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Background: Extensor muscle strengthening exercises with counterforce braces (EX) is a conventional conservative treatment for lateral
epicondylitis (LE) of the elbow. In addition, polydeoxyribonucleotide (PDRN) or extracorporeal shockwave therapy (ESWT) has been re-
cently used for LE.

Methods: Sixty-three patients with chronic LE participated in this study and randomly allocated in three groups (G1: EX, G2: EX+PDRN
injection, and G3: EX+ESWT). All of the three groups were taught to perform EX at the first out-patient department (OPD) visit. Group 2
was injected with 3 mL PDRN (5.625 mg/3 mL), while group 3 received ESWT at the first OPD visit. Visual analog scale pain score, Mayo
elbow performance score (MEPS), and ultrasonographic examination were checked before, 6 weeks, and 12 weeks after the treatments.
Results: Overall functional scores and ultrasonographic findings in all three groups improved after treatment. The mean MEPS in group 2
improved more than groups 1 and 3 at 6 weeks (G1, 56.9>62.4; G2, 54.3>65.0; G3, 55.7>62.6), and more than group 1 at 12 weeks (G1,
56.9>67.9; G2, 54.3>73.6). The mean common extensor tendon depth (CETD) on ultrasonography in group 2 increased more than groups
1 and 3 at 6 and 12 weeks (6 weeks: G1, 0.385>0.386; G2, 0.332>0.392; G3, 0.334>0.357; 12 weeks: G1, 0.385>0.409; G2, 0.332>0.438; G3,
0.334>0.405 [cm]).

Conclusions: PDRN injections combined with EX exhibited a greater improvement in mean MEPS and mean CETD compared to EX only
or EX combined with ESWT for LE within the 12 weeks follow-up.
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INTRODUCTION

Lateral epicondylitis (LE), also known as tennis elbow, is the
most common cause of elbow pain in the adult population [1].
The incidence rate of LE is estimated to be four to seven per
1,000 patients per year. The majority of cases are believed to be
caused by musculotendinous lesions of the common extensor
tendon originating at or near the attachment to the lateral epi-
condyle, often as a result of overload injury and typically after
minor and often unrecognized microtrauma [2]. The diagnosis is
generally clinical, but in patients with persistent findings despite
treatment or in patients who plan to undergo surgery, imaging
may be necessary [1]. Therefore, ultrasonographic evaluation for
injuries of the common extensor tendon, the cortex of the lateral
epicondyle, or nearby soft tissues could be helpful [1,2].

The treatment of LE varies from “wait and see,” nonsteroidal
anti-inflammatory drugs, physical therapies, extensor muscle
strengthening exercises with counterforce braces (EX), injection
therapy including glucocorticoid, polydeoxyribonucleotide
(PDRN) or platelet rich plasma (PRP), and extracorporeal shock-
wave therapy (ESWT), and uncommonly as a last option, surgery
[1-4]. Recently, PDRN injections have also been used for LE.
PDRN is a tissue regeneration activator that is composed of a
mixture of nucleotides and activates adenosine A2A receptors,
stimulating vascular endothelial growth factor (VEGF) and the
activity of fibroblasts [4-7]. ESW'T, in orthopedic cases, is used to
induce neovascularization at the junction of the tendon-bone,
and to release growth factors. Subsequently, tissue repair is
achieved through the improvement of the blood supply and in-
crease in cell proliferation, leading to tissue regeneration of the
tendon and bones [8].

Although few in number, comparisons between treatment al-
ternatives have been studied in the literature with conflicting re-
sults and no single intervention has been proven to be the most
efficient. Therefore, the object of the present study is to compare
the clinical and ultrasonographic results of three treatment op-
tions: EX only, EX with PDRN injections, and EX with ESWT.

METHODS

We conducted this study in compliance with the principles of the
Declaration of Helsinki. The study’s protocol was reviewed and
approved by the Institutional Review Board of the Chuncheon
Sacred Heart Hospital (IRB no. 2013-35). All patients provided
written informed consent to participate in this study.

