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Purpose: To compare the efﬁcacy of dextrose prolotherapy versus steroid injection in the
treatment of patients with chronic lateral epicondylitis.
Methods: Thirty subjects with chronic lateral epicondylitis were randomly assigned into two
groups of hypertonic dextrose or methylprednisolone injection. Participants were assessed
through Quick DASH and VAS scores, once before injection, and then after 1- and 3-months
follow-up. Two patients were excluded due to not completing the follow-up timepoints.
Results: In both groups VAS scores revealed signiﬁcant improvement during the ﬁrst month
follow-up [mean difference (MD) = 1.9±3.3, versus 1.5±1.9 for the prolotherapy and steroid
groups, respectively]. This declining trajectory continued at the third month visit in the
prolotherapy group and MD reached 4.4±2.9, while it did not change remarkably in the
steroid group (MD=1.9±3.4). In fact, comparing VAS scores between the 1st- and 3rd-month
time points did not reveal a signiﬁcant improvement in the steroid group (p=0.6). Also, the
Quick DASH index showed a similar pattern and improved remarkably in both groups during
the ﬁrst visit. However, only the efﬁcacy in the prolotherapy group persisted after 3-month
follow-up (MD = 9.5±21.6, p=0.044). One month after injections no preference between the
two interventions was observed (p=0.74 for VAS and 0.14 for Quick DASH score). However,
the 3rd-month follow-up revealed a meaningful superiority (p=0.03 for VAS and p=0.01 for
Quick DASH score) favoring the prolotherapy method.
Conclusion: Both methods were proven to be effective in the short-term treatment of
chronic lateral epicondylitis, but dextrose prolotherapy seems to be slightly more efﬁcacious
than steroid injection over a longer period.
Clinical trial registration: Iranian Registry of Clinical Trials Database: IRCT201703110330
00N3.
Keywords: regenerative medicine, tennis elbow, methylprednisolone, prolotherapy
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Lateral epicondylitis, also called tennis elbow syndrome, is known to be the most
common condition of elbow pain with a prevalence of 1–2% among th enormal
population aged 30–65 years, and up to 40% among certain subgroups such as
professional tennis players.1–4 Highly repetitive activities might be the most important cause of lateral epicondylitis.5 Lateral epicondylitis can affect the daily activities of individuals and in severe cases it can impose a relatively high ﬁnancial
burden on the sufferers.1,3 Chronic lateral epicondylitis was considered in cases
lasting more than 3 months as opposed to early or subacute lateral epicondylitis.5
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There are several non-surgical options for the treatment,
but the current literature has not provided any conclusive
evidence regarding the non-surgical methods.2
Non-surgical therapies include anti-inﬂammatory
drugs, prefabricated splints, eccentric forearm-dorsiﬂexors
exercise, injections, and lastly the physical agent modalities such as ultrasound (US), extracorporeal shockwave
therapy (ESWT), low-level LASER.2,6 There are multiple
types of injections including autologous blood, plateletrich plasma, botulinum toxin, ozone-oxygen solution, hyaluronic acid, dextrose prolotherapy, and steroid. The last
two options have been conventionally more available and
are the main issue of this investigation.1,7–12
From the histopathologic point of view, microscopic injuries to the forearm common extensor tendons such as the
extensor carpi radialis brevis have been established in
patients with lateral epicondylitis. However, the lack of
inﬂammatory cells conﬁrms that it is not an acute inﬂammatory condition. The current therapeutic options should be
oriented to correct the mentioned pathology.1–3,10
Prolotherapy is a traditional injection method which has
been recently categorized as a regenerative treatment.
Conventionally, hypertonic dextrose (10–20%) has been
used in prolotherapy. It can result in a stimulated local inﬂammation and helps the restoration of the injured tissue. Based
on previous research, it seems that prolotherapy can stimulate
the healing process, reduce pain, and improve function in
chronic musculoskeletal problems such as lateral epicondylitis. However, the exact mechanism of action is not yet fully
understood.13–17 The strength of existing evidence in favor of
prolotherapy is considered as level B recommendations.8,18
On the other hand, steroid injection has been known
as the most rapid treatment for early epicondylitis.
However, the present literature is not enough to support
its effectiveness for chronic cases. In fact, although it was
beneﬁcial for short-term pain relief of acute conditions,
the mid- and long-term follow-up did not support the use
of steroids.6,19–21 This study aimed to evaluate the efﬁcacy of steroid injection versus dextrose prolotherapy in
patients with lateral epicondylitis.

