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SUMMARY
Objective. This investigation aimed to pool and discuss the existed literature on the 
efficacy and safety of intra-articular injection of Botulinum toxin type A (BTA) for 
knee osteoarthritis (OA) treatment focusing on different doses and comparing with 
other injectable agents.
Methods. Data sources: a systematic review through PubMed, Scopus, Google Schol-
ar and Cochrane Central Register of Controlled Trials was conducted to identify all 
English-language studies published before November 2019. Study Selection: eligibility 
included adults suffering from knee osteoarthritis with intra-articular BTA injection as 
intervention. Data Extraction: after removing duplications and excluding non-eligible 
articles, data of final included studies were extracted including outcome measures; 
follow up time-points; and details of interventions in all groups including dose, dura-
tion, frequency and number of sessions. Included studies were quality appraised using 
PEDro (Physiotherapy Evidence Database) score. Data synthesis: the gathered data 
was extracted and analyzed in RevMan 5.3 software using random or fixed-effect 
models, as effect size measures such as raw or standardized mean difference (MD or 
SMD). Only six studies provided suitable data for meta-analysis with a total number of 
459 patients. All studies included, except for one RCT that had fair quality, obtained 
good and high quality scores. The present data revealed that the included patients 
experienced significant pain relief immediately about 2 weeks after BTA intra-articular 
injection and this response remained significant even after 6 months (MD = 1.53 (95% 
CI: 0.94-2.11) and 1.71 (95% CI: 1.35-2.07), respectively). 
Results. Also, this review proved that the short-term analgesic effect of BTA-cortico-
steroid was better than BTA alone, not only for pain control based on VAS (MD = 3.73 
(95% CI: 2.60-4.86), P <   0.0001), but also for WOMAC index (MD = 21.20 (95% 
CI: 14.14-28.26), P < 0.00001). Additionally, this review find supportive evidence for 
the analgesic effect of low-dose BTA rather than higher doses (more than 200 IU).
Conclusions. The pooled data proved that a combination of BTA-corticosteroid 
achieved maximum efficacy for both pain relief and functional improvement within 
short and long-term follow up in comparison to both alone. Also, BTA is a safe and 
affective choice for clinical response with the most pain-relief effects 2-3 months after 
injection and the most effective dose of 200u among knee OA patients.
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ABBREVIATIONS
RCT: Randomized Controlled Trial
VAS: Visual Analog Scale
MD: Mean Difference
BTA: Botulinum Toxin Type A
HA: Hyaluronic Acid
AEs: Adverse Events
WOMAC: Western Ontario and Mcmaster Universities 
Osteoarthritis Index
DALYs: Disability-Adjusted Life Years
YLDs: Years Lived with Disability
OA: Osteoarthritis
KLS: Kellgren Lawrance Scale
TENS: Transcutaneous electrical nerve stimulation
LLLT: Low Level Laser Therapy
HILT: High-Intensity Laser Therapy
PRP: Platelet-Rich Plasma
IA: Intra-Articular 
CI: Confidence Interval
BTA + C: Botulinum toxin type A + Corticosteroid

INTRODUCTION
Knee osteoarthritis (OA) as a common condition, contrib-
utes for global disability and high DALYs (1). Epidemio-
logic studies showed high prevalence of disease in females 
aged over 50 and YLDs for hip and knee OA has increased 
from 10.5 million in 1990 to 17.1 million in 2010 (2). Pain 
is a major clinical problem of osteoarthritis which not only 
impairs patient function, but also impress health-related 
quality of life (3).
OA occurs when the joint loses cartilage and the bone grows 
to compensate this loss to reduce joint degradation accel-
eration which cause other complications additionally (4). 
Recent studies emphasized more comprehensive view of 
OA, suggesting a disease of the whole joint involving syno-
via and bone marrow in addition to cartilage (5). Surprising-
ly, both clinical and experimental studies broke the borders 
with narrow point of view to joint and recently suggested 
changes of the nociceptive processing in the spinal cord, 
brainstem, and thalamocortical system (6, 7). Further-
more, there are growing evidence toward neuropathic pain 
components in OA especially in individuals with minor joint 
changes but with high levels of pain refractory to analgesic 
treatment (8). Despite recent progression in surgical tech-
niques of knee OA management, conservative treatments 
still have their fans even for severe stages (9). Beyond the 
pharmacological treatments, non- pharmacological options 
including exercises, physical agent modalities and intra-ar-
ticular injections are highlighted in studies (10). 

A recent meta-analysis showed that intra-articular cortico-
steroids appear to be relatively more effective for pain than 
intra-articular hyaluronic acid (HA) within the first month 
of treatment. However, beyond week 8, hyaluronic acid has 
greater efficacy (22, 23). The results of another meta-analy-
sis two years after PRP injection showed the superiority of 
PRP versus HA (25). 
Intra-articular injection of interleukin-1 receptor antago-
nist, Anakinra, failed to confirm beneficial effects on knee 
pain, function, stiffness, or cartilage turnover in patients 
with knee OA (31). In general biologic treatment is not 
recommended for patients with OA based on the lack of 
evidence concomitant with the economic burden. Dextrose 
prolotherapy had a superior effect compared with local 
anesthetic injection and exercise regarding studies (32, 33). 
In a review with inconclusive low quality studies, prolother-
apy with hypertonic dextrose was showed to be more effec-
tive than infiltrations with hyaluronic acid, ozone or radiof-
requency and less effective than PRP, with beneficial effect 
in the short, medium and long term (34). Based on another 
meta-analysis on intra-articular ozone injection, its efficacy 
was significantly superior to placebo for short time in mild 
to moderate knee OA (35).
BTA is a neurotoxin produced by the bacterium Clostrid-
ium botulinum which blocks acetylcholine release into the 
synaptic cleft causing muscle paralysis (37). However, grow-
ing evidence supports a potent role of intra-articular use 
of BTA as a pain killer in various types of musculoskeletal 
conditions with preference in refractory ones (38). Although 
the exact mechanisms of pain modulation by BTA in OA is 
not clear, mechanisms such as directly decreasing peripher-
al sensitization by suppression in secretion of neurotrans-
mitters leading to indirectly decreasing central sensitization, 
substance-P, calcitonin gene-related peptide (CGRP) and 
glutamate release inhibition resulting in nociception block 
has been raised (39-41).
Safety of BTA injection was reviewed through a meta-anal-
ysis in 2004 and finally focal weakness was the only adverse 
event founded. Fortunately, none of these complications 
occurred in intra-articular injections (42). A systematic 
review with meta-analysis evaluating intra-articular injec-
tions of BTA for refractory joint pain showed improve-
ments in pain and function after 4 and 8 weeks compared 
with control group through different joint pathologies (43). 
Additionally, recent systematic review with meta-analysis 
confirmed usefulness of BTA injection in comparison to 
placebo, for knee OA, pooling data from 315 patients. They 
did not compare BTA effects with other injectable agents 
and did not evaluate different BTA dosages (44). OARSI 
guidelines, recently developed for the non-surgical manage-
ment of knee osteoarthritis, did not recommend BTA due to 
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Figure 1. Standard PRISMA study flow-diagram.

