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Background: Previous meta-analyses have been conducted to compare outcomes of various treatment injections for lateral
epicondylitis (LE), including corticosteroid injection (CSI) and autologous blood products such as autologous blood (AB) and
platelet-rich plasma (PRP).

Purpose: To conduct a systematic review of overlapping meta-analyses comparing different injection treatments (CSI, AB, PRP)
for LE to determine which meta-analyses provide the best available evidence.

Study Design: Systematic review; Level of evidence, 2.

Methods: A systematic review was performed by searching PubMed, Embase, and the Cochrane Library to locate meta-analyses
that compared clinical outcomes of CSI, AB, and PRP for the treatment of LE. Search terms included “injection,” “corticosteroid,”
“platelet-rich plasma,” “autologous blood,” “tennis elbow,” “lateral epicondylitis,” and “meta-analysis.” Results were reviewed to
determine study eligibility. Patient outcomes were extracted from these meta-analyses. Meta-analysis quality was assessed with
the Oxman-Guyatt and Quality of Reporting of Meta-analyses (QUOROM) systems. The Jadad decision algorithm was then used to
determine which meta-analyses provided the best level of evidence.

Results: Nine meta-analyses (two level 1 studies, seven level 2 studies) containing 8656 patients met the eligibility criteria. Seven
meta-analyses found that autologous blood products such as AB and PRP significantly improved pain and elbow function in the
intermediate term (12-26 weeks), while 4 studies found that CSI effectively relieved pain and improved elbow function in the short
term (<12 weeks). The study by Arirachakaran et al in 2016 received the highest QUOROM and Oxman-Guyatt scores; therefore,
this meta-analysis appears to have the highest level of evidence. In addition, this study was rated the highest-quality study in this
systematic review according to the Jadad decision algorithm. Lower-quality meta-analyses indicated that dosage, number of
injections, and differences in therapeutic duration between CSI and autologous blood products may be essential factors in
determining the appropriate treatment injection protocol for LE.

Conclusion: The current best available evidence suggests that CSI improves functional outcomes and pain relief in the short term,
while AB and PRP are the most effective treatments in the intermediate term.
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Lateral epicondylitis (LE), more commonly known as tennis
elbow, is frequently diagnosed among individuals aged
35 to 50 years and affects approximately 1% to 3% of the
general population.1,23,29 The dominant elbow is more
commonly affected owing to repetitive/forceful occupa-
tional or athletic activities involving wrist extension and

supination.29,30,33 Symptoms that are usually associated
with LE include lateral elbow pain, pain with wrist exten-
sion, and weakened grip strength.30,33 With or without
treatment, LE is frequently considered a self-limiting con-
dition resolving in approximately 8 to 12 months; how-
ever, some patients experience symptoms for years.4,6,12

Treatment of LE includes rest, nonsteroidal anti-
inflammatory drugs, splinting, physical therapy, shock
wave therapy, injection therapies, and surgery, although
none of these are universally effective.1,3,6,16,18,25,28,31,34
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The most commonly used injection therapy is corticoste-
roid injection (CSI), which is extensively used in the treat-
ment of tendinopathy because of the low cost and easy
application; however, the effects are short term at reducing
pain and improving function.6,25,31 More recently, biologi-
cal solution injections are being used as an alternate
option.1,3,18 Biological therapeutics—termed autologous
blood products (ABPs)—such as autologous blood (AB) and
platelet-rich plasma (PRP), have been used for the manage-
ment of orthopaedic diagnoses such as osteoarthritis, bone
healing, muscle strain, tendinopathy, ligament, cartilage,
and other soft tissue injuries.14,25,35 PRP is prepared from
AB and contains an increased concentration of autologous
platelets; however, PRP and AB both contain growth fac-
tors that might be beneficial for the healing of soft tissue
injuries.7,18,22,25,35,36 Multiple studies1,5,6,15,25 have con-
cluded that CSIs are advantageous in the short term, while
ABPs may be a more effective treatment modality for pain
reduction in the long term.

The purpose of this study was to conduct a systematic
review of overlapping meta-analyses comparing different
injection treatments (CSI, AB, and PRP) for LE to determine
which meta-analyses provide the best available evidence.

