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ARTICLE INFO ABSTRACT
Keywords: Biomechanic studies can provide a powerful theoretical and scientific basis for studies on knee
Knee osteoarthritis osteoarthritis (OA), which is of great significance for clinical management as it provides new

Biomechanics change
Knee varus

Knee moment
Scoping review

concepts and methods in clinical and research settings. This study aimed to discuss and sum-
marize biomechanical research on lower extremities in individuals with knee OA in the past ten
years. The methodology of this review followed the framework outlined in the Joanna Briggs
Institute (JBI) guidelines and strictly followed the checklist for drafting the findings. A literature
search was conducted using PubMed, Scopus, Cochrane Library, Embase, Web of Science, Grey
literature search in Open Library, and Google Academic databases. Relevant literature was
searched from 2011 to 2023. Sixteen studies were included in this scoping review. Biomechanical
research on knee OA in the last decade demonstrates that the biomechanics of the hip, knee, and
ankle have a profound influence on the pathogenesis and treatment of knee OA. Individuals with
knee OA have biomechanical changes in hip, knee, and ankle joints such as a significant defect in
the strength of ankle varus muscles, weakness of hip abductor muscle, walking with toes out-
wards, increased knee adduction moment and angle, and decreased knee extensor moment. As the
severity of knee OA increases, the tendency of hip abduction positions also increases. Further
research with a longitudinal study design should focus on the determination of the relative
importance of different biomechanical and neuromuscular factors in the development and pro-
gression of the disease.

1. Introduction

Osteoarthritis (OA) of the knee is a chronic joint disease characterized by cartilage degeneration and secondary bone deformation
of the knee joint [1]. Individuals with knee OA typically suffer from pain, swelling, stiffness, and deformity, resulting in functional
limitations, which is the main cause of disability among older adults aged over 65 years. The incidence of knee arthritis in women is
higher than that in men [2]. The incidence rate of knee OA is related to age, obesity, inflammation, trauma, and genetic factors [3] but
the etiology and pathogenesis of knee arthritis are unclear [1].

Biomechanical factors constitute an important risk for the progression of knee OA. For example, the higher adduction moment of
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the knee joint and the smaller muscle strength are considered factors leading to OA of the knee joint [4]. The severity of knee OA
disease usually increases pain, swelling, cartilage loss, and bone spur formation, and may reduce the range of motion, thus affecting the
movement changes in individuals with knee OA during functional tasks. Dynamic research on biomechanics is typically used to study
motion patterns in humans [4], which helps display motion changes owing to different severities [5]. In recent years, to better un-
derstand and formulate effective exercise therapy programs, more attention to biomechanical factors related to the pathological
mechanism of OA is warranted [6]. A better understanding of the contribution of biomechanics will help design effective intervention
and prevention programs and also help clinicians educate individuals with OA. Moreover, wedge-shaped insoles or other auxiliary
devices are made by using the spatial parameters obtained from biomechanical measurements to reduce the damage to the knee joint
caused by the applied force [7].

In most cases, the application of biomechanics in the exploration and treatment of knee OA mainly includes the study of muscle
strength around the knee joint, the change in knee joint torque, and the movement of hip and ankle joints and their muscles [7].
Previous studies proved that the integrity of the lower limb chain plays an important role in knee OA [8,9]. The systematic review
conducted by Mills et al. [10] had specifically pinpointed the gait deviations that are consistently linked with knee OA. However, a
clear summary of the biomechanical changes in the lower limb joints is lacking. The last decade has seen an increase in research
equipment for biomechanics, a curiosity in the study of biomechanical changes in knee OA, and a theoretical and clinical need for
understanding biomechanics of knee OA. Therefore, the purposes of this systematic review were to study the current status of studies
on biomechanical changes of lower limbs in individuals with knee OA using data from the past decade; to explore outcomes and
common research equipment use, and to provide a descriptive summary of perspective and clinical implications. We also discussed the
prospects for biomechanical treatment of knee OA and the lack of research sites. This review provides some theoretical support,
knowledge gap identification, and avenues for further research in this field.

2. Materials and methods

The steps of the research method were guided by and strictly followed the PRISMA Extension for Scoping Reviews (PRISMAScR):
Checklist and Explanation 2020 updated version of the Joanna Briggs Institute (JBI) [11,12].