limited evidence (45). However, review of mentioned liter-
ature suggests BTA as potential option for knee OA treat-
ment. Therefore, we aimed to evaluate efficacy and safety 
of BTA versus other alternatives focusing on different BTA 
doses through published RCTs.

MATERIALS AND METHODS

Inclusion and exclusion criteria
Two authors (M.H and E.K) independently reviewed four 
large databases: PubMed, Google Scholar, Scopus, and 
Cochrane Central Register of Controlled Trials from the 
database inception; furthermore, the website of www.clin-
icaltrials.gov was searched for any ongoing trials. Only 
English language studies that had been finished before 
November 2019 were included. In case of disagreement, the 
final decision was made by a senior author (M.A). Research-
ers screened all 56 study titles and abstracts to identify rele-
vant studies. Duplications were removed and 37 records 
remained. After reviewing them, 31 studies were excluded 
because of non-RCT design or lack of other eligibility crite-
ria (figure 1). At last, only six RCTs remained with a total 
number of 459 patients.

Primary and secondary outcome measures
Studies reporting one of our primary outcome measures 
were eligible for meta-analysis. Six studies had reported pain 
intensity based on VAS or Numeric Rating Scale (NRS); four 
ones utilized WOMAC to explain their patients` functional 
status; and only two RCTs used SF-36. On the other hand, 
Lequesne index, 40-meter timed walk, PGIC, and Oxford 
knee score, each one was used by only one study. Moreover, 
adverse events related to BTA injection were assessed.

Data extraction
Data of all five included RCTs were extracted using a stan-
dardized form, which include the following: study title, 
first author and publication year; study design and setting; 
sample size and demographics of participants; outcome 
measures; follow up time-points; and details of interven-
tions in all groups including dose, duration, frequency and 
number of sessions (table II).

Quality assessment
Two reviewers (N.M and S. RD) evaluated the quality of 
each study using PEDro (Physiotherapy Evidence Data-
base) score. This scoring system contains 11 domains 

(table I). We assessed risk of bias for each domain of the 
seven included studies. For each domain, a score of “+” 
or “–/?” indicates a low risk or high risk of bias, respec-
tively. Five of our included studies achieved good quali-
ty (score > 6) and only one RCT had the fair (score = 4) 
quality (45).

Registry and analysis
We have registered this review in International prospec-
tive register of systematic reviews (with ID review regis-
try: CRD42020176671). The gathered data was extracted 
and analyzed in RevMan 5.3 software (Cochrane Collab-
oration, Oxford, UK) using effect size measures such as 
raw or standardized mean difference (MD or SMD). Also, 
the heterogeneity was assessed using I2; a value of less than 
25% was considered as low heterogeneity and a value of 
more than 75% as high heterogeneity. The value of 0.05 
was considered as the significance level for all our tests. 
Both random and fixed-effect models were used accord-
ingly to calculate results. Sub-group analysis was also 
done to compare the results of different interventions at 
different time-points, as well as to compare the different 
outcome-measures.
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Table I. Quality assessment of included studies using PEDro score. 

Study [Author’s name, year] 1 2 3 4 5 6 7 8 9 10 11 PEDro
Score

Andrea J. Boon, 2010 + + + + + + ? + ? + + 9

Lin-Fen Hsieh, 2016 + + + + ? ? ? + ? + + 7

Xiao Bao, 2018 + + + + ? + ? + ? + + 8

Timothy E. McAlindon, 2018 + + ? + + + + + + + + 10

Divya Shukla, 2019 + ? ? + - ? ? ? ? + + 4

Jamile G. Mendes, 2019 + + + + + - + + + + + 10

1: eligibility criteria specified; 2: patients randomized to groups; 3: concealment of allocation; 4: groups similar at baseline; 5: patients blinded; 6: practi-
tioners administering intervention blinded; 7: assessors blinded; 8: measurements of key outcomes obtained from > 85% of patients; 9: intention to treat 
analysis; 10: statistical comparisons between groups; 11: point measures and measures of variability provided. Interpretation: scores 4-5:  fair quality; scores 
6-8:  good quality; scores > 8:  high quality; (+) Criterion clearly satisfied; (–) Criterion not clearly satisfied; (?) Unclear whether criterion was satisfied.

RESULTS

Descriptive results

Andrea J. Boon; USA - 2010
This study aimed to evaluate the effectiveness and safety 
of intra-articular BTA injection through a double blind-
ed randomized controlled trial. Sixty knee osteoarthri-
tis patient with moderate pain (VAS > 6) and function-
al impairment, resistance to exercise and oral medications 
were included.  Those knee OA patients who had grades 
1 or 4 of Kellgren Lawrance scale (KLS) were excluded. 
All participants were assessed at week 8 post-injection; but 
only 32 subjects participated at week 26. Patients randomly 
received either of low dose BTA (100u) or high dose BTA 
(200u). The primary outcome measuring tool was VAS, 
while the secondary ones were WOMAC, SF-36, 40-meter 
timed walk and the complication rate of intervention. Find-
ings of this study suggested intra-articular BTA injection as 
an alternative treatment for knee OA management (46).
One of the main strengths of the present RCT from USA 
was use of corticosteroid injection as the standard treatment 
for the control group and evaluation of both high and low 
dose BTA effectiveness. Application of different measuring 
tools and longtime follow up were the other strengths. They 
did not use imaging parameters or biochemical markers 
after injection to assess the efficacy. The also, did not evalu-
ate biomechanical characteristics of knee muscles to detect 
possible adverse effects of BTA. 

