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Abstract

Objectives: To investigate the effects of prolotherapy (PrT) on pain, functionality, clinical improvement and to compare the 5% low and 15% high

dose dextrose PrT in chronic lateral epicondylitis.

Design: A double-blind, parallel groups, randomized controlled study.

Settings: Outpatient Clinic.

Participants: Sixty patients (N=60), aged 44.30§10.31 years old, with chronic lateral epicondylitis were allocated randomly into 3 groups.

Interventions: To Group 1 5% dextrose PrT, to Group 2 15% dextrose PrT, to Group 3 0.9% saline injections were done at 3 times (weeks 0, 3, 6),

to the entheses of forearm extensors and annular ligament.

Main Outcome Measures: The primary outcomes were handgrip strength, visual analog scale-rest (VAS-R), visual analog scale-activity (VAS-A),

pressure-pain threshold, and Quick Disability of the Arm, Shoulder and Hand (Q-DASH). The secondary outcomes were clinical improvement

(Disease Global Assessment Questionnaire), side effects, and complications. Primary outcomes were collected at baseline week 0, week 3, and

12. Secondary outcomes were collected at weeks 3 and 12.

Results: In Group 2, VAS-A and VAS-R (at week 3), handgrip strength and pressure-pain threshold (at week 12) were significantly different than

other groups (P<.05). In Groups 1 and 2, there was a difference in primary outcomes at week 12 than baseline (P<.05). In Group 3, there was no

difference in VAS-R, VAS-A, and handgrip strength at weeks 3 and 12 than baseline (P>.05).
Conclusion: In chronic lateral epicondylitis, 5% and 15% dextrose PrT is more effective in pain, handgrip strength, functionality, and clinical

improvement than %0.9 saline. There was no difference in functionality, clinical improvement, side effects, and complications between the PrT

groups. 15% dextrose PrT was more effective in handgrip strength and pressure-pain threshold at week 12 and pain at week 3. We recommend

15% dextrose PrT based on this study.
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Lateral epicondylitis (tennis elbow) is an enthesopathy at the fore-

arm extensor muscles junction. Most commonly, the extensor

carpi radialis brevis is affected.1 It is the most common cause of
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elbow pain, a prevalence of 0.4%-10% and an incidence of 1%-

3% in the adult population.2 Lateral epicondylitis is an immense

social and economic burden because it can cause a loss of

workforce.3

Conservative treatment are first-line in lateral epicondylitis,

such as rest, bracing, non-steroidal anti-inflammatory drugs,
tation Medicine.
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physical therapy modalities (extracorporeal shock wave therapy,

laser, ultrasound), exercise, and injection treatments.4 Many injec-

tion methods are applicable, such as autologous blood, platelet

rich plasma, botulinum toxin, ozone-oxygen solution, hyaluronic

acid, dextrose, and corticosteroid injection. Various surgical treat-

ment methods are applied if it remains unresponsive to conserva-

tive treatments.5

Prolotherapy (PrT), known as regenerative therapy, which

has gained importance in recent years, with low side effects and

costs. PrT is performed by injecting irritant and osmotic solu-

tions that activate inflammation in the target tissue into painful

ligaments, tendon attachments, and/or adjacent joint spaces.6

PrT applications vary according to the clinical situation and the

preference of the practicing clinician.7 PrT injections’ pain

reduction and regeneration mechanisms have not been deter-

mined entirely and it has been suggested that the local iatrogenic

inflammation induces fibroblastic growth and collagen synthesis,

resulting in stronger repair of damaged fibers in the lateral

epicondyle.8

This study aims to compare low dose with 5% dextrose and

high dose with 15% dextrose PrT in clinical improvement, reduc-

tion of rest and activity pain, an increase in handgrip strength,

pressure pain threshold, functionality, and side effects/complica-

tions in chronic lateral epicondylitis.
Methods

Design and setting

In this prospective, randomized controlled, double-blind study

was conducted between January and October 2021. All patients

were recruited from the Kirsehir Ahi Evran University Physical

Medicine and Rehabilitation Hospital Outpatient Clinic. Ethics

committee approval (Kayseri GETAT Ethics Committee) and

all patients’ written consent were obtained.
Participants

The included participants are who diagnosed as chronic lateral

epicondylitis, aged 18-65, had pain and function limitations for

at least 3 months. Participants were excluded who had previous

injection, surgery or trauma within 3 months, an infection and

allergy in the treatment area, non-aspirin anticoagulant usage,

unregulated hypertension, immune dysfunction, active endo-

crine and neurologic disorder, malignancy, pregnancy, and

lactation.
Randomizing and blinding

A sealed, sequentially numbered, opaque envelopes randomly

allocated the participants into 3 groups; Group 1 5% dextrose
List of abbreviations:

