
 

Highlights
 

- In this OE Original, we conducted a systematic review and meta-analysis to examine evidence from randomized controlled trials (RCTs) comparing
hyaluronic acid (HA) injection with control in patients with painful shoulder diseases.
 
- In total, 14 published articles, representing 13 RCTs, were included.
 

- Low to moderate quality of evidence suggests that hyaluronic acid injection is associated with small benefits in pain versus control for painful shoulder
diseases at 3 months and 6 months post-intervention.
 

- Moderate quality of evidence suggests that hyaluronic acid injection is associated with small benefits in function versus control for painful shoulder diseases
at 3 months of follow-up.
 
- Injection of hyaluronic acid appears to be safe for treating painful shoulder conditions. The reported adverse events were mild post-injection reactions. No
significant differences were identified in incidence of adverse events or incidence of serious adverse events at the longest follow-up.
 
- According to clinicaltrials.gov, there are 2 currently ongoing studies aiming to recruit 160 patients that are investigating the effects of HA injection in treating
shoulder pathologies.
 

 
 
 
Shoulder pain is common, affecting 25% of people of any age and up to about 80% of people over 50 years. The painful condition is associated with impaired
quality of life, increased burden to society, and decreased quality and function in work and household activities (Luime et al., 2004; Hodgetts et al., 2021).
 
Shoulder diseases with persistent pain and dysfunction include adhesive capsulitis, rotator cuff tears or other lesions, bursitis, tendinitis, tendinopathy,
impingement and glenohumeral joint osteoarthritis, etc. (Blaine et al., 2008) Injection into lesion sites is one of the commonly recommended treatments for
patients who failed to achieve a satisfactory improvement with other conservative strategies such as exercise, physical therapy, non-steroidal anti-
inflammatory drugs and acetaminophen (Bury et al., 2018).
 
Hyaluronic acid (HA) injection has been performed to help manage painful joint conditions for more than 20 years, and has demonstrated important
chondroprotective and analgesic effects (Zhang et al., 2019). There are three types of HA, including sodium hyaluronate, sodium acetylated hyaluronate, and
hydrolyzed HA. Animal studies and clinical studies have found various therapeutic benefits of HA for shoulder conditions. For example, for adhesive
capsulitis, HA demonstrates effects by suppressing synovitis, influencing osmotic pressure, protecting cartilage, preventing adhesion formation, and improving
synovial fluid characteristics (Penning et al, 2014).
 
In this OE Original, we conducted a systematic review of randomized controlled trials (RCTs) and examined up-to-date evidence comparing pain, function and
safety outcomes between HA injection and control (placebo or no HA injection) in patients with painful shoulder conditions.
 
 
 

Methods
 
We searched Ovid MEDLINE, Ovid EMBASE, Cochrane Controlled Register of Trials (CENTRAL), and OrthoEvidence from database inception to August 30,
2022 with both indexed terms and free text terms regarding hyaluronic acid and shoulder. Reference lists and existing systematic reviews were also searched
to identify additional eligible studies.
 
Studies were eligible for inclusion if they met the following criteria: RCTs that compared hyaluronic acid injection with placebo or a non-injection treatment for
adult patients who had shoulder pain and/or disability, and that were published in English with full texts available. Conference abstracts were excluded.
 
We are presenting the meta-analysis results for pain, function, and safety outcomes at three follow-up timepoints: 1 month, 3 months, and 6 months post-
intervention. For dichotomous outcomes, we presented risk ratios (RRs) and 95% confidence intervals (CIs). For continuous outcomes, we presented the
mean difference (MD) and 95% CI. For studies with outcomes for more than two eligible treatment or control arms — for example, if a study has two treatment
arms and one control arm — we divided the data in the control arm by 2 in order to avoid double counting for studies with multiple arms (Higgins et al., 2019).
We rated the quality of evidence by GRADE assessment and applied the recommended minimal clinically important difference (MCID) for the respective
outcomes to assess the magnitude of effects.
 