2.1. Identifying the research question

Through retrieval and result sorting, we aimed to address the following questions, specifically in the last decade of research: a)
What are the lower limb biomechanical changes that have been reported so far in individuals with knee OA? b) What equipment was
used to study the biomechanical changes of knee OA? ¢) What is the primary perspective of biomechanical study in knee OA? The study
aimed to address the above question for screening, reading, and extraction of references.

2.2. Identifying relevant studies

The electronic sources accessed from 2011 to July 2023 for this review included PubMed, Scopus, Cochrane Library, Embase, and
Web of Science. Grey literature was also searched and data were extracted using Google Scholar, Open Doar and Open Grey. Search
terms mainly included knee osteoarthritis, Knee OA, lower extremity, biomechanical, and their extension and free words, with
wildcard characters. The logical words “AND” and “OR” were used to extend the search scope. The two authors screened and identified
studies for inclusion in the review independently. Discrepancies were then resolved through discussion and a third author was con-
sulted. The study inclusion criteria were based on the patients who are diagnosed as KOA. The relevant studies were published with
English language and reported biomechanics or electromyography outcomes of lower-limb joints during static or dynamic task.

2.3. Study selection

The results from the electronic search were imported into an EndNote 20.0 library, and duplications were removed. Two authors
(LYY, FS) first reviewed and screened the title and abstract independently. Relevant studies were included in this review. A third
author (BQZ) was asked for help when the first two authors could not reach a consensus. Then, the full text of the included literature
was searched. Criteria for study inclusion and exclusion are shown in Table 1.

Table 1
Inclusion and exclusion criteria for this study.
Inclusion criteria Exclusion criteria
@ Source of evidence: peer-reviewed English articles based on experimental research designs and methods for e Animal experiments
assessing lower extremity biomechanical changes in individuals with knee OA.
e Study population: Individuals with knee OA e The full article could not be found
o Concept/phenomena of interest: biomechanical changes in the lower extremity in individuals with knee OA e Books, Clinical guidelines, and

Methodological studies
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2.4. Charting the data

Sixteen studies were finally included (Fig. 1). Data were extracted from included studies and organized into the table format. The
primary information was collected and organized in a structured form under the following headings: first author and year of publi-
cation, country, study sample, study purpose, study design, study measurements, main results, biomechanical changes and other
reports.

2.5. Collation, summarizing, and reporting results

In line with the approach of scope review, below we present the results in the form of narrative synthesis to provide more detailed
information and integrate multiple evidence for researchers and healthcare professionals.

3. Results

A total of 2268 studies were retrieved which were published from January 1, 2011-July 31, 2023, with 539 duplicates; these were
deleted. After reading the title and abstracts, 1582 papers were removed because they were not relevant to the content of the study.
Fifteen articles in the first consideration were retrieved from the grey literature website (http://www.greylit.org/). One more paper
was included after repeated consideration in the second round. Finally, 16 studies were included in this scoping review. To ensure the
reliability of the journals that published these articles, the SCImago Journal & Country Rank portal was used to verify their scientific
nature. The characteristics of 16 studies were extracted and are shown in Table 2.

3.1. Walking ability

With age, the function of the neuromuscular system declines, and therefore, the risk of falling increases. The internal factors causing
knee joint function decline include age, balance, gait ability, decreased muscle strength, decreased cognitive and visual function, and
pain [13]. Kinematic variables of horizontal walking, ramp, and stair climbing in individuals with degenerative arthritis show sig-
nificant differences in the joint angles of the sagittal plane [14]. Compared with horizontal walking, individuals with degenerative
arthritis have significantly increased flexion angles of the hip, knee, and ankle joints [15]. Abnormal hip joints and contralateral knee