Methods
Design And Participants
Eighty-six patients with conﬁrmed diagnosis of lateral
epicondylitis presenting to our center during August to
October 2018 were evaluated to enroll in this randomized
clinical trial (RCT). The diagnosis was made clinically
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based on symptoms, point tenderness, and pain elicited
by Cozen’s test. Subjects aged 18–55 years who had had
symptoms for longer than 3 months were included. Our
exclusion criteria included (a) any history of local trauma,
surgery, or prior injection about the lateral epicondyle
during the last 3 months; (b) the presence of any concomitant cervical radiculopathy in the same limb; and (c)
systemic comorbidities such as diabetes, rheumatologic
disorders, etc.

Interventions
Among the mentioned population, 30 eligible participants
were randomly assigned into two categories using computer-based randomization software. In the ﬁrst category, 14
subjects received a local injection of 3 mL solution containing 1 mL methylprednisolone 40 mg/mL and 2 mL
lidocaine 1%. The other group with 16 participants underwent dextrose prolotherapy method; in fact, they received
an injection of 3 mL solution containing 2.5 mL dextrose
20% and 1 mL lidocaine 2%. The dextrose concentration
in the ﬁnal solution was about 16%. The present study was
a double-blinded RCT in which participants and the physician who was responsible for assessing outcomes were
completely unaware of the patients' group. All injections
were performed using a 23-gauge needle under sterile
condition and by an expert physiatrist (MB) who had 10
years' of experience in the musculoskeletal injection ﬁeld.
The patients were placed in a lateral-decubitus position.
Participants received injections at the point of maximal
tenderness using a peppering technique spreading in a
clockwise manner to achieve a wider zone of delivery.
Then patients were asked to use ice massage for
5–10 min on the injection site. They were also advised to
consume acetaminophen 500 mg orally during the ﬁrst
48 hr after injections. Using non-steroidal anti-inﬂammatory drugs was not allowed during the follow-up period.
Eventually, subjects were instructed how to correctly wear
their splint (tennis-elbow band) and to do gentle stretching
exercises of the common extensors on a regular basis of
three sessions per week. After two weeks, eccentric loaded
exercises were started twice a day for ﬁve weeks.

Outcome Measures
VAS is a visual graphic-rating scale of 0–10 in which 0
indicates no pain and 10 shows the worst pain ever experienced. The validity and reliability of self-rating scales like
VAS were previously well described.22,23 The elbow disability scale, as the primary outcome measure, was
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assessed using the Quick DASH (disability of arm,
shoulder & hand) questionnaire containing 11 questions
with ﬁve choices for each question. The ﬁnal score can
range between 0 (best condition) and 100 (worst
condition).24 Also, the patients’ satisfaction was asked
after a 3-month follow-up ranging from 0 to 5 (from 0 =
dissatisfaction to 5 = very satisﬁed). Furthermore, all subjects were monitored if they had any side effects from the
injection such as ecchymosis, redness, increasing pain, or
reduced range of motion.

Registry And Analysis
In accordance with the Declaration of Helsinki, after providing necessary data, a written informed consent was
obtained for all patients. The study was approved by the
Ethics Committee of Shahid Beheshti University of
Medical Sciences (IR.SBMU.MSP.REC.1396.646). Also,
it was registered in the Iranian Registry of Clinical Trials
Database (IRCT20170311033000N3).
The sample size estimated based on prior similar articles was calculated to be 30 patients, considering a power
of 80% and a probable drop rate of 10%.3
Data were analyzed using SPSS version 22.0
(Statistical Package for Social Sciences, Inc., Chicago,
Illinois, USA). The Shapiro–Wilk test was used to test
the normal distribution of variables. Descriptive results
were expressed using frequency, percentage, mean and
standard deviation. Chi-squared method and Student’s
t-test were applied for comparing categorical and quantitative variables, respectively. P-values less than 0.05 were
considered to be statistically signiﬁcant.