Results
 
1. Characteristics of included studies
 
We identified 14 articles that reported on 13 RCTs investigating the effectiveness of HA injection compared with control for painful shoulder diseases (Blaine
et al., 2008; Calis et al., 2006; Chou et al., 2010; Di Giacomo et al., 2017; Esmaily et al., 2021; Hsieh et al., 2012, 2021; Kwon et al., 2013; Meloni et al., 2008;
Moghtaderi et al., 2013; Oh et al., 2021; Ozgen et al., 2012; Penning et al., 2012, 2014). Of them, one study was supported by industry (Blaine et al., 2008),
one study received institutional funding (Hsieh et al., 2012), one study was supported by the government (Hsieh et al., 2021), two studies received no
financial support (Chou et al., 2010; Oh et al., 2021), and the remaining studies did not provide relevant information on funding. Four studies enrolled more
than 100 patients (Blaine et al., 2008; Hsieh et al., 2021; Kwon et al., 2013; Penning et al., 2012, 2014). Four of the 13 studies (30.8%) reported the use of
ultrasound or fluoroscopy guidance in operating injections for all (Hsieh et al., 2021; Meloni et al., 2008; Moghtaderi et al., 2013) or part (Kwon et al., 2013) of
their patients. Most of the included RCTs reported the outcomes up to 26 weeks (6 months), with the longest follow-up being 4 years (Ozgen et al., 2012). The
characteristics of the RCTs and the study arms included in meta-analysis are presented in Table 1.
 
 

Table 1. Characteristics of randomized controlled trials (RCTs) included in meta-analysis

Author, Year Country
Number of

patients
Patients HA Comparator

Blaine et al.,
2018

United States 660
GH OA, rotator cuff

tear, and/or
adhesive capsulitis

a. Five weekly IA injections of sodium
hyaluronate (20 mg/2 mL; MW, 500 to 730

kDa)
b. Three weekly IA injections of sodium

hyaluronate (same as Group a) followed by
two weekly IA injections of saline solution

Five weekly intra-articular 2-mL injections of
saline solution

Calis et al.,
2006

Turkey 90 Adhesive capsulitis
Two weekly IA injections of sodium

hyaluronate 30 mg (Orthovisc; MW, not
reported); home exercises advice

a. Physical therapy modalities; home exercises
advice

b. Home exercises advice (stretching and
Codman exercises)

Chou et al.,
2010

Taiwan 51
Rotator cuff lesions
without complete

tears

25 mg/week of sodium hyaluronate (ARTZ
Dispo; MW, not reported) injections into the
subacromial bursa for 5 consecutive weeks

2.5 mL of normal saline solution injections into the
subacromial bursa for 5 consecutive weeks

Di Giacomo et
al., 2017

Italy 78
Moderate to severe
GH OA (grade II-IV)

Three IA injections of HA (Hyalubrix; 30 mg/2
mL; MW > 1,500 kDa) and one injection every

15 days; physiotherapy
Physiotherapy alone

Esmaily et al.,
2021

Spain 79
Shoulder

tendinopathy

a. A single subacromial injection of 20 mg/2
mL injection of hyaluronate (Synogel; MW

>2000 kDa)
b. A single subacromial injection of 20 mg/2
mL injection of hyaluronate (Hyalgan; MW,

500-700 kDa)

Ten sessions of physiotherapy and exercise

Hsieh et al.,
2012

Taiwan 70 Adhesive capsulitis
Three weekly IA 2-mL injections of

hyaluronate (10 mg/dL; MW, not reported);
physical therapy

Physical therapy alone

Hsieh et al.,
2021

Taiwan 186
Chronic subacromial

bursitis

Up to three subacromial – subdeltoid
injections of 2.5 mL sodium hyaluronate

(ARTZ; 10 mg/mL; MW, 900 kDa) and 1 mL of
1% lidocaine; under ultrasound guidance.

Injections were repeated after 2 and 4 weeks,
if pain persisted.

