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Abstract

Objective: To compare the efficacy and safety of autologous blood products (ABPs) and corticosteroid injections (CSls) in
the treatment of lateral epicondylitis.

Type of Study: Meta-analysis.

Literature Survey: We systematically searched EMBASE, PubMed, the Cochrane Library, and Web of Science to identify
randomized controlled trials (RCTs) that compared ABPs with CSls for the treatment of lateral epicondylitis without language
and publication date restriction through April 2015.

Methodology: Two investigators independently included and assessed the quality of each eligible study according to the method
recommended by the Cochrane Collaboration. Available data about the main outcomes were extracted from each study and
heterogeneity was assessed using the Q statistic and the inconsistency index (*). We also evaluated the publication bias and
conducted a subgroup analysis. Review Manager 5.2 software was used for data syntheses and analyses, and the standardized
mean difference (SMD) or mean difference (MD) was estimated by using random effects models with a 95% confidence interval
(Cl). To investigate the efficacy among different trial durations, the follow-up times were divided into short periods (2-4 weeks),
intermediate periods (6-24 weeks) and long-term periods (>24 weeks).

Synthesis: Ten RCTs (n = 509) were included in this meta-analysis. The pooled analysis showed that CSls were more effective
than ABPs for pain relief in the short term (SMD = 0.88; 95% Cl = 0.31-1.46%; P =.003). However, in the intermediate term, ABPs
exhibited a better therapeutic effect for pain relief (SMD = —0.38; 95% Cl = —0.70 to —0.07%; P = .02), function (SMD = —0.60;
95% Cl = —1.13 to —0.08%; P = .03), disabilities of the arm, shoulder, and hand (MD = —11.04; 95% Cl = —21.72 to —0.36%;
P = .04), and Nirschl stage (MD = —0.81; 95% Cl = —1.11 to —0.51%; P < .0001). In the long term, ABPs were superior to CSls
for pain relief (SMD = —0.94; 95% Cl = —1.32 to —0.57%; P < .0001) and Nirschl stage (MD = —1.04; 95% Cl = —1.66 to —0.42%;
P = .001). Moreover, for grip strength recovery, no significant difference was found between the 2 therapies (P > .05).
Conclusions: Limited evidence supports the conclusion that CSls are superior to ABPs for pain relief in the short term; however,
this result was reversed in the intermediate and long term. ABPs seemed to be more effective at restoring function in the
intermediate term. Because of the small sample size and the limited number of high-quality RCTs, more high-quality RCTs with
large sample sizes are required to validate this result.

Introduction

Lateral epicondylitis (LE), also known as tennis
elbow, is one of the most common tendon disorders of
the arm in adults aged 30 to 64 years. In tennis players
and workers with overuse-related injuries, the peak is
between ages 45 and 54 years. An epidemiologic
study conducted in 2006 showed that the prevalence
of LE is 1.3% in general, without a gender difference [1].

Indications were also found that repetitive movements,
forceful activities, physical load factors, and even
smoking were associated with LE [1,2]. The major clin-
ical symptoms of LE are pain and loss of function at
the elbow, which often results in reduced activity and
absence from work. With increasing knowledge about
tendinopathy, the concept of LE has changed. However,
the physiopathology of LE remains elusive. Degenerative
changes of the common extensor origin characterized
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by hypercellularity, angiofibroblastic hyperplasia, and
neovascularization, rather than an inflammation, might
be the pathophysiologic events in the tendon lesions. As
a result of repetitive stress and overuse of the elbow
and wrist, those changes could cause microtrauma and
partial and even full-thickness tendon tearing as a result
of an immature reparative response [3,4]. Zeisig et al
[5] also indicated that pain was related to vasculoneural
ingrowth found in the extensor origin.

Numerous treatments of LE such as local injections,
exercise, bracing, physiotherapy, and surgery have been
reported, but none of them is universally effective.
Corticosteroid injections (CSls) are extensively used
in the treatment of tendinopathy because of their
relative low cost and easy application. Several ran-
domized controlled trials (RCTs) and systematic reviews
on tendonitis have shown that CSIs are effective in
the short term at reducing pain and improving function
[6-9]. However, these effects are lost in the interme-
diate and long term. In recent years, emerging biologic
therapeutics termed autologous blood products (ABPs),
which include autologous blood (AB) and platelet-rich
plasma (PRP), have been used for the management of
orthopedic diseases such as tendinopathy, ligament,
cartilage, or other soft tissue injuries [10]. PRP is
separated and concentrated from AB, and both PRP and
AB contain growth factors or other cellular and humoral
mediators that might be beneficial for the healing of
soft injuries [11]. The long-lasting effects of ABPs on
pain relief and functional restoration for LE have been
observed in many clinical studies. Moreover, they are
safe, readily available, and have a low risk of adverse
effects [12-14].