)
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Fig. 1. Flow chart of the literature search strategy.
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Table 2
Characteristics and main result from the 16 studies.
No  Author, Sample Study Study purpose Measurement system Biomechanical Other reports
Country, design changes of lower
Year extremity
1 Wang Y et al., n =44, CSsS To investigate the - Three-dimensional - Individuals -
China, 2021 individuals with patterns and optical-video motion exhibited increased
[28] late-stage Knee OA variability of lower capture system variability of thigh-
n = 22, healthy limb inter-segmental shank continuous
subjects coordination of relative phase during
individuals with the late, early stance,
knee OA and healthy and swing phases.
subjects during
walking, and to
evaluate inter-
segmental
coordination
alterations in
individuals
2 Petrella M n=12, CSss To investigate - Isokinetic - Individuals with - Individuals with
et al., Brazil, individuals with biomechanical and dynamometer (Biodex bilateral knee OA bilateral knee OA
2021 [18] unilateral Knee neuromuscular Multi-Joint System 3, had lower total had greater trunk
OA similarities and Biodex Medical Incor- support moment flexion when
n =16, differences in the poration, New York, values, and lower rising from the
individuals with transition from NY, USA) isometric knee chair.
bilateral Knee OA sitting to standing in - Qualisys Motion extensor torque - WOMAC Pain
individuals with Capture System (QTM - when rising from the (mean + SD):
unilateral and Qualisys Track chair. Knee OA
bilateral Knee OA F4Manager 2.9, (Unilateral) vs
Medical AB, Sweden) Knee OA
and Visual 3D software (Bilateral) = 6.25
(C-Motion, Inc., =+ 3.95) vs 10.44
Rockville, MD, USA) + 3.48 - WOMAC
Function (mean +
SD): Knee OA
(Unilateral) vs
Knee OA
(Bilateral) = 16.67
+15.63 vs 31.50
+11.72
3 Costa e Silva n=12, CSS To analyze the EMG - Surface - Individuals with - BMI (mean =+ SD):
Cabral AL individuals with pattern, kinematics, electromyograph (EMG Knee OA exhibited Knee OA
et al., Brazil, Knee OAn = 16, and postural control System of Brazil LTDA- increased muscle individuals vs
2021 [7] healthy subjects in individuals with 1232WF Signal Acqui- activation of tibialis Healthy subjects
and without Knee sition System) anterior, =28.40 +4.30 vs
OA during SLS - Force plate (BIOMEC gastrocnemius, and 25.64 + 3.36 kg/
410 - EMG System gluteus medius m2 - VAS (mean +
Brasil LTDA - version muscles. SD): Knee OA
2013) - Less knee angular individuals vs
- Electrogoniometer displacement in the Healthy subjects
Knee OA was lower =5.93 + 1.74 vs
when compared with 0.36 + 0.92
the healthy subjects.
Fear of movement
may lead to these
results.
4 Parekh S et al., n = 50, CSS To assess the WOMAC and NRS - There was a - BMI (mean =+ SD)
India, individuals with association between significant =27.97 + 8.70
2019 [15] Knee OA the lower extremity correlation found kg/m2 - Femoral

biomechanical
factors with knee OA

between femoral
anteversion and
navicular drop with
WOMAC scale. The
significant
correlation between
femoral anteversion,
hamstring muscle
length, Q angle
(dynamic), and tibial
torsion with NRS
pain scale.

anteversion (mean
+8SD) =12.15 +
12.02° -
Hamstring muscle
length (mean +
SD) = 280 +
20.13 mm - Q
angle (mean + SD)
static = 18.5 +
16.26°

Q angle dynamic
(mean + SD) = 24

(continued on next page)
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No  Author, Sample Study Study purpose Measurement system Biomechanical Other reports
Country, design changes of lower
Year extremity
+16.97° -
Navicular drop
height (mean +
SD) =7.5 £ 6.36
mm - Tibial torsion
(mean + SD) = 8.5
+7.36°
5 Fukaya T n=8(B3menand5 CSS To investigate the - WOMAC and KL - In the Knee OA -
et al., Japan, women), recorded effect of structural - Vicon Mx2 Camera group with KL 3-4,
2019 [29] a KL scale score of destruction of the system the hip joint was

6 Monil K et al.,
UK,
2018 [13]

7 Neila M et al.,
Canada,
2017 [30]

8 Park SK et al.,
Canada,
2016 [31]

1-2n =9 (3 men
and six women),
recorded a KL
scale score of 3-4

n = 84, no known CSS
pathology n =

24,18 had medial

knee OA and 6 had

lateral knee OA

n =32 CSS
individuals with

Knee OAn =15,
asymptomatic

subjects (AS)

n =24 (17 females  CSS
and 7 males) with
mild-to-moderate

Knee OAn = 24

(16 females and

8males) healthy

subjects

knee joint on frontal
plane hip and ankle
joint kinematics and
kinetics during the
stance phase of
walking in
individuals with
differing severities of
knee OA.