DGAQ Disease Global Assessment Questionnaire

PrT prolotherapy

Q-DASH Quick Disability of the Arm, Shoulder and Hand

VAS-A visual analog scale-activity

VAS-R visual analog scale-rest
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PrT, Group 2 with 15% dextrose PrT, and Group 3 0.9%

saline. An author blinded to group allocation collected all the

outcome measures.
Intervention

To Group 1 5% dextrose, to Group 2 15% dextrose, and to Group 3

0.9% saline solutions were applied 3 times (weeks 0, 3, and 6),

with an interval of 3 weeks. The clinician (Y.G.D.C.) performed

the clinical examination, diagnosis, treatment, and follow-ups.

Injections were done after sterilization of the related area, using

1 ml solution, with a 27 gauge 2 inch (0.40 £ 50 mm, dental type)

needle into the enthesis area of the extensor muscle origins in the

lateral epicondyle and the annular ligament, with in-plane tech-

nique by musculoskeletal ultrasound. The solutions were prepared

and labeled by a health care professional who did not apply the

treatment.

Patients in all groups were given wrist and finger extensors in

the dorsal forearm stretching, elbow joint range of motion, eccen-

tric and concentric strengthening exercises, and myofascial mobi-

lization twice a day as a home program. It was recommended that

patients do not use non-steroidal anti-inflammatory drugs or ste-

roids for 3 days before the injection and between the sessions, and

if there is any pain after the injection, resting, cold applying for 5

minutes and usage of parasetamol tablets were recommended.

Patients were informed to contact the relevant clinician in case of

any side effects or complications.
Primary outcome measures

Visual analog scale (VAS)
Elbow pain at rest (VAS-R) and activity (VAS-A) was assessed

with the VAS at weeks 0, 3, and 12. VAS is a 10 cm line drawn

horizontally on white paper. The words “no pain” on the left end

and “the most severe pain you have ever encountered in your life”

are on the right. It was explained to the patient that their pain

severity increased from left to right, and the patient was asked to

mark the severity of their pain separately on the line at rest and

movement.9

Handgrip strength
Handgrip strength was measured with Jamar Hand Dynamometer

developed by the American Hand Therapist Society and had high

validity and reliability.10 The evaluation had been done in the

position of the affected arm adducted, elbow 90 degrees flexed.

Patients were asked to squeeze the dynamometer for at least 3 sec-

onds with maximum contraction, and a total of 3 measurements

were made at 1-minute intervals. The average of the 3 measure-

ments was recorded in kilograms.

Pressure-pain threshold
The patient was asked to tell the level of discomfort by pressing

the most sensitive area in the lateral epicondyle region with an

algometer device at a right angle. The pressure value causing the

feeling of pain was determined as the pain threshold, and it was

evaluated objectively with the values obtained in kilograms.11

Quick Disability of the Arm, Shoulder and Hand (Q-DASH)
The Quick Disability of the Arm, Shoulder and Hand is an 11-

question survey. Each question is evaluated in 5 levels according

to the difficulty level. For example, the patient does the activity
www.archives-pmr.org
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without difficulty; 1 point is given, and the patient cannot do it at

all; 5 points are given. The test’s formula calculates results. Mea-

suring physical function and symptoms in patients with upper

extremity problems is a questionnaire with proven validity and

reliability in Turkish.10
Secondary outcome measures

Evaluation of the clinical improvement
Clinical improvement of the patients was evaluated subjectively

with the Disease Global Assessment Questionnaire (DGAQ). The

items in this questionnaire are as follows: “3 points=near normal,

2 points=significant improvement, 1 point=slight improvement,

0=no change, -1=worsening”.12

Evaluation of the injection side effects and complications
Side effects and complications after injection treatments were

evaluated and compared between groups.