METHODS

The methods of this study are similar to previous system-
atic reviews of overlapping meta-analyses.10,17 Two inde-
pendent reviewers (D.A.H., L.B.T.) searched the PubMed,
Embase, and Cochrane Library databases up to June 8,
2017. The following search terms were used: “injection,”
“corticosteroid,” “platelet-rich plasma,” “autologous blood,”
“tennis elbow,” “lateral epicondylitis,” and “meta-analysis.”
Inclusion criteria consisted of meta-analyses that compared
at least 2 of the 3 injection therapies for LE (AB, PRP, and
CSI). Exclusion criteria consisted of (1) systematic reviews
that did not pool data or perform a meta-analysis and (2)
meta-analyses without at least 2 of the 3 injection therapies
for LE. The full articles of all studies that met the inclusion
and exclusion criteria were obtained by 2 reviewers
(D.A.H., L.B.T.). The authors then thoroughly reviewed the
articles to confirm that all pertinent studies were included
in this systematic review.

From the studies that met inclusion and exclusion crite-
ria, the following data were collected: primary author, year
of publication, levels of evidence included, number and pub-
lication dates of primary studies included, inclusion and
exclusion criteria, performance of heterogeneity analytics,
patient demographics, follow-up period, duration of dis-
ease, patient-reported outcomes, and objective outcomes.

The following outcome scores were collected: adverse
events, escape treatments/nonresponses, upper extremity
function,24 grip strength, Patient-Rated Tennis Elbow
Evaluation,27 visual analog scale (VAS) for pain,9 DASH
(Disabilities of the Arm, Shoulder and Hand) score,11 Likert
global assessment scale,2 pressure pain threshold,32 EQ-5D
(EuroQoL score),8 Roles and Maudsley score,26 and Nirschl
score.20

The number of “possible” previous meta-analyses cited
relative to the number “actually” cited was recorded, as was
the database used in the literature search. Additionally, the
primary studies and their type (eg, randomized controlled
trial and prospective comparative studies) were recorded.
We also recorded which studies included the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. We scored the meta-analyses
using the Oxman-Guyatt quality appraisal tool.21 The
methodological quality of these meta-analyses was scored
with the Quality of Reporting of Meta-analyses (QUOROM)
system.19 This scoring system assesses meta-analyses
based on the quality of their methodology and reporting
in 18 categories. Of the meta-analyses that met criteria,
each category was awarded a point, with a total of 18 pos-
sible points. Any known biases were recorded within the
reviewed literature.

We used the Jadad decision algorithm to guide interpre-
tation of discordant meta-analyses. Jadad et al13 described
6 discordant sources among meta-analyses: clinical ques-
tion, study selection and inclusion, data extraction, assess-
ment of study quality, assessment of the ability to combine
studies, and statistical methods for data synthesis. Two
authors (D.A.H., L.B.T.) independently applied the Jadad
decision algorithm and compared results to determine
which of the included meta-analyses proposed the best
treatment option for tennis elbow through the current best
evidence. When discrepancies were present, the 2
reviewers discussed the results and came to agreement.

RESULTS

The initial search revealed 36 total articles. Of these, 9
studies1,3,6,15,18,25,28,31,34 met the inclusion and exclusion
criteria and are included in this systematic review. These
studies were published between 2012 and 2017, with all 9
studies performing a meta-analysis. The number of pri-
mary studies included in these meta-analyses ranged from
4 studies31 to 26 studies.6 The number of patients analyzed
ranged from 307 patients34 to 2280 patients,28 with a mean
of 962 per study. All of the studies described patients
receiving CSIs, with a mean of 283 patients being treated.
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Eight1,3,6,15,25,28,31,34 studies described sample sizes of
patients receiving AB injections, with a mean of 126
patients being treated, while 7 studies1,3,6,15,18,25,28

described sample sizes of patients receiving PRP injections,
with a mean of 118 patients receiving treatment. The
follow-up period ranged from 6 to 52 weeks. The mean age
ranged from 43 years18 to 47 years,15,28 and the disease
duration ranged from 1 month18 to 18 months.1

Assessment of Previous Meta-analysis Literature

The authors of these studies generally cited most of the
previously published meta-analyses, with only 1 study34

not citing any of them (Table 1). For 1 study, there were
no previous meta-analyses to cite,15 whereas 4 stud-
ies1,3,6,28 cited all available meta-analyses, 1 study25 cited
1 of 2 available meta-analyses, and 1 study18 cited only 2 of
the 7 available meta-analyses. These 7 studies,1,3,6,18,25,28,31

which used previously published meta-analyses, most
likely were repeated because of limitations of previous
meta-analyses, which did not provide strong evidence,
owing to methodologically different studies.

