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Objective: Abnormal load stress caused by joint instability has been reported to be one of the factors responsible for
the development of osteoarthritis (OA). However, few studies have investigated the efficacy of exercise therapy
for patients with knee instability-induced OA, and there are no specific treatment guidelines or effects for this
form of OA. Therefore, the purpose of this study was to examine the effect of exercise treatments for joint
instability in patients with knee OA by a systematic review.

Design: Systematic review.

Results: Searches in three databases, PubMed, Cochrane, and the Physiotherapy Evidence Database, yielded 14
articles that were scrutinized, and 6 articles that met the inclusion criteria were selected.

Conclusions: Exercise therapy focusing on joint instability, including muscle maintenance and strength training,
and specific training targeting knee instability have no additional beneficial effects on knee joint instability.
However, because of the benefits of treatment protocols based on patient attributes in exercise treatment focused

on joint instability, it is necessary to investigate the effects in more detail in the future.

1. Introduction

Knee osteoarthritis (OA) is a common disease that causes pain and
functional impairment, which can eventually lead to limitations in ac-
tivities of daily living. Although the pathogenesis of knee OA has been
reported to be related to various factors, the abnormal mechanical stress
caused by joint instability is one of the key factors contributing to the
development and progression of knee OA [1]. In addition, animal studies
have validated that joint instability is a factor involved in the progression
of OA [2] and that factors associated with joint instability, such as
chronic synovitis [3], increased expression of proteolytic enzymes [4],
osteophyte formation [5], and changes in the transforming growth fac-
tor-p1/Smad cascade [6], induce structural and molecular biological
changes in OA.

Human clinical studies showed that, in terms of the relationship be-
tween knee OA and joint instability, many patients with knee OA

experience joint instability [7,8], and joint instability may be a potential
target for knee OA treatment. The knee joint is anatomically unstable on
the tibial and femoral articular surfaces, and stability is maintained by
the surrounding ligaments and the menisci. In general, functional ab-
normalities in these tissues induce joint instability. For the general
treatment of OA, range of motion exercises, muscle strengthening, and
lifestyle guidance for weight loss are important options [9]. Exercise
treatment for OA must target instability by including exercises involving
lateral thrusts, and provide physical and exercise therapies. However,
continuing to exercise in an unstable knee condition might cause OA
progression. Oka et al. reported that exercises on anterior cruciate liga-
ment tear rat models resulted in anterior tibia instability, which further
progressed to early OA compared to exercises with reduced forward
instability [10].

Thus, the condition of knee joint stability/instability is an important
focus for OA prevention. However, few studies have investigated the
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Figure 1. Search formula for target articles. The search formula for the systematic review of the effect of conservative therapy on joint instability in patients with
osteoarthritis of the knee. MESH: Medical Subject Headings (Medical Terms Headings).

efficacy of exercise therapy for patients with knee instability-induced OA,
and no specific treatment guidelines or effects have been reported to
date. Therefore, the purpose of this study was to examine the effects of
exercise treatment for joint instability in patients with knee OA through a
systematic review and meta-analysis. The specific objectives were as
follows:

1) To investigate previous research on how to assess joint instability in
patients with OA of the knee.

2) To examine, through a meta-analysis, joint instability in patients with
OA of the knee.

2. Method

This study was validated by a literature review; therefore, no ethical
review was conducted. This review followed the recommendation and
guidelines of the Preferred Reporting Items for Systematic Reviews and
Meta-analyses [11,12]. The protocol was registered with PROSPERO
(CRD42020194103).

2.1. Literature search

To examine the effect of rehabilitation on joint instability in patients
with knee OA, we searched three databases: MEDLINE, Cochrane, and
Physiotherapy Evidence Database (PEDro). The article search was per-
formed up to June 2020, and the search included a combination of

keywords to test the effect of exercise therapy on knee OA and joint
instability. The specific searches were as follows:
MEDLINE Search.

#1 “Osteoarthritis, Knee” [Mesh]
#2 “Joint Instability” [Mesh])
#3 “laxity”

#4 “Exercise” [Mesh]

#5 “Exercise Therapy” [Mesh]
#6 “physical therapy”

#7 #3 OR #4

#8 #5 OR #6 OR #7

#9 #1 AND #7 AND #8

Cochrane.

#1 (“knee-joint”):ti,ab, kw OR (knee):ti,ab,kw

#2 MeSH descriptor:[Joint Instability]explode all trees

#3 (physical therapy):ti,ab, kw OR (conservative therapy):ti,ab,kw
#4 (“knee osteoarthritis™):ti,ab, kw OR (knee OA):ti,ab,kw

#5 #1 and #2 and #3 and #4

ti: title, ab: abstract, kw: keyword

PEDro.