This study was a randomized controlled trial of 69 patients

who visited our out-patient department (OPD) and received a

232

diagnosis of LE from May 2013 to April 2014. Sixty-nine patients
with chronic LE were enrolled in this study and allocated in three
groups (G1: EX only, G2: EX+PDRN injection, and G3: EX-
+ESWT) under single-blind randomization. The randomization
was performed by an independent nurse using a computerized
random-sequence generator. Inclusion criteria were LE symp-
toms that persisted or increased for more than 3 months in
which LE was defined as pain on the lateral side of the elbow and
pain at the lateral epicondyle upon direct palpation and during
resisted dorsiflexion of the wrist.

Exclusion criteria were ages younger than 20 years, history of
ipsilateral elbow surgery, common extensor tendon tears more
than 30% in depth, inflammatory diseases (e.g., rheumatoid ar-
thritis, psoriatic arthritis), osteoarthritis with a limitation of
range of motion (flexion contracture >30° and further flexion
<100°), neurological deficits in the ipsilateral upper limb, and
follow-ups less than 12 weeks. The practitioners who participated
in the procedure were blinded to the patient’s information. Ac-
cording to the above criteria, six patients were excluded and 21
patients remained in each of the three group (Fig. 1). All of the
three groups were taught to perform EX at the first visit in the
OPD. Group 2 was injected with 3 mL PDRN (5.625 mg/3 mL),
while group 3 received ESWT (pressure 1.5 bar, frequency 4.0
Hz, number 500; DolorClast Master; EMS, Nyon, Swiss) on the
first visit in the OPD [1]. ESWT was performed by a 7 years-ex-
perienced orthopedic nurse after the initial ultrasonographic ex-
amination and marking of the lesion. From the first OPD visit, a
nonsteroidal anti-inflammatory drug (100 mg of aceclofenac)
was given orally with a drug protective of the gastric mucosa (60
mg of eupatilin) twice daily. Visual analog scale (VAS) pain score,
Mayo elbow performance score (MEPS), and ultrasonographic
examinations were checked before, 6 weeks, and 12 weeks after
the treatments. VAS pain score was based on a scale from 0 to 10,
where 0 indicated no pain and 10 represented severe pain.

The ultrasonographic evaluations were performed by a muscu-
loskeletal radiologist with 19 years of experience who was blind-
ed to the patient’s information on the iU22 machine (Philips
Healthcare, Bothell, WA, USA) using a 5- to 12-MHz linear
probe at all clinical visits. The patients were examined in a sitting
position with the elbow flexed to 90°, the forearm neutral, and
the arm resting on a pillow on the patient’s thighs. A linear probe
was prepared with 70% alcohol and a thin layer of sterile ultraso-
nographic transmission gel (Sung Heung, Bucheon, Korea). The
transducer was aligned with the long axis of the radius over the
common extensor tendon origin. The common extensor tendon
origin was examined with color Doppler ultrasonography in the

longitudinal plane by moving the transducer from side to side,
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Fig. 1. Flow diagram of this study. EX: extensor muscle strengthening exercises with counterforce braces, US: ultrasound, PDRN: polydeoxyri-

bonucleotide, ESWT: extracorporeal shockwave therapy.

locating the part with the most Doppler activity. The color Dop-
pler activity (CDA) was observed in an area limited proximally
by the tip of the lateral epicondyle and distally by the humerora-
dial joint space [2]. The superficial border involved the most su-
perficial fibers, while the deep border was the bone. The CDA in
the present study was ranked in a scale from 0 to 4. The grading
was estimated in a 0.5-cm longitudinal part of the tendon with
maximal Doppler activity (grade 0, no activity; grade 1, single
vessel in the region of interest [ROI]; grade 2, <25%; grade 3,
25%-50%; grade 4, >50% of the ROI [2]) (Fig. 2). Color velocity
scale was set at 11.3 cm/sec. The common extensor tendon depth
(CETD) was measured at an anatomic landmark at the bony sur-
face of the lateral epicondyle, labelled the “plateau” [2]. This pla-
teau is located at the capitellum between the insertion of the ten-
don and the humeroradial joint [2]. Common extensor tendon
tear thickness (CETTT) was measured in a similar manner to the
CETD (Fig. 3).