To characterize knee
adduction angle and
moment and
compare these with
foot CoP in
volunteers with and
without Knee OA

To analyze the
impact of knee OA
on ipsilateral hip,
knee, and ankle
joints during gait

The relationship
between muscle
strength, gait
biomechanics, and
self-reported
physical function
and pain for
individuals with
knee OA is not well
known. The study’s
objective was to
investigate these
relationships in this
population

- Three AMTI force
plates

- KOOSs
- Hawk Digital System.

- Six-camera
optoelectronic system
(VICON 460, Oxford
Metrics).

- KOOS and WOMAC
- Vicon Motion Analysis
System

significantly
abducted and the
knee joint had
significantly greater
varus positioning
during the stance
phase. A significant
knee abductor
moment was
observed during the
stance phase.

- Inthe early Knee OA,

the ankle joint

showed a significant
inversion moment
during the stance
phase.

Knee adduction

angle was the

sensitive parameter
to characterize
between healthy and
medial Knee OA in
the early phase of
gait.

The center of

pressure was not

useful to
differentiate
between healthy and
medial Knee OA.

- The presence of knee
osteoarthritis leads
to adjustment of
angular
displacement
strategies at the
knee, but also at the
hip and ankle as
well.

- Individuals with
knee osteoarthritis
exhibited reduced
hip external rotator,
knee extensor, and
ankle inversion
muscle force output,
as well as increased
peak knee adduction
angles. Ankle
inversion, hip
abduction, and knee
flexion strength were
significant
predictors of peak
pelvic drop angle

- KOOS pain score
(mean =+ SD):
Health vs medial
vs lateral =95 + 8
vs 59 + 12 vs 57
+ 22 - BMI (mean
+ SD): Health vs
medial vs lateral
=23.4+£3vs26.9
+3.8vs24.8 +
2.8 kg/m2

- BMI (mean =+ SD):
AS vs OA = 24.69
+ 3.71 vs 31.05 +
4.51 kg/m2
Walking velocity
(mean + SD):AS vs
OA = 0.85 + 0.20
vs 0.82 +0.20 m/s

- Knee OA Group:
WOMAC (mean +
SD)=25+1.9-
Knee OA Group:
KOOS-Pain (mean
+8SD)=79.2 £
9.8), KOOS-
Symptom (mean
+ SD) =59.8 +
20.0, KOOS-
Function in daily
living (mean +
SD) = 86.6 +10.7,
KOOS-Sport and
recreation (mean
+SD) =735+
15.3, KOOS-

(continued on next page)
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No  Author, Sample Study Study purpose Measurement system Biomechanical Other reports
Country, design changes of lower
Year extremity

Quality of life
(mean =+ SD) =
62.8 + 10.4,VAS
(mean + SD) = 3.6
+2.2.

9 Farrokhi S n=11, CSS To evaluate - Dynamic X-ray - Individuals with - BMI (mean =+ SD):
et al., USA, individuals with tibiofemoral joint Knee OA Control vs Knee
2016 [32] Knee OAn =11, contact point demonstrated larger OA =24.6 £+ 2.6)

control volunteers excursions and medial/lateral joint vs 30.4 + 5.3 kg/

velocities during contact point m2
downhill gait and excursions and
assess the greater heel-strike
relationship between joint contact point
tibiofemoral joint velocities for the
contact mechanics medial and lateral
with frontal-plane compartments.
knee joint motion Increased joint con-
and lower extremity tact point excursions
muscle weakness in and velocities in in-
individuals with dividuals with knee
knee OA OA were linearly

associated with

greater frontal-plane

varus motion excur-

sions but not with

quadriceps or hip

abductor strength.

10 Anan M et al., n=13, CSS To examine the - EMG - During STS, knee OA - BMI (mean =+ SD):
Japan, individuals with muscle activities of - Vicon Motion Systems individuals had Knee OA group vs
2016 [23] Knee OAn =11, the lower extremity increased maximum Control group =

asymptomatic both quantitative voluntary isometric 24.3 +3.2) vs
controls and qualitative data contraction values of 21.2 + 2.6 kg/m?
the vastus medialis
and raised MPF of
the rectus femoris
before buttocks-off.

