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Abstract

Objective: A systematic review and meta-analysis was carried out to evaluate the efficacy and
safety of Botulinum Toxin Type A in painful knee osteoarthritis.

Methods: The EMBASE and MEDLINE databases were searched to identify randomized con-
trolled trials (RCTs) of Botulinum Toxin Type A in the treatment of painful knee osteoarthritis.
The references of included literature were also searched.

Results: Five articles involving 5 RCTs including 314 patients were included in this analysis.
There was a significant difference between Botulinum Toxin Type A and placebo in the visual
analog scale (VAS) pain scale and Western Ontario & McMaster Universities Osteoarthritis Index
(WOMAC) questionnaire score in both the short-term (<4 weeks) and long-term (>8 weeks)
treatment period. There were no serious adverse events in the Botulinum Toxin Type A groups.
Conclusions: This meta-analysis suggests that Botulinum Toxin Type A is effective and safe in the
painful knee OA treatment. However, high-quality randomized controlled studies are still needed
to further confirm our findings.
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Introduction

Osteoarthritis (OA) is one of the most
common forms of arthritis in patients, and
is a common type of joint disease in the
elderly. The knee is a common cause of
chronic pain.' Knee OA is a chronic and
progressive disease that is one of the most
common joint disorders around the world.?
It is characterized by articular cartilage
degeneration, bony changes, and osteo-
phyte formation. Knee OA often leads to
swelling and joint pain and dysfunction,
which may affect patients’ quality of life
and contribute to depression.’

The primary aims in the treatment of
knee OA are relieving pain, reducing the
inflammatory response, restoring function,
and slowing the progression of the disease.
The American College of Rheumatology
has recommended an initial noninvasive
and nonoperative treatment plan for knee
OA that includes rest, weight loss, physical
modalities, bracing and therapeutic exer-
cises, assistive devices, and pharmacological
interventions.* The most common pharma-
cological interventions include oral and
topical analgesics, cyclooxygenase-2 inhibi-
tors, nonsteroidal anti-inflammatory drugs
(NSAIDs), and opioids.’ Besides, if orally
administered drugs cannot control symp-
toms, intraarticular (IA) injections can be
a final nonoperative option. However, the
therapeutic effect of TA injections is uncer-
tain.® Limited evidence has suggested that
corticosteroids in knee OA therapy may be
effective, especially in controlling pain, but
only in the short term.’

Botulinum toxin type A (BoNT-A) has
been used clinically for its paralytic effects,
while increasing evidence suggests that it
may have a role in pain modulation. Two
previous meta-analyses published in 2017
and 2018 indicated that compared with
placebo, BoONT-A IA injections have bene-
ficial effects, with improved pain and
WOMAC score in adult patients with

refractory joint pain.®® However, thus far
no meta-analysis or systematic review has
been performed that has focused on the
efficacy and safety of BoNT-A in painful
knee OA.

The purpose of our study was to perform
a systematic review and meta-analysis to
evaluate the efficacy and safety of BoNT-
A in treating painful knee OA.

Materials and methods

We searched Medline, Cochrane Controlled
Trials Register databases, and Embase for
randomized controlled trials (RCTs) pub-
lished before Jul 1, 2019 using the following
search criteria: Botulinum Toxin Type A,
knee osteoarthritis, and RCTs. We limited
our search to published studies in English
only and obtained certain essential informa-
tion directly from the authors for some
studies. Besides, we screened the relevant
references of included studies to identify
other possible studies for inclusion.

Inclusion criteria

In our search, accepted studies were to
include the following characteristics: (1)
BoNT-A therapy and placebo therapy ana-
lyzed for patients with knee osteoarthritis;
(2) full text available; and (3) visual analog
scale (VAS) pain scale and Western Ontario
& McMaster Universities Osteoarthritis
Index (WOMAC) questionnaire score.

Quality assessment

We used the Jadad scale to assess the qual-
ity of individual studies.'® We evaluated the
quality of the studies based on allocation
sequence generation, blinding method, and
concealment of the allocation process.
We divided the quality of each study into
three levels: quality degree “A” if the study
satisfied all quality criteria; quality degree
“B” if the study had one or more ambigu-
ous quality criteria; and quality degree “C”
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if the study had a high risk of bias and met
few of the quality criteria. All of the authors
assessed the quality of the RCTs and agreed
with the final results.

Data extraction

We recorded the following information
from the studies: (1) the authors’ first
names and year of publication; (2) interven-
tion method; (3) sample size; (4) inclusion
criteria; (5) follow-up time, and (6) changes
in the VAS pain scale and WOMAC ques-
tionnaire score.