Hsieh Lin-fen; Taiwan - 2016
This randomized controlled trial investigated the effects 
of IA BTA injection on patients with knee OA through a 
landmark-guided or blind approach. Forty six patients 
with symptomatic knee OA (mostly KLS grades 2 and 3) 
were randomly assigned in two parallel treatments; the 

first group received BTA (100u) injection (n = 21), and the 
control group who obtained education only (n = 20). The 
main outcomes including pain and functional status were 
evaluated using WOMAC, Lequesne index and VAS with-
in short time (1 week after treatment) and long time (6 
months later). Both VAS and WOMAC scores significantly 
decreased at short- and long-term follow ups compared to 
the control group. 
As some shortcomings, it should be noted that the current 
RCT was a single-blinded one; furthermore, patients in the 
control group did not receive any injection which might 
cause placebo effect of needle in the intervention group. 
Using land-mark instead of ultrasound guidance is the other 
limitation. As the two main strengths, having both short- 
and long-term follow ups and the stratification of different 
KLS grades should be mentioned (47). 

Xiao Bao; China - 2018
This investigation was a single-blinded randomized 
controlled trial evaluating 60 knee OA patients. Participants 
randomly divided into 3 categories; the first group received 
saline 0.9% injection as the control group. The second and 
third groups assigned to BTA (100u) and hyaluronic acid 
injection, respectively. Injections were performed using the 
ultrasound-guidance via in-plane method. After injection, all 
patients were educated and instructed to perform strength-
ening and balance exercises. Exercises were accomplished 5 
times a week, for 8 weeks with 30-45 minutes sessions under 
the supervision of experienced physiotherapist. All partic-
ipants were reassessed after 4 and 8 weeks follow up by a 
physiotherapist who was not aware of patients` groups (48).
Mean age of participants were 65.9 years and only grades 
2 KLS and above were included. In addition to knee x-ray 
and MRI, the other measuring tools were VAS, WOMAC 
and SF-36 reassessed after 4 and 8 weeks of follow up. 
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Table II. Characteristics of included studies. 

Outcome
measures

Follow-
up intervals

Pain
duration

Number 
(% females)

Type of interventionStudy designAuthors, year

-VAS
-WOMAC
-SF-36
-40-meter 
timed walk

8, 
12, 26 weeks

97 months60 (58%)* methylprednisolone
* BTA (100u)
* BTA (200u)

- US-guided single injections

Double-
blind RCT 
with 3 groups

Andrea J. 
Boon; USA-2010

-VAS (pain)
-Lequesne
-WOMAC

1 week

24 weeks

≥3 months46 (61%)* n = 21 (BTA 100u)
* n = 20 (education alone)   

- Two groups received 
acetaminophen
- Blind single injections

Single blind RCT 
with 2 groups

Lin-Fen Hsieh; 
Taiwan-2016

-WOMAC
-VAS
-SF-36

4, 8 weeks32 months60 (47% )* Saline 
* BTA 
* HA

- Five sessions of 
HA injection
- single BTA injection
- US-guidance

Single blind RCT 
with 3 groups

Xiao Bao, 
China-2016

-NRS
-WOMAC
-PGIC

1, 4, 8, 16, 
20,24 weeks

≥3 month158 (60%)* BTA 200
* BTA 400 U
* Placebo (saline)

- US-guidance

Double-
blind RCT 
with 2 groups

Timothy E. 
McAlindon;
USA-2018

-VAS
-Oxford 
knee score

Day 1

2, 4, 6, 
12, 24 weeks

NR30 (67%)* BTA 100u + Triamcinolone
* Triamcinolone alone

- Fluoroscopy-guidance

RCT 
with 2 groups
Open-label Trial

Divya Shukla; 
India-2019

-WOMAC
-VAS
-SF-36
-TUG
-ROM
-6 minute
Walk test

4, 
8, 12 weeks

7.9 years105 (91.4%)* BTA 100u
* Triamcinolone 40
* Placebo (Normal saline)

RCT 
with 3 groups

Jamile G. 
Mendes; 
Brazil-2019

Researchers found a statistically significant difference for 
VAS and WOMAC improvement, as well as physical and 
mental components of SF-36 questionnaire at the 4th and 
8th weeks between the BTA versus the control or even HA 
groups. There was not any change in regard to X-ray and 
MRI parameters during this follow up period. Finally, they 
concluded that BTA injection plus to therapeutic exercise 
could remarkably alleviate pain and improve function of 
knee OA patients, even in comparison to HA. As the main 
strength, this RCT used an objective parameter (imaging) 
for evaluation of BTA efficacy. Additionally, supervision of 
exercise would destroy possible bias of unequal exercise 

among all participants. On the other hand, the main short-
coming of this research was lack of long-term follow up. 
Furthermore, the control group and BTA groups received 
only one injection session, while the HA injection was 
repeated for 5 times which might make comparison of the 
groups difficult.  