11 Bouchouras G n =11, women CSS To compare joint — 10 cameras of Vicon - Individuals with - WOMAC Pain
et al., Greece, with Knee OA kinematics, knee and Motion Systems moderate knee OA (mean =+ SD): OA
2015 [26] n = 11, healthy trunk muscle develop group vs Control

women activation, and compensatory group = 3.60 +
coactivation patterns mechanisms, which 0.01 vs 0.81 £+
during a sit-to-stand enable them to 0.75,
movement in women maintain the same WOMAC Stiffness
with knee OA and global task dynamics  (mean + SD): OA
age-matched as healthy group vs Control
controls individuals (i.e. group = 3.27 £+ 1.00
similar movement vs 0.27 + 0.46,
duration), despite WOMAC Function
pathology-induced (mean + SD): OA
changes in the local group vs control
dynamics (increased group = 22.54 +
muscle coactivation 4.74 vs 3.36 & 3.88
and reduced range of
knee and hip
motion).
12 Igawa T et al., n = 4, elders with CSS To investigate the - Vicon 612 Motion - Knee OA individuals -

Japan,
2014 [14]

early-stage
unilateral Knee
OA n = 8, healthy
elders

lower extremity joint
kinematics and
kinetics of
individuals with
knee OA during stair
descent and clarify
the biomechanical
factors related to
their difficulty in
stair descent

Systems
— 6 AMTI force plates

could not use the
knee joint to absorb
impact during the
early stance phase of
stair descent. Hence,
they might
compensate for the
roles played by the
intact knee joint by
mainly using
ipsilateral ankle

(continued on next page)
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No  Author, Sample Study Study purpose Measurement system Biomechanical Other reports
Country, design changes of lower
Year extremity

kinematics and
kinetics.

13 Son H et al., n = 14, subjects CSS To examine the - Hawk Digital System - Compared to level -
South Korea, with bilateral biomechanical (60 Hz, Motion walking, the flexion
2013 [16] Knee OA (KL score changes in the lower Analysis, America) angles of the hip,

>2) extremities of knee, and ankle

individuals with joints increased

degenerative knee significantly in the

osteoarthritis during degenerative

gait on level ground, arthritis individuals

ramps, and stairs as the ramp angle
increased and during
stair gait.

14 Metcalfe AJ n = 20, subjects CSS To examine the - EMG - Individuals with - BMI (mean =+ SD):
et al., with Knee OA loading of the other severe unilateral OA OA group vs
United joints of the lower of the knee are at risk control group =
Kingdom, limb in individuals from abnormal 31.3 £ 3.5vs 26.3
2013 [21] with unilateral knee biomechanics in the + 3.6 kg/m2

OA contralateral knee,
and possibly both
hips.

15 TurcotKetal, n =25, CSS To investigate the - Three-dimensional - Individuals with - Individuals with
Switzerland, individuals with full-body strategies motion analysis system knee OA exhibited a advanced knee OA
2012 [24] advanced Knee OA utilized during an - Two force plates significantly lower showed a higher

n = 20, healthy STS task in knee flexion moment maximal trunk
elders individuals with than healthy elders. flexion and a
knee OA and the higher lateral
association between trunk lean on the
STS alterations and contralateral side.
clinical - BMI (mean =+ SD):
measurements Knee OA
individuals vs
Control subjects =
29.1 + 4.8 vs 23.2
+ 2.4 kg/m?
16 Hicks-Little CA  n = 18 with knee CSS To compare various - Eight-camera optical- - Individuals with - BMI (mean =+ SD):

et al., The
United States
of America,
2011 [17]

OA n = 18 healthy
matched controls

hip, knee, and ankle
joint kinematic
variables between
knee OA subjects and
matched healthy
controls during stair
ascent and descent

video motion capture
system

Knee OA
demonstrated
greater hip
abduction at foot
strike and smaller
peak knee flexion
during support and
swing. Time of peak
hip abduction, hip
flexion, knee flexion,
dorsiflexion, and
ankle adduction
during support
occurred later in the
gait cycle for knee
OA individuals.

