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Abstract

Background and purpose

The impairment of the knee muscles brought on by knee osteoarthritis alters motor function, lowers levels of physical
activity, and raises the risk of falling. This study aimed to assess ankle muscle function in individuals with mild to moderate
knee osteoarthritis compared to a control group.

Materials and methods

A total of 126 participants aged 30 to 45 were divided into knee osteoarthritis and control groups. The Biodex System
4 isokinetic dynamometer assessed rate of force development of ankle muscles at various speeds, encompassing
dynamic contractions at 60°/s and 120°/s, as well as isometric measurements. The dorsi/plantar ratio was calculated at
the same speeds. Subjective evaluation employed the Knee Injury and Osteoarthritis Outcome Score, while functional
measures included the Forward Step-Down Test and Single-Leg Hop Test to establish the correlations with rate of force
development and the dorsi/plantar ratio.

Results

The knee osteoarthritis group exhibited significantly higher rate of force development for both ankle plantar flexors
during dynamic contractions at 60°/s and 120°/s, which was observed bilaterally in the knee osteoarthritis group
(p<0.001). The rate of force development of dorsiflexors is significant greater at 60°/s (p<0.001) and 120°/s at 100ms
(p<0.05). Additionally, insignificant rate of force development in plantar flexors and dorsiflexors during isometric
contractions was found compared to controls (p > 0.05). At angular velocities of 60°/s and 120°/s, the healthy group
exhibited significantly elevated dorsi/plantar ratio in comparison to the knee osteoarthritis group for both right and left
ankles (P<0.05). There is a significant moderate positive correlation between dynamic rate of force development and
Single-Leg Hop Test observed on both the right and left sides (p<0.05).

Conclusion

Knee osteoarthritis is associated with neuromuscular alterations manifesting as ankle muscle weakness and elevated
dynamic rate of force development, which relate to symptoms and functional deficits. Understanding these secondary
neuromuscular effects could guide targeted, multi-joint rehabilitation strategies to enhance outcomes in patients with

knee osteoarthritis.
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AHOTAIIA

MeHHaTtannax Ani 16parim Anbaecyki Enbwadeii, A6ip A6aenbpaxmaH Llexata flmaHi, Moxamea M. Enb Menirie,
Aia A6aenbxamig Moxamea Xanin. LocniaKeHHA 3B’A3KY MiK MAKCMMaJIbHOK LUBUAKICTIO PO3BUTKY cuam m’asie
roMiZIKOBOCTONHOrO cyrno6a Ta pyHKLiOHaNbHOO 34aTHICTIO XBOPUX HA apTPO3 KoNiHHOro cyrnoba

OG6rpyHTyBaHHA | meTa

MopylweHHA M’A3iB KONIHHOTO cyr106a, BUKAMKAHE OCTE0APTPUTOM KONIHHOTO Cyr1o6a, 3MiHI0E pyXxoBy OYHKL,iI0, 3HUXKYE piBEHb
di3NYHOT aKTUMBHOCTI Ta NiABULLYE PU3MK NadiHHA. Lle AocniarKeHHs Mano Ha MeTi OLiHUTK QYHKLi0 M'A3iB FOMIIKOBOCTOMHOTO
cyrnoba B ocib 3 nerkum abo NOMipHUM OCTEOAPTPUTOM KONIHHOTO Cyrn06a NOPIBHAHO 3 KOHTPO/IbHOO FPYMOLO.

Marepianu Ta metoamn

3aranom 126 yyacHuKiB y Biui Big 30 o 45 pokis 6ynm posgineHi Ha 0CTe0apPTPO3 KONIHHOIO Cyr106a Ta KOHTPOJIbHY rpynu.
I30KiHeTMYHMI auHamomeTp Biodex System 4 OLiHIOBAB LWBMAKICTb PO3BUTKY CUAN M’A3IB LMKONOTKM Ha Pi3HMX LIBUAKOCTAX,
OXOM/IOKYM AMHAMIYHI CKopoueHHs npu 60°/c i 120°/c, a TaKoK i30MeTPUYHI BUMiptoBaHHA. CNiBBiAHOWEHHA CNUHK/NiAOWBN
6yN0 pO3paxoBaHO NPU TUX CaMMX LWIBMAKOCTAX. [NA cy6’e€KTMBHOI OLIHKM BMKOPUCTOBYBABCA Pe3y/ibTaT TPAaBMW Ko/iHa Ta
0CTe0apTPUTY, ToAi AK PYHKLIOHANbHI NOKA3HMKM BKAKOYANM TECT KPOKY BHU3 i TeCT CTPUDOKa OAHIEI0 HOroK ANA BCTAaHOBNEHHSA
Kopenauii 3i LWBMAKICTIO PO3BMTKY CMAM Ta CMiBBIAHOWEHHAM CMMHW/NiA0WOBH.

