LG 6'86C+G9¢8 UoISUSIXJ INOD
(001-6%/r) t40m 1ezoL
140 L00 (€450¥6°C-)C°LT L'ZEFL7LYL L1y +¢€89l uoixal
1cl x700°0 (S'00L -¥°12) 6°09 6'8¢ +8°L0¢ LLS + L89¢ uoIsuaixy 3L
901 100 (L Ly-LY) v LT 6LTFELL 8L+ L'86 uoIxal4
YA «700°0 (8'G6-%°0¢) L°8S 6'LE+8'GYL 8'€G+6'¢€0¢ UoISUdIX3 INOD
(001-6%/wN) anbuoy yead
(€L=U)
S1}11y}1e091s0
1eJowajon)died (€1 =u)1043u0)
azis (19 %S6)
P93 anjeAad 92U3Id)yIp UBS dnoug uoljow 3suy saunsespy

"dnoub j043u00 pue dnodb

S1314Y}JB09150 |eJowajo))a1ed Ul UOIX3]) PUB UOISUSIX3 83Uy J143USIU0D PUB D141Ua28 J0) (S F ueaw) Jamod abelsne pue ‘yiom 1ejo] ‘anbuoy yead djauiyos| *z a1qeL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 12

Table 3. Isokinetic peak torque, total work, and average power (mean = SD] for eccentric hip extension,
abduction, adduction, external rotation, and internal rotation in patellofemoral osteoarthritis group and control

group.
Measures hip Group Mean difference p value Effect
motion Control Patellofemoral 195% Cl size
(n=13) osteoarthritis
(n=13)

Peak torque (Nm/kg-100)
Extension 250.5 + 54 201.5+57.3 49 (3.9 to 94.1) 0.03* 0.85
Abduction 191.7+38.8 157.4 +30.4 34.3 (6.1 10 62.5) 0.02* 0.95
Adduction 203.4+42.9 169.4 + 41.6 34 (-0.2 to 68.2) 0.05* 0.78
External rotation 70.9 = 28 64.2+11.9 6.7 (-10.7 to 24.1) 0.4 0.30
Internal rotation 131.4+219 108.8 = 24.7 22.6 (3.7 to 41.5) 0.02* 0.93

Total work (J/kg-100)
Extension Lb4T +115.1 358.5 + 135.9 86.2 (-15.7 to 188.1) 0.09 0.66
Abduction 324.9+101.5 234.8+ 103.7 90.1 (7 to 173.2) 0.04* 0.85
Adduction 4242 +103.8 304.4+113.5 119.1 (31.8 to 207.8) 0.01* 1.07
External rotation  132.8+62.5 104.1 + 35.1 28.7 (-12.3 t0 69.3) 0.16 0.55
Internal rotation  209.4 +58.5 176.8 + 78.5 32.8 (-23.2 to 88.8) 0.24 0.46

Average power (W/kg-100]
Extension 35.9+ 14 303+13.6 5.6 (-5.6t0 16.8) 0.3 0.43
Abduction 23+ 11.4 18.4+11.1 4.6 (-4.510 13.7) 0.3 0.40
Adduction 79.1+16.3 62+15.7 17.1 (4.2 to 30.1) 0.01* 1.03
External rotation 24.8+11.1 20.4+ 6.1 4.4 (-2.9t0 11.7) 0.2 0.48
Internal rotation 225+7.7 17.5+8.2 5(-1.4to 11.4) 0.1 0.62

“Significant difference: p<0.05.
Cl, confidence interval; J, Joules; kg, kilograms; Nm, Newton meters; W, Watts.

domains (pain, stiffness, and physical function)
and the total score, indicating a reduction in the
quality of life of individuals with PFOA.
Moreover, these individuals reported greater
functional impairment measured wusing the
AKPS.

The PFOA group exhibited lower peak concen-
tric and eccentric torque of the knee compared
with the control group of healthy individuals.
These findings are compatible with data described

by Baker er al. and Hoglund ez al., who also iden-
tified a reduction in isometric strength of the
quadriceps in patients with PFOA compared with
control subjects.”® One should bear in mind that
Culvenor et al. found that concentric weakness of
the quadriceps increased the risk of cartilage
damage in the lateral patellofemoral joint in
women.!! Accordingly, Amin ez al. found that a
concentrically stronger femoral quadriceps seems
to protect the patellofemoral joint from the loss of
cartilage in the lateral compartment.!® Thus, we
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may infer that the weakness in the volunteers of
the present study could be a factor contributing to
the progression of the disease.