Recently, several clinical trials have been conducted
to compare the efficacy between ABPs and CSls in LE
management. However, a consensus has yet to be
reached. Two prior meta-analyses were performed,
including a clinical trial [15] that indicated weak evi-
dence supporting the use of ABPs [9,16]. Another sys-
tematic review comparing AB or PRP with CSls or a
placebo concluded that the ABPs were superior to the
control group. However, the studies included were of
somewhat low quality. Furthermore, prior reviews have
focused on qualitative analysis of the existing studies,
thus leaving a gap in the knowledge when attempting to
translate such information into clinical use [17,18].
Therefore, this meta-analysis was conducted to quan-
titatively assess the available data and further elucidate
a difference in the efficacy of ABPs compared with
CSls over the short term (2-4 weeks), intermediate
term (6-24 weeks) and long term (>24 weeks) in hopes
of providing useful evidence for clinicians.

Methods

We performed this meta-analysis and reported it
in accordance with the Cochrane Collaboration and

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statements [19].

Literature Search Strategy

Related literature was systematically searched in
PubMed, EMBASE, the Cochrane Library, and Web of
Science up to May 2015 without publication date and
language limitations. The following key words were
used: lateral elbow pain, tennis elbow, lateral epi-
condylitis, autologous blood, autologous platelet,
platelet-rich plasma, steroid, corticosteroid, and glu-
cocorticoids. Both clinical controlled trials and RCTs
comparing the efficacy between ABPs and corticoste-
roids were included. Two researchers independently
screened the title and abstract of all identified studies
in our initial search. Articles unrelated to the major
outcome were excluded. "Related” articles with the
full text available were further selected according to
the inclusion and exclusion criteria. The reference
lists of included studies were manually searched. Dis-
agreements were discussed with a third researcher
until a consensus was reached.

The flow chart of the literature selection is shown in
Figure 1. Altogether, 231 relevant articles were initially
identified. Among them, there were 95 duplicate pub-
lications, and 120 studies were further excluded after
screening the title and abstract. Finally, 10 studies were
included in this meta-analysis from the remaining
16 studies after carefully reading the full text. One of
the 6 excluded studies proved to be a cost-effective
analysis without any main outcome [20]. Four articles
were abstracts of related studies [21-24]. Two articles
[15,25] included the same clinical trial results over
different time frames. As a result, the study by Gosens
et al [15] was included in our analysis. The 10 included
studies were judged to be RCTs that compared ABPs
with CSls for LE management.

Inclusion and Exclusion Criteria

Studies that met the following criteria were included
in the present meta-analysis:

1. The study compared ABPs (either AB or PRP) or a
similar product containing platelets with a control
(such as a glucocorticoid, corticosteroid, or steroid)
in adults (>18 years) with LE.

2. The study was an RCT or prospective cohort study
only.

3. The major outcome involved the efficacy of pain
relief or functional restoration.

Exclusion criteria were as follows:

1. No outcomes of interest were reported.
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231 records identified through
database searching

0 additional records identified
through other sources

A 4

A 4

136 records after duplicates removed

120 irrelevant studies or systematic

A 4

16 potentially relevant
studies for eligibility

A 4

review were excluded after
screening the title and abstract

6 excluded studies:
Cost-effective analysis (n=1);
»| Abstracts of related studies (n = 4);

A 4

10 full-text articles

A 4

Two studies were the same
clinical trial, excluded (n=1)

10 randomized controlled trials
included in this meta-analysis

Figure 1. Flow diagram of the selection process of the included studies.

2. Articles were from the same institution or included
the same data set.

3. Subjects had full-thickness tearing, traumatic dis-
ease, cervical radiculopathy, or systemic disorders
such as rheumatoid arthritis.

The details of each study included in the meta-
analysis are summarized in Table 1. The included
studies were published between 2010 and 2015. A total
of 509 subjects were included in this meta-analysis;
256 (50.3%) were treated with AB or PRP, and 253
(49.7%) were treated with CSls. The mean number of
subjects was 53, with a range of 19-100, and 282 (55.4%)
were female. The mean follow-up time was 23 weeks
(range, 6-52 weeks). The baseline characteristics of
the experimental group and control group in each
study were comparable.

Data Extraction

Two authors independently collected all related in-
formation from the included articles regarding study
design, demographic characteristics (ie, the number
of subjects in the intention-to-treat [ITT] population,
age, and gender), interventions, control, primary out-
comes (including pain scores, function scores, Disabil-
ities of the Arm, Shoulder and Hand [DASH] scores,

Nirschl stage, and grip strength), methodologic quality,
and duration of follow-up. Pain score outcomes were
extracted from the studies, including the visual
analogue scale (VAS) and the Patient-rated Forearm
Evaluation Questionnaire (PREFQ)—pain or other pain
scores. Functional score outcomes were collected
from the studies, including disabilities of the arm, limb
function, and PREFQ-—function. Further information
including the main characteristics of the intervention
or control protocols was also extracted. We contacted
the trial authors by e-mail if the required information
was obscure or missing. Moreover, the numbers of all
reported adverse events were recorded to assess the
safety of the 2 therapies.