Knee OA (males)
vs Knee OA
(females) = 30.0
+6.2vs33.0 +
5.0 kg/m? -
WOMAC Pain
(mean =+ SD):
Knee OA (males)
vs Knee OA
(females) = 6.1 +
3.4vs7.6 +3.8,
WOMAC Stiffness
(mean + SD):
Knee OA (males)
vs Knee OA
(females) = 3.1 +
1.3vs 3.8+ 2.3,
WOMAC Function
(mean + SD):
Knee OA (males)
vs Knee OA
(females) = 19.7
+10.3vs 27.1 +
14.8

CSS = Cross Section Study; OA = Osteoarthritis; WOMAC = Western Ontario McMaster; EMG = Electromyography; NRS = Numeric Rating Scale; CoP
= centre of pressure; STS = sit-to-stand motion; KL = Kellgren-Lawrence scale scores; KOOSs = Knee Osteoarthritis Outcome Score.

could be a consequence in individuals with unilateral severe knee OA. Compared with horizontal walking, the bending angles of the
hip, knee, and ankle joints of individuals with degenerative arthritis significantly increase with an increase in slope angle and stair gait.
The change in joint angle increases the load on the knee joint of individuals with OA and, potentially leads to aggravated symptoms

[16].
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3.2. Kinematics alterations

The proprioception of individuals with knee OA is impaired, which may affect the correct perception of the position and movement
of the knee joint and lead to individuals being unable to fully control the end trajectory of the affected limb [17]. Due to pain, the
individuals will delay the heel off the ground and extend the double support time to reduce the load on the single stance, to maintain
stability or reduce pain. Knee dysfunction is mainly manifested as knee instability, knee pain, and impaired proprioception [7,18]. The
natural response to knee instability is to reduce the range of motion and make the knee joint stiff by activating the muscles at a higher
amplitude or using higher muscle contractions [8]. There was a large difference in the coordination between the thigh and the lower
leg of the affected limb in the late stance and swing stage, likely caused by knee dysfunction. Both gait speed and inter-segment co-
ordination mode were affected by knee OA [19]. The decrease in the individual’s gait speed may bring more challenges to stable
motion control, possibly because more effort is required to dynamically maintain a slow speed. The individuals change the coordi-
nation mode between the segments to adapt to the dysfunction of the knee joint [20]. Reducing the leads of the thigh and foot on the
calf may be a strategy for the hip and ankle joints to compensate for the knee joint. The study of inter-segmental coordination provides
insights into changes in neuromuscular control of gait in individuals with knee OA. The mean average continuous relative phase
(MACRP) of the individual’s thigh and calf decreases significantly during the late standing and swinging phases [15]. Individuals with
knee OA show alteration in coordination patterns and increased coordination variability of the thighs and lower leg. The MACRP of the
lower leg of individuals reduces significantly in the early stage of standing, and increases in the late standing and swing stages [15].
Knee dysfunction leads to changes in coordination of the lower limbs and unstable movement control during functional activities.

3.3. Muscle functions

Contraction of the quadriceps and hamstrings may cause significant alterations in joint loading due to a change in knee reaction
force and joint moment. According to Metcalfe’s study, individuals with severe unilateral knee OA are at risk of biomechanical ab-
normalities in the contralateral knee joint and possibly both hip joints [21]. Co-contraction has an additional effect on exceeding the
joint load measured using external moments. Individuals with unilateral medial knee OA exhibit abnormal moments in both knees and
hips [22].

Findings reported by Anan et al. [23] provide new insights into the quantitative and qualitative improvement of muscle function in
individuals with knee OA, where type II fibers of the gluteal and rectus femoris are more active during sit-stand exercise (STS) in
individuals with knee OA. STS increases the relative muscle activity of the vastus medialis (VM), utilizing RF to improve muscle
contractility during knee extension [24,25]. This may indicate that the completion of the STS itself is maintained, whereas the muscle
activity and contraction patterns required for STS differ. Therefore, the efficiency of using the hip and knee extensors to obtain proper
motion reduces the overload of the knee extensors [19]. Bouchouras et al. showed that, from standing to sitting, individuals with
moderate knee OA preferred to use the larger muscles of knee muscles which activate the hamstrings earlier [26]. The combination of
larger muscle co-contraction and co-activation (premature activation of the antagonist muscles) can lead to a massive inactivation of
the knee extensors [27].

4. Discussion

The review aimed to study and provide a descriptive summary of the current state of biomechanical changes in people with knee
OA. The review focused on evidence from the biomechanics of the lower extremity in the past decade. Emphasis is paid to lower limb
changes, as well as the development status of the application of biomechanics in exercise therapy or rehabilitation for individuals with
knee OA.