These findings are not in agreement with those of
Macri ez al.,?? who found no differences between
individuals with and without PFOA for knee
extensors isokinetic strength. This latter study
also evaluated the quadriceps muscle isokinetic
strength in patients with knee PFOA using an
isokinetic dynamometer. However, our eligibility
criteria differ. They included individuals with
PFOA grade=1 according to the KL classifica-
tion, i.e., at least doubtful narrowing of the joint
space with possible osteophyte formation on radi-
ographic, while in our study we included only
individuals with PFOA grades 2 or 3, i.e., definite
osteophyte formation and possible or definite
narrowing of the joint space with some sclerosis,
and possibly deformity of bony ends on radio-
graphs. Besides, Macri ez al. do not mention the
relative and absolute frequency of the PFOA
degree of their included individuals.?2 Perhaps,
this may have influenced the comparison of the
results of both studies.

To the best of our knowledge, no previous studies
have compared the eccentric strength of the fem-
oral quadriceps between individuals with and
without PFOA. Functionally, the femoral quadri-
ceps acts eccentrically to decelerate knee flexion
during the period of lower limb support in the
load response subphase.*3> Hinman ez al. found
that impairments in quadriceps activity and the
kinematics of the knee of individuals with knee
OA when going down stairs may be associated
with changes in the joint load.?® Thus, we may
suggest that the deficits in eccentric knee strength
found in the present study reduced the normal
impact absorption action of the joint, which may
also be a factor contributing to the progression of
the disease.

Peak concentric knee flexor torque was 28%
lower in the PFOA group. This finding is com-
patible with the results of previous studies, in
which individuals with knee OA had less knee
flexion strength.4%% Hurley and Newham report
arthrogenic muscle inhibition in the femoral
quadriceps in patients in the early stages of knee
OA.%6 Callaghan er al.%” also found arthrogenic
muscle inhibition in the femoral quadriceps in
individuals with PFOA. As arthrogenic muscle
inhibition compromises the muscles around the

affected joint and considering the fact that the
hamstrings have insertions in the tibia and fib-
ula,*® the inhibition of these muscles may also
exert an influence on joint degeneration in indi-
viduals with isolated PFOA.

We also found that individuals with isolated
PFOA exhibit less total work and lower average
power in the concentric mode and less total work
in the eccentric mode of knee extension as well as
less total work and lower mean power in the con-
centric mode of knee flexion. However, no deficit
in peak torque or average power was found in the
knee flexor in eccentric mode, although a deficit in
total work was found. Thus, the present results
suggest that the ability of individuals with PFOA
to produce concentric knee flexor strength seems
to be more compromised than the production of
strength under eccentric conditions. Meireles
et al.*® found that patients with rheumatoid arthri-
tis exhibit less total work of the knee extensors and
flexors, which the authors attributed to inflamma-
tory manifestations and atrophy. Thus, lower total
work and muscle power values may clinically rep-
resent a change in muscle functioning, which may
also stem from the inflammatory process and the
atrophy of muscle fibers found on knee OA.50-52

The reduction in muscle power may be more crit-
ical than the loss of muscle strength in older
patients, specifically with regards to the capacity
to recover from a sudden trip, as this strategy
depends on the power and coordination of the
lower limb muscles.53-35 Thus, as muscle power is
already compromised in individuals with PFOA,
it is important for interventions to include high-
velocity power training with the aim of enhancing
this capacity and improving physical functioning.
In individuals with knee OA, the power deficit of
the quadriceps and hamstrings is associated with
a poorer functional performance and self-reported
functioning.5%-58 Therefore, we encourage studies
to explore the potential benefits of exercises with
the aim of improving deficits in the muscle power
of the knee in individuals with PFOA.