Statistical analysis and meta-analysis

We used the RevMan (Version 5.3.
Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration,

2014) to analyze differences between the
variables.!! Using the included studies’
data, we summarized changes in VAS pain
scale and WOMAC questionnaire score.
We used the mean difference (MD) to eval-
uate the continuous data, and we used
the odds ratio (OR) with 95% confidence
intervals (CI) to evaluate dichotomous
data. A fixed-effects model was considered
suitable for studies with p > 0.05, which was
recognized as homogeneous. Inconsistent
results were analyzed using the I? statistic,
which represents the proportion of heteroge-
neity among the studies. We used a random-
effects model for studies with a p < 0.05 and
where 17> 50%. We considered p < 0.05 to
indicate statistical significance.'

Results

Characteristics of individual studies

Our search identified 34 studies, and after
reviewing their abstracts we excluded 15
studies. Among the remaining 19 studies,
14 studies were excluded for lack of
useful data. Finally, 5 RCTs" ' were
used to evaluate the efficacy and safety of

BoNT-A in painful knee OA (Figure 1
describes the search process in detail).
Table 1 shows the baseline characteristics
of these 5 studies.

Quality of the individual studies

All five of the included studies were RCTs.
Each of the included studies had a scientific
calculation of sample size. The intention-to-
treat analysis was shown in one study.'” All
of the included studies were of high quality,
with a Jadad scores rating A (Table 2). The
plot was highly symmetrical and no evi-
dence of bias was found (Figure 2).

Efficacy

We studied the changes in the measurement
parameters in  both the short-term
(<4 weeks) and long-term (>8 weeks) treat-
ment period to determine the efficacy of
BoNT-A in painful knee OA.

VAS pain scale

Measurements at short-term (<4 weeks). Five
studies involving 314 knee OA patients (158
in the BONT-A therapy group and 156 in
the placebo group) contained meaningful
data on VAS pain scale. A random-effects
model was used to evaluate changes
between the two groups, which showed a
MD of —1.21 (95% CI: —1.88 to —0.55,
P=0.0004). Patients who received BoNT-A
IA injection therapy had obvious improve-
ment in the short-term VAS pain scale
(Figure 3a).

Measurements at long-term (>8 weeks). Four
studies enrolling 272 knee OA patients
(137 in the BoNT-A IA injection therapy
group and 135 in the placebo group) were
included, and a random-effects model
revealed a significant decrease in the long-
term VAS pain scale (MD: —1.40, 95% CI:
—2.21 to —0.60, P=0.0006). (Figure 3b).
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34 articles were identified including:

MEDLINE: 22 articles
EMBASE: 11 articles

Cochrane Controlled Trials Register:1

h 4

On the basis of titles and
abstracts, 15 articles were
excluded.

19 relevant articles were included. ]

h 4

___..[ 14 articles lack useful data. ]

5 articles with 5 RCTs were included in the final analysis
compared Botulinum toxin type A intraarticular in treating

knee Osteoarthritis.

Figure |. A flow diagram of the study selection process. RCT, randomized controlled trial.

WOMAC questionnaire score

Measurements at short-term (<4 weeks). Four
studies including four comparisons were
used to analyze results for WOMAC ques-
tionnaire score at the short-term. A fixed-
effects model including 193 knee OA
patients (97 in the BoNT-A therapy group
and 96 in the placebo group) revealed an
MD of —5.37 (95% CI: —7.18 to —3.57
(P<0.00001) and indicated that BoNT-A
IA injection therapy resulted in lower
WOMAC questionnaire scores (Figure 4a).

Measurements at long-term (>8 weeks). Five
studies including five comparisons were
used to analyze results for WOMAC ques-
tionnaire score at long-term. A random-
effects model including 314 knee OA
patients (158 in the BoNT-A therapy
group and 156 in the placebo group)
revealed an MD of —-7.10 (95% CI:

—10.89 to —3.31 (P=0.0002) and indicated
that BONT-A TA injection therapy revealed
a significant decrease in the long-term
WOMAC questionnaire scores (Figure 4b).

Adverse events

No serious adverse events, such as death,
sensory dysfunction or new lower limb
motor dysfunction, anaphylactic reaction
to the injection, or inflammation at the
injection site occurred during these studies.
No transient muscle weakness was found in
any of the groups.

Discussion

Knee OA is a common joint disease that
affects 250 million patients around the
world."® However, the health organizations
have not approved any single therapeutic
method as the standard treatment method
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Table I.