Pesynbratn

[pyna 3 ocTeoapTpUTOM KOMIHHOTO cyrnoba noKasana 3HaYHO BULLY LIBMAKICTb PO3BUTKY CUAM AnA 06OX NiAOLWOBHMX 3rMHauiB
romisikoBoctonHoro cyrno6a nig 4ac AMHamiyHMX CKopodeHb 3i wenakictio 60°/c i 120°/c, wo cnoctepiranoca geobiuHo B rpyni
3 OCTE0apPTPUTOM KoAiHHOro cyrnoba (p<0,001). LUBMAKICTb PO3BUTKY CUAM TUABHUX 3rMHAYiB AOCTOBipHO 6inbwa npu 60°/c
(p<0,001) i 120°/c npn 100 mc (p<0,05). Kpim Toro, 6yna BuUABNEHA HE3HAUYHA WBUAKICTb PO3BUTKY CM/IM NiAOLIOBHMX 3rMHadiB
i TUNbHWUX 3rMHAYIB Mig, Yac iI30MEeTPUYHUX CKOPOUYEHb NOPIBHAHO 3 KOHTposnem (p > 0,05). Mpu KyToBMX BKMAKOCTAX 60°/C i
120°/c 3p0poBa rpyna 4eMOHCTPyBasia 3Ha4yHO NiABuLLEHEe CMiBBIAHOLWEHHA CNMHKU/MNIAOWOBHOrO cyrno6a NopiBHAHO 3 rpynoto
3 OCTe0apTPUTOM KONIHHOrO cyrnoba AK Ana NpaBoi, Tak i ANA NiBOI WMKonoTkK (P<0,05). IcHye 3Havywa NomipHa No3uTUBHA
KOpenALis MK AMHAMIYHOO WBUAKICTIO PO3BUTKY cuan Ta Single-Leg Hop Test, aka cnocTepiraeTbca AK 3 NpaBoro, Tak i 3 N1iBoro
60kiB (p<0,05).

BucHoBok

OcTeoapTpuT KoniHHOro cyrnoba noB’A3aHUit i3 HepPBOBO-M'A30BMMWM 3MiHaMW, fAKI NPOABAAIOTLCA Yy BUMAAI cnabkocTi
M’A3iB FOMiNKOBOCTONHOrO cyrnoba Ta MigBULLEHOT AMHAMIYHOI WBMAKOCTI PO3BUTKY CUAM, WO MOB’A3aHO 3 CMMNTOMaMM Ta
dyHKUioHanbHUM gediunTom. PO3YMIHHA UMX BTOPUHHMX HEPBOBO-M'A30BMX eEeKTiB MOXKe CKepOoBYBaTWU LiecnpsaMoOBaHi
cTparterii peabiniTauii 6araTbox cyrnobis 41a NOKpaLLEHHA Pe3ybTaTiB y NALEHTIB 3 0CTE0aPTPUTOM KOJTIHHOTO cyrnoba.

KntouoBi cnoBa: apTpo3 rominKOBOCTOMHOIO, KOMIHHOTO cyrnobiB, WBUAKICTb PO3BUTKY CUIU, PYHKLiOHANbHI 3axoam

AHHOTAIIUA

MeHHaTtannax Ann Ubparum Anbpecyku dnbliadeit, Abup AbgenbpaxmaH Llexata AimaHn, Moxameg M. nb Menurue, Aiia
A6genbxamug Moxameps Xanun. UsyueHue CBA3U MeXKAY MAKCMMasIbHOW CKOPOCTbIO PasBUTUA CUAbl MbILLL, FONEHOCTOMNHOrO
cycTaBa U GpYHKLMOHANbHOM CNOCOGHOCTBIO NALUEHTOB C OCTE0APTPO30M KOJIEHHOrO CYCTaBa

O6ocHoBaHue U LeNb

MopaskeHne MbILL, KONeHa, BbI3BaHHOE OCTEOAPTPUTOM KONEHHOTO CyCTaBa, U3MEHSAET ABUTaTebHYO GYHKLMIO, CHUNKAET YPOBEHb
bU3MUECKOM aKTMBHOCTM M NOBbIWAET PUCK NageHus. Lienbto 3Toro nccnenosaHus 66110 OUEHUTb GYHKLMIO MbILUL, FOI@HOCTOMHOMO
CyCTaBa y Nto4ei C 0CTE0aPTPMUTOM KOIEHHOTO CyCTaBa JIerKoi U CpegHen CTeneHn TAXKECTM Mo CPaBHEHUIO C KOHTPOJIbHOW rpynno.