#1 knee, osteoarthritis, instability
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random 95% Cl
Fitzgeral: pubmed 2011 34 0.3 75 4 0. 78 49.8% -1.93[-2.31,-1.54]
Knoop: Pubmed 2013 31 25 79 37 24 75 50.2% -0.24 [-0.56, 0.07)
Total (95% CI) 154 153 100.0% -1.08 [-2.73, 0.57]

Heterogeneity: Tau®= 1.38; Chi*= 43.69, df=1 (P < 0.00001); I*= 98%
Test for overall effect: Z=1.29 (P =0.20)

Favours [ expenmental] Favours [control]

WOMAC (Function) ¢, 00 imental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI |v Random, 95% CI
Fizgeral: pubmed 2011 131 13 75 166 143 78 40.8%  -256[208 212
Knoop: Pubmed 2013 189 133 79 192 132 75 502%  -0.02 [0.34,0.29]
Total (95% CI) 154 153 100.0%  -1.28[-3.75,1.19]

Heterogeneity: Tau®= 3.15; Chi*=86.18, df=1 (P < 0.00001); I*= 99%
Test for overall effect Z=1.01 (P =0.31)

VR
Favours [experimental] Favours [control

GUG Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Fitzgeral: pubmed 2011 88 02 70 91 01 69 498% -1.88 [-2.28,-1.48] : 3

Knoop: Pubmed 2013 10 16 79 99 2 75 50.2% 0.06 [-0.26, 0.37]

Total (95% CI) 149 144 100.0% -0.91[-2.81,0.99]

Heterogeneity: Tau®=1.84; Chi*=55.31, df=1 (P < 0.00001); F= 98%
Testfor overall effect: Z=0.94 (P =0.35)

4 2 0 2 4
Favours [experimental] Favours [control]

Knee Instability

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Fitzgeral: pubmed 2011 22 75 19 78 461% 1.29[0.63, 2.64]
Knoop: Pubmed 2013 53 80 54 79 53.9% 0.91[0.47,1.76]
Total (95% CI) 155 157 100.0% 1.07 [0.66, 1.74]
Total events 75 73

Heterogeneity: Tau®= 0.00; Chi*=0.49, df=1 (P =0.48), F=0%
Testfor overall effect: Z=0.26 (P = 0.79)
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Figure 2. Results of meta-analysis. The black diamond indicates the amount of effect of the data; if the value of the SMD overlaps with 0, no effect is recognized.

#2 knee, osteoarthritis, laxity

2.2. Study selection

A study design focused on joint instability in patients with knee OA
was selected. From the retrieved literature, we excluded duplicate arti-
cles, or those not in English. In addition, non-peer-reviewed papers,
meeting minutes, reviews, or letters to the editor were excluded. The
extraction was performed by three authors (SK, KN, and KM). The cor-
responding authors evaluated all papers, and a difference of opinion was
resolved by a discussion held among the three authors.

2.3. Data extraction

Authors, year of publication, research design, patient attributes, OA
severity, target population and comparison group (including

rehabilitation interventions), outcome measures, and main results were
extracted from the results of the articles.

2.4. Risk of bias assessments

The assessment of the risk of bias depended on the study design. For
randomized trials, the risk of bias assessment was performed at the study
level using the Cochrane risk of bias tool [13]. Cross-sectional studies
were evaluated by the Appraisal tool for Cross-Sectional Studies (AXIS)
[14]. The AXIS tool comprises 20 items evaluating various aspects of
methodological quality. In addition, the quality of evidence of systematic
reviews was evaluated by the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach. The GRADE was
designed to evaluate the quality of evidence for each outcome measure
across studies. The scores were evaluated by two authors, and the overall
quality of evidence was judged as “high,” “moderate,” “low,” or “very
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Table 1
Summary of studies providing overview.
Author and year ~ Design Patient & Group Intervention OA baseline Main Evaluation Primary outcome Conclusion
Cudejko,2017 Single arm i-1) soft brace Knee brace Radiographic i) The Western Ontario Brace vs. no brace The soft brace is an
[16] clinical trial (A with no brace severity of knee and McMaster Knee instability, level efficacious
within-subject i-2) a non-tight Kellgren/ Universities (WOMAC) walk intervention self-

Gustafson JA,
2016 [17]

J. Knoop, 2014
[20]

Skou, 2014 [18]

design)

Cross-sectional
study

Randomized
controlled trial

Cross-sectional
study

with a tight soft
brace.