Primary outcomes were collected at weeks 0, 3, and 12, and

secondary outcomes were collected at weeks 3 and 12.
Sample size

Power analysis was performed before the study. In this context, it

was noted that a total of 57 cases were required, with estimations

of activity VAS scores and alpha 0.05, beta 0.20, and at least 0.80

power. Therefore, at least 20 cases for each group were included,

and the VAS-A recorded at weeks 3 and 12 were used to calculate,

and it was determined that the power of the study was over 80%.
Statistical analysis

SPSS (Statistical Package for the Social Sciences) 22 package pro-

grams were used for statistical analysis of the data. Categorical

(non-parametric) measurements were summarized as numbers and

percentages, continuous measurements as mean and standard devi-

ation (median and minimum-maximum where necessary). Sha-

piro-Wilk test was used to determine whether the data in the study

showed normal distribution. One-Way ANOVA was used for the

comparisons between groups for normally distributed parameters,

ANOVA was used for repetitive measurements in group compari-

sons, the Tukey test was used if the variances were homogeneous

in the case of significance, and the Tamhane test was used if they

were not homogeneous. Bonferroni correction was made for the

significance level (P=.016 was accepted), and Chi-Square exact

test was performed for non-parametric data. The statistical signifi-

cance level was taken as 0.05 in the tests.
Results

Figure 1 (Consolidated Standards of Reporting Trials)13 displays

the flow diagram for all patients in the study. Of the 75 evaluated

patients, 63 were included as eligible for the study, 1 patient in

Group 1 and 2 patients in Group 3 were withdrawn from the study

and were not included in the analysis.

Table 1 displays the patients’ age, sex, dominant hands, the

extremity of the affected side, duration of symptoms, and occupa-

tions. Although duration of symptoms were higher in Group 2

(14.55§2.60 months), there was no statistically significant
www.archives-pmr.org
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difference between the groups (P>.05). Table 2 displays compari-

son of primary and secondary results within and between groups.

Between-group comparison

In VAS-A and VAS-R, while there was no difference at week 0

(P>.05), a significant decrease was found at weeks 3 and 12

(P<.001). The decrease was statistically higher in Group 2 than in

Group 1 at week 3 (P<.05). At week 12, the decrease in VAS-R

and VAS-A was higher in both PrT groups (P<.05) and the

decrease in VAS-A was higher in Group 2 than in Group 1

(P<.05) (figs 2 and 3).
In handgrip strength, while there was no improvement at weeks

0 and 3 (P>.05), a significant increase was found at week 12

(P=.005). A statistically significant increase was found in Group 2

compared with the Group 1 at week 12 (P<.05).
While there was no significant increase in pressure-pain thresh-

old at week 0 (P>.05), a significant increase was found in Group 1
and 2 at weeks 3 and 12 (P<.05). In addition, at week 12, a statisti-
cally significant increase was found in Group 2 than in Group 1

(P<.05).
The Q-DASH scores, while there was no difference at baseline

week 0 (P>.05), scores were lower in Group 1 and 2 than in

Group 3 at weeks 3 and 12 (P<.05). There was no difference

between Groups 1 and 2 at weeks 3 and 12 (P>.05).
A decrease was found in DGAQ at weeks 3 and 12 (P=.001). In

Groups 1 and 2, the scores were significantly higher than in Group

3 (P<.05).
There was no difference regarding side effects and complica-

tions (P>.05). Two patients in Group 2 had pain and 1 patient in

Group 3 had a rash at the injection site after the injection. No

severe side effects or complications were encountered.
Within-group comparison

In Group 1, there was a significant increase in VAS-R and VAS-A

between weeks 0-12 and 3-12 (P<.05). Furthermore, a significant

improvement was found in handgrip strength, pressure-pain

threshold, Q-DASH in between weeks 0-3, 0-12, and 3-12

(P<.05).
In Group 2, there was a significant difference in VAS-A, pres-

sure-pain threshold, and Q-DASH between weeks 0-3, 0-12, and

3-12 (P<.05). Moreover, there was a significant improvement in

VAS-R between weeks 0-3 and 0-12, handgrip strength between

weeks 0-12 and 3-12 (P<.05). In both PrT groups, there was a dif-

ference between weeks 3 and 12 (P<.001), but there was no differ-
ence between PrT groups in DGAQ (P>.05).

There was no difference in VAS-R, VAS-A, handgrip

strength, or DGAQ before and after treatment in group 3

(P>.05), but in pressure-pain threshold between weeks 0-12

and handgrip strength between weeks 0-12 and 3-12 there was

an improvement (P<.05).
Discussion

In this study, 5% and 15% dextrose PrT were more effective than

0.9% saline in reducing pain, increasing handgrip strength, func-

tionality, and clinical improvement. Furthermore, when PrT

groups were compared, 15% dextrose PrT was more effective in

increasing handgrip strength, algometer scores and VAS-A at

week 12, in VAS-R at week 3 in chronic lateral epicondylitis.
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Fig 1 Consolidated Standards of Reporting Trials flow diagram.