Marepuanbl u meToabl

Bcero 126 y4yacTtHuKoB B Bo3pacTe oT 30 o 45 neT 6biAn pasgeneHbl Ha OCTE0APTPUT KOJIEHHOTO CYCTaBa M KOHTPO/bHYIO rpynny.
M30KMHeTHYecknin anHamometp Biodex System 4 oueHwWBan CKOPOCTb PasBUTUA CW/bl MbIWL, FOMIEHOCTOMHOrO CycTaBa Ha
Pas/INYHbIX CKOPOCTAX, BK/OYaA AMHAMMUYECKME COKPALLEHUA CO CKOPOCTbIo 60°/c 1 120°/c, a TaKKe N30METPUYECKME N3MEPEHUSA.
CooTHOLEeHWe CN1Ha/NoAOLWBa PaCcCUYMTbIBANOCh Ha TeX e CKopocTAX. Cy6beKTUBHAA OLLEHKa BK/lOYana OLLEHKY MCXOA0B TPaBMbl
KO/IEHA M OCTE0apPTPUTa, @ GYHKLMOHAIbHbIE M3MEPEHMA BKAKOYAAN TECT LWara BHU3 U TECT NPbIXKKA Ha O4HOM HOre A4/1A YyCTaHOBAEeHUA
KOPPenALMmM CO CKOPOCTbIO Pa3BUTMA CUJIbl U COOTHOLLIEHMEM CMIUHbI U NOAOLBSI.

Pe3ynbratbl

B rpynne nauneHTOB C OCTEOAPTPUTOM KOJIEHHOTO cycTasBa HabstoAanack 3HaunTeNbHO Hoee BbICOKaA CKOPOCTb Pa3BUTUA CUAbI ANA
060Mx NOAOLIBEHHbIX CrbaTenell roNeHoCTONHOro CycTaBa BO Bpema AMHAMUUYECKMUX COKPALLEHMt co ckopocTbio 60°/c n 120°/c,
yTo Habnaanocb 6unatepanbHO B rpynmne NaLMEHTOB C OCTEOAPTPUTOM KOMeHHOro cycTasa (p<0,001). CKopocTb pas3BUTMA CUAbI
Aopcndnekcopos gocTosepHo Bbiwe npu 60°/c (p<0,001) 1 120°/c npun 100 mc (p<0,05). Kpome TOro, BbiiBNEHA HE3HAUYUTE/IbHAA
CKOPOCTb Pa3BUTUA CU/bI B MOAOLIBEHHBIX U A0PCUDIEKCOPaX NPY M30METPUYECKMX COKPALLEHMAX NO CPAaBHEHUIO C KOHTpOseMm (p >
0,05). Mpwu yrnosbix ckopocTax 60°/c n 120°/c B 3g0poBoi rpynne Hab/1104a10Ch 3HAYMTEIbHO NOBbILIEHHOE COOTHOLIEHWE ThiNbHan/
NOAOLIBEHHAA YacTb MO CPABHEHMIO C FPYMNOW C OCTE0APTPUTOM KONIEHHOTO CYCTaBa Kak AnA NPaBol, Tak U ANA NIeBOM NOAbIKKM
(P<0,05). CyLLecTBYET 3HaUNTE/IbHAA YMEPEHHAA MOOXKUTENbHAA KOPPENALUA MEXAY AUHAMUYECKON CKOPOCTbIO PasBUTUA CUAbI U
TECTOM MPbI’KKA Ha OAHOM Hore, HabatogaeMan Kak C NPaBoM, Tak M C 1eBOM CTOpoHbI (p<0,05).

BbiBog

OCTeoapTpMTKOJIEHHOIO CYCTaBa CBA3aH C HEPBHO-MbILEYHbIMU U3MEHEHMAMM, MPOABAAOLLMMUCA CNABOCTHIO MbILLLLFOI@HOCTOMHOIO
CYCTaBa M NOBbILWEHHOW AMHAMMNYECKOMN CKOPOCTbIO Pa3BUTUA CUJIbI, YTO CBA3AHO C CUMNTOMAaMM U GYHKLMOHANbHBIMU HapYLIEHUAMMU.
MoHMMaHWe 3TUX BTOPUUHbLIX HEPBHO-MbIWEYHbIX 3PHEKTOB MOKET Nomoyb B pa3paboTke LeseHanpasieHHbIX CTpaTerunii
MHOTOCYCTAaBHOW peabunutaumm gasa yaydweHus pesynbTaToB Y NaLMeHTOB C OCTEOAPTPUTOM KOJEHHOTO CYCTaBa.

KntoueBble cnoBa: roNIeHOCTOMNHbIN CyCTaB, OCTE0APTPO3 KONEHHOrO0 CyCTaBa, CKOPOCTb Pa3BUTUA CUNbI, d)yHKLI,MOHaI'IbH blé NOKa3aTenun
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Introductions

Knee Osteoarthritis osteoarthritis is a chronic
degenerative disorder of multifactorial etiology
characterized by loss of articular cartilage and
perarticular bone remodeling [1]. Knee osteoarthritis
of the knee is classified as primary when the cause of
articular cartilage degradation is idiopathic typically
associated with aging and general wear and tear
[2]. In contrast, secondary knee osteoarthritis is
attributable to known factors such as previous injury,
inflammation, or congenital joint abnormalities [3].

Modifiable and non-modifiable risk factors
exist for knee osteoarthritis. Modifiable factors are
(articular trauma, due to occupation for instance
prolonged standing and repetitive knee bending,
muscle weakness or imbalance, obesity, and health
such as metabolic syndrome). It was assumed that
the degeneration of knee osteoarthritis was caused
by wear and tear. Non-modifiable factors are as
follows: gender (it's been noticed that females are
more common than males), age, genetics, and race
[4]. Ankle joint biomechanical alterations are linked
to knee osteoarthritis [5]. Ankle proprioceptive
input is impacted by lower extremity mechanical
changes in knee osteoarthritis, which in turn alters
ankle joint position sensation [6].When individuals
were confronted with knee osteoarthritis; it leads to
change in the moment of the hip and ankle joints [7].