Results
Among 30 eligible patients included in this trial, 28 completed the study. Two subjects in the prolotherapy group
discontinued for personal reasons (Figure 1). The mean
age was 46.2 years in the prolotherapy group and 50.7 in
the steroid group (p=0.1). Seventeen participants were
female (60%). The majority (75%) of cases were attributed
to the dominant upper limb. The mean duration of symptoms was 5.7 and 10.3 months for the prolotherapy and
steroid groups, respectively (p=0.053). Only about 7% of
patients were heavy workers, and the rest were housewives
or low-load workers (p=0.183). The demographic characteristics and the baseline values of clinical variables have
been demonstrated in Table 1. Pain intensity using VAS
and functional status via Quick DASH were evaluated
before the intervention as the baseline outcomes. No
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signiﬁcant difference was observed between the two
groups regarding the initial VAS and DASH scores
(Table 1).
Comparing to the baseline level, mean VAS score
decreased signiﬁcantly in both groups (Table 2) at
the ﬁrst follow-up [mean difference (MD) = 1.9±3.3,
p=0.045 and MD = 1.5±1.9, p=0.012 for the prolotherapy
and steroid groups, respectively). Later at the 3rd month,
this improvement remained signiﬁcant (MD = 4.4±2.9,
p < 0.001 and MD = 1.9±3.4, p=0.043 in the prolotherapy
and steroid groups, respectively). Also, comparing the
1st- and 3rd- month VAS mean values revealed a signiﬁcant decrease for the prolotherapy group (MD = 2.5±2.6,
p < 0.005), while this reduction was not remarkable in the
steroid group (p=0.606) (Figure 2). In a similar manner,
comparing the baseline level, the Quick DASH score
improved signiﬁcantly in both groups at the ﬁrst followup time-point (MD = 18.9±24.8, p=0.014 and MD = 17.3
±10.7, p < 0.001 for prolotherapy and steroid groups,
respectively), as well as at the second visit (p=0.001 for
both groups). Again despite the changes in the prolotherapy group (MD = 9.5±21.6, p=0.044), the improvement
between the 1st and 2nd visits was not statistically signiﬁcant in the steroid group (p = 0.954) (Figure 3).
One month after injection, there was no remarkable
difference between the two interventions (p=0.74 for
VAS and p = 0.14 for Quick DASH). However, the 2nd
follow-up revealed a meaningful superiority (p=0.01)
favoring the prolotherapy group (Table 3). Eventually,
the success rate was deﬁned as at least 50% reduction of
VAS score compared to the baseline values. The values of
both groups were similar at the ﬁrst follow-up (21.4% for
prolotherapy versus 28.6% for steroid injection). However,
after 3 months it increased to 58.3% in the prolotherapy
group, whereas the success rate remained 42.9% in the
steroid group.
Among our subjects, eight patients (57.1%) in the
prolotherapy category and one patient (7.1%) in the steroid
group were totally satisﬁed by the treatment (p=0.025). In
the prolotherapy group, none of the patients mentioned
any adverse events. However, one subject in the steroid
group reported a transient redness and decreased range of
movement, and two patients mentioned post-injection pain
(Table 4).

Discussion
This investigation showed that both corticosteroid injection and dextrose prolotherapy efﬁciently improved pain
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Assessed for eligibility
n=86

Enrollment
Excluded =56
Randomized

•

Not meeting the inclusion
Criteria (n=50)

•

Declined to participate (N=6)

(n=30)

Dextrose prolotherapy (n=16)

Allocation

Steroid injection (n=14)

Follow -Up
Lost to follow-up
(n=2)

Discontinued
follow-up (n=0)

Received another
intervention (n=1)
Discontinued followup (n=1)
Analysis

Analyzed (n=14)
Excluded from
analysis (n=0)

Analyzed (n=14)
Excluded from
analysis (n=0)

Figure 1 Flowchart of the study population.