Peak eccentric hip extensor torque was 20% lower
in the PFOA group. Hoglund ez al. found a 28%
deficit in isometric hip extensor strength in indi-
viduals with PFOA.® A systematic review with
meta-analysis found moderate evidence indicat-
ing less isometric hip extensor strength in indi-
viduals with PFP and strong evidence in women
with PFP.17
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Although we found no significant difference
between groups regarding eccentric knee flexor
torque, a difference was found regarding eccen-
tric hip extensor torque. As the knee flexors play
a role in the extension of the hip, the reduction in
eccentric hip extensor torque must be due to
weakness in the monoarticular extensors of the
hip — in this case, the gluteus maximus. Eccentric
contraction of the hip extensors is necessary dur-
ing the support phase of the gait cycle. Powers
suggests that the weakness of these muscles causes
excessive anterior pelvic tilt, resulting in the pos-
terior displacement of the center of mass and an
increase in the external flexor moment of the
knee.!> This posterior displacement of the center
of mass during functional activities increases the
moment of knee flexion and the demand on the
knee extensors, resulting in an increase in stress in
the patellofemoral joint. Thus, hip extensor weak-
ness may be related to an increase in patellofemo-
ral stress. Crossley ez al. found that individuals
with PFOA have greater anterior pelvic tilt
throughout the support phase of the gait cycle as
well as greater lateral pelvic tilt, greater hip adduc-
tion, and less hip extension during the late sup-
port phase.2® Although the researchers did not
perform an analysis of hip muscle strength in
individuals with PFOA, we may infer that the
weakness in the hip extensors and abductors
found in the present study could contribute to
these possible kinematic abnormalities.

Peak eccentric hip abductor torque was 18%
lower in the PFOA group compared with the con-
trol group. Comparing isometric strength of the
hip abductor in individuals with PFOA with a
control group, Pohl er al. and Hoglund ez al. found
lower strength in those with the disease, which is
in agreement with the present findings.82! In con-
trast, Macri ez al. found no differences between
individuals with and without PFOA for isometric
strength of the hip abductors.22

The gluteus medius is the main abductor of the
hip. The eccentric action of this muscle controls
the adduction movement of the hip on the frontal
plane during activities with body weight sup-
port.!* Thus, weakness of the gluteus medius can
result in excessive hip adduction during activities
with unilateral body weight support. Moreover,
although this muscle does not directly act on the
position of the knee on the frontal plane, Ford
et al. found a positive correlation between the

adduction movement of the hip and abduction of
the knee.>® As excessive hip adduction and knee
abduction have been related to an increase in
patellofemoral stress due to the increase in the
lateralizing forces that act on the patella,!5-% it is
possible that the individuals in the PFOA group
of the present study exhibited an increase in patel-
lofemoral stress due to eccentric weakness of the
abductor muscles of the hip. Hoglund er al. found
that an increase in the peak angle of tibial abduc-
tion during the task of sitting down and standing
up from a chair was moderately correlated with
reductions in the isometric strength of the hip
abductors in 15 individuals (8 with PFOA and 7
controls).8

Studies involving individuals with PFP found that
excessive contralateral pelvic drop due to weak-
ness of the gluteus medius can lead to compensa-
tions, with the ipsilateral tilt of the trunk.61,62
Biomechanically, this ipsilateral tilt displaces the
vector resulting from the ground reaction force
laterally to the center of the knee joint, with the
consequent creation of an external abductor
moment in the knee. Although we also found a
reduction in the strength of the hip abductor in
the PFOA group, it is not yet clear whether this
strength deficit is accompanied by changes in the
kinematics of the lower limbs leading to an
increase in hip adduction during functional activ-
ities involving weight support and ipsilateral tilt of
the trunk. These issues should be investigated in
future studies.

The PFOA group also had lower eccentric hip
adductor torque in comparison with the control
group. Baldon er al. report similar results in
patients with PFP compared with control sub-
jects.37 In contrast, Rathleff ez al. found no differ-
ence in isometric hip adductor strength between
adolescents with and without PFP.%3

The posterior fibers of the gluteus medius pro-
duce external rotation of the hip.%* However,
with hip flexion more than 50°, a change in the
action of these fibers occurs due to the change in
the moment arm, and the fibers then contribute
to internal hip rotation.®> Thus, the position of
the test could have exerted an influence on the
results, as we evaluated internal hip rotation
torque with the participants sitting on the chair
of the equipment with the knee and hip flexed at
90°. Due to the position during the test, the
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fibers of the gluteus medius could have been
assisting in internal rotation, which may explain
why we found a significant difference in the
strength of the internal hip rotators between the
groups. Thus, the strong gluteus medius in the
control group is believed to have contributed
positively to this evaluation, whereas the weak
gluteus medius in the PFOA group contributed
negatively to the generation of internal rotation
strength, resulting in lower internal rotator
torque in this group.