The gait pattern associated with knee
osteoarthritis is characterized by reduced walking
speed, shortened strides, and greater ground reaction
force. Furthermore, patients with knee osteoarthritis
exhibit a greater knee adduction moment (KAM) in
their stride. It may have an impact on neighboring
weight-bearing joints, such as the ankle and hip
joints, either directly or indirectly. By limiting the
force on their knees, patients try to lessen their pain
[7]. Furthermore, during a late stance during gait,
patients with knee osteoarthritis showed increased
ankle dorsiflexion. According to Levinger et al.
(2013), it was seen as a compensating reaction to
encourage enough power generation at the ankle
during propulsion [8]. During the toe-off and swing
phases, patients with mild knee osteoarthritis showed
increased hamstring activity and higher plantar
flexion compared to the controls [9].

The impairment of the knee muscles brought
on by knee osteoarthritis alters motor function,
lowers levels of physical activity, and raises the risk
of falling [10]. Ankle and knee stability during gait

is linked to the ankle plantar flexor [11]. In order
to prevent increasing weight bearing on the medial
knee joint during the stance phase of locomotion,
the quadriceps and gastrocnemius muscles resist the
knee adduction moment in the frontal plane, which
helps to maintain knee stability [12, 13]. Patients
with knee osteoarthritis experience altered muscle
activation and neuro-muscular control, which
impedes normal load distribution around the knee and
speeds up the course of the disease. Individuals with
knee osteoarthritis gait have decreased quadriceps
activation and greater hamstring muscle activity
during late stance and early swing phase [14].

The rate of force development is
quantitatively assessed as the slope of the force-time
curve during the initial phase of muscle contraction,
typically between O and 200 milliseconds after
contraction onset. This measure reflects the
explosive strength capacity of a muscle, indicating
how quickly force can be generated. Maximum
strength may not be as closely correlated with
everyday activities as the rate of force development.
Furthermore, research has shown a correlation
between the rate of force development of quadriceps
muscle in patients with knee osteoarthritis and Knee
Outcome Survey Activities of Daily Living Scale
[15] as well as biomechanical gait factors including
power absorption and generation during free and
fast walking [16]. The early identification of the
development of severe knee osteoarthritis may be
associated with weakness in the quadriceps rate of
force development, suggesting that impairments in
rate of force development could serve as an early
indicator of disease progression [17].

Previous research has not assessed rate of
force development in ankle muscles for individuals
with knee osteoarthritis. Additionally, there is a
gap in studies examining the correlation between
rate of force development and functional measures
in knee osteoarthritis. This study's primary aim
was to explore rate of force development across
ankle muscles in individuals with mild to moderate
knee osteoarthritis and. The secondary aim was to
establish correlations between deficits in rate of
force development and impairments in functional
measures. We hypothesized that deficits in rate of
force development may be associated with observed
impairments in functional measures among these
patients. Clarifying the relationship between rate
of force development and knee osteoarthritis
progression would hold the potential to unveil
therapeutic targets and intervention strategies.
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Materials and methods

Study design

A cross sectional study was conducted to
assess the maximal rate of force development in
dorsiflexor and plantar flexor muscles in individuals
with mild to moderate knee osteoarthritis compared
to a control group along with the ankle dorsi/plantar
ratio. Additionally, the relationship between rate
of force development and functional measures in
knee osteoarthritis patients was investigated in knee
osteoarthritis patients.

Ethical approval

The study was approved by the local Ethical
Committee of Faculty of Physical Therapy, Cairo
University (P.T.REC/012/004656). This study was
registered on clinicaltrials.gov with registration
number NCT06063889.

Participants

The study recruited 126 participants from the
Ahram Canadian University clinic and its associated
worker population. The cohort was divided into two
distinct groups: the Knee osteoarthritis group and the
healthy control group, with 63 individuals in each.
The age range of the participants was 30 to 45 years
old.

In the knee osteoarthritis group, inclusion
criteria were based on a diagnosis of knee
osteoarthritis according to the 2018 classification
criteria for early-stage Knee osteoarthritis derived
from data in the Osteoarthritis Initiative (OAIl) as
described by Leung et al., 2020. Only individuals
with a Kellgren-Lawrence classification of Grade 2-3
Knee osteoarthritis, who had been experiencing knee
pain for at least six months, and with a visual analog
scale pain score of 3 or more, were enrolled [17].
The healthy control group consisted of individuals
without signs or symptoms of knee osteoarthritis
or other neurological or musculoskeletal conditions
[18].