As described in Table 1, most injections were per-
formed at tender point(s) over the humeral lateral
epicondyle or deep to the extensor carpi radialis brevis
tendon (ECRB). In 6 trials [26-28,30,32,33], subjects
were treated with AB, and in 4 trials [15,29,31,34],
subjects were treated with PRP in the experimental
group. Therapies in the control group varied among
the different studies; in 5 studies, control subjects
were treated with methylprednisolone [26,27,32-34], in
2 studies they were treated with Kenacort (triamcino-
lone) [15,31], and in 3 studies they were treated with
an undefined corticosteroid [28-30]. A combination with
local anesthetics, such as lidocaine or prilocaine, was



Table 1

Characteristics and interventions of the studies included in the meta-analysis

Ratio of
Authors, Year, Subjects (No.) Interventions Age, Mean + SD or Mean (Range) Gender Follow-
Reference No. Study Design  ABP Csl ABP csi ABP csl ABP Csl up, wk  Outcomes Measure
Kazemi et al, Single-blinded 30 30 2 mL of autologous 20 mg 47.2 + 10.6 47.0 = 10.3 7:23 4:26 8 Pain score, limb
2010 [26] RCT blood + 1 mL of 2% methylprednisolone function, grip
lidocaine mixed with 1 mL of strength, DASH,
2% lidocaine Nirschl stage
Ozturan et al, RCT 20 20 2 mL of autologous 1 mL of 44 + 8.5 45.8 + 8.1 9:11 10:10 52 VAS, upper function
2010 [27] blood + 1 mL of methylprednisolone score, grip strength
prilocaine + 1 mL of prilocaine
Peerbooms Double- 51 49 3 mL of PRP collected 40 mg/mL Kenacort 46.9 + 8.4 47.3 +£ 7.6 23:26 25:26 52 VAS, DASH
et al, 2010 blinded RCT from 27 mL of whole (triamcinolone
[15] blood + bupivacaine acetonide) with
hydrochloride 0.5% bupivacaine
with epinephrine hydrochloride 0.5%
(1:200000) with epinephrine
(1:200000)
Wolf et al, Double- 10 9 2 mL of autologous 2 mL of corticosteroid 49 (34-64) 49 (34-64) 4:3 4:3 24 VAS, DASH, PRFE pain
2011 [28] blinded RCT btood + 1 mL of + 1 mL of lidocaine score, PRFE function
lidocaine score
Omar et al, RCT 15 15 Concentrated platelet Corticosteroid 40.5 + 15.5 37.5 £ 17.5 6:9 5:10 6 VAS, DASH
2012 [29]
Dojode et al, RCT 30 30 2 mL of autologous 2 mL of local 42.9 (22-67) 42.2 (17-62) 13117 12:18 24 Pain score, Nirschl
2012 [30] blood + 1 mL of 0.5%  corticosteroid + 1 stage
bupivacaine mL of 0.5%
bupivacaine
Krogh et al, Double- 20 20 3-3.5 mL of PRP 1 mL of triamcinolone 47.6 + 7.1 43.9 + 8.7 9:11 119 12 Pain score, PRTEE
2013 [31] blinded RCT collected from27 mL 40 mg/mL + 12 mL score
of whole blood of lidocaine 10 mg/
mL
Jindal et al, Single-blinded 25 25 2 mlL of venous blood + 40 mg of methyl 39.04 £ 6.67 37.32+7.52 1411 178 6 VAS, Nirschl stage
2013 [32] RCT 1 mL of 2% lignocaine  prednisolone acetate
solution + 1 mL of 2%
lignocaine sotution
Arik et al, 2014 RCT 40 40 2 mL of autologous 1 mL of 40 mg 437+ 7.8 46.7 + 8.4 11:29  10:30 24 VAS, PRTEE score
[33] venous blood +1 mL methylprednisolone
of 2% prilocaine acetate + 1 mL of 2%
hydrochloride prilocaine
hydrochloride
Gautamet al, RCT 15 15 2 mL of PRP collected 2 mL of 18-60 18-60 NA NA 24 VAS, DASH score
2015 [34) from 20 mL of whole methylprednisolone
blood (40 mg/mL)

ABP = autologous blood product; CSI = corticosteroid injection; SD = standard deviation; RCT = randomized controlled trial; DASH = disabilities of the arm, shoulder and hand; VAS = visual
analogue scale; PRP = platelet-rich plasma; PRFE = patient-rated forearm evaluation; PRTEE = patient-rated tennis elbow evaluation; NA = not available.
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applied in 8 trials, whereas the remaining 2 studies
[29,34] made no mention of such a combination.
Epinephrine was also co-injected in one trial {15]. Three
trials [15,29,31] described the detailed process of PRP
production. The studies by Wolf et al [28] also contained
a control group. Only Peerbooms et al [15] reported that
no activating agent was used to activate the platelets.
An ultrasonography-guided injection was used in the
study conducted by Krogh et al [31]. Most studies re-
ported the use of anticoagulants during the production
of ABPs.