Table 1 Demographic data comparison of the groups

Group 1 5% Dextrose PrT

(n=20)

Group 2 15% Dextrose PrT

(n=20) Group 3 0.9% Saline (n=20) P

Age (y) 43§10.94 43.2§9.46 46.70§10.57 .451

Sex Women 13 (65%) 13 (65%) 13 (65%) >.999
Men 7 (35%) 7 (35%) 7 (35%)

Duration of symptoms (mo) 10.07§2.25 14.55§2.60 11.17§2.65 >.05
Dominant side Right 20 (100%) 19 (95%) 20 (100%) >.999

Left 0 1(5%) 0

Affected side Right 13 (65%) 16 (80%) 17 (85%) .298

Left 7 (35%) 4 (20%) 3 (15%)

Occupation Housewife 9 (45%) 10 (50%) 8 (40%) >.999
Office worker 6 (30%) 1 (5%) 6 (30%)

Health professional 0 1 (5%) 0

Farmer 2 (10%) 1 (5%) 0

Laborer 3 (15%) 4 (20%) 4 (20%)

Cleaning staff 0 2 (10%) 2 (10%)

Other 0 1 (5%) 0
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Fig 2 Comparison of VAS-R between the groups.
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The main principle of PrT is the application of relatively low

volumes of 0.5-6 ml of irritant solutions to painful ligament and

tendon attachment areas.14 In our study, 1 ml solution was pre-

ferred since the area is small. In the literature, hyperosmolar

agents such as various concentrations of dextrose (such as 5, 10,

20, 25, 50%),6,15,16 sodium morhuate,16 polidocanol, glycerin, or

phenol17 are used as ingredients in PrT. Hypertonic dextrose is

one of the most commonly used for proliferative therapy, and its

low cost and safety is a reason for a preference.17

In a study by Scarpone et al, 0.72% sodium morhuate, 10.7%

dextrose, 0.29% lidocaine, 0.04% a mixture of sensorcaine PrT

solution and saline solution were compared. A significant decrease

in pain and increase in handgrip strength were detected in the PrT

group.15The study of Park et al found a significant decrease in

VAS with 15% dextrose in lateral epicondylitis, and tendon heal-

ing findings were visualized with ultrasonography.18

Healing after tendinopathies, fasciopathies, and ligament inju-

ries is achieved by collagen and scar tissue formation. However,

until now, experts have not been able to agree on an effective

treatment that can optimize the wound healing process.19 Many

injections have been tried to facilitate wound healing after fibrotic

tissue injuries. PrT acts with inflammatory or non-inflammatory

mechanisms depending on the dextrose concentration. Given that

the average serum glucose concentration is approximately

100 mg/dL (about 0.1%), doses higher than 10% are considered

hypertonic.20 Hypertonic dextrose causes osmotic rupture of local

cells and increases platelet-derived growth factors from these dif-

ferent types of human cells. Growth factors support type 1 and 3

collagen formation in tenocytes and repair in tendons, ligaments,
Fig 3 Comparison of VAS-A between the groups.
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and cartilages.21 In a study, concentrations of 1%, 5%, 10%, 15%,

20%, and 25% dextrose were applied to human fibroblasts in vitro,

and cell proliferation was evaluated. Up to 80% of fibroblast cell

death detected at high doses (15%, 20%, and 25%), and it found to

be around 20% at low doses (1%, 5%, and 10%). Also, vascular

endothelial growth factor A gene expression analysis was found to

be more increased at lower concentrations. The increased gene

expressions were statistically significant and were correlated with

the release of angiogenic factors.22 As a result of these destructive

inflammatory events that may develop after the injection in the

area, side effects may be caused.

Dextrose solutions applied below 10% stimulate the prolifera-

tion of cells and tissues without causing a histologic inflammatory

reaction and below 10% dextrose have been reported to be subin-

flammatory.23 Many authors think that a 10% dextrose may cause

enough stimulus to cause the release of growth factors, and this

may meet the desired effect in proliferative therapy24 and as a

result of less inflammation the injections may be less painful and

the recovery time shorter.20

Taking into account the difference in the inflammatory

response of different concentrations, since it was an in vivo study,

we could not measure the inflammatory response. Our study deter-

mined that rest and activity pain reduction started earlier (at week

3) in the 15% dextrose PrT group, and activity pain was decreased

more in this group in the 3-month follow-up.25 Despite having lon-

ger complaint period in Group 2 (even though there was not statis-

tically difference than the other groups), we had better outcomes

with 15% dextrose. However, a decrease in rest and activity pain

increased handgrip strength, and improved functionality was

observed with the non-inflammatory dose of 5% dextrose in the

long term, although not in the short term. As far as we know, 5%

dextrose PrT treatment was tried for the first time to treat chronic

lateral epicondylitis.