Age of 65.7 +9.3
years

BMI of 29.8 +
5.5 kg/m2
Male/Female
15/29

i) knee unstable N/A
(n = 17) Age of
61.3 £ 6.5 years
BMI of 30.6 +
4.8kg/m> Male/
Female 6/11

ii) knee stable (n
= 35) Age of
63.2 £+ 7.5 years
BMI of 28.7 +
5.5kg/m? Male/
Female 22/13

i) Experimental
group (n = 80)
Ageof 62.1 +7.6
years BMI of
28.8 + 4.8kg/m?
Male/Female
27/53

ii) Control group
(n = 79) Age of
61.8 £ 6.6 years
BMI of 28.3 +
4.5kg/m? Male/
Female 35/44

Specific knee
joint
stabilization
training

knee OA patient N/A
(n = 100) Age of

62.4 + 7.3 years

BMI of 29.6 +

4.1kg/m? Male/

Female 48/52

Lawrence grade
0:n = 3 (7.0%)
Kellgren/
Lawrence grade
I:n=16
(37.2%)
Kellgren/
Lawrence grade
2:n =9 (20.9%)
Kellgren/
Lawrence grade
3:n=10
(23.3%)
Kellgren/
Lawrence grade
4:n =5 (11.6%)

All patients had
to have at least a
grade 2
Kellgren/
Lawrence grade
2:n =8
Kellgren/
Lawrence grade
3:n =30
Kellgren/
Lawrence grade
4:n =14
Radiographic
severity of knee
Kellgren/
Lawrence
grade > 2
experimental
group: n = 59
(61%)

control group:
n = 54 (68%)

All patients had
to have at least a
grade 2 knee OA
to be included in
the study.
Kellgren/
Lawrence grade
2:n = 22
Kellgren/
Lawrence grade
3:n =43
Kellgren/
Lawrence grade
4:n =35

ii) Numeric rating scale

(NRS)

iii) Get Up and Go (GUG)

iv) 10m walk test

v) Level walk

vi) Self-reported knee

confidence

vii) Self-reported knee

instability

viii) Body mass index

(BMI)

ix) Radiographic knee OA

severity [Kellgren/

Lawrence grade]

x) Knee injury and

Osteoarthritis Outcome

Score (KOOS)

xi) Perturbed walk

i) Gait analysis (walking
knee joint stiffness,
knee angles, knee
moment, gait speed)

i) The Western
Ontario and
McMaster
Universities
(WOMAC)
Numeric rating
scale (NRS)
iii) Get Up and Go
(GUG)
Isovelocity muscle
strength of the thigh
Accuracy of
inherent sense
Intra- and extra-
axial laxity of the
knee joint
vii) Self-reported knee
instability
viii) Body mass index
(BMID)
Radiographic knee
OA severity
[Kellgren/Lawrence
grade]
Knee joint
alignment
i) Radiographic knee
alignment
ii) Self-reported knee
confidence
iii) Walking pain (VAS)
iv) Self-reported knee
instability
v) Quadriceps muscle
strength using
KinCom
vi) Dynamic
varus-valgus joint
motion using Vicon

=

ii

<

iv.

<

V.

Vi

=

ix

<

X

<

OR (95% CI): 0.41
(0.23 t0 0.66), p=
0.002

Knee instability,
perturbed walk
OR (95% CD):
0.36(0.23 to 0.59),
p< 0.001

N/A

Experimental vs.
Control

NRS, pain

B (95% CI): 0.95
(—1.92 to 0.01),
p = 0.05

GUG test

B (95% CI): 0.58
(-1.13 to —0.02),
p = 0.04

N/A

reported knee
instability

Patients with self-
reported instability
appear to walk with
lower knee joint
stiffness compared to
without instability

Knee stabilization
therapy in the
intervention may
have added value for
patients with knee
instability and high
muscle strength

Worse self-reported
knee confidence is
associated with
higher pain, worse
self-reported knee
instability, lower
quadriceps muscle
strength, and greater
dynamic varus-
valgus motion during
walking.