Assessment of the Risk of Bias

The risk of bias of each included study was assessed
according to the Cochrane Handbook for Systematic
" Reviews of Interventions guideline [35]. Two re-
searchers assessed each of the following domains inde-
pendently: allocation sequence generation; allocation
concealment; blinding of subjects, treating doctors, and
outcome assessors; appropriate use of the ITT popula-
tion; selective outcome reporting; and other bias. Each
of these key terms of risk of bias was marked as high
risk of bias (HRB), unclear, or low risk of bias (LRB). A
study was considered to be of LRB only when concealed
allocation, blinded participants, outcome assessors,
incomplete outcome data, and selective reporting were
judged as LRB [35].

Table 2 shows the summary of methodologic
quality for each RCT. Sequence generation and alloca-
tion concealment were judged as LRB in 5 trials
[14,15,26,28,30] and 3 trials [15,28,31], respectively.
Other studies mentioned that the clinical trial was
randomized but did not report further details. Blinding
of subjects, treating doctors, and outcome assessors
were judged as LRB in 3 trials [15,28,31], 2 trials
[28,33], and 5 trials [15,26,28,31,32], respectively. ITT
analysis was found as LRB in 6 trials [14,15,26,30,32,33].
Four trials [15,26,29,31] provided detailed registra-
tion information without selective reporting of pre-
established outcomes. We could not find other obvious

bias in all RCTs. Overall, 2 studies had LRB [15,31],
and the remaining 8 studies had unclear or high risk of
bias.

Data Synthesis

Data Analysis

Review Manager (RevMan) statistical software
(version 5.3, Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014) was used to calcu-
late the effect sizes of the included studies. To inves-
tigate the effect of the trial follow-up duration on LE,
a stratified analysis was performed by dividing the
follow-up times into short term (range, 2-4 weeks), in-
termediate term (range, 6-24 weeks), and long term
(>24 weeks). Changes from baseline were pooled to
compare clinical outcomes between groups. All contin-
uous data were presented as the mean and standard
deviation (SD). Relative risk was calculated for dichot-
omous data, and mean difference (MD) was calculated
for continuous data. Standardized mean difference
(SMD) was used if different trials reported an outcome
using different scales. Corresponding 95% confidence
intervals (Cls) were also calculated. Clinical heteroge-
neity was assessed before we calculated the results.
Q tests were therefore performed [36], with an /? value
<25% considered low heterogeneity and an /* value
>75% considered high heterogeneity [37]. Pooled
analyses were performed with the application of a
random-effects model in case of significant statistical
heterogeneity. A subgroup analysis was carried out to
compare the efficacy of AB and PRP with CSls. A P value
<.05 was considered statistically significant. Included
studies were weighted according to their precision; the
usual statistical method is to calculate study weights by
the amount of information they contribute (more spe-
cifically, by the inverse variances of their effect esti-
mates). This technique gives studies with more precise
results (ie, narrower confidence intervals) more weight;
it is a recognized and preferred method recommended
by the Cochrane group for meta-analysis [35]. The

Table 2
Assessment of the methodologic quality of the studies included in the meta-analysis
Treating  Outcomes
Sequence Allocation Patient Doctor Assessor Incomplete Selective Other

Authors, Year, Reference No. Generation Concealment Blinding Blinding Blinding Outcome Data Reporting Bias
Kazemi et al, 2010 [26] LRB HRB HRB HRB LRB LRB LRB LRB
Ozturan et al, 2010 [27] Unclear Unclear HRB HRB HRB HRB Unclear LRB
Peerbooms et al, 2010 [15] LRB LRB LRB HRB LRB LRB LRB LRB
Wolf et al, 2011 [28] LRB LRB LRB LRB LRB HRB Unclear LRB
Omar et al, 2012 [29] Unclear Unclear Unclear Unclear Unclear Unclear LRB LRB
Dojode et al, 2012 [30] LRB Unclear HRB Unclear Unclear LRB Unclear LRB
Krogh et al, 2013 [31] LRB LRB LRB HRB LRB LRB LRB LRB
Jindal et al, 2013 [32] Unclear HRB HRB HRB LRB LRB Unclear LRB
Arik et al, 2014 [33] Unclear HRB HRB LRB HRB LRB Unclear LRB
Gautam et al, 2015 [34] Unclear HRB HRB HRB HRB Unclear Unclear LRB

LRB = low risk of bias; HRB = high risk of bias.
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possibility of publication bias was explored by creating
funnel plots if >10 studies were available in each pooled
analysis [38], or it was evaluated by searching the
clinical trial registries.

Results
Pain Intensity

All pooled analyses were conducted with a random-
effects model because of significant statistical hetero-
geneity. Altogether, 10 trials (n = 509) provided the
available data to compare the efficacy on pain intensity.
As shown in Figure 2, CSIs were more effective
than ABPs in providing pain relief in the short term
(SMD = 0.88 [0.31-1.46]; P = .003; /> = 88%). However,
ABPs exhibited a better efficacy than did CSls in the
intermediate (SMD = —0.38, [-0.70 to —0.07]; P = .02;
I* = 66%) and long term (SMD = —0.94, [—1.32 to —0.57];
P < .0001; I* = 57%).