Some studies support that the injection of dextrose around the

peripheral nerve in some chronic pain patients may have an anal-

gesic effect with a direct sensorineural effect.26 In a study by Man-

iquis-Smigel et al, based on the hypothesis that 5% dextrose might

have an analgesic effect, they administered an epidural injection

with 5% dextrose or saline to participants with chronic low back

pain. At the end of the study, a significant level of analgesic effect

was obtained in the 5% dextrose group.27 The onset of analgesia

after epidural or subcutaneous injection suggests a potential direct

effect of dextrose on peripheral nerves.26

PrT had been often used with the addition of local anesthetic16

but in some clinical studies, it has been found that local anesthetics

can inhibit the synthesis of collagen and antagonize the effect of

PrT by affecting the wound healing mechanism.28 In a study by

Solmaz et al, 5% dextrose PrT was performed in chronic lumbar

pain and a similar effect was obtained by avoiding the possible

harmful effects of local anesthesia.29 Therefore, our study did not

use local anesthetic agents because of possible side effects.

There is no algorithm for PrT in the treatment of lateral epicon-

dylitis, and the number of randomized controlled studies is insuffi-

cient. However, it is generally thought that 3-5 injections should

be performed at 3 or 6 week intervals to achieve a lasting thera-

peutic effect. Therefore, PrT was performed at 3 times with 3

weeks intervals in this study.

It is thought that the needle tip used for injection may have an

inflammatory effect with focal bleeding secondary to the traumati-

zation effect, and this may cause healing that similar to the PrT

mechanism of action.30 In addition, according to the gate control

theory, it is thought that as a result of the creation of a new pain
University from ClinicalKey.com by Elsevier on March 16, 
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Table 2 Comparison of primary and secondary results within and between groups (X§SD)

Group 1 5% Dextrose PrT (n=20) Group 2 15% Dextrose PrT (n=20) Group 3 0.9% Saline (n=20)

PMean § SD P1 Mean § SD P1 Mean § SD P1

VAS-R (cm)

Pretreatment week 0 2.79§1.05 2.18§1.66 2.51§1.91 .443x

.837ǁ

.789{

Post-treatment week 3 2.64§1.58 (6%) >.999* 0.27§0.58 (87%) <0.001* 2.20§1.64 (%12) .476* <.001x

.565ǁ

<.001{

Post-treatment week 12 0.5§0.94 (82%) <.001y

<.001z
0.02§0.08 (99%) <0.001y

0.199z
1.59§1.44 (%36) .201y

.547z
.289x

.003ǁ

<.001{

VAS-A (cm)

Pretreatment week 0 6.40§0.69 6.69§1.24 6.18§0.88 .603x

.754ǁ

.221{

Post-treatment week 3 5.59§1.78 (%12) .220* 3.74§1.65 (%44) <0.001* 6.92§1.57 (+%11) .124* .033x

.038ǁ

<.001{

Post-treatment week 12 2.50§1.08 (%60) <.001y

.001z
1.39§1.10 (%79) <0.001y

<0.001z
6.05§1.16 (%2) >.999y

.060z
.007x

<.001ǁ

<.001{

Handgrip strength (kg)

Pretreatment week 0 40.50§17.61 58.50§40.20 44.75§26.38 .141x

.893ǁ

.312{

Post-treatment week 3 51.25§17.23 (%26) .001* 62.25§39.48 (%6) 0.418* 43.21§23.53 (-%4) >.999* .442x

.664ǁ

.094{

Post-treatment week 12 59.50§18.70 (%46) <.001y

.001z
71.50§38.04 (%22) 0.001y

0.005z
42.50§20.22 (-%5) .932y

>.999z
.348x

.126ǁ

.004{

Pressure pain threshold

Pretreatment week 0 3.50§1.50 4.80§2.52 3.50§1.76 .104x

>.999ǁ

.104{

Post-treatment week 3 5.05§1.73 .003* 7.30§2.61 <0.001* 4.40§1.93 .067* .004x

.601ǁ

<.001{

Post-treatment week 12 7.60§1.98 <.001y

<.001z
9.80§2.91 <0.001y

0.001z
5.30§2.12 <.001y

.036z
.013x

.009ǁ

<.001{

(continued on next page)
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Table 2 (Continued)