(continued on next page)
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Author and year ~ Design Patient & Group Intervention OA baseline Main Evaluation Primary outcome Conclusion

J. Knoop, 2013 Randomized i) Experimental Specific knee Experimental i) The Western Experimental vs. There was no effect
[21] controlled trial group (n = 80) joint group: Ontario and Control on knee instability

Ageof62.1 +7.6  stabilization Kellgren/ McMaster Self-reported knee
years BMI of training Lawrence grade Universities instability: >one
28.8 + 4.8kg/m2 0/1:n = 31 (WOMAC) episode in past 6
Male/Female (39%) ii) Numeric rating weeks (n/%)
27/53 Kellgren/ scale (NRS) B (95% CI): 1.07
ii) Control group Lawrence grade iii) Get Up and Go (0.64-1.67),
(n = 79) Age of 2:n = 23 (29%) (GUG) p = 0.80
61.8 + 6.6 years Kellgren/ iv) Isovelocity muscle WOMAC (physical
BMI of 28.3 + Lawrence grade strength of the thigh  function, 0-68)
4.5kg/m2 Male/ 3:n = 18 (23%) v) Accuracy of B (95% CI): 0.01
Female 35/44 Kellgren/ inherent sense (—2.58 to 2.571.67),

Lawrence grade vi) Intra- and extra- p = 0.99

4:n = 8 (10%) axial laxity of the

Control group: knee joint

Kellgren/ vii) Self-reported knee

Lawrence grade instability

0/1:n = 25 viii) Body mass index

(32%) (BMID)

Kellgren/ ix) Radiographic knee

Lawrence grade OA severity

2:n = 21 (27%) [Kellgren/Lawrence

Kellgren/ grade]

Lawrence grade x) Knee joint

3:n = 23 (29%) alignment

Kellgren/

Lawrence grade

4:n = 10 (13%)

G. Kelley Cross-sectional i) Nonresponders ~ N/A Nonresponders i) Self-reported knee Responders The results indicate
Fitzgerald, study group (n = 99) group instability patients improvement in self-
2012 [19] Age of 65.1 + 8.4 Kellgren/ ii) Quadriceps strength ~ Change variables: reported knee

years BMI of Lawrence grade using BIODEX Joint instability instability and fear of
30.1 + 5.8kg/m? 0:n = 3 (0.0%) iii) Knee flexion and Pain and function physical activity are
Male/Female Kellgren/ extension ROM OR (95% CI): 1.67 associated with
32/67 Lawrence grade iv) Ankle dorsiflexion (1.13-2.47),p < 0.01 treatment response to
ii) Responders 1:n =1 (1.0%) ROM Function only the therapeutic
group (n = 53) Kellgren/ v) Hip flexibility OR (95% CI): 1.61 exercise programs
Age 0f 62.6 + 9.0 Lawrence grade (Thomas test), (1.13-2.29), p < 0.01
years BMI of 2:n =14 Hamstring and Pain only
30.2 + 6.9kg/m> (14.1%) Gastrocnemius OR (95% CI): 1.59
Male/Female Kellgren/ flexibility. (1.13-2.23), p< 0.01
21/32 Lawrence grade vi) Fear-Avoidance

3:n =45 Beliefs

(45.6%) Questionnaire

Kellgren/ (FABQ)

Lawrence grade vii) Beck Anxiety

4:n = 39 Inventory

(39.4%) viii) Depression

Responders

group

Kellgren/

Lawrence grade

0:n =1 (1.9%)

Kellgren/

Lawrence grade

1:n =1 (1.9%)

Kellgren/

Lawrence grade

2:n =7 (13.2%)

Kellgren/

Lawrence grade

3:n =29

(54.7%)

Kellgren/

Lawrence grade

4:n=15

(28.3%)

G. Kelley Randomized i) Basic exercise Agility- Kellgren/ i) The Western Intention-to-treat There was no effect
Fitzgerald, controlled trial (n = 92) Age of Perturbation Lawrence grade Ontario and analysis on knee instability
2011 [22] 64.6 + 8.4 years training 2 or higher McMaster Basic exercise vs.

BMI of 30.2 + (100%) Universities Agility-

6.1kg/m? Male/ (WOMAC) Perturbation
Female 30/62 ii) ii) Self-reported knee training knee