Std. Mean Difference

U}

O SUnqrou
1.1.1 2.4 weeks

Weight, % [V, Random, 85%

Ozturan etal 2010 101 2.5501.70, 3.41)
Kazemietal 2010 11.8 -0.84 (-1.37,-0.31)
Wolfetal 2011 9.7 0.76 [-0.18, 1.70]
Peerbooms etal 2010 123 0.39(-0.01, 0.78)
Dojode et al 2012 11.8 0.73(0.20, 1.25)
Krogh etal 2013 11.2 0.93(0.27, 1.58]
Nipun etal 2013 118 0.64[0.07, 1.21]
Hasan etal 2014 124 0.82(0.38, 1.28)
Gautam 2015 9.4 2.56 [1.57, 3.56)
Subtotal (85% CI) 100.0 0.8810.31, 1.46]

Heterogenetty: T2 = 0.65; 2 = 66.59, df= 8 (P < 0.00001); = 88%

Testfor overall effect Z= 3.02 (P= 0.003)

1.1.2 6-24 weeks

Kazemietal 2010 106 -1.17(-1.72,-0.62)
Ozturan etal 2010 9.8 ~0.21 [-0.83, 0.42)
Peertooms etal 2010 126 ~0.34 [-0.73, 0.06)
Woifetal 2011 6.8 0.35 {-0.56, 1.26]
Dojode stal 2012 11.0 -0.66 [-1.18,-0.14)
Azizaetal 2012 8.7 0.05[-0.66, 0.77]
Nipunetal 2013 105 -0.28 [-0.84, 0.28)
Kroghetal 2013 9.8 0.11[-0.51, 0.73)
Hasan etal 2014 11.5 -1.17[-1.65,-0.69)
Gautam 2015 8.7 0.00(-0.72, 0.72)
Subtotal (95% Cl) 100.0 -0.38 {-0.70, -0.07]

Heterogenelty: T2 = 0.17; x*= 26.75, d= 8 (P= 0.002); P= 66%

Test for overall effect: 2= 2.38 (P= 0.02)

1.1.3 = 24 weeks

Ozuran etal 2010 15.2 ~1.23({-1.91,-0.55)
Peerbooms etal 2010 22.2 ~1.02(-1.44,-0.60)
Wolfetal 2011 10.8 0.43[-0.49, 1.34)
Dojode etal 2012 18.8 -0.86 (-1.38,-0.33}
Hasan etal 2014 20.6 -1.10(-1.57,-0.62)
Gautam 2015 123 -1.52(-2.34,-0.89]
Subtotal (35% Cl) 100.0 -0.94 [-1.32,-0.57)

Heterogeneity: T2 = 0.12; x* = 11.68, df= 5 (P= 0.08); = 57%

Testfor overall effect: Z= 4.93 (P < 0.00001)

785
Functional Restoration

Six trials (n = 269) reported functional scores as the
major ocutcome. The results showed that there were no
significant differences in functional scores between
the 2 groups in the short term (SMD = 0.51 [-0.06 to
1.08]; P = .08; * = 80%) and long term (SMD = —0.65
[-2.10 to 0.81]; P =.38; /> = 89%); however, significant
differences in the intermediate term (SMD = —0.60
[-1.13 to —0.08]; P = .03; > = 76%) were observed
(Table 3).

DASH Scores

Five trials (n = 239) reported DASH scores. A statis-
tically significant result in favor of ABPs was found in
the intermediate term (MD = —11.04 [-21.72 to —0.36];
P =.04; /> = 89%). However, the difference could not be
observed in the short term (MD = 2.04 [-8.18 to 12.26];

Std. Mean Difference
i % C

V. Random, 9!

2010
2010
2011 T
2011
2012
2013
2013
2014
2015

2010
2010
2011
2011
2012
2012
2013
2013
2014
2015
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2011
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2012
2014
2015
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H
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Figure 2. Forest plot of comparison of pain scores between autologous blood products (ABPs) and corticosteroid injections (CSls) in the short,
intermediate, and long term. Std = standard; IV = inverse variance; Cl = confidence interval.
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Table 3

Results of meta-analysis comparing autologous blood products and corticosteroid injections

MD/SMD [95% CI]
Short Term

Heterogeneity
Short Term

Long Term

Mid Term

P

SMD/MD [CI]
-0.94 [-1.32, -0.57] <.0001

P

SMD/MD [CI]

P

Effects
2 (%) Model

Long Term

Mid Term

SMD/MD [CI]

P& P
.002 66

P& P

No. of No. of

Main

Studies Subjects P

10

Outcomes

.02

-0.38 [-0.70, —0.07]
~0.60 [-1.13, —0.08]
—11.04 [-21.72, —0.36)

.003

0.88 [0.31, 1.46]
.08

Random
Random
Random

57

.04

<.0001 89

<.0001 88

509
269
239
170
210

Pain score*
Function*

DASH

.38
.15

.001

.06

-0.65 [-2.10, 0.81]
—11.19 [-26.60, 4.22]

.03

0.51 [-0.06, 1.08]

.0008 76

<.0001 89

.0002 80

.04
<.0001

2.04 [-8.18, 12.26] .70

<.0001 91

.0003 84

5

Nirschl staging 3
Grip strength

MD

—1.04 [-1.66, —0.42]
3.03 [0.17, 6.23)

-0.81 [-1.11, —0.51]}

Random 0.45[-0.23, 1.13] .20

97
<.0001 87

010 77

13

6.81 [-2.07, 15.70]

.83
disabilities of the arm, shoulder and hand.