The ultrasound-guided PDRN injections were performed by
an orthopedic surgeon blinded from the patient’s information
using 5- to 13-MHz linear ultrasonography transducer (Logiq p6
pro; GE Healthcare, Chicago, IL, USA) in the same position us-
ing a 5-mL syringe with 21-G needle filled with the drug. The in-
jection was performed with one skin portal, and the content was

injected at the middle aspect, partial thickness tear site of the

https://doi.org/10.5397/cise.2021.00290

common extensor tendon origin, or tendon sheath if there was
too much resistance [4].

The strengthening exercise of the extensor muscle with a coun-
terforce brace was taught in all three groups. The counterforce
brace was applied on the patient’s forearm 2 cm below the lateral
epicondyle, and the patient’s arm was positioned on the table
with the elbow flexed to 30°. The exercise was initiated with all
the ipsilateral fingers and the ipsilateral wrist fully extended, the
position maintained, and isometric force applied for 10 seconds,
followed by a 10-second rest with all the fingers slightly flexed
and the wrist neutral. This was performed ten times for one set,
and three sets were completed just after eating (Fig. 4) [9].

A power analysis indicated that a sample size of 54 patients (18
per group) would provide a statistical power of 80% with a
two-sided alpha level of 0.05 to detect a significant difference in
the improvement of VAS pain score between the initial visit and
12 weeks after treatment, assuming an effect size of 0.85 (mean
difference, 1.10; standard deviation [SD], 1.29]). This was based
on the mean and SD of improvement of the VAS pain score be-
tween the initial visit and 12 weeks after treatment observed in a
pilot study of 20 patients. Wilcoxon signed-rank test or paired
t-test according to the normality of data were completed to eval-
uate the differences between the initial visit and 12 weeks after

treatment. One-way analysis of variance, followed by Bonferroni
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Fig. 2. The grading of the color Doppler activity (CDA) on longitudinal ultrasonographic examinations of the common extensor tendon ori-
gin. The grading was performed in the region of interest (ROI) defined as a 0.5 cm longitudinal part of the tendon with maximum CDA. A
horizontal green line measuring 0.5 cm marks the superficial border of the ROI, white dotted lines mark the proximal and distal borders, and
the bone marks the deep border. Flow towards the transducer is depicted in red while flow away from the transducer is shown in blue. (A) GO,
no activity. (B) G1, single vessel in the ROI. (C) G2, CDA in <25% of the ROI. (D) G3, CDA in 25%-50% of the ROI. (E) G4, CDA in >50% of
the ROL. R: radial head, L: lateral epicondyle.

Fig. 3. The common extensor tendon depth (CETD) and the common extensor tendon tear thickness (CETTT) on longitudinal ultrasono-
graphic examinations. (A) CETD. (B) CETTT. R: radial head, J: radiohumeral joint, D: dotted line indicates tendon depth, P: plateau, L: lateral
epicondyle, CETO: common extensor tendon origin, T: CETTT.

post hoc testing or Kruskal-Wallis analysis, followed by Mann-
Whitney post hoc testing were used to analyze the values be-
tween the groups according to normality. The Mann-Whitney
U-test or independent t-test was performed to compare the val-
ues between the two groups according to normality. Statistical
analysis was performed using IBM SPSS ver. 22 (IBM Corp., Ar-
monk, NY, USA). A p<0.05 was considered statistically signifi-

cant.

Fig. 4. Strengthening exercise of the extensor muscle of the elbow. RESULTS

(A) All the fingers and wrist were fully extended, and isometric force

was applied for 10 seconds. (B) A period of rest was followed for 10 o ) ) ]

seconds with all the fingers slightly flexed and the wrist neutral. There are no significant differences in the demographic data of

the three groups (Table 1). The overall functional scores and ul-
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Table 1. Demographic data (initial)