Outcome Measures

There was a wide range of clinical outcomes assessed in
these meta-analyses (Table 2). The most commonly ana-
lyzed outcome, reported by all 9 studies, was VAS for pain,
followed by 7 studies1,3,15,18,25,28,34 reporting Patient-Rated
Tennis Elbow Evaluation.

Search Methodology

Every study searched PubMed/Medline as part of the liter-
ature search, while 8 of the 9 studies searched the Cochrane
Library.3,6,15,18,25,28,31,34 There was variability in the use of
other databases, including Embase, Scopus, the Cumula-
tive Index to Nursing and Allied Health Literature, Web
of Science, and SpringerLink (Table 3).

Study Quality and Validity

QUOROM scores were assessed for each study and ranged
from 163,15 to 18,1,25,28,34 with 18 being the maximum pos-
sible score. The mean and median were each 17. Oxman-
Guyatt scores ranged from 56,25,28,34 to 7.1,3,15,18,31 The
mean score was 6, with a median of 7 (Table 3).

A total of 54 prospective comparative studies were
included among meta-analyses. Appendix Table A1 shows
the primary studies in each meta-analysis. Of the 54 pro-
spective studies, 24 were assessed by only 1 meta-analysis,
17 by 2 meta-analyses, 5 by 3 meta-analyses, 2 by 4 meta-
analyses, 4 by 5 meta-analyses, 1 by 6 meta-analyses, and 1
by 7 meta-analyses (Table A1).

Study Results

A heterogeneity analysis was performed in all 9
studies.1,3,6,15,18,25,28,31,34 Heterogeneity was assessed with
I2 statistics. Krogh et al15 found no differences between CSI
and placebo in terms of pain reduction beyond 8 weeks. The
investigators also found that AB and PRP showed a signif-
icantly greater improvement as compared with placebo
between 8 and 52 weeks.15 Sayegh et al28 compared any
form of nonsurgical treatment injection (CSI, PRP, AB,
sodium hyaluronate, or glycosaminoglycan polysulfate) or
other nonsurgical treatment (physical therapy, shock wave
therapy, laser, ultrasound, corticosteroid iontophoresis,
topical glyceryl trinitrate, or oral naproxen) with observa-
tion only or placebo (saline injection), with a follow-up of at
least 6 months. The authors found an overall lack of
intermediate- to long-term clinical benefits after any non-
surgical treatment of LE as compared with observation
only or placebo.28 However, the aggregation of multiple
nonsurgical treatments in the same analysis may counter-
balance more effective treatments with less effective
treatments.

Chou et al3 compared the clinical outcomes of AB injec-
tions with CSIs or PRP injections in treating LE. This study
demonstrated that AB was significantly more effective than
CSI, but no significant differences were found between AB
and PRP. The results reported by Chou et al3 were compa-
rable with those of Krogh et al,15 reporting analogous effica-
cies of AB and PRP injection in decreasing pain for LE.
Arirachakaran et al1 performed a network meta-analysis
comparing clinical outcomes among the use of CSI, PRP, and
AB injections. The researchers found that PRP can improve
pain and lower the risk of complications, but AB has a higher
risk of adverse effects despite the ability to improve pain,
disability scores, and pressure pain threshold. Dong et al6

conducted a network meta-analysis that evaluated different
treatment injections for LE at the intermediate term (6
months) and concluded that PRP and AB injections repre-
sent an effective treatment option for LE, while CSI is not
recommended. Tsikopoulous et al34 concluded that AB injec-
tions provided significantly greater clinical relief as com-
pared with CSI among patients with LE at both
intermediate- and medium-term follow-up (8-26 weeks).

Qian et al25 compared ABPs with CSI, grouping AB and
PRP into the ABP category, which could have influenced