Up to three subacromial – subdeltoid injections of
2.5 mL normal saline and 1 mL of 1% lidocaine;

under ultrasound guidance

Kwon et al.,
2013

United States 300
GH OA, with or
without mixed
pathologies

Three weekly IA injections of sodium
hyaluronate (SUPARTZ; MW, 620-1,170 kDa);

7.3% of the patients were injected with
ultrasound or fluoroscopy guidance

Three weekly injections of phosphate-buffered
saline; 7.3% of the patients were injected with

ultrasound or fluoroscopy guidance

Meloni et al.,
2008

Italy 56
Supraspinatus

tendinosis

Five weekly periarticular injections of 20mg
sodium hyaluronate (Hyalgan; MW, 500-700
kDa), 2mL of 1% lidocaine and 2mL of 0.9%
sodium chloride solution, under echographic

guide; physical therapy

Five weekly periarticular injections of 4mL of
0.9% sodium chloride and 2mL of 1% lidocaine,

under echographic guide; physical therapy

Moghtaderi et
al., 2013

Iran 40

Subacromial
impingement

syndrome without
complete tear of

rotator cuff

Three weekly injections of 20 mg/2 mL of
sodium hyaluronate (Fermathron; MW, not

reported) ultrasonography guided
Three weekly injections of 0.9% normal saline

Oh et al., 2021 South Korea 60 Adhesive capsulitis
A single IA injection of 2 mL HA (Hyruan Plus;
MW, 3,000 kDa), 2 mL of saline and 4 mL of

contrast media

A single IA injection of 4 mL of saline and 4 mL of
contrast media (ioxitalamate)

Ozgen et al.,
2012

Turkey 24
Supraspinatus

tendinitis
Three weekly of IA injection of 16 mg/2 mL

sodium hyaluronate (G-F 20; MW, 6,000 kDa)
Physical therapy modalities

Penning et al.,
2012, 2014

The
Netherlands

159
Subacromial
impingement

Up to three subacromial injections of 2 mL HA
(Ostenil; MW, not reported) and 8 mL of 1%

lidocaine. Injections were repeated after 3 and
6 weeks, if necessary.

Up to three subacromial injections of 2 mL NaCl
0.9% and 8 mL of 1% lidocaine.

 
HA, hyaluronic acid; GH OA, glenohumeral osteoarthritis; IA, intra-articular; MW, molecular weight; kDa, kilodaltons.

 
 
 

Figure 1. Risk of bias assessment

 
 
 

2. Quantitative synthesis
2.1 Pain score (0 to 100, a higher score indicates worse pain)
 
 
Visual analogue scale (VAS) for pain, and the pain subscale of Shoulder Pain and Disability Index (SPADI) are normalized on a 0 to 100 scale to assess pain
post-intervention (Velentgas et al., 2010). The minimal important difference (MID) of VAS pain score in patients with shoulder pathologies or dysfunction is
described as 1.5 points on the 0 to 10 scale, which is equivalent to 15 points on the 0 to 100 scale (Hao et al., 2019).
 
In the current comparison of HA injection versus control (placebo of saline injection, physical therapy or exercise) for pain at 1 month (725 patients from 8
studies; MD, -12.21; 95% CI, -27.07 to 2.66), there is no significant difference between the two groups, with low certainty of evidence due to imprecision and
inconsistency (Figure 2).
 
At 3 months of follow-up, a total of 1,395 patients from 10 RCTs published between 2006 and 2021 were included in the analysis. The overall effect shows
that HA injection results in a significant improvement in pain with patients experiencing, on average, a 11.01 (95% CI, 2.66 to 19.37) point improvement, with
low certainty of evidence. The point estimate of effect and higher boundary of the 95% CI did not exceed the recommended MID of 15 points on the 0 to 100
scale (Figure 3).
 