Variable Group I (n=21) Group II (n=21) Group III (n=21) p-value
Age (yr) 52.3%£10.2 (25-71) 52.218.2 (41-70) 48.717.1 (34-64) 0.304
Sex (male:female) 11:10 13:8 9:12 0.472
Dominant:nondominant 14:7 16:5 14.7 0.743
Symptom duration (wk) 53.9%129.2 (12-600) 55.81+83.9 (12-364) 52.6%70.9 (12-260) 0416
No. of CS injections 1.0£1.2 (0-4) 1.1£1.6 (0-4) 1.1+1.6 (0-5) 0.937
VAS pain score (0-10) 6.3%1.8 (3.0-9.0) 6.3% 1.5 (4.0-9.0) 6.6% 1.5 (4.0-9.0) 0.839
MEPS (0-100) 56.9+12.1 (30.0-75.0) 54.3+10.5 (30.0-70.0) 55.7+11.5 (30.0-70.0) 0.723
CETD (cm) 0.39%0.17 (0.19-0.69) 0.33%£0.17 (0.16-0.64) 0.33£0.11 (0.19-0.53) 0.469
CDA (grade, 0-4) 1.9£0.7 (1-4) 1.6%0.8 (1-4) 1.7£0.8 (1-4) 0.336
CETPTT (tear:no tear) 11:10 11:10 9:12 0.779
CETTT (cm) 0.03+0.04 (0.00-0.14) 0.03+0.04 (0.00-0.13) 0.02+0.04 (0.00-0.15) 0.788

Values are presented as mean * standard deviation (range). One-way analysis of variance or Kruskal-Wallis analysis was used to analyze the values

among the three groups, p <0.05.

CS: corticosteroid, VAS: visual analog scale, MEPS: Mayo elbow performance score, CETD: common extensor tendon depth measured at the “pla-
teau” which is located at the origin of common extensor tendon and the humeroradial joint, CDA: color Doppler activity, CETPTT: common exten-
sor tendon partial thickness tear, CETTT: common extensor tendon tear thickness.

Table 2. Overall functional and ultrasonographic outcome according to the three groups

Variable Initial 12 wk p-value
Group 1
VAS score (0-10) 6.311.8(3.0-9.0) 3.6%£1.9(0.0-7.0) <0.001
MEPS (0-100) 56.89%12.1 (30.0-75.0) 67.9112.7 (45.0-90.0) 0.001
CETD (cm) 0.39£0.17 (0.19-0.69) 0.41£0.15 (0.23-0.71) 0.029
CDA (grade, 0-4) 1.9%£0.7 (1-4) 0.9%0.7 (0-2) 0.001
CETPTT (tear:no tear) 11:10 11:10 1.000
CETTT (cm) 0.03£0.04 (0.00-0.14) 0.03£0.04 (0.00-0.14) 0.005
Group 2
VAS score (0-10) 6.311.5(4.0-9.0) 2.3%£2.0 (0.0-6.0) <0.001
MEPS (0-100) 54.3£10.5 (30.0-70.0) 73.6£7.9 (55.0-90.0) <0.001
CETD (cm) 0.33£0.17 (0.16-0.64) 0.44+0.16 (0.25-0.71) <0.001
CDA (grade, 0-4) 1.6£0.8 (1-4) 0.57+0.60 (0-2) 0.001
CETPTT (tear:no tear) 11:10 9:12 0.157
CETTT (cm) 0.03£0.04 (0.00-0.13) 0.01+0.02 (0.00-0.06) 0.003
Group 3
VAS score (0-10) 6.6% 1.5 (4.0-9.0) 32+2.0(1.0-8.0) <0.001
MEPS (0-100) 55.7+11.5 (30.0-70.0) 71.4%12.5 (30.0-90.0) <0.001
CETD (cm) 0.33+0.11 (0.19-0.53) 0.41+0.10 (0.25-0.55) <0.001
CDA (grade, 0-4) 1.7%0.8 (1-4) 0.7+0.8 (0-3) <0.001
CETPTT (tear:no tear) 9:12 7:14 0.157
CETTT (cm) 0.02+0.04 (0.00-0.15) 0.02+0.03 (0.00-0.09) 0.012

Values are presented as mean + standard deviation (range). The above analysis was performed using Wilcoxon signed-rank test or paired t-test ac-
cording to the normality of data to evaluate the differences between initial and 12 weeks after treatment, p < 0.05.