and function in patients with chronic lateral epicondylitis.
In the prolotherapy group, this improvement persisted
even after 1-month follow-up and the results after one
injection were still improvable, whereas in the parallel
group, steroid only provided a short-term improvement.
This ﬁnding proved that dextrose prolotherapy had better
and longer effects in treating chronic tennis elbow;
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however, the impact of exercise and splinting as the
basic treatment should not be ignored in the improvement
of patients. Prior research has achieved a level 1B of
evidence for the efﬁcacy of prolotherapy.9,25 Among the
few studies assessing prolotherapy effectiveness in tennis
elbow, we have discussed some of the most important
ones.3,26,27 Primarily, in 2008 Scarpone et al. evaluated
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Table 1 Demographics And Baseline Characteristics
Steroid

P-value

46.2±6.4

50.7±7.5

0.1

5.7±2.5

10.3±8.0

0.053

6/8

11/3

0.120*

Dextrose
Prolotherapy
Age (years)
Mean±SD
Duration of symptoms
(months)
Mean±SD
Sex (F/M)
(Number)
Hand dominancy
(Number)

0.663*

Dominant

10

10

Non-dominant

4

4

Heavy worker
Housewife

2
6

0
10

Low-load work

6

4

7.3±1.5

7.2±1.8

0.869

43.2±20.8

52.2±16.4

0.746

Occupation (Number)

VAS (score)

0.183*

Mean±SD
Quick DASH (score)
Mean±SD
Notes: *Fisher exact test. # The values are presented as mean ± standard deviation (SD).
Abbreviations: VAS, visual analogue scale; DASH, disability of Arm, Shoulder and Hand.

the efﬁcacy of prolotherapy (dextrose 11%) in refractory
tennis elbow. They demonstrated improvement in pain and
isometric strength scores compared to the control group in
which normal saline was injected. The effect was maintained at long-term follow-up.26 In the current study we
used higher concentrations of dextrose (16%). Our ﬁndings showed improvement in both the prolotherapy and
steroid groups at the 3rd-month follow-up. However, prolotherapy proved to have signiﬁcantly better and longer

effects. This ﬁnding is consistent with a recent study that
has suggested inferior long-term efﬁcacy of steroid than
other treatments for chronic lateral epicondylitis.28 In 2011
Crayannopoulos et al. compared prolotherapy (phenol
1.2%, glycerin 12.5%, and dextrose 12.5% in sterile
water) versus methylprednisolone 40 mg/mL in a doubleblinded RCT. After 6-months follow-up, they detected a
signiﬁcant improvement in the functional status (based on
DASH) of both groups, but VAS scores did not show
signiﬁcant changes in the steroid group. Finally, their
conclusion did not support any superiority of prolotherapy
to steroid. However, they stated that it might be due to lack
of statistical power.27 In our trial, we observed a remarkable difference between the prolotherapy and steroid efﬁcacy in favor of phototherapy for chronic cases of tennis
elbow with sufﬁcient statistical power. Rabago et al., in
2014, in a three-arm RCT evaluated 26 patients with
chronic lateral epicondylitis comparing dextrose prolotherapy, dextrose–morrhuate sodium and conservative treatment of wait-and-watch. Morrhuate sodium is known as
an irritant substance reserved for clinically more severe
cases of chronic lateral epicondylitis.26 The results
revealed a signiﬁcant improvement in Patient-Rated
Tennis Elbow Evaluation (PRTEE) questionnaire score
for both prolotherapy groups. However, the grip strength
improved only in the dextrose prolotherapy group.26 In
their study, a higher concentration of dextrose was used
in comparison to the previous studies.3,27 Generally, our
ﬁndings were in line with the earlier researches. We have
used only one injection, which is less invasive than multiple-injection trials.3,26,27
In 2014 Sims et al., in a systematic review, assessed the
efﬁcacy of non-surgical treatments of lateral epicondylitis
including various types of injections, bracing, and physical

Table 2 Comparison Of Efﬁcacy Within The Two Groups Based On Changes From The Baseline
VAS