McAlindon E. Timothy; USA – 2017
This large investigation, as a multi-centric double-blinded 
randomized controlled trial, was conducted in adults with 
knee OA for evaluation of IA-BTA effectiveness (400 u and 
200 u). Patients who obtained the score of DETECT ques-



559Muscles, Ligaments and Tendons Journal 2021;11 (3)

M. Hosseini, M. AzAdvAri, e. KArgozAr, et.al.

Figure 2. Forest plot of pain reduction of intra-articular BTA based on VAS at the different time-points (pre-post comparison).

tionnaire less than 12 were considered to having nocicep-
tive pain. Knee radiographs showed grades 2 and 3 of KLS 
for all patients. Then, participants were randomly divided 
into three groups of IA-BTA 400u, 200u and placebo (saline 
0.9%) on a 1:1:2 ratio, respectively. They used 7-day aver-
age worst pain score and WOMAC index for outcome eval-
uation at the 8th week. Among the 176 enrolled patients, 
158 subjects completed the study. Although the average 
pain score was decreased in all groups significantly, they 
did not observe significant difference between the groups. 
Researchers reported adverse events in 3.4% which was not 
dose dependent. The most important adverse events were 
new-onset or worsening arthralgia and nasopharyngitis. 
There was no statistically significant difference in muscle 
strength of leg or knee muscles after treatment. Despite 
excellent quality and relatively higher sample size compared 
to other included RCTs, application of PD-Q screening (for 
nociceptive pain identification) tool which had been vali-
dated for low back pain patients only, is questionable (49). 

Shukla D. et al. - 2018
This study was a clinical randomized trial evaluating the 
effectiveness of triamcinolone in conjunction with BTA 
versus triamcinolone alone for knee OA managements. 
They included 30 patients who had less than 2 mm joint 
space in their knee X-ray. Therapeutic agent injection was 
applied after local anesthetic injection under the fluorosco-
py-guidance. Assessment tools consisting VAS and Oxford 
knee score were applied after 1 day, 2 weeks, 4, 6, 12, and 
24 weeks post-injection. Researchers detected a statistically 
significant pain improvement in combination therapy group 
comparing pre and post values, but not about triamcino-
lone group. The onset of BTA efficacy plus to triamcinolone 
was recorded within 2 weeks after injection and lasted for 6 
months. Furthermore, a functional status improvement was 
observed at 4 weeks and 6 months for the combination ther-
apy group, compared to triamcinolone group. They conclud-
ed that intra articular BTA in conjunction with corticosteroid 
injection could cause much better pain relief and function-
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al improvement among knee OA patients with long lasting 
effects, compared to steroid injection alone. As the weakness, 
researchers did not utilize a common classification system of 
knee OA severity; then comparison of their results against 
other studies would be problematic. They did not explain 
about randomization mechanism, nor about blinding. Anoth-
er unclear question is why the authors ruled out patients with 
joint effusion and included only those with dry tap. On the 
other hand, the main strength of investigation was very close 
and frequent follow up time-points (50).

Mendes JG. et al. - 2019. (51)
Brazilian researchers compared the efficacy of intra-articular 
BTA 100u injection, and triamcinolone hexacetonide 40mg, 
versus normal saline among patients with primary knee OA. 
Patients were assessed at baseline and at 4, 8, and 12 weeks 
using VAS for pain during movement (VASm) and at rest 
(VASr), WOMAC questionnaire, 6-minute walk test, Timed 
Up and Go (TUG) test, Short Form (SF)-36 questionnaire, 
ROM, and ultrasound (US) measurement of synovial hyper-
trophy. Eventually they concluded that corticosteroid had 
a better efficacy effect than that of BTA or normal saline 
throughout short-term (four weeks) follow-up, in terms of 
VAS, WOMAC, and US measurement of synovial hypertro-
phy. However, at 12 weeks, there was no difference between 
the effectiveness of three interventions.

Meta-analysis results

Analgesic effect of BTA injection
This review demonstrated the therapeutic trajectory for BTA 
efficacy in terms of VAS reduction during 6 months follow-up. 
According to figure 2, the pooled effect size for all kinds and 
doses of BTA injection was about MD = 1.53 (95% CI: 0.94-
2.11), resulted from the comparison of pre- and post-treat-
ment values within the 1-2 weeks after injection. This value 
rose to 1.87 (95% CI: 1.46-2.28), and reached to 2.23 (95% 
CI: 1.72-2.73) at 4-weeks and 2-3 months follow-up, respec-
tively. Eventually, it decreased to 1.71 (95% CI: 1.35-2.07) 
till 6 months post-injection. It should be noted that all these 
MD values were statistically significant (P < 0.0001). There-
fore, we could state that knee OA patients experienced signif-
icant pain relief with BTA intra-articular injection, compared 
to baseline level, and this response remained significant even 
after 6 months.

Non-analgesic effects of BTA injection
Six trials contributed to the meta-analysis of function-relat-
ed outcomes. Five RCTs used WOMAC and another one 
applied Oxford knee index. After putting them together, 

the total effect size (MD) for short-term efficacy within 1-2 
months was 14.04 (95% CI: 11.02-17.06) with heterogeneity 
score (I2) of 52% indicating acceptable heterogeneity among 
the trials. The pooled effect size of the long-term efficacy after 
6 months was 12.13 (95% CI: 7.31 to 16.95) showing good 
but less effectiveness in comparison to short-time values. We 
also attempted to present the therapeutic effectiveness of BTA 
injection in either of the subscales of patients` function and 
stiffness for short and long-term period; however, the current 
data was not sufficient and the meta-analysis precluded. 

The different dosages of BTA versus other injection 
choices (short-term efficacy)
Figure 3 has shown comparison of short-term efficacy of BTA 
with different dosage (100u, 200u, and 400u) versus other 
alternatives including the combinational regimen of cortico-
steroids-BTA, corticosteroids alone, HA, saline and placebo 
(education only). According to our pooled results, it seems 
that BTA-100u should be considered as the most appropri-
ate dosage in order to achieve rapid pain relief (MD = 2.38 
(95% CI: 1.91-2.85), P < 0.0001) and increasing BTA dosage 
did not provide further analgesic effects during this peri-
od (MD = 2.05 (95% CI: 1.56-2.53) for BTA-200u). Even, 
higher doses might have lower effect (MD = 1.40 (95% CI: 
0.94-1.86) for BTA-400u). It should be noted that both of 
BTA-100 and BTA-200u injections provided better results 
than HA injection (1.90 (95% CI: 1.34-2.46)). However, 
BTA-400u achieved a remarkably smaller analgesic effect 
than HA and other BTA doses.
On the other hand as has been depicted in figure 4, BTA-400u 
interestingly had the best effect for short-term improvement 
of functional status, as the main subscale of WOMAC index, 
as well as other parts; i.e. joint stiffness and pain (MD = 16.90 
(95% CI: 11.28-22.52), P < 0.00001). This value was much 
better than the effectiveness of the other two doses of BTA 
(MD = 14.43 (95% CI: 10.53-18.33) of BTA-100u and MD = 
12.46 (95% CI: 7.02-17.89) of BTA-200u). Among all injec-
tion choices, BTA combined with corticosteroids proved to 
have the highest short-term effectiveness not only for pain 
control based on VAS (MD = 3.73 (95% CI: 2.60-4.86), P < 
0.0001), but also for WOMAC index (MD = 21.20 (95% CI: 
14.14-28.26), P < 0.00001). 