VAS: visual analog scale score, MEPS: Mayo elbow performance score, CETD: common extensor tendon depth measured at the “plateau”, CDA: col-
or Doppler activity, CETPTT: common extensor tendon partial thickness tear, CETTT: common extensor tendon tear thickness.

trasonographic findings in all three groups except for the num-
ber of common extensor tendon partial tears improved after
treatment (Table 2, Fig. 5). There are significant differences in
the improvement of mean MEPS and CETD at 6 and 12 weeks

https://doi.org/10.5397/cise.2021.00290

among the three groups (MEPS: 6 weeks, p=0.039; 12 weeks,
p=0.022; CETD: 6 weeks, p<0.001; 12 weeks, p<0.001). The
mean MEPS in group 2 significantly improved more than groups
1 and 3 at 6 weeks (G1, 56.9>62.4; G2, 54.3>65.0; G3, 55.7 >
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Fig. 5. The ultrasonographic follow-up of the three groups. (A) Group 1 at initial. Color Doppler activity (CDA), grade 2; common extensor
tendon depth (CETD), 4.3. (B) Group 1 at 12 weeks. CDA, grade 2; CETD, 4.4 mm. (C) Group 2 at initial. CDA, grade 2; CETD, 4.2 mm.
White arrow indicates a suspicion of a partial thickness tear of the common extensor tendon. (D) Group 2 at 12 weeks. CDA, grade 1; CETD,
4.5 mm. (E) Group 3 at initial. CDA, grade 1; CETD, 3.8 mm. (F) Group 3 at 12 weeks. CDA, grade 0; CETD, 4.0 mm.

62.6; G1 vs. G2, p=0.036; G2 vs. G3, p=0.039), and more than
group 1 at 12 weeks (G1, 56.9>67.9; G2, 54.3>73.6; G1 vs. G2,
p=0.018). The mean CETD on ultrasonography in group 2 sig-
nificantly increased more than groups 1 and 3 at 6 weeks (G1,
0.385>0.386; G2, 0.332>0.392; G3, 0.334>0.357; G1 vs. G2,
p<0.001; G2 vs. G3, p<0.001) and those in groups 2 and 3 in-
creased more than group 1 at 12 weeks (G1, 0.385>0.409; G2,
0.332>0.438; G3, 0.334>0.405 [cm]; G1 vs. G2, p<0.001; G1 vs.
G3, p=0.031) (Table 3).

DISCUSSION

Our results have shown that the mean VAS and MEPS of LE pa-
tients improved after EX only or combined with PDRN injec-
tions and ESWT. Ultrasonographic findings of LE patients in-
cluding the mean CETD, CDA, and CETTT also improved after
the treatments. Among the three groups, the mean MEPS in
group 2 significantly improved more than groups 1 and 3 at 6
weeks, and more than group 1 at 12 weeks. The mean CETD on
ultrasonography in group 2 significantly increased more than
groups 1 and 3 at 6 weeks, and those in groups 2 and 3 increased
more than group 1 at 12 weeks.

The treatment of LE is mainly conservative and encompasses
physiotherapy, stretching or strengthening exercises, local injec-
tions (corticosteroid, PDRN, and PRP, etc.), and ESWT [1-3]. Al-
though physical treatment modalities have been mentioned to be

effective in the early period of treatment, their long-term effects
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are not definite [3]. Corticosteroid injections have been a fre-
quently used treatment option, but its anti-inflammatory nature
is reported to have only short-term to intermediate-term effica-
cies for pain relief. Therefore, the repetitive use of corticosteroids
in LE is discouraged due to its adverse effects after the long-term
use of steroid injections including tissue atrophy, tendon weak-
ness, or tearing [10]. PRP is blood plasma with an increased con-
centration of autologous platelets, which is now being used as a
part of wound treatment, bone healing, and muscle or tendon
damage. It could potentially enhance tendon healing and tissue
regeneration by delivering various growth factors and cytokines,
thereby affecting cell proliferation, chemotaxis, cell differentia-
tion, and angiogenesis [2,11,12]. There remains some debate
about the efficacy of PRP for LE [12]. Systemic reviews that eval-
uated the effectiveness and safety of ESWT for the treatment of
LE exist with conflicting results [13-16]. While the effects of
ESWT in LE treatment have been found to be favorable in some
studies [13,14], other studies have mentioned certain local side
effects like erythema, pain, and small hematomas [15,16]. PDRN
is a tissue regeneration activator that is composed of a mixture of
nucleotides and activates adenosine A2A receptors, stimulating
VEGF and the activity of fibroblasts. PDRN has recently been
used for the treatment of LE [5,6].