4.1. Biomechanical changes in the lower limbs of individuals with knee OA

Various biomechanical factors influence knee joint pain such as muscle strength and muscle length. There is a strong correlation
between BMI and knee OA [33]. The reduction of the hamstring muscle length affects the knee joint. The shortening of the hamstrings
leads to the weakening of the quadriceps muscles, resulting in muscle imbalance [34]. Neila et al. studied and suggested that when the
knees are stretched and the hamstrings are tight, extra strength of the quadriceps is required, which increases the reaction force to the
patella and causes pain in the hip joint [30]. Focusing on hip abductors, training is recommended as an effective intervention to reduce
knee abduction in individuals with knee pain. Another reason may be that there is more vertical force on the knee joint which causes
the axial load in the articular cartilage to change, leading to the risk of cartilage degenerative changes or knee OA and resulting in joint
stiffness and reduced soft tissue flexibility [15].

Individuals with knee OA can walk with their toes outward which can change biomechanics by moving the center of the pressure
outwards. In this case, the knee abduction moment can be reduced. As the severity of Knee OA increases, the tendency of hip abduction
positions also increases [29]. The abduction position of the hip joint produces a larger abduction moment on the knee joint. This torque
requires more force to maintain balance with the knee adduction torque, causing the outside of the knee joint to feel tight. According to
the results of Fukaya’s study, the mechanical load in the frontal plane of the knee joint is affected by the motion of the hip joint and the
moment of the ankle joint [34,35]. The abduction position of the hip joint produces a larger knee abduction moment. Excessive knee
abduction moment can be the cause of tightness in lateral structures of the thigh, which is a factor that reduces the function of the knee
joint [36].
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The combination of lower limb gait kinematics and self-report function can be monitored to observe the response of muscle
strengthening intervention in individuals with knee OA [37]. Specifically, by evaluating baseline gait parameters of the hip, knee, and
ankle in a multivariate model, as well as self-reported functions, individuals with knee OA exhibited reduced hip external rotator, knee
extensor, and ankle inversion muscle force output, along with increased peak knee adduction angles. Ankle inversion, hip abduction,
and knee flexion strength were significant predictors of peak pelvic drop angle [31].

A summary of the current literature reveals the following: individuals with knee OA show biomechanical changes of hip, knee, and
ankle joints such as a significant defect in strength of ankle varus muscles, weakness of hip abductor muscle, walking with toes
outwards, increased knee adduction moment and angle, and decreased knee extensor moment. These findings indicate that there is a
complex relationship between lower limb muscle strength and gait, and further examination of the interaction between these factors
and how they affect the rehabilitation process is needed [32]. Currently, more biomechanical evidence from explorative, experimental,
or longitudinal studies is needed, especially a more complete and comprehensive approach, including the assessment of multiple joints,
and combining factors such as individually reported pain and function to improve research and clinical management of knee OA.

4.2. Research equipment and outcome measurement

WOMAC is commonly used to measure functional ability in individuals with knee OA. In the last decade, 3-dimensional motion
analysis systems seem to be a common research equipment for detecting biomechanical change in individuals with knee OA during
level walking, sit-to-stand, and stair climbing. However, most studies focus on knee mechanics rather than the relative movement of
hip, knee, and ankle joints and studies on biomechanical parameters for rotational movement are lacking. Studies typically investigate
sagittal and frontal planes. Although knee alignment changes are mainly observed in the frontal plane as bowleg, to better understand
knee stability, it is interesting to observe knee rotational kinematics and kinetics. In further studies, we believe that trunk biome-
chanics and hip abductor muscle activity should be explored more in functional tasks. In the last decade, research using 2-dimensional
(2D) measurement has not been reported in individuals with knee OA. Applied 2D measurement is simple and would help gain a better
understanding of biomechanical changes in individuals with knee OA. A study by Farrokhi et al. [32] is the only report in the last
decade on knee joint contact during walking with dynamic stereo X-ray which explored the details of joint contact area and bone
segment movement in gait during motion, which the analysis system could not. However, dynamic stereo X-ray is not common in the
biomechanics of knee OA due to some limitations such as cost, researcher skill for performing X-ray examinations, and radiation
exposure.