Exclusion criteria for the study were
comprehensive to ensure the integrity of the results.
Individuals with patellar subluxation, a history of
surgery on any joint of the lower limb, meniscal
injury, ligament instability, or those who had received
intra-articular injections in the knee in the last six

months were excluded [19]. Additionally, potential
participants with hip or ankle problems that could
interfere with the outcome measures, or those who
had participated in another physical therapy program
in the last three months, were not included in the
study [20].

Procedure

The study's purposes and procedures were
thoroughly explained to all the participants. An
informed consent was obtained, ensuring participants
were aware of their right to withdraw from the study
at any time without facing any repercussions. The
study spanned from April 2023 through September
2023.

Instrumentation

The Biodex Medical System 4®
dynamometer (850-000 System 4 Pro) was used
for isokinetic testing. The isokinetic dynamometer
provided mechanically reliable measures of torque,
position and velocity on repeated trials performed on
the same day as well as on different days [21]. Sole
et al. (2007) reported "very high" relative reliability
with an Intraclass Correlation Coefficient (ICC)
0.90 for isokinetic dynamometer measurements
[22]. The system was powered on, initialized, and
calibrated before use. The application and procedure
done as mentioned in [23]. The Rate of rate of
force development of the ankle plantar flexor and
dorsiflexor muscles was measured 60°/s and 120°/s,
and isometrically, by recording the torque at 0-100-
200 milliseconds. There was a 60 sec rest between
velocities. Participants performed submaximal
warm-up trials and were familiarized to the protocol
during a separate orientation session. Muscle torque
was sampled at 100 Hz by the Biodex software.
Torque signals were filtered with a 15 Hz low-pass
Butterworth filter. Peak torque was calculated as the
maximum value during the concentric phase. Rate of
force development was derived as the slope of the
torque-time curve [24] at 0-100 ms and 0-200 ms
using custom functions in Microsoft Excel.

The subjective tests employed were the Knee
Injury and Osteoarthritis Outcome Score (KOOS),
a patient-reported outcome measure that assesses
people's opinions about their knee and associated
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problems. The KOOS consists of five subscales: Pain,
Symptoms, Activities of Daily Living (ADL), Sport
and Recreation Function, and knee-related Quality
of Life (QoL). Each subscale is scored separately
on a scale from 0 (extreme knee problems) to 100
(no knee problems) [25]. The functional measure
tests used in the current study were the Forward
Step-Down Test (FSDT) and the Single Leg Hop
Test (SLHT). The FSDT is a functional activity that
requires dynamic muscle control and weight-bearing
stress at varying degrees of knee flexion, similar to
descending stairs [26]. The FSDT can serve as both
a knee rehabilitation exercise and a screening tool,
given the substantial loads it imposes on the knee
joints (Sanchez et al., 2016). The forward step-down
test results were categorized as good (0—1), moderate
(2-3), or poor (>4 points) based on the observed
movement quality of participants [26]. The SLHT
is a performance-based test that evaluates muscle
strength, neuromuscular control, limb confidence,
and the ability to withstand sports-specific activities
[27,28]. It is a valid and reliable test for assessing
treatments in patients with knee injuries and
osteoarthritis, as demonstrated by good test—retest
reliability (ICC 0.92, 95% CI 0.86-0.96 and 0.93,
95% CI 0.87-0.97) [29]. Each leg underwent three
valid repetitions of the step hop test, and the hop
index was determined using the average value.

Statistical analysis

Data analysis was performed using SPSS
Statistics Version 27 and Python 3.8. Assessments

of normality and homogeneity of variance were
executed through Shapiro-Wilk tests in SPSS
(Tablel). Descriptive statistics were generated
in SPSS, and Cohen's d was employed for effect
size calculations. The analysis of Rate of Force
Development was conducted using Python. Between-
subjects univariate ANOVA was implemented
with statsmodels.api after confirming assumptions
with scipy.stats. Bivariate Pearson's correlations
between Rate of Force Development and outcomes
were computed using scipy.stats.pearsonr. For
data visualization, matplotlib and seaborn Python
packages were utilized. All statistical tests maintained
a significance level of p < 0.05. The interpretation
of effects considered mean differences, confidence
intervals, F-statistics, and effect sizes, including
partial eta squared and Cohen's d.

Table 1
Table showing the results of normal distribution for
all indicators

Outcome Indicator SS:::;:?;‘:VVU;( var:;e Conclusion
Ankle D/P ratio 0.967 0.204| Normal
RFD at 100 ms 0.978 0.305| Normal
RFD at 200 ms 0.989 0.560| Normal

Shapiro-Wilk Statistic (W) is the test statistic, where values
closer to 1 suggest that the data is normally distributed;
p-value is used to determine the significance of the test
result. A common threshold for significance is 0.05.

Results

Participant characteristics

The study included 126 participants based
on sample size calculation divided into a knee
osteoarthritis (OA) group (n=63) and a healthy control

group (n=63). There were no significant between-
group differences in age (p=0.94), BMI (p=0.90),
height (p=0.72), or weight (p=0.97((P >0.05) (Table
2). Hence, the groups were well matched at the entry
level.