Sample size

Therapy in
control
group

Therapy in

Inclusion

Duration of
treatment

Administration
method

experimental

group

population

Dosage

Experimental  Control

Country

Study

Mild to moderate OA

35 Intraarticular 4/8 w 100U

Brazil 35

Placebo

BoNT-A

Mendes JG 2019

according to the

injection

Kellgren-Lawrence

classification

(grades Il or Ill),

knee pain for more
than six months,

knee pain at rest

between 3 and 8 cm.

BoNT-A: Botulinum toxin type A, OA: Osteoarthritis, ADVVP: average daily worst pain, VAS: visual analog scale, w: week

for knee OA. Joint replacement surgery is
an option for patients with advanced stages
of the disease.'® Recently, there is increased
interest in the new medical applications of
BoNT-A. Although the clinical application
of BoNT-A seems promising, there is still
insufficient evidence on its therapeutic
effects.

Our meta-analysis included five studies
including 314 patients comparing the effica-
cy and safety of BoNT-A IA injection
(100U/200U) to a placebo in treating men
with knee OA in both the short-term
(<4 weeks) and long-term (>8 weeks) peri-
ods. The analysis found that BoONT-A TA
injection had a greater improvement than
placebo in terms of the VAS pain scale
and WOMAC questionnaire score in both
the short-term and long-term treatment
periods. Additionally, in the studies of
Bao et al.'® and Mendes et al.,'” BONT-A
TA injection demonstrated an acceptable
safety profile, with improvements in the
Physical Component Summary-36, Mental
Component Summary-36, and ultrasound
measurement of synovial hypertrophy.

The mechanism of action of BoNT-A is
to inhibit the release of acetylcholine from
the exocytosis of motor nerve endings.”’
This makes it useful for the treatment of
several pathological conditions involving
excessive muscle contraction, such as paral-
ysis, painful dyskinesia, and other pain con-
ditions.”' However, increasing evidence has
indicated that BONT-A can relieve pain by
inhibiting the release of selective neuropep-
tide transmitters, thus directly reducing
peripheral sensitization and indirectly
reducing central sensitization.*?

For safety, the study showed that no
serious adverse events occurred, such as
death, sensory dysfunction or new lower
limb motor dysfunction, anaphylactic reac-
tion to the injection, or inflammation of the
injection site. No transient muscle weakness
was found in any of the groups. Other
adverse events were well tolerated and the
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Table 2. Quality assessment of individual studies

Allocation Calculation Level

sequence  Allocation Loss to of sample of
Study generation concealment Blinding follow-up size Statistical analysis quality
Mahowald ML 2009 A A A 0 YES Not mentioned B
Arenelt-Nielsen L 2016 A A A | YES Analysis of variance A
Hsieh LF 2016 A A A 0 YES Mann-Whitney A

U test

Bao X 2018 A A A 0 YES Analysis of variance A
Mendes JG 2019 A A A 6 YES Analysis of variance A

A — all quality criteria met (adequate): low risk of bias.

B — one or more of the quality criteria only partly met (unclear): moderate risk of bias.
C — one or more criteria not met (inadequate or not used): high risk of bias.

o~ SE(MD) :
o
021 :
o
o]
Q
04T ;
06T :
o]
0.8t
i . A ; MD
-100 50 0 50 100

Figure 2. Funnel plot of the studies represented in the meta-analysis.

MD: mean difference, SE: standard error.

relevant data were lacking from the
included studies. However, Dutra®® found
that BONT-A injection in the masseter of
mice can significantly damage the mandib-
ular condylar cartilage and subchondral
bone and the damage is not transient.
Therefore, whether long-term use of
BoNT-A will lead to histological changes
still requires additional high-quality RCTs
to prove. As for the injection route, all of

the included RCTs injected BoNT-A into
the articular cavity, and there have been
no studies focusing on the difference
between intra-articular injection and intra-
muscular injection.

This meta-analysis includes findings only
from RCTs. From a scientific point of view,
the results of this analysis are very impor-
tant. However, the number of included
studies is small. Selection bias, subjective



Journal of International Medical Research

(a)

BoNT-A Placebo Mean Difference Mean Difference
Study or Subgrouo ean S o lea S ota g V. Random, 95% C| Year 1V, Random, 95% C|
Mahowald ML 2009 =24 044 21 08 03 21 245%  -1.60[-1.83,-1.37] 2009 -
Hsieh LF 2016 22 09 21 027 13 20 19.9% -2.47 [-3.16,-1.78] 2016 ™
Arenelt-Nielsen L2016  -19 156 61 -1.5 158 60 214%  -0.40[-0.96,0.16] 2016 -
Bao X 2018 21 08 20 -07 072 20 224% -1.40[-1.87,-0.93] 2018 =
Mendes JG 2019 21 28 3/ 27 32 3B 11.8% 0.60 [-0.81, 2.01] 2018 o s
Total (95% CI) 158 156 100.0%  -1.21 [-1.88, -0.55] L 2
Heterogeneity: Tau® = 0.46; Chi* = 31.80, df = 4 (P < 0.00001); P =87% 10 t 0 ! 10I
Test for overall effect: Z = 3.57 (P = 0.0004) BoNT-A Placebo