Quick DASH

Baseline Vs
1st m

1st m Vs
3rd m

Baseline Vs
3rd m

Baseline Vs
1st m

1st m Vs
3rd m

Baseline Vs
3rd m

1.9±3.3

2.5±2.6

4.4±2.9

18.9±24.8

9.5±21.6

28.4±25.4

*P-value

0.045

0.004

0.000

0.014

0.044

0.001

Steroid injection (mean difference

1.5±1.9

0.4±3.2

1.9±3.4

17.3±10.7

0.19±12.3

17.5±16.1

±SD)
*P-value

0.012

0.606

0.043

0.000

0.954

0.001

Dextrose prolotherapy (mean
difference±SD)

Notes: *P-values refer to changes over time within each group based on t-test. Insigniﬁcant p-values have been indicated in bold format.
Abbreviation: m, month.
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Figure 2 The therapeutic trajectory for VAS changes within the two groups.

agent modalities such as ESWT and low-level LASER.
Regarding the effectiveness of local steroid injection,
they reported a short-term improvement in pain and function, but the results did not support the long-term beneﬁts
of steroid.29–32 They also evaluated and reviewed the
efﬁcacy of prolotherapy method in three studies.3,27,33
Only one of them compared the prolotherapy with steroid
injection, exactly similar to our investigation.27 However,
that study was inconclusive due to the high amount of loss
to follow-up (29%). Similarly, Krogh et al. in 2013 evaluated several RCTs and ﬁnally concluded that in contrast
to steroid, prolotherapy was signiﬁcantly better than
placebo.3,15,16,34 Lastly, in 2018, Dwivedi et al. reviewed
articles working on utility of prolotherapy in upper extremity. Their study proved the beneﬁcial effects of prolotherapy for upper extremity pathology such as hand
osteoarthritis, lateral epicondylitis, and rotator cuff disease
as it is safe and cost-effective.35 In the present RCT we

Figure 3 The therapeutic trajectory for Quick DASH changes within the two
groups.

detected a short-term efﬁcacy for local steroid injection.
However, prolotherapy revealed longer and higher therapeutic effects.

Limitations
The major limitation of this RCT was small sample size.
However, compared to previous studies3,26,27 that was
acceptable. As the other drawback, we did not use any
objective measurement such as grip strength, pressure
pain threshold or imaging modalities such as US. These
outcome measuring tools could accurately conﬁrm the
improvement. Another point which may affect the result
was considerable difference in symptom chronicity
between the two groups. However, it was not statistically
signiﬁcant and could be due to outlier data of one patient,
which was about 24 months in the steroid group. We
didn’t exclude him due to the small sample size and it

Table 3 Comparison Of Efﬁcacy Between The Two Groups Based On Their Clinical Improvement
VAS

Quick DASH

Baseline

1st m

3rd m

Baseline

1st m

3rd m

Dextrose prolotherapy
Mean ± SD

7.3±1.5

5.3±3.1

2.8±3.2

43.2±20.8

24.3±18.6

14.7±21.1

Steroid injection
Mean± SD

7.2±1.8

5.7±2.6

5.2±2.4

52.2±16.4

34.8±18.1

34.6±16.4

*P-value

0.86

0.74

0.03

0.21

0.14

0.01

Notes: *P-values refer to comparison between the two groups, based on paired t-test.
Abbreviation: m, month.
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0.256

Conclusions
This study proved a signiﬁcant improvement in both the
prolotherapy and steroid injection groups during onemonth follow-up. However, in the prolotherapy group,
this improvement persisted even after 3 months, while
in the parallel group, steroid only provided a short-term
improvement. To summarize, dextrose prolotherapy had
better and longer effects in treating chronic tennis
elbow.

0.663

4 (28.6%)
1(7.1%)

6 (42.9%)

3 (21.4%)
0%

7 (58.3%)

Follow-Up
Complication

0%

2(14.3%)

14(100%)

11(78.6%)

1(7.1%)

1(7.1%)
8(57.1%)
0(0%)

0.025

Steroid

*P-value

1(7.1%)

0(0%)
2(14.3%)
3(21.4%)
8(57.1%)
Prolotherapy
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