The different dosages of BTA versus other injection 
choices (long-term efficacy)
Figure 5 has compared long-term effectiveness of BTA injec-
tion for pain reduction through different dosage (100 u-200 
u-400 u) versus the other common treatments including 
mixed BTA-Corticosteroid (BTA + C), saline and placebo 
(education only). Meta-analysis of the pooled data proved 
that BTA-200 u was the most effective dosage with remark-
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Figure 3. Forest plot of short-term efficacy of the different treatments based on VAS (before 2 months follow up).
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Figure 4. Forest plot of short-term efficacy of the different treatments based on WOMAC (before 2 months follow up).
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able pain control until 6 months (MD = 1.92 (95% CI: 0.9, 
2.96), P = 0.0002). Again, BTA-corticosteroid combination 
showed the best MD among all injection choices for both 
pain relief (figure 5) and functional status (figure 6) improve-
ment (MD = 2.53 (95% CI: 1.37-3.69), P < 0.0001; and MD 
= 25.00 (95% CI: 18.21-31.79), P < 0.00001). Additionally, 
the pain-relief effect of saline injection (MD = 1.90 (95% CI: 
1.58-2.22), P < 0.0001) was better than BTA-100 u and 400 
u in long-term follow up (MD = 1.68 and 1.40, respectively). 
The latter results were in line with short-term evaluation of 
pain relief. In both figures 3 and 5, lower doses of BTA were 

associated with higher MD values rather than BTA-400u. 
In contrary, when we take function and joint stiffness into 
account, high dose BTA (400 u) achieved more effectiveness 
than lower doses in both short- and long-term follow-ups 
(MD = 16.90 and 15.90, respectively).

Intra-articular BTA safety
There were no statistically significant differences between 
the BTA and controls for any adverse effects (RR = 0.66 
(0.19, 2.27), P = 0.51). No subject withdraw from the stud-
ies evaluated in this meta-analysis.

Figure 5. Forest plot of long-term efficacy of the different treatments based on VAS (after 6 months follow up).
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DISCUSSION
All studies included, except for one RCT that had fair qual-
ity (46), obtained good and high quality scores in PEDro 
assessment tool. Fortunately, all studies provided point 
measures and measures of variability in addition to statis-
tical comparisons between groups. Four studies selected 
patients based on KLS grade 2-3 (47-51); but one study 

used another radiographic parameter (joint space less than 
2 mm) for case selection (46).
As we previously described, except for VAS which was 
applied in five articles (47-51), different studies have admin-
istered various types of tools to assess their outcomes 
including WOMAC for five studies (47-51), SF-36 for three 
studies (47, 49, 51) and 40-meter timed walk, Lequesne, 

Figure 6. Forest plot of long-term efficacy of the different treatments based on WOMAC (after 6 months follow up).
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NRS, PGIC, Oxford knee score just in one study (46-48, 
50). Furthermore, BTA injection was compared against 
HA only in one article (49); and versus corticosteroids in 
three studies (46, 47, 51). While five investigations evalu-
ated the efficacy of low-dose (100 or 200u) BTA injection 
(46-49, 51), only one RCT utilized high-dose (400u) injec-
tion (50). Additionally, control groups were heterogeneous 
including exercise education (48), saline injection (49, 50, 
51) or intra-articular corticosteroid (46, 47, 51). All stud-
ies used guide for their injections (ultrasound (47, 49, 50) 
or fluoroscopic (46)), again except for one article, which 
selected blind injection (48). To summarize, there was not 
any homogeneity among the included studies, especially in 
their interventions. However, we tried to pool results using 
random-effect models to conduct a meta-analysis.
We found the most pain-relief effects of BTA injection 
approximately 2-3 months after injection. Wu et al. in their 
meta-analysis on the efficacy of BTA injection for any kind 
of refractory joint pain, demonstrated a higher effectiveness 
in 4 weeks in comparison to 8 weeks (43). Inversely, Zhai et 
al. found the better pain relief of BTA injection among knee 
OA patients in long-term (6 months) than short-term(44). 
It should be emphasized that Wu’s study was conducted on 
different pathologies including capsulitis, post total knee 
arthroplasty pain and OA through different joints including 
ankle, shoulder and knee. This might explain an existed gap 
between their results versus ours. There are two points to pay 
attention about pattern of MD change through immediate 
to long-term follow up (figure 1). Firstly, Divya’s study used 
BTA with triamcinolone (46), which can cause rapid pain-re-
lief effects, probably due to corticosteroids effect. Therefore, 
we performed sensitivity analysis to see the effects of this 
study and the results were almost the same. Secondly, lower 
MD in week 1 and 6 months could be due to Lin-Fen’s study 
which applied landmark-guided BTA injection (48), possibly 
with less accuracy. Therefore, we did sensitivity analysis by 
deleting this study and again the results did not change.
We found that 100u and 200u BTA were the most effective 
doses for short- and long-term pain control. This finding 
is in contrast to Zhang et al. findings which emphasize the 
more effectiveness of higher doses (52). Although our results 
proved that there was no need to apply higher doses of BTA, 
we should be cautious to conclude definitely, because data 
on amount of physical activity and time from knee pain onset 
was not declared in most studies which could influence our 
findings in the setting of limited number of studies. For exam-
ple, patients with more severe sarcopenia tolerate more pain 
due to lack of joint support from muscles and probably, we 
find the accumulation of mentioned patients in 200 u BTA 
injected studies. Furthermore, any increasing in BTA dose 
could result in patients` concern about possible side effects 