In the present study, CDA decreased in all three group after
treatment because the inflammatory reactions gradually de-
creased. EX could strengthen the extensor muscle and tendon

and stimulate its regeneration. Therefore, CETD significantly in-
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Table 3. Comparison of functional and ultrasonographic outcome among the three groups

Group VAS score MEPS CETD CDA CETPTT CETTT
6wk
Glvs. G2 0.835 0.036 <0.001 0.893 0.152 0.054
G1vs.G3 0.561 0.429 0.282 0.051 0.152 0.531
G2vs. G3 0.768 0.039 <0.001 0.048 1.000 0.721
One-way ANOVA or Kruskal-Wallis testing 0.855 0.049 <0.001 0.080 0.350 0.289
12 wk
Glvs. G2 0.044 0.018 <0.001 0.864 0.152 0.192
Glvs. G3 0.251 0.328 0.031 0.638 0.152 1.000
G2vs. G3 0.452 0.683 0.168 0.815 1.000 0.289
One-way ANOVA or Kruskal-Wallis testing 0.138 0.022 <0.001 0.906 0.350 0.383

One-way analysis of variance (ANOVA), followed by Bonferroni post hoc testing or Kruskal-Wallis analysis, followed by Mann-Whitney post hoc
testing was used to analyze the values between the groups according to normality, p < 0.05.

VAS: visual analog scale, MEPS: Mayo elbow performance score, CETD: common extensor tendon depth measured at the “plateau’, CDA: color
doppler activity, CETPTT: common extensor tendon partial thickness tear, CETTT: common extensor tendon tear thickness.

creased in all three groups after treatment. The effect of EX com-
bined with PDRN injections or ESWT could increase compared
to that of EX only. Compared to EX only or EX combined with
ESWT, EX combined with PDRN exhibited a greater improve-
ment in mean MEPS and CETD within the 12 weeks follow-up.
The increase in the mean MEPS and CETD could be closely re-
lated to the aspect of tendon regeneration. The decrease in the
mean CETTT in all three groups after treatment is also related
with the tendon regeneration process. Although there is no sig-
nificant difference among the three groups, two partial thickness
tears of the common extensor tendon each in groups 2 and 3
were healed after the treatments.

EX is a conventional conservative treatment with a long histo-
ry for LE. A combination therapy of several conservative treat-
ments of LE could be more effective than a single therapy. There
have been several attempts for combination therapy [17,18]. A
single blinded randomized controlled trial reported that there
were no significant differences amongst the physiotherapy, pro-
lotherapy, and combined groups in the patient-related tennis el-
bow evaluation [17]. Another randomized controlled trial about
braces versus physical therapy or a combination of both indicated
that brace treatment may be useful as an initial therapy, and that
combination therapy has no additional advantages compared to
physical therapy, but is superior to braces only for the short term
[18]. There are only a few studies about combination therapy,
and further studies are necessary.

The present study has some limitations. First, there is no un-
treated control group, but this study is a randomized controlled
trial about combination therapy. Combination therapy could be
compared to single EX therapy. Second, the follow-up period is
short-term. Since the follow-up is 12 weeks, this study cannot

provide long-term results, but the functional and ultrasono-
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graphic parameters in this study could provide a definite com-
parison among the treated groups. Third, this study is sin-
gle-blinded. Due to the nature of this study using injections and
ESWT, this study was designed as a single-blinded randomized
controlled trial. Fourth, the sample number is small, but the
study satisfied a power analysis. Further considerations are nec-
essary in the aspect of clinical significance. PDRN injections
combined with EX exhibited a greater improvement in mean
MEPS and mean CETD compared to EX only or EX combined
with ESWT for LE within the 12 weeks follow-up.
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