Basic exercise + instability. instability, p = 0.032

Agility-

(continued on next page)
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Author and year ~ Design Patient & Group Intervention OA baseline Main Evaluation Primary outcome Conclusion
Perturbation iii) Numeric rating
training (n = scale (NRS)
91) Age of 63.3 iv) Global rating of
=+ 8.9 years BMI change (GRC) score
of 30.8 + 6.8kg/ v) Get Up and Go
m? Male/Female (GUG)
31/60 vi) Muscle Strength
(Quadriceps,
Hamstring)
vii) Knee ROM
(hyperextension/
neutral/flexion)
viii) Knee Outcome
Survey-Activities of
Daily Living Scale
Table 2
Detailed assessment of joint instability.
Author and year Main reference Main outcome Evaluation Group
Gustafson Jam, Fitzgerald, Knee Outcome Survey-Activities of Daily Living N/A
2016"7 2004 Scale
Irrgang JJ, 0 The symptom prevents me from all daily activity
1998%% 1 The symptom affects my activity severely
2 The symptom affects my activity moderately
3 The symptom affects my activity slightly
4 Ihave the symptom but it does not affect my
activity
5 Ido not have giving way, buckling, or shifting of
the knee
J. Knoop, 2014%° Fitzgerald, Yes or No assessed by questionnaire. The number of episodes of bucking, shifting, or givingway  None [0 episodes]
200424 1) Self-reported knee joint instability of the knee in the past 6 weeks. Seldom [1-2
Irrgang JJ, 2) This knee instability resulted in activity episodes]
1998% limitations Regularly [3-5
J Knoop, 20127 episodes]
Very often [>5
episodes]
Skou, 20148 N/A Knee instability 5 point Likert scale N/A
0 knee does not give way, buckle, or shift
1 Strenuous activities like heavy physical work,
skiing, or tennis
2 Moderate activities like moderate physical work,
running, or jogging
3 Activities of daily living/light activities like
walking or housework
4 Unable to perform any of the above activities due
to giving way of the knee
J. Knoop, 2013%! Fitzgerald, Yes or No assessed by questionnaire. The number of episodes of bucking, shifting, or giving way =~ N/A
2004%* 1) Self-reported knee joint instability of the knee in the past 6 weeks.
Irrgang JJ, 2) This knee instability resulted in activity
1998% limitations
G. Kelley Fitzgerald, Irrgang JJ, Knee Outcome Survey-Activities of Daily Living N/A
2012"° 1998% Scale
0 The symptom prevents me from all daily activity
1 The symptom affects my activity severely
2 The symptom affects my activity moderately
3 The symptom affects my activity slightly
4 1 have the symptom but it does not affect my
activity
5 Ido not have giving way, buckling, or shifting of
the knee
G. Kelley Fitzgerald, Irrgang JJ, Knee Outcome Survey-Activities of Daily Living N/A
2011% 1998% Scale

0 The symptom prevents me from all daily activity

1 The symptom affects my activity severely

2 The symptom affects my activity moderately

3 The symptom affects my activity slightly

4 1 have the symptom but it does not affect my
activity

5 Ido not have giving way, buckling, or shifting of
the knee

An assessment of joint instability in all the articles is presented.
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Table 3
Details of exercise interventions for joint instability.

Author, year Control group intervention Experimental group intervention

for joint instability

J. Knoop, 1) Weeks 1-8: Strengthening
2014 of muscles
2) Weeks 9-12: 1) + daily
activities

1) Weeks 1-4: Knee stability
training (intrinsic sensation,
neuromuscular control)

2) Weeks 5-8: (1) + muscle
strengthening (endurance)

3) Weeks 9-12: (1) + muscle
strengthening
(power) + activities of daily
living

1) Weeks 1-4: Knee stability
training (intrinsic sensation,
neuromuscular control)

2) Weeks 5-8: (1) + muscle
strengthening (endurance)

3) Weeks 9-12: (1) + muscle

J. Knoop, 1) Weeks 1-8: Strengthening
2013 of muscles
2) Weeks 9-12: 1) + daily
activities

strengthening
(power) + activities of daily
living)
G. Kelley i) Group 1: basic exercise ii) Group 2: i) + Agility-
Fitzgerald, 1) Stretch: Quadriceps, Perturbation training

2011 Hamstring, Triceps, Leg

2) Muscle strengthening:
Quad set, SLR, supine
hip extension, seated
knee extension, single
leg press, standing
hamstring curls, heel
lift, long sitting hip
flexion and extension,
ROMex, treadmill
walking

1) Agility training: Side step,
braiding (a side step that
combines forward and
backward crossover
steps), forward crossover
step during walking,
backward crossover step
during backward walking,
shuttle walking, and
multi-directional steps as
directed by the therapist
during walking.
Perturbation training:
Form surface, tilt board,
instability that
incorporates the use of
roller board exercise

2

[

Quad: quadriceps, SLR: straight-leg raising, ROM: range of motion.

low.” Detailed scores were related to five points: the risk of bias, incon-
sistency, indirectness, imprecision, and publication bias [15,16]. Three
reviewers (KN, SK, and KM) independently evaluated the methodological
quality of the included studies.