TABLE 1
Systematic Reviews or Meta-analyses Actually Cited

Versus Maximum Number That Could Have Been Cited

Date

Systematic
Reviews or

Meta-analyses, n

First Author
Online

Publication
Last Literature

Search
Possible
to Cite Cited

Krogh15 Sep 2012 Jun 2011 0 0
Sayegh28 Oct 2014 Jan 2014 1 1
Chou3 Jun 2015 Jun 2014 1 1
Arirachakaran1 Sep 2015 Jan 2015 1 1
Dong6 Sep 2015 Aug 2014 1 1
Tsikopoulos34 Feb 2016 May 2015 2 0
Qian25 Mar 2016 May 2015 2 1
Sirico31 Sep 2016 Apr 2015 2 1
Mi18 Mar 2017 Sep 2016 7 2
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the results, as the 2 have different mechanisms of action.
Specifically, the stimulus for repair mechanisms needed for
tenocyte proliferation and tendon healing may vary when
growth factors are released by the platelets with (AB) or
without (PRP) other cytokines or cellular and humoral
mediators. Their results were comparable with previous
studies supporting the use of CSI for pain relief in the short
term, with ABPs being more effective in the intermediate
term (6-24 weeks). Sirico et al31 conducted a meta-analysis
comparing CSI and AB and found that CSI led to nonsignif-
icantly lower VAS pain scores in the short term, with no dif-
ferences in the medium term (4-12 weeks) and longer term
compared with AB. Additionally, these authors concluded

that there is no evidence to support AB injections for
longer-term pain management. Finally, Mi et al18 found that
CSI could relieve pain and significantly improve function of
the elbow in the short term (2-8 weeks), while PRP was the
most effective treatment option in terms of pain relief and
functional improvement in the intermediate (12 weeks) and
longer term (6-12 months).

Heterogeneity Assessment

All 9 studies included in this systematic review performed a
heterogeneity analysis. All meta-analyses performed a sub-
group or sensitivity analysis to compare study designs,

TABLE 3
Search Methodology Used by Each Included Studya

Databaseb
Primary
Studies Score

First Author
PubMed /
Medline EMBASE

Cochrane
Library CINAHL Scopus

Web of
Science SpringerLink n

Only
RCTsc PRISMAd

Oxman-
Guyatt QUOROM

Krogh15 þ þ þ þ � þ � 17 þ þ 7 16
Sayegh28 þ � þ � � � � 22 þ þ 5 18
Chou3 þ � þ þ þ � � 9 þ � 7 16
Arirachakaran1 þ � � � þ � � 10 þ � 7 18
Dong6 þ þ þ � � � � 27 þ þ 5 17
Tsikopoulos34 þ � þ � þ þ � 9 þ þ 5 18
Qian25 þ þ þ � � þ � 10 þ þ 5 18
Sirico31 þ þ þ þ þ þ � 4 þ þ 7 17
Mi18 þ þ þ � � � þ 8 þ þ 7 17

aCINAHL, Cumulative Index to Nursing and Allied Health Literature; EMBASE, Excerpta Medica Database; Medline, Medical Literature
Analysis and Retrieval System Online; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT, randomized
controlled trial; QUOROM, Quality of Reporting of Meta-analyses.

bA plus (þ) or minus (–) indicates that a database was or was not used in the search strategy, respectively.
cA plus (þ) indicates that the primary studies included only RCTs.
dA plus (þ) or minus (–) indicates that the PRISMA guidelines were or were not used in the search strategy, respectively.

TABLE 2
Outcomes Reported by Each Included Studya

Krogh15 Sayegh28 Chou3 Arirachakaran1 Dong6 Tsikopoulos34 Qian25 Sirico31 Mi18

Objective outcomes
Adverse events þ � þ þ � þ � � �
Escape treatments/nonresponse þ þ � þ � � � � �
Upper extremity function � þ þ � � þ þ þ �
Grip strength þ þ þ � � þ þ � �

Patient-reported outcomes
PRTEE þ þ þ þ � þ þ � þ
DASH � þ þ þ þ þ þ � þ
Pain intensity þ þ � � þ þ þ � þ
VAS for pain þ þ þ þ þ þ þ þ þ
Roles and Maudsley þ þ � � � þ � � �
Nirschl stage þ � þ � � þ þ � �
Likert scale � þ � � þ � � � �
EQ-5D � þ � � � � � � �
PPT � þ þ þ � þ � � �

aA plus (þ) or minus (–) indicates that an outcome measure was or was not reported, respectively. DASH, Disabilities of the Arm, Shoulder
and Hand; EQ-5D, EuroQoL score; PPT, pressure pain threshold; PRTEE, Patient-Rated Tennis Elbow Evaluation; VAS, visual analog scale.
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interventions, and outcomes (Table 4). Additional para-
meters, such as age, sex, dominant elbow, and follow-up
interval, were analyzed.