such as local weakness in muscles. Of note, this side effect 
was not reported through our literature review (46-50). 
Our comparison suggested that BTA plus to corticosteroids 
was the most effective combination for knee OA treatment in 
terms of pain reduction; however, these results were extract-
ed from a study with fair quality (46). Comparing the effect 
size of the mentioned combination in terms of MD versus MD 
of BTA injection alone, showed better pain relief for BTA+C. 
Actually as the figures 3 and 5 have depicted, it was the most 
effective treatment during both short- and long-term peri-
ods. On the other hand, the pooled result of corticosteroid 
long-term efficacy in pain was not statistically significant at all 
(figure 5). Unfortunately, there was not any study comparing 
HA and BTA in long-term follow up. However, the short-term 
efficacy for pain relief was almost similar between the whole 
BTA (MD = 1.99) and HA (MD = 1.90) injection (figure 3).
Certainly, the main side finding of this review was the inter-
esting short and long-term effectiveness of saline injection for 
pain reduction with MD = 1.31 and 1.90, respectively. Saltz-
man et al. in their meta-analysis of level-ɪ studies (36) confirmed 
our findings (MD = 1.21; (95% CI: 0.3-2.0); P = 0.007) for 3 
month and 1.66 (95% CI: 1.2-2.1); P <   0.00001 for 6 months 
follow up). However, short-term improvement in functional 
status was not statistically significant (MD = 8.08 in figure 4).
WOMAC scale consisting pain, joint stiffness and function-
al status related subscales, improved at both short and long-
term follow-ups of post BTA injection. The most remark-
able change in WOMAC was interestingly found in 400u 
dosage. While, taking into account pain-related pooled 
findings, high dose injection of BTA was not more effective 
than low doses. Considering these two facts simultaneously 
showed that WOMAC improvement was not related to its 
pain subscale, but it was mainly because of changes in func-
tional domain, and to a less degree, joint stiffness. Unfortu-
nately, subscales-comparison was not achieved due to short-
age in subscales’ data reported in different studies. It seems 
higher doses of BTA are more efficacious than low doses 
for function and joint stiffness improvement. This finding 
implies more unrecognized pathophysiology of BTA effects 
in OA process, rather than the only analgesic effect. Our 
results about functional improvement following BTA injec-
tion were in line with Wu et al. study (43). Perhaps one of 
the most notable findings from this meta-analysis was the 
remarkable efficacy of BTA-corticosteroid combination. As 
far as we know, this study is the first review that has evaluat-
ed effects of BTA-corticosteroid mixture at short and long-
term follow up. We found the mentioned combination more 
effective than BTA or corticosteroid, alone. Additionally, 
our data confirmed that the BTA intra-articular injection 
for knee OA could be considered as safe as other common 
alternatives.
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One unique aspect of this meta-analysis was comprehensive 
analysis of data including different time course evaluation 
post-injection, different doses of injection, and different 
injectates comparison. Due to limited numbers of RCTs, we 
were not able to detect the effect size variations depending 
on trial quality, allocation concealment, intention-to-treat 
analysis, blinding mechanism, funding reporting, and publi-
cation bias status. Another problem in trying to pool study 
results was the considerable variety of assessment times and 
scales. Future trials should apply common outcome measur-
ing tools and provide enough data on their mean and SD 
values at different time-points. Also, cost-effective analy-
sis and economic evaluation should be performed to better 
compare BTA injection versus other common alternatives. 

CONCLUSIONS 
The pooled data proved that a combination of BTA-corti-
costeroid achieved maximum efficacy for both pain relief 

and functional improvement within short and long-term 
follow up in comparison to both alone. Also, BTA is a 
safe and affective choice for clinical response with the 
most pain-relief effects 2-3 months after injection and 
the most effective dose of 200u among knee OA patients. 
The study meets the ethical standards of the journal (53).

CONTRIBUTIONS
SZE & MA contributed in idea formation. EK & MH 
contributed in search and data extraction. ShR & NM 
contributed in methodological evaluation of included stud-
ies and manuscript draft preparation. ShR did meta-anal-
ysis and all authors contributed in concept discussion and 
manuscript revision. 

CONFLICT OF INTERESTS
The authors declare that they have no conflict of interests.

REFERENCES
1. Litwic A, Edwards MH, Dennison EM, Cooper C. Epidemiol-

ogy and burden of osteoarthritis. Br Med Bull 2013;105:185-99.
2. Cross M, Smith E, Hoy D, et al. The global burden of hip and 

knee osteoarthritis: estimates from the global burden of disease 
2010 study. Ann Rheum Dis 2014;73(7):1323-30.

3. Alkan BM, Fidan F, Tosun A, Ardıçoğlu O. Quality of life and 
self-reported disability in patients with knee osteoarthritis. 
Mod Rheumatol 2014;24(1):166-71.

4. Fransen M, McConnell S, Harmer AR, Van der Esch M, Simic M, 
Bennell KL. Exercise for osteoarthritis of the knee: a Cochrane 
systematic review. Br J sports Med 2015;49(24):1554-7.

5. Kidd B, Mechanisms of pain in osteoarthritis. HSS journal 
2012;8(1):26-8.

6. Van Weeren PR, De Grauw JC. Pain in osteoarthritis. Veteri-
nary Clinics: Equine Practice 2010;26(3):619-42.

7. Im HJ, Kim JS, Li X, Kotwal N, Sumner DR, van Wijnen 
AJ, Davis FJ, Yan D, Levine B, Henry JL, Desevré J, 
Kroin JS. Alteration of sensory neurons and spinal 
response to an experimental osteoarthritis pain model. 
Arthritis Rheum 2010;62(10):2995-3005.