Group 1 5% Dextrose PrT (n=20) Group 2 15% Dextrose PrT (n=20) Group 3 0.9% Saline (n=20)

PMean § SD P1 Mean § SD P1 Mean § SD P1

Q-DASH Score

Pretreatment week 0 64.08§5.29 55.45§15.64 59.99§14.05 .083x

.560ǁ

.489{

Post-treatment week 3 36.98§13.51 (%42) <.001* 28.97§18.58 (%47) <0.001* 53.74§13.81 (%10) .227* .238x

.003ǁ

<.001{

Post-treatment week 12 11.59§9.22 (%81) <.001y

<.001z
9.45§7.35 (%82) <0.001y

<0.001z
39.99§11.04 (%33) <.001y

<.001z
.751x

<.001ǁ

<.001{

DGAQ

Post-treatment week 3 Near normal Significant

Slight

No change

Worsening

0

9 (%39)

10 (%50)

1 (%5)

0

2 (%10)

12 (%52)

4 (%20)

2 (%10)

0

0

2 (%10)

6 (%30)

10 (%50)

2 (%10)

.418x

<.001ǁ

<.001{

Post-treatment week 12 Near normal Significant

Slight

No change

Worsening

13 (%65)

7 (%35)

0

0

0

15 (%75)

5 (%25)

0

0

0

0

1 (%5)

12 (%60)

7 (%35)

2 (%10)

.806x

<.001ǁ

<.001{

P <.001z <.001z .163z

* Ingroup comparison for weeks 0-3
y Ingroup comparison for weeks 0-12
z Ingroup comparison for weeks 3-12
x Post hoc analysis for Groups 1 and 2
ǁ Post hoc analysis for Groups 1-3
{ Post hoc analysis for Groups 2 and 3
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focus by injection, the original pain may be reduced as a result of

suppression.31 However, the effect was not significant in our study

since there was no significant improvement in VAS-R and VAS-A

pre and posttreatment in the saline group.

A meta-analysis evaluating the effect of saline injection on lat-

eral epicondylitis found that the saline could be statistically and

clinically effective on pain and function. However, in that study, it

was thought that the effect could be its content and psychosocial

factors called the placebo effect or unknown external factors.32

Our study found that saline did not significantly affect on pain,

handgrip strength and clinical improvement compared with other

groups. It is thought that the significant decrease in Q-DASH

scores between 0-12 and 3-12 in the saline group may be affected

by the home exercise program given to each group can positively

affect recovery.

Limitations of the study

The effect of traumatization by the needle cannot be quantified

and may have contributed to inflammation caused by dextrose

PrT. Since it was an in vivo study, inflammation between the

groups could not be evaluated objectively. All patients participat-

ing in the study were given exercise therapy in the form of a home

program and the exercise therapy may also contribute to the

improvement seen in PrT groups, which could not be distinguished

in the study.
Conclusions

In the chronic lateral epicondylitis, PrT is more effective in pain

reduction, increasing handgrip strength, functionality, and clinical

improvement than saline. There was no statistical difference in Q-

DASH, DGAQ, side effects, and complications between the PrT

groups. 15% dextrose PrT was more effective than 5% dextrose

PrT in increasing handgrip strength and pressure pain threshold at

week 12 and resting and activity pain at week 3. We recommend

15% dextrose PrT injections for chronic lateral epicondylitis based

on this study. However, there is a need for studies comparing PrT

doses and supporting long-term follow-ups.
Keywords

Lateral epicondylitis; Prolotherapy; Rehabilitation; Tendinopathy
Corresponding author

Yıldız Gonca Dogru Ciftci, MD, Department of Physical Medicine

and Rehabilitation, Sisli Hamidiye Etfal Research Hospital, Istan-

bul, Turkey E-mail address: dryildizgonca@hotmail.com.
References

1. Krogh T, Fredberg U, Ammitzbøl C, Ellingsen T. Ultrasonographic

characteristics of the common extensor tendon of the elbow in asymp-

tomatic individuals: thickness, color doppler activity, and bony spurs.

Orthop J Sports Med 2017;5:2325967117704186.

2. Sayampanathan AA, Basha M, Mitra AK. Risk factors of lateral epi-

condylitis: a meta-analysis. Surgeon 2020;18:122–8.
Downloaded for Anonymous User (n/a) at Kirsehir Ahi Evran Un
2023. For personal use only. No other uses without permissio
3. Silverstein B, Welp E, Nelson N, Kalat J. Claims incidence of work-

related disorders of the upper extremities: Washington state, 1987

through 1995. Am J Public Health 1998;88:1827–33.