Table 2
Demographic characteristics of the patients

. _ Knee osteoarthritis
Variable Control Group A (n=63) Group B (n=63) t-value p-value
Age (years) 30.07 £ 4.48 30.00 £ 3.15 0.074 0.944
BMI (kg/m2) 26.07 £ 1.46 26.03+£1.08 0.118 0.907
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Height (cm) 168.63 £6.51 169.26 £6.18 -0.363 0.717
Weight (kg) 74.67 +8.25 74.59 +5.53 0.038 0.969
Sex
Female 44 (69.8%) 43 (68.3%)
Male 19 (30.2%) 20 (31.7%)

OA: osteoarthritis

Ankle strength ratiosw

A multivariate ANOVA found a significant
interaction between group (knee osteoarthritis vs
control) and contraction setting (60°/sec, 120°/sec,
isometric) on ankle dorsiflexion/plantar flexion
strength ratios (Pillai’s Trace = 0.34, F (6.94) = 5.60,
p <0.001). Pillai's Trace represents the proportion of
variance in D/P ratios explained by the interaction

effect.

For dynamic contractions at 60°/sec and
120°/sec, the knee osteoarthritis group exhibited
significantly lower D/P ratios than controls for both
right and left ankles (p < 0.01), with moderate to
large effect sizes (Cohen's d = 0.73 to 1.19) (Table
3). However, there were insignificant between-
group differences in D/P ratios during isometric
contractions (right p=0.42; left p= 0.45).

Table 3
Final between-group comparison after experiment on ankle dorsiflexion/plantar-flexion strength ratio

Setting Healthy Group Ostelégstehritis F- value Partial Eta Square p-value
Group
P/D ratirc; 60 D/s MeSTDr::7102;.199, Mean:zg.lléfziz, SD: 59.939 0.194 (p < 0.001)
P/D ratio 60 D/s It Mse;?;gé_odgl’ Mean;gggs, SD: 22.887 0.156 (p = 0.002)
P/D I;a}tsicl)tlzo MeSTDr::619£Z.614, Mean;??g.g& SD: 55125 0.308 (p <0.001)

P/D ratio: dorsiflexion/plantar-flexion strength ratio

Rate of Force Development of Ankle Muscles

Regarding the plantar flexors (PF), the knee
osteoarthritis group showed significantly higher
Rate of Force Development at 100ms and 200ms

bilaterally during dynamic contractions at 60°/sec
and 120°/sec compared to controls (p <0 .001), with
very large effect sizes (Cohen's d ranged from 1.34
to 1.87) (Table 4).
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Table 4
Final between-group comparisons of rate of force development
. Knee OA Group .
’ + -
Setting Healthy Group (MeanzsD) F-value (MeanzSD)|Partial Eta Squared p-value
RFD60°/s (100 | 4494 0,053 | 0.154+0.104 49.661 0.289 p<0.001
msec) right PF
RFD 60°/5 (100 | 4 44340.044 0.139£0.102 46.732 0.277 p<0.001
msec) left PF
RFD 60°/5 (200 | 11440039 0.11240.062 53.611 0.305 p < 0.001
msec) right PF
RFD 60°/5 (200 | 38+0.037 0.106+0.071 44.840 0.269 p <0.001
msec) left PF
RFD120°/5 (100 | 05040,047 0.109£0.084 23.375 0.161 p<0.001
msec) right PF
RFD120°/5 (100 | 54340056 | 0.11240.088 27.137 0.182 p <0.001
msec) left PF
RFD120°/5(200 | 53510,028 |  0.069£0.058 16.627 0.120 p <0.001
msec) right PF
RFD120°/5 (200 | 13940,032 0.063£0.057 15.852 0.115 p<0.001
msec) left PF
RFDisom (1001 4 029+ 0.020 |  0.023:0.038 1.022 0.008 p=0314
msec) right PF
RFDisom (1001 6 02340.027 | 0.033£0.034 3.409 0.027 p=0.067
msec) left PF
RFDisom (200 | 41740017 0.0160.027 0.054 0.000 p=0.816
msec) right PF
RFDisom (20014 51440016 | 0.020%0.022 2.728 0.022 p=0.101
msec) left PF

RFD: Rate of Force Development; OA: osteoarthritis

For dorsiflexors, the knee osteoarthritis
group had significantly greater Rate of Force
Development at 100ms bilaterally at 60°/sec (right
p<0.001, d=0.99; dorsiflexors p<0.001, d=1.37). The
knee osteoarthritis group had significantly greater
Rate of Force Development for the left dorsiflexors
(p=0.05) not the right dorsiflexors (p=0.046) at
120°/sec. At 200 ms, Rate of Force Development
was significantly greater in the knee osteoarthritis
group for the left dorsiflexors (p = 0.001) but not the
right dorsiflexors (p =0.072) at 6120°/sec. Rate of
Force Development was significantly greater in the

knee osteoarthritis group for right dorsiflexors (p =
0.046) but not left dorsiflexors (p =0.152) at 120°/
sec. At 100ms and 200 ms, there were insignificant
between-group differences in isometric Rate of Force
Development for either PF or dorsiflexors (p > 0.05)
(Table 5).