8. Hochman JR, Gagliese L, Davis AM, Hawker GA. 
Neuropathic pain symptoms in a community knee OA 
cohort. Osteoarthritis Cartilage 2011;19(6):647-54.

9. Hunter DJ, Lo GH. The management of osteoarthritis: 
an overview and call to appropriate conservative treat-
ment. Rheum Dis Clin North Am 2008;34(3):689-712.

10. McAlindon TE, Bannuru RR, Sullivan MC, et al. 
OARSI guidelines for the non-surgical manage-
ment of knee osteoarthritis. Osteoarthritis Cartilage 
2014;22(3):363-88.

Figure 7. Forest plot of comparison of treatment-related adverse events (AEs) between the groups. 



567Muscles, Ligaments and Tendons Journal 2021;11 (3)

M. Hosseini, M. AzAdvAri, e. KArgozAr, et.al.

11. Bennell KL, Hunt MA, Wrigley TV, et al. Hip strengthening 
reduces symptoms but not knee load in people with medi-
al knee osteoarthritis and varus malalignment: a randomised 
controlled trial. Osteoarthritis Cartilage 2010;18(5):621-8

12. Foroughi N, Smith RM, Lange AK, Baker MK, Fiatarone 
Singh MA, Vanwanseele B. Lower limb muscle strengthening 
does not change frontal plane moments in women with knee 
osteoarthritis: A randomized controlled trial. Clin Biomech 
(Bristol, Avon) 2011;26(2):167-74.

13. Foroughi N, Smith RM, Lange AK, Singh MA, Vanwanseele 
B. Progressive resistance training and dynamic alignment in 
osteoarthritis: A single-blind randomised controlled trial. Clin 
Biomech (Bristol, Avon) 2011;26(1):71-7.

14. Schaible HG, Grubb BD. Afferent and spinal mechanisms of 
joint pain. Pain 1993;55(1):5-54.

15. Petersen AM, Pedersen BK. The anti-inflammatory effect of 
exercise. J Appl Physiol (1985) 2005;98(4):1154-62.

16. Bjordal JM, Johnson MI, Lopes-Martins RA, Bogen B, Chow 
R, Ljunggren AE. Short-term efficacy of physical interventions 
in osteoarthritic knee pain. A systematic review and meta-anal-
ysis of randomised placebo-controlled trials. BMC Musculo-
skelet Disord 2007;8:51.

17. Wyszyńska J, Bal-Bocheńska M. Efficacy of high-intensity laser 
therapy in treating knee osteoarthritis: a first systematic review. 
Photomed Laser Surg 2018;36(7):343-53.

18. Lin JG, Chen WL. Acupuncture analgesia: a review of its 
mechanisms of actions. Am J Chin Med 2008;36(4):635-45.

19. Sluka KA, Walsh D. Transcutaneous electrical nerve stimu-
lation: basic science mechanisms and clinical effectiveness. J 
Pain 2003;4(3):109-21. 

20. Bjordal JM, Johnson MI, Iversen V, Aimbire F, Lopes-Mar-
tins RA. Low-level laser therapy in acute pain: a systematic 
review of possible mechanisms of action and clinical effects in 
randomized placebo-controlled trials. Photomed Laser Surg 
2006;24(2):158-68.

21. Aimbire F, Albertini R, Pacheco MT, et al. Low-level laser ther-
apy induces dose-dependent reduction of TNFalpha levels in 
acute inflammation. Photomed Laser Surg 2006;24(1):33-7

22. Wang F, He X. Intra-articular hyaluronic acid and corticoste-
roids in the treatment of knee osteoarthritis: A meta-analysis. 
Exp Ther Med 2015;9(2):493-500.

23. Bannuru RR, Natov NS, Obadan IE, Price LL, Schmid CH, 
McAlindon TE. Therapeutic trajectory of hyaluronic acid 
versus corticosteroids in the treatment of knee osteoarthri-
tis: a systematic review and meta-analysis. Arthritis Rheum 
2009;61(12):1704-11

24. Watterson JR, Esdaile JM. Viscosupplementation: therapeutic 
mechanisms and clinical potential in osteoarthritis of the knee. 
J Am Acad Orthop Surg 2000;8(5):277-84.

25. Sadabad HN, Behzadifar M, Arasteh F, Behzadifar M, Dehghan 
HR. Efficacy of Platelet-Rich Plasma versus Hyaluronic Acid 
for treatment of Knee Osteoarthritis: A systematic review and 
meta-analysis. Electron Physician 2016;8(3):2115-22.

26. Campbell KA, Saltzman BM, Mascarenhas R, et al. Does 
Intra-articular Platelet-Rich Plasma Injection Provide Clini-
cally Superior Outcomes Compared With Other Therapies in 
the Treatment of Knee Osteoarthritis? A Systematic Review of 
Overlapping Meta-analyses. Arthroscopy 2015;31(11):2213-21.

27. Ishida K, Kuroda R, Miwa M, et al. The regenerative effects 
of platelet-rich plasma on meniscal cells in vitro and its in vivo 
application with biodegradable gelatin hydrogel. Tissue Eng 
2007;13(5):1103-12.

28.  Zhu Y, Yuan M, Meng HY, et al. Basic science and clinical appli-
cation of platelet-rich plasma for cartilage defects and osteoar-
thritis: a review. Osteoarthritis Cartilage 2013;21(11):1627-37.

29.  Filardo G, Kon E, Pereira Ruiz MT, V, et al. Platelet-rich plas-
ma intra-articular injections for cartilage degeneration and 
osteoarthritis: single- versus double-spinning approach. Knee 
Surg Sports Traumatol Arthrosc 2012;20(10):2082-91.

30.  Sánchez M, Fiz N, Azofra J, et al. A randomized clinical trial 
evaluating plasma rich in growth factors (PRGF-Endoret) 
versus hyaluronic acid in the short-term treatment of symp-
tomatic knee osteoarthritis. Arthroscopy 2012;28(8):1070-8.