Random -0.67 [-6.90, 5.57]

0

.84

mean difference; SMD = standardized mean difference; Cl = confidence interval
* Because the outcomes of pain score and function in the included trails were reported using different scales, SMD was calculated as the effect size.

.008 75

4

DASH =

.
£

ABPs Versus CSls in Treatment of LE

P =.70; I* = 84%) and long term (MD = —11.19 [-26.60
to 4.22]; P = .15; I* = 91%; Table 3).

Nirschl Stage

Three trials (n = 170) reported the Nirschl stage.
ABPs showed a beneficial effect in both the intermedi-
ate term (MD = -0.81 [-1.11 to —-0.51]; P < .0001;
> = 0%) and long term (MD = —1.04 [—1.66 to ~0.42];
P =.001), but not in the short term (MD = 0.45 [-0.23 to
1.13]; P = .20; I* = 77%; Table 3).

Grip Strength

Four trials (n = 210) reported grip strength as a major
outcome. No significant difference was found between
the 2 groups in the short term (MD = —0.67 [-6.90 to
5.57]; P = .83; I* = 75%), intermediate term (MD = 6.81
[-2.07 to 15.70); P = .13; I* = 87%) and long term
(MD = 3.03 [-0.17 to 6.23]; P = .06; > = 0%; Table 3).

Safety Assessment

Outcomes of adverse effects could not be pooled
because of inconsistent reporting in each study. There-
fore, a qualitative description of the adverse events
reported in the included studies is summarized in
Table 4. No noticeable or systemic adverse effects were
reported in all included studies. Ozturan et al [27] re-
ported temporary postinjection pain in most subjects
that subsided within 2 days. Moreover, discoloration at
the injection site was found in one subject in the CSI
group. Dojode et al [30] also reported a high rate of
postinjection pain at the injection site in the ABPs group
(60%) versus the CSI group (26%), with some even lasting
for several days. Two subjects (6.6%) also had local skin
atrophy in the CSI group. in the study by Krogh et al [31],
one subject experienced a minor rash, 3 had skin atro-
phy, and 1 had discoloration in the CSI group. Among
them, 2 subjects had received previous glucocorticoid
injections. However, 4 subjects in the ABPs group and
one in the CSI group reported persistent pain. Arik et al
[33] reported that 10 subjects (25%) had increased pain
for up to 2 days after administration of ABPs. Other
studies did not mention the details of adverse effects.

Stratified Analysis and Subgroup Analysis

Because follow-up duration could have an impact on
the efficacy outcome, a stratified analysis was con-
ducted and the follow-up times were divided into short,
intermediate, and long term in this meta-analysis. To
investigate which therapy is more effective for LE
management, a subgroup analysis was performed to
compare the efficacy of AB with PRP. As shown in
Table 5, a better efficacy for PRP was displayed in the
short term. However, there was no significant differ-
ence between PRP and AB in the long term.
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Table 4
Adverse events of autologous blood products and corticosteroid injections

Reinterventions Postinjection Pain Discoloration Skin Atrophy Minor Rash

Study ABP csl ABP csi ABP csl ABP csi ABP csl
Ozturan et al, 2010 [27] 14/20 2/20 20/20 20/20 1/20 - - - - -
Peerbooms et al, 2010 [15] 5/51 13/49 - - - - - - - -
Wolf et al, 2011 [28] 3/10 3/9 - - - - - - - -
Dojode et al, 2012 [30] - - 18/30 8/30 - - - 2/30 - -
Krogh et al, 2013 [31] - - 4/20 1/20 - 1/20 - 3/20 - 1/20
Arik et al, 2014 [33] - - 10/40 - - - - - - -
ABPs = autologous blood preducts; CSI = corticosteroid injection; — = not reported.

Publication Bias

Because fewer than 10 studies were included in the
pooled analysis, we did not create funnel plots. To
address the issue of publication bias, we searched
2 clinical trial registries: ClinicalTrial.gov (http://www.
clinicaltrials.gov) and Iranian Registry of Clinical Trials
(http://www.irct.ir/). We found 2 completed but un-
published studies; one was completed in 2011, and the
other was completed in 2012. We found no published
articles about these studies. Negative trials are often
unpublished and some older studies may have been
conducted without registration in a clinical trial regis-
try, which not only may result in potential publication
bias but can also make it difficult to comprehensively
assess publication bias.