Centre of pressure (COP) is a simple and individual-friendly assessment method. The study investigated standardized COP posi-
tions, knee adduction angles (KAA), and knee adduction moments (KAM) patterns in a large group of healthy individuals and
compared them with individuals with medial and lateral knee OA [13]. The study also determined the stage of gait where the greatest
mechanical adaptation was observed in individuals with knee OA. Although the COP measurement does prove that there are some
differences in the gait process between lateral knee OA and healthy individuals, it does not seem to be a sufficiently sensitive marker to
be used alone when distinguishing gait patterns between individuals with OA and healthy individuals [38]. Conversely, it may be
useful in addition to other gait measurements when evaluating knee OA (such as KAA).

4.3. Perspective, clinical implications, and future research direction

Research demonstrates biomechanical differences in the lower limb between healthy individuals and those with knee OA. All
studies presented in Table 2 are cross-sectional explorations. These are difficult to explain in terms of possible cause-effect change. We
believe that, in the future, a longitudinal study should be performed to better understand the progressive change in individuals with
knee OA.

Measurement of biomechanical factors in individuals with OA is important for monitoring disease and evaluating surgical and non-
surgical interventions [39]. In 2005, Alison Chang et al. [40] found that the hip abduction moment slowed down the progression of
medial knee OA. They suggested that the hip abductor would help prevent excessive ipsilateral trunk leaning, thereby reducing loading
to the knee. Previous studies examined the effect of hip abductor exercise on knee mechanics and found no significant importance on
knee adduction moment in individuals with knee OA [41,42]. Although the knee adduction moment did not change after hip abductor
training, pain, and functional activity showed improvements. This is interesting for exploring the biomechanical changes underlying
the phenomenon. The lack of data on hip, knee, and ankle mechanics in one study may be a limitation of previous studies [41,42].
Therefore, existing data suggests that a more complete and holistic approach, including assessment of hip, knee, and ankle joints in one
study, is needed to improve research and clinical management of knee OA [43]. The trunk should be included in the biomechanical
study because a high proportion of body weight is located at the trunk. Trunk movement control can highly influence lower limb
biomechanics in individuals with knee OA. For a better understanding of lower limb biomechanics in individuals with knee OA, an
effective rehabilitation strategy could be developed to delay the progression of knee bowleg.

Currently, most functional assessments of individuals with knee OA are based on self-reports or performance measurements and
may not capture changes in motion control. Continuous relative phase (CRP) analysis can be used as an additional outcome measure of
knee joint function, providing objective evidence for coordination assessment [44].

Biomechanical study during functional tasks should be carefully interpreted when comparing the findings on the cause of variation
of gait speed, instrument, number of limb OA, and knee OA severity. It is difficult and impractical to control the gait speed in in-
dividuals with knee OA.

Knee OA severity is ax factor influencing the biomechanics of the lower limb. Therefore, severity information should be reported in
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every study. It is undeniable that the movement of one joint may affect the movement of another joint [45]. Although the severity of
knee OA may vary, usually both knee joints are disturbed. Therefore, future studies need to recruit a sufficient number of subjects and
consider the longitudinal changes from the initial stage of knee OA to verify these results. These are the challenges that future research
should address [28].

Future studies will need to provide additional information on the overall role of lower limb muscles in influencing knee contact
mechanics in individuals with knee OA [46]. These data may help develop the optimal preoperative and postoperative rehabilitation
plan for these individuals and help improve their overall quality of life. Future investigators may turn their attention to knee kine-
matics and compensatory adaptations to pathologically altered proximal and distal joints, incorporating it into rehabilitation programs
to increase the range of motion, strength, and balance of lower limb joints. These programs will ultimately help slow the progression of
knee OA and improve function, thus improving the individual’s ability to perform activities of daily living [47,48]. Moreover, studies
on effective rehabilitation should be developed to delay knee OA progression.

5. Conclusions

Biomechanical research on knee OA in the past decade has demonstrated the biomechanics of the hip, knee, and ankle joints and the
integrity of the lower limb motor chain have a profound influence on the pathogenesis and treatment of knee OA. According to the
aforementioned problems, researchers should pay more attention to the effects of ankle, hip, and even trunk on knee joints in future
studies on knee OA. Further research with longitudinal study design should determine the relative importance of different biome-
chanical and neuromuscular factors in the development and progression of the disease.
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