31.  Chevalier X, Goupille P, Beaulieu AD, et al. Intraarticular 
injection of anakinra in osteoarthritis of the knee: a multi-
center, randomized, double-blind, placebo-controlled study. 
Arthritis Rheum 2009;61(3):344-52.

32.  Sit RW, Chung VCh, Reeves KD, et al. Hypertonic dextrose 
injections (prolotherapy) in the treatment of symptomatic knee 
osteoarthritis: A systematic review and meta-analysis. Sci Rep 
2016;6:25247.

33.  Hung CY, Hsiao MY, Chang KV, Han DS, Wang TG. Compar-
ative effectiveness of dextrose prolotherapy versus control 
injections and exercise in the management of osteoarthri-
tis pain: a systematic review and meta-analysis. J Pain Res 
2016;9:847-57.

34.  Arias-Vázquez PI, Tovilla-Zárate CA, Legorreta-Ramírez BG, 
et al. Prolotherapy for knee osteoarthritis using hypertonic 
dextrose vs other interventional treatments: systematic review 
of clinical trials. Adv Rheumatol 2019;59(1):39.

35.  Raeissadat SA, Tabibian E, Rayegani SM, Rahimi-Dehgolan 
S, Babaei-Ghazani A. An investigation into the efficacy of 
intra-articular ozone (O2-O3) injection in patients with knee 
osteoarthritis: a systematic review and meta-analysis. J Pain Res 
2018;11:2537-50.

36.  Saltzman BM, Leroux T, Meyer MA, et al. The Therapeutic 
Effect of Intra-articular Normal Saline Injections for Knee 
Osteoarthritis: A Meta-analysis of Evidence Level 1 Studies. 
Am J Sports Med 2017;45(11):2647-53.

37.  Dressler D, Saberi FA, Barbosa ER. Botulinum toxin: mecha-
nisms of action. Arq Neuropsiquiatr 2005;63(1):180-5.

38.  Singh JA. Use of botulinum toxin in musculoskeletal pain. 
F1000Res 2013;2:52.

39.  Matak I, Bölcskei K, Bach-Rojecky L, Helyes Z. Mechanisms 
of Botulinum Toxin Type A Action on Pain. Toxins (Basel) 
2019;11(8):459.

40.  Freund B, Schwartz M. Temporal relationship of muscle weak-
ness and pain reduction in subjects treated with botulinum 
toxin A. J Pain 2003;4(3):159-65.

41.  Durham PL, Cady R, Cady R. Regulation of calcitonin gene-re-
lated peptide secretion from trigeminal nerve cells by botuli-
num toxin type A: implications for migraine therapy. Head-
ache 2004;44(1):35-42; discussion 42-3.

42.  Naumann M, Jankovic J. Safety of botulinum toxin type A: 
a systematic review and meta-analysis. Curr Med Res Opin 
2004;20(7):981-90.



568 Muscles, Ligaments and Tendons Journal 2021;11 (3)

Efficacy of  Botulinum-Toxin Injection in Knee Osteoarthritis

43.  Wu T, Song HX, Dong Y, Ye Y, Li JH. Intra-articular injec-
tions of botulinum toxin a for refractory joint pain: a systemat-
ic review and meta-analysis. Clin Rehabil 2017;31(4):435-43.

44.  Zhai S, Huang B, Yu K. The efficacy and safety of Botulinum 
Toxin Type A in painful knee osteoarthritis: a systematic review 
and meta-analysis. J Int Med Res 2020;48(4):300060519895868.

45.  Bannuru RR, Osani MC, Vaysbrot EE, et al. OARSI guidelines 
for the non-surgical management of knee, hip, and polyarticular 
osteoarthritis. Osteoarthritis Cartilage 2019;27(11):1578-89.

46.  Shukla D, Sreedhar SK, Rastogi V. A Comparative Study of 
Botulinum Toxin: A with Triamcinolone Compared to Triam-
cinolone alone in the treatment of Osteoarthritis of Knee. 
Anesth Essays Res 2018;12(1):47-9.

47.  Boon AJ, Smith J, Dahm DL, Sorenson EJ, Larson DR, 
Fitz-Gibbon PD, Dykstra DD, Singh JA. Efficacy of intra-ar-
ticular botulinum toxin type A in painful knee osteoarthritis: a 
pilot study. PM R 2010;2(4):268-76.

48.  Hsieh LF, Wu CW, Chou CC, et al. Effects of Botulinum Toxin 
Landmark-Guided Intra-articular Injection in Subjects With 
Knee Osteoarthritis. PM R 2016;8(12):1127-35.

49.  Bao X, Tan JW, Flyzik M, Ma XC, Liu H, Liu HY. Effect 
of therapeutic exercise on knee osteoarthritis after intra-ar-

ticular injection of botulinum toxin type A, hyaluronate 
or saline: A randomized controlled trial. J Rehabil Med 
2018;50(6):534-41.

50.  McAlindon TE, Schmidt U, Bugarin D, Abrams S, Geib 
T, DeGryse RE, Kim K, Schnitzer TJ. Efficacy and safe-
ty of single-dose onabotulinumtoxinA in the treatment of 
symptoms of osteoarthritis of the knee: results of a place-
bo-controlled, double-blind study. Osteoarthritis Cartilage 
2018;26(10):1291-99.

51.  Mendes JG, Natour J, Nunes-Tamashiro JC, Toffolo SR, 
Rosenfeld A, Furtado RNV. Comparison between intra-ar-
ticular Botulinum toxin type A, corticosteroid, and saline in 
knee osteoarthritis: a randomized controlled trial. Clin Rehabil 
2019;33(6):1015-26.

52.  Zhang T, Adatia A, Zarin W, et al. The efficacy of botulinum 
toxin type A in managing chronic musculoskeletal pain: a 
systematic review and meta analysis. Inflammopharmacology 
2011;19(1):21-34.

53.  Padulo J, Oliva F, Frizziero A, Maffulli N. Muscles, Ligaments 
and Tendons Journal - Basic principles and recommendations 
in clinical and field Science Research: 2018 update. Muscles 
Ligaments Tendons J 2018;8(3):305-7.