Discussion

LE is common in general populations, especially
among workers and tennis athletes who overuse their
hands, and can have a serious effect on a person’s work
and life. Numerous therapies have been reported, but
the available evidence to support a preferable treat-
ment is inadequate or even conflicting. Thus we con-
ducted this meta-analysis of 10 RCTs to compare the
efficacy of ABPs and CSIs for LE management. Pooled
pain scores showed that CSls were superior to ABPs in
the short term (P = .003), whereas ABPs were more
effective than CSIs in the intermediate term (P = .02)
and long term (P < .0001), which is consistent with a
previous systematic review conducted by Coombes et al
[9]. However, because of their specific exclusion crite-
rion, only one RCT [15] was included. In contrast,

another longitudinal study carried out by Krogh et al
[14], in which the researchers compared all conserva-
tive interventions including both AB and PRP, concluded
that ABPs were more effective when compared with CSls
for pain relief and functional restoration. However,
their conclusions were limited bécause- this systematic
review did not take into consideration the influence of
follow-up time on efficacy and only included data at the
end point of each trial. We also assessed the effect on
functional restoration. Both ABPs and corticosteroids
showed improvement in limb function, with a slight
advantage toward ABPs in the intérmediate term
(P = .03). Grip strength, an important indicator of arm
function, was not compared in the previous study. In our
study, the pooled analysis showed that no significant
difference existed between the 2 groups (P > .05). From
all of the pooled analysis results, ABPs exhibited a sig-
nificant therapeutic effect on pain relief, but not on
functional restoration and grip strength. One possible
reason for the pain relief is that the cytokines present in
ABPs, mainly hepatocyte growth factor, could inhibit
the production of pain-associated molecules such as
prostaglandin E2, cyclo-oxygenase (COX)-1, and COX-2
[39]. For functional restoration and grip strength, a
single or acute injection may not change a long-standing
chronic condition and reverse the degeneration of the
tendon [40]. It was reported that local anesthetics were
somewhat effective for LE because of their analgesic
effects, which can relieve the painful condition imme-
diately [41]. However, some studies also indicated that
when using local anesthetics with PRP, some of the
biologic actions of local anesthetics may interfere with
the efficacy of PRP [42]. In vitro studies have shown that
the addition of anesthetics to PRP can not only reduce

Table 5
Subgroup analysis of comparison of autologous blood and platelet-rich plasma

Pain Scores Function

AB PRP AB PRP
Duration SMD [CI] P SMD [CI] SMD [CI] P SMD [CI] P
Short term 0.74 [-0.03, 1.52] .06 1.20 [0.14, 2.27] .03 0.49 [-0.34, 1.33] .25 0.60 [0.05, 1.14] .03
Mid term -0.59 [-1.02, —0.16] .007 —0.14 [-0.42, 0.14] .33 —-0.07 [-1.46, —0.07] .03 -0.24 [-0.71, 0.23] 31
Long term  -0.78 [ —1.34, —0.22] .006 —1.14[-1.55, —-0.72]) <.0001 —0.03 [—1.85, 1.79] 97 -1.90[-2.78, —1.02] <.0001

AB = autologous blood; PRP = platelet-rich plasma; SMD = standardized mean difference; Cl = confidence interval.
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tenocyte proliferation and viability but also decrease
the reactions of PRP [43,44]. Thus, although local an-
esthetics are effective for LE, they also may slow down
or suppress the repair of the damaged tendon. In this
meta-analysis, 8 of 10 studies used a combination of
local anesthetics with ABPs or CSls, which may have an
effect on the evaluation of the efficacy of ABPs. To
eliminate the interference of local anesthetics and to
further verify the efficacy of ABPs, clinical studies
without the use of local anesthetics are required.

CSls, a standard but controversial treatment for LE,
have been used extensively in the past. The present
study indicated that CSIs had a better short-term
outcome on pain relief than did ABPs but held no sig-
nificant advantage in the long term. One possible reason
for this finding is that LE is a degenerative disorder of
the extensor tendon origin as a result of repetitive stress
or overuse of the wrist rather than an inflammatory
condition [45,46], in which the ECRB plays an important
role. In recent years, an increasing number of studies
have supported this theory. Histologic study of surgical
specimens showed angiofibroblastic hyperplasia within
the tendon, because the tendon was invaded by fibro-
blasts and vascular granulation, but no inflammatory
cells were observed [47]. Moreover, an anatomic study
by Bunata et al [48] of 85 cadaveric elbows showed that
the ECRB tendon has a unique anatomic location that
makes its undersurface vulnerable to contact and
abrasion against the lateral edge of the capitellum
during elbow motion, which further accelerates the
degenerative process.