At 6 months of follow-up, a total of 1,038 patients from 4 RCTs published between 2008 and 2021 were included in the analysis. The overall effect
demonstrates that HA injection results in a significant improvement in pain with patients experiencing, on average, a 4.19 (95% CI, 0.61 to 7.76) point
improvement, with moderate certainty of evidence. Nevertheless, the effect and 95% CI did not exceed the recommended MID of 15 points on the 0 to 100
scale (Figure 3).
 

Figure 2. Forest plot of pain on a 0-100 scale

HA, hyaluronic acid; MID, minimal important difference.
 
 
 
 
2.2 Function (0 to 100, a higher score indicates better function)
 
We normalized the Constant score, Disability of the Arm, Shoulder and Hand (DASH) score, Shoulder Disability Questionnaire (SDQ), and American Shoulder
and Elbow Surgeons Standardized Shoulder Assessment Form (ASES) on a 0 to 100 scale (higher score, better function) to assess patient function post
intervention (Velentgas et al., 2010).
 
The MID of the Constant score (the most reported scale among the included studies) in patients with shoulder pathologies or dysfunction is found to be 8.3
points on the 0 to 100 scale (Hao et al., 2019).
 
At 1 month of follow-up, a total of 329 patients from 5 RCTs published between 2006 and 2021 were included in the analysis. There is no significant difference
between HA injection and control (MD, 0.3; 95% CI, -3.16 to 3.75), with moderate certainty of evidence (Figure 3).
 
At 3 months of follow-up, a total of 462 patients from 8 RCTs published between 2010 and 2021 were included in the analysis. The overall effect demonstrates
that HA injection results in a significant functional improvement with patients experiencing, on average, a 7.07 (95% CI, 1.41 to 12.72) point improvement.
Nevertheless, the effect and 95% CI did not exceed the recommended MID of 8.3 points on the 0 to 100 scale. The certainty of the evidence was rated as
moderate due to inconsistency (Figure 3).
 
At 6 months of follow-up, a total of 214 patients from 3 RCTs published between 2012 and 2021 were included in the analysis. There is no significant
difference between HA injection and control (MD, 2.57; 95% CI, -10.02 to 15.16), with low certainty of evidence (Figure 3).
 
 
 
 

Figure 3. Forest plot of function on a 0-100 scale

HA, hyaluronic acid; MID, minimal important difference.
 
 
 
 
2.3 Incidences of adverse events and serious adverse events
 
At the longest follow-up, a total of 1,394 patients from 9 RCTs published between 2008 and 2021 reported the outcome of adverse events. In 5 studies,
patients did not report any adverse events in either group (Chou et al., 2010; Di Giacomo et al., 2017; Meloni et al., 2008; Moghtaderi et al., 2013; Ozgen et
al., 2012). The meta-analysis result shows that there is no significant difference between HA injection and control in terms of incidence of any adverse events
(41.8% in HA group vs. 38.6% in the control group; RR, 0.97; 95% CI, 0.83 to 1.14), with moderate certainty of evidence (Figure 3).
 
There is no significant difference between HA injection and control for incidence of serious adverse events (960 patients from 2 studies; 4.1% in HA group vs.
5.1% in the control group; RR, 0.78; 95% CI, 0.28 to 2.18), with low certainty of evidence (Figure 3).
 
Most reported adverse events were mild and included pain, hematoma, hemorrhage, swelling, redness and subjective feeling of rigidity at the injection sites;
arthralgia, nasopharyngitis, headache, flushes, tingling, nausea, back pain, and musculoskeletal pain associated with the trial shoulder (Blaine et al., 2008;
Esmaily et al., 2021; Kwon et al., 2013; Penning et al., 2012, 2014).
 
 
 
 

Figure 4. Forest plot of adverse events and serious adverse events

 
We present a summary of the four outcome measures at three follow-up timepoints in Table 2.