2.5. Meta-analysis

The studies that reported the course of treatment for patients with
knee OA with a focus on exercise therapy and evaluated the function
of the knee joint and joint instability were the subject of the sec-
ondary study. For each major outcome, data for means and standard
deviation (SD) or 95% confidence intervals were obtained. Integrated
estimates and 95% confidence intervals at standardized means were
calculated with a random-effects model using Review Manager

Osteoarthritis and Cartilage Open 2 (2020) 100114

(RevMan) 5.3 (Nordic Cochran Center, Cochrane Collaboration,
Copenhagen, Denmark) for Numerical Rating Scale (NRS) (pain) and
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) scores, both of which were integrable data. The 95%
confidence intervals were converted to SDs and a meta-analysis was
performed. The corresponding authors contacted the authors of the
covered studies to obtain additional newly accepted papers and
detailed data. In the evaluation of each selected study, the meta-
analysis was performed at common time points (6 months) for data
integration.

3. Results
3.1. Papers analyzed and characteristics of the included studies

Fig. 1 shows the flowchart of the study selection process. The
keyword search results in MEDLINE, Cochrane, and PEDro revealed 586
papers, including 13 duplicates. After title and abstract screening of 573
remaining papers, 31 full-texts were evaluated, and 14 articles were
included. Thus, 14 papers were scrutinized and seven papers that met
the inclusion criteria were finally selected, including, three cross-
sectional studies [17-19] and three Random Control Trials (RCTs)
[20-22]. The effect size of RCTs was analyzed using meta-analysis.
Exercise therapy interventions focusing on joint instability in patients
with OA of the knee was present in three of six articles. Three articles
were RCTs that focused on exercise therapy interventions [20-22] and
the other three were cross-sectional studies (Table 1) [17-19] (see
Table 2) (see Table 3).

3.2. Outcome characteristics for knee joint instability

The assessment of knee instability in clinical trials is based on dy-
namic rather than static instability. The dynamic knee instability
outcome was assessed by self-reporting past episodes of “buckling,
shifting, or giving way of the knee” due to the difficulty of quantifying
knee instability during movement. After an interview-based measure of
knee instability was reported by Irrgang et al. [23], and Fitzgerald et al.
[24], researchers have modified and used it. The characteristics of the
self-reporting instability assessment include Yes/No or classifying the
number of episodes (“buckling, shifting, or giving way”) in daily living.

3.3. Intervention characteristics for knee joint instability

Three papers [20-22] were extracted, each investigating the effects of
exercise treatment on function, including joint instability, in patients
with OA (Table 4) [20,21]. Knoop et al. reported that specific exercise
therapy, which consists of three phases, resulted in functional recovery,
but a similar effect was also found for general exercise therapy. The
following phases were described: first phase (weeks 1-4) targeting knee
joint stabilization; second phase (weeks 5-8) targeting muscle strength
(i.e., muscle endurance) in addition to knee joint stabilization; and third

Table 4
Cochrane risk of bias tool.
Author, year Bias arising from the Bias due to deviations from Bias due to missing Bias in measurement of Bias in selection of the ~ Overall
randomization process intended interventions outcome data the outcome reported result Bias
J. Knoop, 2014%° Low Low Low Some concerns High High
J. Knoop, 2013%! Low Low Low Some concerns High High
G. Kelley Low Low Low Some concerns High High
Fitzgerald,
2011

Assessment of risk of bias for randomized trials.
Low: Low risk of bias is present.

Some concerns: Some concerns of risk of bias are present.

High: High risk of bias is present.
NI: No information is present.
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Table 5

Appraisal tool for cross-sectional studies.
Author, year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Gustafson JA, 20167 Y Y Dontknow Y Y Y Y Y Y Y Don't know Y N N Y Y Y Y N Y
Skou, 20148 Y Y Dontknow Y Y Y N Y N Y Don't know Y Don'tknow N Y Y Y Y N Y
G. Kelley Fitzgerald, 2012'° 'Y Y Dontknow Y Y Y N Y Y N  Dontknow Y N N Y Y Y Y N Y

Y = Yes, N = No, Don't know.

1) Were the aims/objectives of the study clear?.

2) Was the study design appropriate for the stated aim(s)?.
3) Was the sample size justified?.

4) Was the target/reference population clearly defined? (is it clear who the research was about?).
5) Was the sample frame taken from an appropriate population base so that it closely represented the target/reference population under investigation?.
6) Was the selection process likely to select subjects/participants that were representative of the target/reference population under investigation?.

7) Were measure undertaken to address and categorize non-responders?.

8) Were the risk factor and outcome variables measured appropriate to the aims of the study?.

9) Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialed, piloted or published previously?.
10) Is it clear what was used to determine statistical significance and/or precision estimates? (e.g., p-values, confidence intervals).