ABPs, an emerging biologic treatment, increasingly
are being used to treat tendinopathy. However, their
underlying mechanism has not yet been elucidated.
Recently, scholars have reached the consensus that
growth factors released by platelets together with other
cytokines or cellular and humoral mediators in ABPs are
helpful for stimulating repair mechanisms, thus pro-
moting tenocyte proliferation and aiding in tendon
healing. Moreover, several bioactive proteins within
ABPs attract osteoblasts and macrophages to remove
the necrotic tissue [11,49-51]. However, the question of
whether AB or PRP is more effective for LE management
has been debated in the literature. Currently, there is a
paucity of evidence to support the idea that PRP is
better than AB for tendinosis or other soft tissue in-
juries. Few severe adverse events are currently associ-
ated with PRP, and some clinicians may consider PRP
more effective because it contains more platelets.
However, the International Cellular Medical Society
recommended a maximum 2.5-fold concentration of
platelets above the baseline level because a higher
concentration may inhibit tenocyte and fibroblast pro-
liferation [52]. To investigate this issue, a subgroup
analysis between the AB and PRP group was performed.
The results showed that PRP had a better therapeutic
effect than AB in terms of pain relief and functional

restoration in the short term, although no significant
difference between PRP and AB was found in the long
term. Similarly, Thanasas et al [53] conducted am RCT
to compare the efficacy of AB with PRP for LE man-
agement. A slight advantage for PRP over AB in terms of
pain relief was observed after 6 weeks; however, no
significant difference was observed at 6-month follow-
up, which was similar to findings of another RCT [54].
Creaney et al [55] compared PRP to AB and showed a
slight improvement with AB at 6 months, but a higher
proportion of the AB group went on to have surgery in a
trial of 150 subjects. Creaney et al [55] also indicated
that increased stimulation with a higher concentration
of growth factors may not be that beneficial because
it may limit the collagen expression of fibroblast-
tenocyte lineage cells, as evidenced by an in vitro cell
culture assay [56]. Furthermore, many other factors
such as white blood cells might have a potential influ-
ence on healing [57], thus having an impact on the re-
sults. In view of these unresolved questions, more
research is needed to further explore the potential ef-
fects of other components of the blood on LE and to
determine whether AB or PRP is more effective for
LE management.

Adverse events should be taken into account when
assessing safety. Several adverse effects of CSIs have
already been reported; subcutaneous necrosis and
tendon rupture are the most severe, whereas post-
injection pain is the most common [14]. A previous
meta-analysis reported a 10.7% rate of transient pain
after CSls [8]. In the studies included in our meta-
analysis, a higher rate of postinjection pain was re-
ported in both the ABP and CSI groups [27,30,31].
Fortunately, it subsided within 1-2 days without special
intervention. Solveborn et al [58] believed that post-
injection pain was caused by the volume effect of the
injection and the medication itself. Other adverse
events including discoloration, local skin atrophy, minor
rash, and loss of pigmentation were reported in the CSI
group. No systemic or severe adverse events such as
tendon rupture and infections after injections were
reported in the studies included in our meta-analysis.
Finally, a high recurrence rate of CSls was also an
important factor that should be taken into consider-
ation. A previous randomized trial reported a 72%
recurrence rate 6 weeks after the injection [59]. One
study included in the present meta-analysis described a
37% recurrence of pain at 6 months [30]. Several ex-
planations for the high recurrence rate exist. First,
although CSls could diminish short-term pain intensity
by inhibiting neuropeptides and cytokines, they also
may damage the tenocytes and suppress their viability
[60,61]. Second, it is possible that some subjects did not
strictly follow the doctor’s advice and continued to
overuse their elbows because of the temporary pain
relief experienced after the corticosteroid injection
[62]. Despite the fewer reported adverse effects, ABPs
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also have some shortcomings. The major limitation is
the lack of a significant short-term effect, because
the regeneration of tendon tissue might take more
than 3 months [31]. The high cost of PRP should also be
considered.

Although this meta-analysis was conducted strictly
according to the guidelines recommended by the
Cochrane Handbook for Systematic Reviews of In-
terventions, some limitations could not be avoided. The
primary limitation is the small number of subjects
and the low quality of the studies in general. The
inability to blind subjects and assessors to treatment
allocation may lead to a strong placebo effect and an
overestimation of the therapeutic effects. A lack of
uniformity among trials related to the production
of PRP and the concentration of platelets makes it
difficult to compare trials. Because of these clinical
inconsistencies, it is difficult to draw a solid conclusion
about which therapy is more suitable for LE manage-
ment. In addition, some unpublished studies were
not included, which may result in potential publication
bias. Given all of the aforementioned limitations, these
results must be interpreted with caution. More high-
quality studies with consistent standards are war-
ranted to reassess the efficacy of these 2 therapies.
Furthermore, correct blinding and allocation conceal-
ment, objective evaluation of outcomes, and accurate
diagnosis of LE with not only clinical symptoms but
also imaging techniques such as magnetic resonance
imaging and ultrasound are indispensable. We also sug-
gest that comprehensive comparisons with other con-
servative therapies should be performed, which would
help clinicians make more informed decisions.

Conclusion

Our meta-analysis found limited evidence that CSls
were superior to ABPs in terms of pain relief in the short
term, whereas ABPs were more beneficial in the inter-
mediate term and long term. The study also found that
the ABPs were more effective than CSls in terms of
functional restoration in the intermediate term. How-
ever, no sustained effectiveness could be observed in
the long term. Because of a lack of uniformity among
trials, the small sample size, and the limited number of
high-quality RCTs, we could not draw a definitive
conclusion to support the widespread use of ABPs for
the management of LE. Further high-quality research is
required, with a greater emphasis on increasing the
sample size of the studies and standardization of study
protocols and outcome measures.
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