Results of Jadad Decision Algorithm

The Jadad decision algorithm was applied to determine
which of the 9 included studies provided the best available
evidence.13 All outcomes of the included meta-analyses are
shown in Figure 1. The selection criteria were not accor-
dant among the included meta-analyses; therefore, the
Jadad algorithm suggests that the highest-quality review
be selected according to the publication characteristics of
primary trials, the methods of primary trials, the lan-
guage restrictions, and whether analysis of data on indi-
vidual patients was included in the study. Arirachakaran
et al1 was selected as the study with the best methodolog-
ical quality of primary trials.

DISCUSSION

The purpose of this study was to conduct a systematic
review of overlapping meta-analyses comparing different

injection treatments for the treatment of LE and to
determine which meta-analyses provide the best available
evidence. Most studies found that ABPs (ie, AB and PRP)
were the most effective treatment options for LE in terms of
pain relief and elbow function in the intermediate term
(12-26 weeks).1,3,6,15,18,25,34 In addition, CSI was an effec-
tive treatment for pain relief and elbow function in the
short term (<12 weeks).18,25,31,34 Many studies found that
although CSIs exhibit positive short-term outcomes regard-
ing pain relief and functional improvement, the recurrence
rate of tennis elbow with CSI should be taken into consid-
eration.3,18,25,31,34 Qian et al25 reported recurrence rates
after CSI of 37% at 6 months and 72% at 6 weeks. Addition-
ally, the lack of a significant short-term effect with injection
of ABPs could represent the period needed for proper ten-
don tissue regeneration.18,25,31,34

The pathogenesis of LE is predominantly related to
degeneration, while inflammation minimally affects
LE.3,18 The high rate of recurrence with CSI could be
explained by the effectiveness of steroids in decreasing pain
intensity with the inhibition of neuropeptides and cyto-
kines. However, tendon healing may be disrupted with the
use of steroids by inhibiting the migration and proliferation

TABLE 4
Heterogeneity or Subgroup Analyses of Primary Studiesa

Krogh15 Sayegh28 Chou3 Arirachakaran1 Dong6 Tsikopoulos34 Qian25 Sirico31 Mi18

Statistical heterogeneity analysis þ þ þ þ þ þ þ þ þ
Subgroup or sensitivity analysis

Primary study quality þ þ þ þ þ þ þ þ þ
Age 0 0 0 0 0 0 0 0 0
Sex 0 0 � 0 0 0 0 0 0
Dominant elbow � 0 0 0 � 0 � � �
Number of injections 0 � 0 � � þ � � �
Dosage 0 � 0 � 0 þ 0 0 0
Follow-up interval 0 0 0 0 0 0 0 0 �
Trial duration þ 0 0 0 0 þ þ � 0
Postintervention protocols � � � � � þ � � 0
Pain score þ 0 þ þ þ þ þ þ þ
VAS pain 0 0 0 þ 0 0 0 þ 0
PPT � 0 0 þ � 0 � � �
Adverse effects / nonresponse rates 0 � 0 þ � 0 0 0 0
Overall function 0 þ 0 � � þ þ � þ
Nirschl score 0 � 0 � � 0 þ � �
Overall improvement 0 þ 0 � � � � � �
Treatment failure � þ 0 � � � � � �
Escape treatment 0 þ � � � � � � �
Analgesics/NSAIDs 0 þ � � � � � � �
Outside consultation 0 þ � � � � � � �
Surgery 0 þ � � � � � � �
PRTEE 0 þ 0 þ � 0 0 � 0
DASH � þ 0 þ 0 0 0 � 0
Pain-free functional index � þ � � � � � � �
EQ-5D � þ � � � � � � �
Maximum grip strength 0 þ 0 � � 0 þ � �
Pain-free grip strength 0 þ 0 � � 0 0 � �

aA plus sign (þ) or minus sign (–) indicates that formal sensitivity or subgroup analysis was or was not performed, respectively; 0 indicates
that descriptive data were performed or discussed but no analysis was performed. DASH, Disabilities of the Arm, Shoulder and Hand; EQ-5D,
EuroQoL score; NSAIDs, nonsteroidal anti-inflammatory drugs; PPT, pressure pain threshold; PRTEE, Patient-Rated Tennis Elbow Eval-
uation; VAS, visual analog scale.
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of the cell and by inducing the differentiation of the non-
tenocyte.3,18,25 Additionally, overuse of the elbow attrib-
uted to short-term pain relief following treatment with
CSI could be a reason for the high rate of recurrence.25