4. Duncan J, Duncan R, Bansal S, Davenport D, Hacker A. Lateral epi-

condylitis: the condition and current management strategies. Br J

Hosp Med (Lond) 2019;80:647–51.

5. Wadsworth TG. Tennis elbow: conservative, surgical, and manipula-

tive treatment. Br Med J (Clin Res Ed) 1987;294:621–4.

6. Rabago D, Lee KS, Ryan M, et al. Hypertonic dextrose and morrhuate

sodium injections (prolotherapy) for lateral epicondylosis (tennis

elbow): results of a single-blind, pilot-level, randomized controlled

trial. Am J Phys Med Rehabil 2013;92:587–96.

7. Rabago D, Slattengren A, Zgierska A. Prolotherapy in primary care

practice. Prim Care 2010;37:65–80.

8. Sims SEG, Miller K, Elfar JC, Hammert WC. Non-surgical treatment

of lateral epicondylitis: a systematic review of randomized controlled

trials. Hand (N Y) 2014;9:419–46.

9. Chiarotto A, Maxwell LJ, Ostelo RW, Boers M, Tugwell P, Terwee

CB. Measurement properties of visual analogue scale, numeric rating

scale, and pain severity subscale of the brief pain inventory in patients

with low back pain: a systematic review. J Pain 2019;20:245–63.

10. Roberts HC, Denison HJ, Martin HJ, et al. A review of the measure-

ment of grip strength in clinical and epidemiological studies: towards

a standardised approach. Age Ageing 2011;40:423–9.

11. Somprasong S, Mekhora K, Vachalathiti R, Pichaiyongwongdee S.

Correlation between pressure pain threshold and soft tissue displace-

ment in muscle pain conditions. J Med Assoc Thai 2015;98(Suppl 5):

S68–73.

12. Endicott J, Spitzer RL, Fleiss JL, Cohen J. The global assessment

scale. A procedure for measuring overall severity of psychiatric distur-

bance. Arch Gen Psychiatry 1976;33:766–71.

13. Cuschieri S. The CONSORT statement. Saudi J Anaesth 2019;13

(Suppl 1):S27–30.

14. Oh S, Ettema AM, Zhao C, et al. Dextrose-induced subsynovial con-

nective tissue fibrosis in the rabbit carpal tunnel: a potential model to

study carpal tunnel syndrome? Hand 2008;3:34–40.

15. Scarpone M, Rabago DP, Zgierska A, Arbogast G, Snell E. The effi-

cacy of prolotherapy for lateral epicondylosis: a pilot study. Clin J

Sport Med 2008;18:248–54.

16. Yelland M, Rabago D, Ryan M, et al. Prolotherapy injections and

physiotherapy used singly and in combination for lateral epicondylal-

gia: a single-blinded randomised clinical trial. BMC Musculoskelet

Disord 2019;20:509.

17. Goh S-L, Jaafar Z, Gan Y-N, et al. Efficacy of prolotherapy in com-

parison to other therapies for chronic soft tissue injuries: a systematic

review and network meta-analysis. PLoS One 2021;16:e0252204.

18. Park JH, Song IS, Lee JB, et al. Ultrasonographic findings of healing

of torn tendon in the patients with lateral epicondylitis after prolother-

apy. J Korean Soc Med Ultrasound 2003;22:177–83.

19. Chung MW, Hsu CY, Chung WK, Lin YN. Effects of dextrose prolo-

therapy on tendinopathy, fasciopathy, and ligament injuries, fact or

myth? A systematic review and meta-analysis. Medicine (Baltimore)

2020;99:e23201.

20. Woo MS, Park J, Ok SH, et al. The proper concentrations of dextrose

and lidocaine in regenerative injection therapy: in vitro study. Korean

J Pain 2021;34:19–26.

21. Tang JB, Xu Y, Ding F, Wang XT. Tendon healing in vitro: promotion

of collagen gene expression by bFGF with NF-kappaB gene activa-

tion. J Hand Surg Am 2003;28:215–20.

22. G€uran Ş, Çoban ZD, Karasimav €O, et al. Dextrose solution used for

prolotherapy decreases cell viability and increases gene expressions of

angiogenic and apopitotic factors. Gulhane Med J 2018;60:42.

23. Dechow E, Davies RK, Carr AJ, Thompson PW. A randomized, dou-

ble-blind, placebo-controlled trial of sclerosing injections in patients

with chronic low back pain. Rheumatology (Oxford) 1999;38:1255–9.