11) Were the methods (including statistical methods) sufficiently described to enable them to be rejected?.

12) Were the basic data adequately described?.

13) Does the response rate raise concerns about non-response bias?.

14) If appropriate, was information about non-responders described?.

15) Were the results internally consistent?.

16) Were the results presented for all the analyses described in the methods?.
17) Were the authors' discussions and conclusions justified by the results?.
18) Were the limitations of the study discussed?.

19) Were there any funding sources or conflicts of interest that may affect the authors' interpretation of the results?.

20) Was ethical approval or consent of participants attained?.

Table 6
GRADE scale.
Author and year Design Number of Limitation  Inconsistency  Indirectness for Imprecision  Publication GRADE
participants PICO bias
J. Knoop, 2014%° Randomized controlled ~ n = 159 ! - - _ _ OO®0
trial
J. Knoop, 2013 Randomized controlled n =159 - - - — - @@@@
trial
G. Kelley Fitzgerald, Randomized controlled n =183 | - - - - @@@O
20112 trial
GRADE Score.
- : no problem

|: one level down.
1l: two levels downpresent.

phase (weeks 9-12) targeting performance of daily activities in addition
to knee joint stabilization and muscle strength (i.e., maximal muscle
power). It was also shown that exercise therapy focusing on knee joint
stabilization was more effective for patients with good muscle strength
and minimal instability. On the other hand, in a study by Fitzgerald et al.
[22] comparing exercise therapy focused on knee agility and perturba-
tion with exercises consisting only of stretching and strengthening of the
lower extremity muscles, both exercise therapies improved function, but
had no effect on knee joint instability.

3.4. Risk of bias assessments

Two of the three RCTs assessed by Cochrane's Risk of Bias were rated
as high quality (Table 4). One RCT did not provide a detailed method-
ology. Cross-sectional studies were graded by AXIS as follows: One study
met 16 out of 20 criteria and three studies met 13-15 assessment criteria
(Table 5). Moreover, we assessed the certainty of evidence for each
outcome for exercise therapy compared with controls using the GRADE
approach. Our findings largely revealed with “moderate” to “high”
quality of evidence.Two papers were one level down due to the research
limitations. Table 6 summarizes the findings for all exercise therapy
outcomes assessed in this review for RCT.

3.5. Meta-analysis

Meta-analysis data from the two papers [21,22] were combined (Fig.
2). The standardized mean difference (SMD) of the integrated data ac-
cording to Cohen's interpretation showed no effect sizes for pain: NRS
(WMD: 1.08; 95% CI: 2.73, 0.57; p = 0.200; P for heterogeneity < 0.001;
12 = 98%), WOMAC scores (WMD: 1.28; 95% CI: 3.75,1.19; p = 0.310; P
for heterogeneity < 0.001; I2 = 99%), and GUG (WMD: 0.91; 95% CI:
2.81, 0.99; p = 0.350; P for heterogeneity < 0.001; I2 = 98%). Therefore,
the results showed that exercise therapy focusing on knee stabilization
had no effect on pain or WOMAC scores. Heterogeneity was high in all
obtained results (NRS, WOMAC, and GUG). Furthermore, the
meta-analysis for self-reported instability did not differ from the normal
group; heterogeneity did not differ either. Moreover, in joint instability,
there was no statistically significant difference between the experimental
and control groups (RR: 1.00; 95% CI: 0.82, 1.22; p = 1.00; p for
heterogeneity = 0.42; 12 = 0%).

4. Discussion

This study examined the impact of exercise therapy on joint insta-
bility in patients with knee OA through a systematic review. Six papers
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[17-22] that met the inclusion criteria were eventually selected, and two
papers [21,22] were analyzed for meta-analysis. Unfortunately, the effect
of exercise therapy focusing on knee joint stabilization for patients with
knee OA was limited for patients with early OA. General exercise therapy
also yielded similar functional recovery as exercise therapy focused on
knee stabilization, and there was no specific effect of exercise therapy
that focused on knee joint stabilization.