Furthermore, ABPs contain growth factors, which may be
beneficial for tendon healing, although this may take >3
months.16 This extended period for healing may be the rea-
son why ABPs were shown to be more effective in the inter-
mediate term.1,3,6,15,18,25,34

Of the 9 studies we evaluated, 1 study had an Oxman-
Guyatt score of 7 with a QUOROM score of 18,1 and 2 studies
had an Oxman-Guyatt score of 7 with a QUOROM score of
17.18,31 These were the highest scores achieved in this
review; therefore, these meta-analyses appear to have the
highest level of evidence. The first of these was a level 1
meta-analysis by Arirachakaran et al.1 This meta-analysis
found that PRP and AB are both superior to CSI within and
after 2 months. The investigators found that AB was advan-
tageous in improving pain, disability scores, and pressure
pain threshold and that PRP can improve pain as compared
with CSI. The investigators found an increased risk of
adverse effects in AB as compared with PRP.1 The second
of these studies was a level 2 meta-analysis by Sirico et al.31

This meta-analysis found that CSI nonsignificantly lowered
the VAS pain score more so than AB in the short term but
did not find any differences in the medium and long term.

Sirico et al31 proposed a multiple-treatment injection proto-
col using CSI for short-term pain relief combined with ABPs
for long-term functional improvement. The third of these
studies was a level 2 meta-analysis by Mi et al.18 This study
supported our hypothesis that CSI could relieve pain and
significantly improve function in the short term, while PRP
was the most effective treatment option for the intermediate
to long term. However, the dosage and various dose options
of PRP and CSI made it difficult to compare main outcomes,
and this study lacked high-quality randomized controlled
trials to verify the results.

Only 1 of the meta-analyses included in this review found
no clinical benefits after nonsurgical injections (CSI, PRP,
AB, sodium hyaluronate, or glycosaminoglycan polysulfate)
and other nonsurgical treatments (physical therapy, shock
wave therapy, laser, ultrasound, corticosteroid iontophore-
sis, topical glyceryl trinitrate, or oral naproxen) as com-
pared with observation only or placebo (saline injection)
at intermediate to long term.28 However, the aggregation
of multiple nonsurgical treatments in the same analysis
may have allowed the effectiveness of each treatment to
counterbalance the other treatment.

Rather than conducting further reviews or meta-
analyses, further research efforts should be aimed toward
creating a single, large level 1 clinical trial to determine the
most effective treatment option for LE given the lack of a

Figure 1. Flow diagram of Jadad decision algorithm.13
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confident conclusion in these meta-analyses. Since ABPs
are not currently covered under the majority of insurance
plans, a cost-effectiveness analysis is needed to compare
PRP and AB when combined with physical therapy to
examine functional outcomes, pain thresholds, disability
scores, and adverse events.1 The effectiveness of ABP must
be obvious to justify out-of-pocket cost to the patient. There-
fore, it is clear that ABPs for the treatment of LE need to be
further examined clinically to determine the intermediate-
to long-term benefits when utilized alone or in combination
with CSI for short-term pain relief.

One of the strengths of this review is the use of multiple
validated quality assessment tools by 2 independent
reviewers.19,21 The limitations of this study should also
be noted. These include differences in pain scoring sys-
tems, treatment schedules and dosages, and follow-up
period. Moreover, improvements in treatment groups ver-
sus nontreatment groups may be partially attributed to a
placebo effect, activity modification, additional physical
therapy, commercial bias, and outside treatments, in addi-
tion to the natural history of the condition.28 This study
examined the more invasive treatments for LE, and con-
servative treatment measures, such as wrist bracing, non-
steroidal anti-inflammatory drug use, and rest, were not
considered in the majority of the included studies. Fur-
thermore, some nonoperative treatment options for LE,
including hyaluronic acid, glycosaminoglycan polysulfate,
prolotherapy, and botulinum toxin, were not included in
this review. In addition, the lack of uniformity among the
trials related to the preparation of PRP and the concentra-
tion of platelets (leukocyte rich vs poor) was not able to be
assessed in any of the included meta-analyses. Finally, the
small number of studies evaluating outcomes of particular
pairs of treatments and the high risk of bias in the ABP
treatment injections, owing to a lack of blinding, may have
had a significant effect on our findings. Further research
in which a blood sample is obtained from the control
groups is necessary to associate the dosage, number of
injections, and ideal combination and sequence of various
treatment injections for LE.