A multivariate ANOVA found an overall
significant Rate of Force Development difference
between groups across settings (Pillai's Trace =
0.410, F (12,111) = 6.436, p < 0.001). Pillai's Trace
indicates the knee osteoarthritis group accounted for
41.0% of the variance in RFD measures.
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Table 5
Final between-group comparisons of rate of force development for dorsi-flexors
. Healthy Group Knee OA Group .
Setting (Mean:sD) (Mean#sD) F-value Partial Eta Squared p-value
RFD 60°%/s (100 | 154 0,025 0.074+ 0.039 16.045 0.115 p <0.001
msec) right DF
RFD 60°/s (100 | 134 0,027 0.084+0.041 25.479 0.170 p<0.001
msec) left DF

RFD 60°/s (200 | ) 137, 0,017 0.048+0.044 3.293 0.026 p=0.072
msec) right DF

RFD60°/S (200 | 0354 0.00 | 0.051+0.030 11.085 0.082 p=0.001
msec) left DF

RFD120°/5 (100 | 0344 0,026 | 0.045:0.0367 3.151 0.025 p=0.078
msec) right DF

RFD 12095100 | 539, 0.028 | 0.0500.035 3.765 0.029 p=0.055
msec) left DF

RFD 120%/s (200 | 1151 .017 0.042 0.080 4.053 0.032 p=0.046
msec) right DF

RFD1209/5(200 | 55510022 | 0.028+0.022 2.073 0.016 p=0.152
msec) left DF

RFDIsom (1001 4 12140.023 | 0.02240.012 0.126 0.001 p=0.724
msec) right DF

RFDisom (1001 622+0.023 | 0.019%0.007 0.414 0.003 p=0.521
msec) left DF

RFDisom (2001 6 009+ 0.005 | 0.013£0.0103 5.000 0.039 p=0.027
msec) right DF

RFDisom (200 | 509+ 0.005 | 0.010+0.040 0.011 0.000 p=0918
msec) left DF

RFD: Rate of Force Development

Correlation between ankle rate of force
development and function

Dynamic Rate of Force Development showed
significant moderate positive correlations with Knee
Injury and Osteoarthritis Outcome Score symptom (r
=0.23 to 0.45), pain (r = 0.23 to 0.44), and function
(r =0 .23 to 0.36) scores (p < 0.01). Higher (worse)
Knee Injury and Osteoarthritis Outcome Score scores
were associated with lower dynamic Rate of Force
Development. Dynamic Rate of Force Development
at 60 ,120 °/sec demonstrated significant moderate

negative correlations with Forward Step-Down Test (r
=-0.28 t0 -0.52, p < 0.01), indicating worse Forward
Step-Down Test performance was linked to reduced
Rate of Force Development. There were significant
moderate positive correlations between dynamic
Rate of Force Development and Single Leg Hop Test
(r=10.34 to 0.50, p <0 .001), showing higher Single
Leg Hop Test scores (poorer performance) related
to lower Rate of Force Development. Insignificant
correlations were found between isometric Rate of
Force Development and functional measures (p >
0.05) as shown in (Table 6).
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Table 6

Correlation Strength for RFD 60°/s DF, 120°/s, and Isometric with functional measures

Outcome
RFD r (p value)
M
€asure | symptoms Pain ADL Sports QoL FSD SHLT I:'::x
0.23 to 0.23 to 0.29 to 0.25 to 028t0 | 034to
RFD 60°/s PF 0'%3 ;"02')45 0.44 0.30 0.36 0.29 -0.52 0.50 NSC
: (<0.01) (<0.01) | (<0.001) | (<0.01) (<0.01) | (<0.001)
] 0.23 to 0.23 to 0.29 to 0.25 to 028t0 | 034to
RFD ;on /s 0‘(23(;%(1)')44 0.44 0.30 0.36 0.29 -0.52 0.50 NSC
: (<0.01) | (<0.01) | (<0.001) | (<0.01) (<0.01) | (<0.001)
. . 2 0.
RFD60°/s | 02610032 | 220 0.27to 0.32 026 to 0.33to 0.33
i, <0.01) 0.32 0.32 (<0.001) 0.30 -0.42 <o.001) | NSC
: (<0.01) | (<0.01) : (<0.01) | (<0.001) '
RFD 120°/s | 0.24t0028 | 224% 023 to 0.22 0.25 02310 0.30
DF (<0.01) 0.31 0.29 (< 0.05) (<0.01) 0.18 (= 0.001) NSC
: (<0.01) | (<0.01) . : (< 0.05) '
'SOF;“FGD"'C NSC NSC NSC NSC NSC NSC NSC NSC

NSC: No significant correlations; RFD: Rate of Force Development

Discussion

Knee osteoarthritis (OA) is a prevalent
condition with significant implications for patients'
quality of life and mobility. Understanding the
neuromuscular alterations associated with knee OA,
in particular, the function of ankle muscles, could
provide crucial insights for developing effective
therapeutic interventions. This was the driving
force behind our study. Our main findings were that
the knee OA group exhibited significantly lower
dorsiflexion/plantarflexion (D/P) strength ratios
bilaterally during dynamic contractions compared to
controls. However, no between-group differences in
D/P ratios were seen during isometric contraction.