Only six papers [17-22] were selected for exercise interventions
focusing on joint instability in patients with knee OA. There were only
three RCTs and four cohorts or case control trials. This suggests that,
despite the large number of patients with knee OA, joint instability [24,
25], a recognized factor in the development of knee OA, has not been the
focus of research as a clinically important exercise interventional
component. One reason is that surgical therapy is often chosen for joint
instability caused by ligament tears. In fact, many of the excluded papers
assessed the effects of interventions on patients who had undergone
reconstructive surgery after anterior cruciate ligament injury [26-37] or
total knee arthroplasty [38-46]. Joint instability associated with liga-
ment and meniscus injuries is the first option for treatment, and few
papers on joint instability in age-related knee OA have been published. It
was inferred that this makes it difficult to assess joint instability both
statically and dynamically. Objective measures were scarce due to the
lack of established methods for assessing dynamic knee instability, and
dynamic knee instability was assessed based on the self-reported number
of episodes of knee instability within the previous 6 weeks. This sub-
jective evaluation method does not quantify dynamic knee instability;
therefore, these results are difficult to compare with those of other pa-
pers. To prove that joint instability is one of the causes of human, as well
as animal knee OA, it is necessary to confirm the changes before and after
exercise treatment by an established quantitative evaluation method. In
addition, since most forms of exercise therapy for knee instability are
aimed at stabilizing the knee joint during movement (i.e. knee joint
control), establishing a quantitative evaluation method is more sought
after.

Exercise therapy focusing on joint instability was investigated by
three RCTs [20-22]: two of them focused on stabilization of the knee
joint early in the intervention [20,21] and one focused on agility and
perturbation of the knee joint [22]. All three papers had one thing in
common, strength maintenance training of the knee, which resulted in an
improvement in the WOMAC physical function score after treatment in
both the experimental and control groups. In general, previous reports of
common exercise treatment of age-related OA led to functional im-
provements [47]. This is consistent with the results of previous reports
showing that exercise treatment of OA led to functional improvements.

However, the meta-analysis focusing on joint instability did not show
any effect on post-treatment knee instability compared to the control
group without exercise therapy. Whether these differences in muscular
endurance and strength training modalities resulted in differences in the
effects on knee instability is not known, and future research should aim to
elucidate this aspect. In addition, training added to muscle maintenance
and strength training included intrinsic sensory receptivity and a
neuromuscular approach. Specifically, training focused on knee stabili-
zation involved the perception of knee position and movement in relation
to the intrinsic sensory reception, and the maintenance of static or dy-
namic control of the knee in relation to the neuromuscular system. In the
training focused on agility and perturbation, agility training was used
primarily as a neuromuscular approach, and perturbation training as an
intrinsic sensory receptivity approach. However, the fact that there was
no difference in knee instability ratings compared to the control group
did not indicate whether this was an important difference for knee
instability, since this training did not add knee stabilization value to
muscle maintenance and strength training.

On the other hand, exercise therapy focusing on knee joint stabili-
zation tended to be effective for patients with knee OA and many
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instability episodes. Specifically, Knoop et al. concluded that initial knee
stabilization therapy may have added value in patients with knee insta-
bility and strong muscles [20,21]. Therefore, prior to exercise therapy for
knee joint instability, evaluation of physical functions, such as muscle
strength and knee joint instability, and appropriate treatment protocols,
may improve the treatment for knee joint instability in comparison with
muscle strength and enhancement training for inherent sensation and
neuromuscular training.

There are some caveats to the interpretation of this review. Publica-
tion bias could not be verified due to the limited number of published
papers on joint instability and knee OA, and further verification is
essential. Also, the influence of fear, varus-valgus alignment (lateral
thrust), and bilateral vs. unilateral joint involvement on the joint insta-
bility has not been verified. Finally, there was a small gap between the
intervention periods of the two studies in the integration of meta-
analysis.

In conclusion, the selected studies showed no beneficial results of
exercise therapy focused on knee joint instability, including muscle
maintenance and strength training, or specific training targeting knee
instability. However, because of the benefits of treatment protocols based
on patient attributes in exercise treatment focused on joint instability, it
is necessary to investigate the effects in more detail in the future.
Therefore, this systematic review offers two practical recommendations
for exercise treatment of joint instability and OA. The first is to establish a
method for dynamic and static assessment of joint instability. Dynamic
joint instability has been fine-tuned by the patient's subjectivity through
interviews. As reported by Skou et al., it is possible to quantify joint
instability with a three-dimensional analysis device, and these longitu-
dinal examinations are necessary. Secondly, further details (such as the
severity of OA, the degree of instability, and muscle weakness) are
needed for exercise therapy focusing on joint instability. Further graded
studies on knee OA, in which various factors are involved, are urgently
needed.

Lastly, the purpose of this study was to examine the effect of exercise
therapy on joint instability in patients with knee OA through a systematic
review and meta-analysis. The results show that exercise therapy for knee
OA influences muscle strength and pain; the effects of specific training
targeting joint instability are not different from those of general exercise
therapy; for patients with weak muscle strength, muscle strengthening
prior to stabilization therapy may provide added value.
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