(b)
BoNT-A Placebo Mean Difference Mean Difference
_StudyorSubgroup ~ Mean  SD Total Mean SD Total Weight IV. Random, 85% Cl Year 1V, 95% Cl

Arenelt-Nielsen L 2016 -26 2 61 -18 2 60 265%  -0.80[-1.51,-0.08] 2016 i
Hsieh LF 2016 -1.78 1.577 21 0.003 0975 20 252% -1.78 [-2.58, -0.98] 2016 -
Bao X 2018 -29 083 20 -07 083 20 294%  -2.20[-2.71.-1.69] 2018 -
Mendes JG 2019 -2.6 25 B 21 27 35 18.9% -0.50[-1.72,0.72] 2019 =
Total (95% CI) 137 135 100.0%  -1.40 [-2.21, -0.60] “
Heterogeneity: Tau® = 0.50; Chi* = 13.37, df = 3 (P = 0.004), I* = 78% "_10 _=5 0 é 105
Test for overall effect: Z = 3.42 (P = 0.00086) BoNT-A Placebo

Figure 3. Forest plots showing changes in (a) VAS pain scale short-term (<4 weeks) and (b) VAS pain scale

long-term (>8 weeks) in the treatment studies.

BoNT-A: Botulinum toxin type A, SD: standard deviation, IV: inverse variance, Cl: confidence interval VAS:

visual analog scale.

(a) BoNT-A Placebo

Mean Difference Mean Difference

_Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl Year IV, Fixed, 95% CI
Mahowald ML 2009 -11 3.16 21 -6 3.69 21 758% -5.00[-7.08,-2.92] 2009 .
Hsieh LF 2016 411 76 21 -28 82 20 139% -8.30[-13.15,-3.45] 2016 —_—
Bao X 2018 415 15 20 -28 13 20 4.3% -8.70[-17.40,-0.00] 2018
Mendes JG 2019 -136 152 35 -127 163 35 6.0% -0.90(-8.28,6.48] 2019 ==
Total (95% CI) 97 96 100.0% -5.37 [-7.18, -3.57] *
Heterogeneity: Chi? = 3.50, df = 3 (P = 0.32); P = 14% t ¥ t +
i 20 -10 0 10 20
Test for overall effect; Z = 5.82 (P < 0.00001) BONT-A_Placebo
(b) BoNT-A Placebo Mean Difference Mean Difference
_Study or Subgroup  Mean SD Total Mean SD Total Weight IV, 95% Cl Year Iv. 95% Cl
Mahowald ML 2009 -9 316 21 -4 3.79 21 29.8% -5.00 [-7.11,-2.89] 2009 -
Hsieh LF 2016 4125 138 21 13 83 20 156% -11.20[-18.13,-4.27] 2016 —
Arenelt-Niglsen L 2016 -11 708 61 -75 9 60 276% -3.50[-6.39,-061] 2016 -
Bao X 2018 207 114 20 -29 14 20 135% -17.80[-25.71,-9.89] 2018 T
Mendes JG 2019 <176 166 35 -14 173 35 134% -360[-11.54,4.34] 2019 1
Total (35% CI) 158 156 100.0% -7.10 [-10.89, -3.31] -
ity: = - Chit= = = P=
Heterogeneity: Tau® = 11,38; Chi* = 14,11, df =4 (P = 0.007); F=72% 20 10 o 10 20

Test for overall effect: Z = 3.67 (P = 0.0002)

BoNT-A Placebo

Figure 4. Forest plots showing changes in (a) WOMAC questionnaire score short-term (<4 weeks) and

(b) WOMAC questionnaire score long-term (>8 weeks) in the treatment studies.
BoNT-A: Botulinum toxin type A, SD: standard deviation, IV: inverse variance, Cl: confidence interval,
WOMAC: Western Ontario & McMaster Universities Osteoarthritis Index.

factors, and publication bias may also
affect the final results of our study. These
factors may lead to bias. More high-quality
trials with larger sample sizes are needed to
verify the efficacy and safety of BONT-A TA
injection therapy for painful knee OA.

Conclusion

This meta-analysis suggests that Botulinum
Toxin Type A is an effective and safe
approach for the treatment of painful
knee OA. However, large-scale multicenter
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RCTs are still needed to further confirm
our findings.
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