CONCLUSION

The results of this systematic review of overlapping meta-
analyses suggest that CSI improves functional outcomes
and pain relief for LE in the short term, while AB and PRP
are the most effective treatment options in the intermedi-
ate term. Despite lacking significant support, the results of
this review indicate that dosage, number of injections, and
combination of various treatment injections may be critical
factors and dependent variables in determining the success
of CSI, AB, and PRP, which necessitates a more detailed
evaluation and longer follow-up to determine the appropri-
ate injection protocol for the treatment of LE.
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APPENDIX

TABLE A1
Primary Studies Included in Meta-analysesa

Prospective Comparative Study Krogh15 Sayegh28 Chou3 Arirachakaran1 Dong6 Tsikopoulos34 Qian25 Sirico31 Mi18
Meta-

analyses, nb

Akermark (1995) þ þ � � þ � � � � 3
Creaney (2011) þ � þ þ � � � � � 3
Dogramaci (2009) þ � � � þ � � � � 2
Espandar (2010) þ � � � þ � � � � 2
Kazemi (2010) þ � þ þ þ þ þ þ � 7
Lin (2010) þ � � � þ � � � � 2
Lindenhovius (2008) þ � � � þ � � � � 2
Newcomer (2001) þ � � � þ � � � � 2
Ozturan (2010) þ � þ � þ þ þ � � 5
Peerbooms (2010) þ � � þ þ � þ � þ 5
Petrella (2010) þ þ � � þ � � � � 3
Placzek (2007) þ � � � þ � � � � 2
Price (1991; study 1) þ � � � þ � � � � 2
Price (1991; study 2) þ � � � þ � � � � 2
Scarpone (2008) þ � � � þ � � � � 2
Wong (2005) þ � � � þ � � � � 2
Zeisig (2008) þ � � � � � � � � 1
Chesterton (2013) � þ � � � � � � � 1
Krogh (2013) � þ � þ þ � þ � þ 5
Coombes (2013) � þ � � þ � � � � 2
McCallum (2011) � þ � � � � � � � 1
Wolf (2011) � þ þ � þ þ þ þ � 6
Staples (2008) � þ � � � � � � � 1
Bisset (2006) � þ � � þ � � � � 2
Spacca (2005) � þ � � � � � � � 1
Pettrone (2005) � þ � � � � � � � 1
Rompe (2004) � þ � � � � � � � 1
Mehra (2003) � þ � � � � � � � 1
Melikyan (2003) � þ � � � � � � � 1
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TABLE A1 (continued)

Prospective Comparative Study Krogh15 Sayegh28 Chou3 Arirachakaran1 Dong6 Tsikopoulos34 Qian25 Sirico31 Mi18
Meta-

analyses, nb

Haake (2002) � þ � � � � � � � 1
Runeson (2002) � þ � � � � � � � 1
Smidt (2002) � þ � � þ � � � � 2
Hay (1999) � þ � � þ � � � � 2
Haker (1990) � þ � � � � � � � 1
Haker (1991; Pain) � þ � � � � � � � 1
Haker (1991; J Pain Symptom

Manage)
� þ � � � � � � � 1

Haker (1991; Scand J Rehabil
Med)

� þ � � � � � � � 1

Dojode (2012) � � þ þ � þ þ � � 4
Jindal (2013) � � þ � þ þ þ þ � 5
Raeissadat (2014; study 1) � � þ þ � � � � � 2
Raeissadat (2014; study 2) � � � þ � � � � � 1
Singh (2013) � � þ þ � � � � � 2
Thanasas (2011) � � þ þ þ � � � � 3
Omar (2012) � � � þ þ � þ � þ 4
Tonks (2007) � � � � þ � � � � 1
Mardani-Kivi (2013) � � � � þ � � � � 1
Rabago (2013) � � � � þ � � � � 1
Stenhouse (2013) � � � � þ � � � � 1
Arik (2014) � � � � � þ þ þ � 3
Gautam (2015) � � � � � � þ � þ 2
Khaliq (2015) � � � � � � � � þ 1
Lebiedzinkski (2015) � � � � � � � � þ 1
Palacio (2016) � � � � � � � � þ 1
Yadav (2015) � � � � � � � � þ 1

aA plus (þ) or minus (–) indicates that a primary study was or was not used in the designated meta-analysis, respectively.
bRepresents how many meta-analyses assessed each primary study.
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