The knee OA group also showed greater
RFD of the plantar flexors at 100-200 ms during
dynamic contractions (60°/sec, 120°/sec). During
dynamic contraction at 60°/sec, the knee OA group
exhibited significantly greater RFD of the dorsiflexor
(DF) at 100 msec bilaterally at 60°/sec. At 200 msec,
RFD of DF was significantly higher in the knee OA
group for the left DF but insignificant in the right
compared to control. During dynamic contraction at
120°/sec, the knee OA group showed significantly
higher RFD of the left DF at 100 relative to controls.
However, at 200 msec, RFD was significantly
greater in the knee OA group for the right DF but

insignificant in the left DF, with no differences in
isometric RFD. Finally, we found moderate positive
correlations between dynamic RFD and functional
measures including symptoms, pain, ADLs, and
physical performance. No associations were seen
between isometric RFD and function. While there
is a lack of studies addressing the dorsi/plantar ratio
in knee osteoarthritis (OA), a recent investigation by
Tapanya et al. (2023) consistently highlighted the
predominant role of plantarflexors in torque-muscle
density interactions [30]. The observed dorsiflexion-
to-plantarflexion ratios, aligning with prior research
(e.g., D/P ratio <1.0), revealed a correlation between
lower ratios and shorter mean step duration,
emphasizing the importance of robust plantar flexion
during adjustments in shaping a balanced step,
which, in turn, influences the kinetics of the stance.
Regarding the lower P/D strength ratio, it
was attributed to weakness of both plantar flexors
and dorsiflexors. The dorsiflexor weakness observed
in the knee OA group might be due to Arthrogenic
muscle inhibition (AMI), a neural protective
mechanism that can reflexively limit voluntary
activation of muscles crossing injured joints like
the knee [31]. Arthrogenic muscle inhibition from
knee OA could potentially inhibit dorsiflexors due to
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shared spinal circuitry between the knee and ankle.
Additionally, disuse from knee OA-related pain
and mobility limitations could induce preferential
atrophy of type II fibers in dorsiflexors, further
reducing strength [32].

Previous studies reported moderate ankle
plantar flexor weakness in patients with knee OA.
There was significant weakness in concentric peak
torque plantar flexors compared to controls [33].
The impact of plantar flexor weakness on knee OA
affects gait, stability, and function. The increase
in RFD in patients with knee OA likely represents
compensatory  neuromuscular  adaptations  to
maintain gait stability and reduce knee loading.
Patients may increase reliance on ankle musculature
for propulsion and stability as knee OA progresses,
requiring rapid force generation to control moments
during gait [34]. This motor control recalibration
could manifest as increased dynamic RFD. However,
such compensations may increase joint stresses,
contributing to fatigue and secondary injuries at ankle
joint. The correlations between diminished dynamic
RFD and worse symptoms, pain, and function align
with previous research showing knee extensor RFD
impacts function and predicts OA severity [16]. Our
study expands on this by demonstrating associations
between ankle muscle RFD and patient-reported
outcomes. This highlights the potential utility of
dynamic RFD for assessing functional deficits in
knee OA.

Regarding isometric RFD findings, there
were inconsistent results between previous studies.
A study by Winter et al. (2014) found that RFD was
not different between knee OA and healthy subjects,

but the knee OA subjects generated the highest
peak RFD at a lower percentage of their maximal
voluntary isometric strength (MVIC) [35]. They
also found that RFD was related to knee joint power
and functional outcomes in the knee OA subjects.
In contrast, a different study found a significant
association between lower quadriceps RFD and
worsening physical function in adults with or at
risk for knee osteoarthritis [36]. This discrepancy
may stem from distinct testing procedures and
muscles examined. Standardizing RFD assessment
protocols could improve consistency across studies.
Joint-specific neuromuscular changes may occur,
warranting further investigation.

This study had limitations including
a homogenous sample, which could restrict
generalizability.  Additionally, our laboratory

measurements may not fully capture real-world
muscle function. We did not radiographically confirm
knee OA, which could limit accuracy of comparisons
by disease severity. The cross-sectional design also
precludes determining causality between knee OA
and neuromuscular changes.

Future studies should examine ankle muscle
RFD across a broader range of demographics and OA
severities using radiographic grading. Longitudinal
analyses could help establish temporal relationships
between knee OA progression and RFD changes.
Examining associations between dynamic RFD and
other functional measure tests would be beneficial.
Clinically, interventions aimed at improving ankle
strength and neuromuscular function should be
studied as rehabilitation strategies for knee OA
patients.

Conclusion

Knee OA is associated with neuromuscular
alterations manifesting as ankle muscle weakness and
elevated dynamic RFD, which relate to symptoms and
functional deficits. Understanding these secondary

neuromuscular effects could guide targeted, multi-

joint rehabilitation strategies to enhance outcomes in

patients with knee OA.
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