No difference between groups was found regard-
ing the strength of the external hip rotators.
Likewise, Pohl ez al., Hoglund et al., and Macri
et al. also found no significant difference in exter-
nal hip rotation strength evaluated isometrically
between individuals with and without PFOA.8:21,22
The weakness of the gluteus medius may have
contributed to the deficit in internal rotation of
the hip in the PFOA group compared with the
control group, but the same was not found regard-
ing external hip rotation, as the posterior fibers of
the gluteus medius would not contribute to exter-
nal rotation due to the positioning on the test
(volunteers seated with hip and knee flexed at
90°). Pohl ez al. and Hoglund ez al. also performed
the evaluation of external hip rotation strength
with the individuals sitting with the hip and knee
flexed at 90°.8:21

Besides the deficits in muscle strength, the indi-
viduals with PFOA also had a higher level of pain
and stiffness as well as compromised physical
functioning. The PFOA group had higher values
than the control group for all three domains of
the WOMAC questionnaire and a lower score on
the AKPS. These findings indicate an altered
perception of pain as well as compromised joint
mobility and physical functioning stemming from
the disease. Similar results are described in the
literature, as individuals with knee OA report
more pain, stiffness, and compromised physical
functioning.66-67

The present findings are relevant, indicating that
individuals with isolated PFOA have impaired
muscle strength of the knee and hip. Moreover,
the contribution of a possible muscle inhibition
resulting in a reduction in the strength of the knee
flexors and extensors as well as the hip extensors,
abductors, adductors, and external rotators
implies an impaired capacity for activities of daily

living in individuals with PFOA. Therefore, eval-
uation of this musculature is important in clinical
practice, in addition to incorporating strengthen-
ing approaches to these muscular groups during
treatment regimens. Weakness of the gluteus
medius and maximus muscles can result in exces-
sive adduction and medial rotation of the hip dur-
ing activities with unilateral support, leading to an
increase in the dynamic valgus of the knee and,
consequently, an increase in the lateralizing forces
acting on the patella, causing greater joint stress
and possible worsening of the symptoms. Also,
our results suggest that individuals with PFOA do
not present alterations in the strength of the hip
lateral rotator muscles. However, the approach to
assess this muscle group needs to be further
investigated.

Future investigations are also needed to study the
relationship between concentric and eccentric
knee torque, eccentric hip torque and the pelvis,
and hip and knee kinematics in individuals with
PFOA. Also, there is a need to better understand
whether the addition of exercises that address the
strength deficits of this musculature in individuals
with PFOA improves pain and physical function.
Strong and high-quality evidence recommends
strengthening the muscles of the hip and knee in
the conservative treatment of people with knee
OA.%8-70 In PFOA, there is a lack of randomized
clinical trials on the effects of a program to
strengthen the muscles of the lower Ilimb.
However, the results of a pilot feasibility study
suggest that hip strengthening and a core stabili-
zation program may be beneficial in improving
symptoms, function, and physical performance in
people with PFOA.! These findings are prelimi-
nary but promising, and further clinical studies
will determine which muscle group should be
addressed and whether concentric, eccentric,
and/or isometric strengthening is more effective
in improving pain symptoms, especially during
functional activities, in the rehabilitation program
for patients with PFOA.

This study has limitations that should be consid-
ered. Although strength deficits were found in the
hip and knee muscles of the individuals with
PFOA, we cannot relate these findings to the pro-
gression of the disease. Thus, prospective studies
are needed for a better follow-up of the role of
functional changes in the knee and hip muscles in
the pathogenesis of PFOA. Moreover, considering
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the changes in function and strength in this popu-
lation, studies involving the rehabilitation of indi-
viduals with isolated PFOA are essential to clinical
practice. Finally, we evaluated several characteris-
tics of muscle capacity, which is a highlight of the
study since little is known about these characteris-
tics in PFOA, especially about the peak concentric
and eccentric torque of the lower limb muscles as
well as total work and average power. However, as
it is an exploratory study, we chose not to adjust
the results for multiple testing to avoid power
reduction and minimize type II error.7273 Although
correction for multiple comparisons can reduce
the likelihood of spurious findings (type I error), it
can also increase the likelihood of false negatives
(type II error), i.e., truly important differences are
considered non-significant.”273 Thus, the results
of this study should be considered in this context.

Conclusions

In the present study, the individuals with isolated
PFOA exhibited a reduction in muscle capacity of
the knee extensors and flexors as well as the hip
extensors, abductors, adductors, and external
rotators in comparison with healthy controls. The
individuals with PFOA also had high levels of
pain and stiffness as well as compromised physi-
cal functioning.
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