24. Reeves KD, Hassanein K. Randomized prospective double-blind placebo-

controlled study of dextrose prolotherapy for knee osteoarthritis with or

without ACL laxity. Altern Ther Health Med 2000;6:68–74. 77-80.
www.archives-pmr.org

iversity from ClinicalKey.com by Elsevier on March 16, 
n. Copyright ©2023. Elsevier Inc. All rights reserved.

mailto:dryildizgonca@hotmail.com
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0001
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0001
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0001
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0001
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0002
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0002
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0003
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0003
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0003
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0004
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0004
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0004
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0005
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0005
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0006
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0006
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0006
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0006
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0007
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0007
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0008
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0008
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0008
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0009
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0009
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0009
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0009
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0010
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0010
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0010
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0011
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0011
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0011
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0011
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0012
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0012
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0012
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0013
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0013
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0014
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0014
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0014
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0015
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0015
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0015
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0016
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0016
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0016
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0016
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0017
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0017
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0017
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0018
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0018
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0018
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0019
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0019
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0019
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0019
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0020
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0020
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0020
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0021
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0021
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0021
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0022
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0022
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0022
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0022
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0022
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0022
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0022
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0023
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0023
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0023
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0024
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0024
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0024
http://www.archives-pmr.org


Low and high dose dextrose prolotherapy in the treatment of lateral epicondylitis 187
25. Bayat M, Raeissadat SA, Babaki MM, Rahimi-Dehgolan S. Is dex-

trose prolotherapy superior to corticosteroid injection in patients with

chronic lateral rpicondylitis?: a randomized clinical trial. Orthop Res

Rev 2019;11:167–75.

26. Lyftogt J. Pain conundrums: which hypothesis? Central nervous sys-

tem sensitization versus peripheral nervous system autonomy. Aus-

tralas Musculoskeletal Med 2008;13:2.

27. Maniquis-Smigel L, Dean Reeves K, Rosen HJ, Lyftogt J. Analgesic effect

of caudal 5% dextrose in water in chronic low back pain. a randomized

controlled trial of epidural injection. Anesth PainMed 2016;7:e42550.

28. Drucker M, Cardenas E, Arizti P, Valenzuela A, Gamboa A. Experi-

mental studies on the effect of lidocaine on wound healing. World J

Surg 1998;22:394–7. discussion 397-8.
www.archives-pmr.org

Downloaded for Anonymous User (n/a) at Kirsehir Ahi Evran 
2023. For personal use only. No other uses without permiss
29. Solmaz I, Orscelik A, Koroglu O. Modified prolotherapy by 5%

dextrose: Two years experiences of a traditional and complementary

medicine practice center in Turkey. J Back Musculoskelet Rehabil

2022;35:763–70.

30. Nguyen RT, Borg-Stein J, McInnis K. Applications of platelet-rich

plasma in musculoskeletal and sports medicine: an evidence-based

approach. PM R 2011;3:226–50.

31. Pereira PJS, Lerner EA. Gate control theory springs a leak. Neuron

2017;93:723–4.

32. Acosta-Olivo CA, Mill�an-Alan�ıs JM, Simental-Mend�ıa LE, et al.

Effect of normal saline injections on lateral epicondylitis symptoms: a

systematic review and meta-analysis of randomized clinical trials. Am

J Sports Med 2020;48:3094–102.
University from ClinicalKey.com by Elsevier on March 16, 
ion. Copyright ©2023. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0025
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0025
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0025
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0025
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0026
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0026
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0026
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0027
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0027
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0027
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0027
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0028
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0028
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0028
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0029
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0029
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0029
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0029
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0030
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0030
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0030
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0031
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0031
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0032
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0032
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0032
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0032
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0032
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0032
http://refhub.elsevier.com/S0003-9993(22)01655-0/sbref0032
http://www.archives-pmr.org

	Is Low-Dose Dextrose Prolotherapy as Effective as High-Dose Dextrose Prolotherapy in the Treatment of Lateral Epicondylitis? A Double-Blind, Ultrasound Guided, Randomized Controlled Study
	Methods
	Design and setting
	Participants
	Randomizing and blinding
	Intervention
	Primary outcome measures
	Visual analog scale (VAS)
	Handgrip strength
	Pressure-pain threshold
	Quick Disability of the Arm, Shoulder and Hand (Q-DASH)

	Secondary outcome measures
	Evaluation of the clinical improvement
	Evaluation of the injection side effects and complications

	Sample size
	Statistical analysis

	Results
	Between-group comparison
	Within-group comparison

	Discussion
	Limitations of the study

	Conclusions
	References