 
 
 

Table 2. Summary and certainty of the evidence

Outcome
Follow-up

1 month 3 months 6 months

Pain
No difference

(Low certainty)
Favours HA

(Low certainty)
Favours HA

(Moderate certainty)

Function
No difference

(Moderate certainty)
Favours HA

(Moderate certainty)
No difference

(Low certainty)

Any adverse events*
No difference

(Moderate certainty)

Serious adverse events*
No difference

(Low certainty)

HA, hyaluronic acid; *At the longest follow-up.
 

 
 
 

3. OE M.I.N.D. Ongoing Trials Report
 
The OE M.I.N.D. ongoing trials tool uses a unique interface to harness data from the clinicaltrials.gov registry. We found two registered, ongoing studies that
are investigating the effects of HA injection in treating shoulder pathologies. They are both interventional studies being conducted in Turkey and aiming to
recruit 160 patients (Figure 5).

 
 
 
 

Figure 5. Ongoing trials HA for shoulder conditions

 
 
 

Discussion
 
In this OE Original, we identified 13 RCTs that investigated the efficacy and safety of HA injection versus control in patients with painful shoulder diseases.
Our meta-analyses showed that HA was superior to control in pain improvement at 3 and 6 months’ follow-up, and in function improvement at 3 months’
follow-up, with moderate certainty of evidence. For both pain and function, the effects and 95% CIs did not exceed the recommended MID. No statistically
significant difference was found between the two groups in pain and function short-term (1 month) and in function at 6 months’ follow-up.
 
There were no statistically significant differences in adverse events or serious adverse events between HA injection and control groups at the longest follow-
up. Previous studies suggested that HA is a safe treatment for musculoskeletal conditions (Osti et al., 2015; Lee et al., 2015; Zhang et al., 2019; Mao et al.,
2022). HA injection is a minimally invasive and a relatively easy-to-administer option for patients with shoulder pathologies. Most clinicians in the studies
included in our systematic review administered the injections without use of ultrasound or fluoroscopy guidance. They either had experiences in treating
chronic shoulder conditions with subacromial or intra-articular injection (Calis et al, 2006; Esmaily 2021 et al., 2021; Hsieh et al., 2012), or completed the
standard training in techniques for injection into the glenohumeral joint before the trials (Blaine et al., 2008; Penning et al., 2012, 2014).
 
The results in this OE Original are consistent with the previously published systematic reviews that have found HA improves pain, function and physical
performance, and is a safe treatment for patients with shoulder diseases such as glenohumeral osteoarthritis, adhesive capsulitis and rotator cuff
tendinopathy (Harris et al., 2011; Colen et al., 2014; Osti et al., 2015; Lee et al., 2015; Zhang et al., 2019; Mao et al., 2022).
 
One of the major concerns during the evidence quality assessment was imprecision. As a result, the GRADE assessment was rated one level lower regarding
all outcomes due to imprecision. Although the CIs of the outcomes excluded the no effect line, their CIs crossed the recommended MID values. In such cases,
clinical decisions would differ if the upper boundary versus the lower boundary of the CIs represented the true effect, for patients to achieve a minimally
important improvement (Guyatt et al., 2011a). The diversity in patient conditions (studies enrolled a mixture or sole types of patients), doses (from a single
dose to 5 doses) and types of HA prevented us from performing appropriate subgroup analyses. We take into account the identified heterogeneities across
studies by lowering the GRADE rating by one level for pain at 1 and 3 months’ follow-up, function at 3 and 6 months’ follow-up, and incidence of serious
adverse events (Guyatt et al., 2011b).
 
Additional future research with larger sample sizes, longer follow-ups (e.g., >6months), and investigating different doses and molecular weights of HA is
needed to comprehensively evaluate the outcomes and associated cost, and verify the findings of the current meta-analysis results.
 
 
 

Bottom Line
 
A meta-analysis of 13 RCTs showed that for patients with painful shoulder diseases, HA injection is associated with small benefits in pain at medium-term
follow-up (3 months and 6 months), but such a benefit was not identified at short-term follow-up (1 month). Small benefits of HA are found for function at 3
months of follow-up. The reported adverse events after treatment were mild and there was no statistically significant difference between the two groups.
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