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Background: The effectiveness of platelet-rich plasma (PRP) injection in the treatment of lateral epicondylitis remains debatable.

Purpose: To evaluate the effectiveness of PRP in lateral epicondylitis treatment using minimal clinically important difference
(MCID) values as a reference and to investigate if leukocyte content can influence the effectiveness of the therapy.

Study Design: Systematic review; Level of evidence, 4.

Methods: Following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, the authors
searched the Medline and Scopus databases for studies on lateral epicondylitis and PRP therapy that used the following patient-
reported outcome measures (PROMs): visual analog scale (VAS) for pain; Disabilities of the Arm, Shoulder and Hand (DASH);
Patient-Rated Tennis Elbow Evaluation (PRTEE); and Mayo Clinic Performance Index (MAYO). The weighted arithmetic means for
the PROMs were calculated at baseline (week 0) and follow-up weeks 4, 8, 12, 24, 52, and 104. The mean differences in outcomes
(DVAS, DDASH, DPRTEE, and DMAYO) were compared with the MCID values at each follow-up point. In addition, the effective-
ness of leukocyte-rich PRP (LR-PRP) versus leukocyte-poor PRP (LP-PRP) was also compared. The Student t test was used in all
analyses.

Results: A total of 26 studies were included in the analysis. After PRP injection, all PROM scores improved with time. The scores
improved significantly from baseline to each follow-up time (P < .0001), with the exception of the PRTEE (no significant difference
at follow-up weeks 12 and 52). The mean difference in scores from baseline exceeded the respective MCIDs from weeks 4 to 104
for the VAS and DASH, from weeks 4 to 52 for the MAYO, and from weeks 8 to 52 for the PRTEE. The MCID for each of the PROMs
was exceeded at almost every observation period in both the LR-PRP and the LP-PRP systems.

Conclusion: Based on comparisons with the MCID values of commonly used outcome scores, PRP seems to be an effective form
of treatment for lateral epicondylitis. Both the LR- PRP and the LP- PRP systems were effective in the context of meeting the MCID.
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Recovery from injuries within the human musculoskeletal
system is a complex process that depends on many factors.
At the cellular level, the regeneration process depends to a
large extent on growth factors that are stored in platelets’
granules and secreted at the site of injury. Research on the
biological potential of platelets has led to the development
of techniques for the preparation of platelet-rich concen-
trates, which in turn has contributed to their use in regen-
erative medicine.43 Currently, autologous preparations of
platelet-rich plasma (PRP) are widely used in the treat-
ment of complex and difficult-to-heal complications in bone

union and in enthesopathies, including lateral epicondylitis
(tennis elbow).4,42

Many studies have been published on the use of PRP and
its effectiveness in the treatment of lateral epicondylitis.9,10

Interestingly, although recent systematic reviews and
meta-analyses have been based on common or similar orig-
inal papers, their conclusions have often differed
significantly.9,31 Generally, the authors have concluded
that despite limited data and lack of method standardiza-
tion, PRP therapy seems to be effective. In contrast, de Vos
et al8 concluded that the evidence against the use of PRP to
treat lateral epicondylitis is strong. Although other authors
have pointed out some methodological and interpretational
errors in that study,13 similar opinions are not uncommon
in the literature.10
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Despite common use, the effectiveness of PRP for lateral
epicondylitis remains debatable.8-10,13 Clinically, it remains
uncertain when to expect the improvement in pain and func-
tion or for how long and to what extent. The primary aim of
this study was to address these uncertainties by comparing
outcome scores for lateral epicondylitis treatment as pub-
lished in the available literature with the minimal clinically
important difference (MCID) of these scores. Because ther-
apeutic effect may depend on the composition of the PRP
preparation, our secondary aim was to evaluate whether the
leukocyte content in PRP may affect the effectiveness of the
therapy as measured using the MCID. Our hypotheses were
that PRP is an effective form of lateral epicondylitis treat-
ment in terms of MCID and that the effectiveness of the PRP
therapy depends on the PRP leukocyte content.

METHODS

Search Strategy

The study was conducted in accordance with PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. Medline (PubMed) and Scopus
databases were searched by 2 independent researchers
(A.B. and P.N.) using the following terms: “lateral
epicondylitis” or “tennis elbow” and “platelet-rich plasma.”
Relevant studies published in English by November 2020
were screened and selected. Next, the eligibility assessment
for inclusion was based on the title or abstract and on the
full text if required. The inclusion criteria, necessary to
qualify the study for the analysis, were evaluation of the
effectiveness of lateral epicondylitis treated with PRP, raw
results of at least 1 patient-reported outcome measure
(PROM) or percentage of PROM improvement in relation
to the baseline level, and the presence of outcome scores in
at least 1 of the follow-up points selected for this analysis.
The selection process and exclusion criteria are described in
Figure 1. Ultimately, a total of 26 studies were qualified for
the analysis.k A summary of the study characteristics is
available in Appendix Table A1.

Two analyses were performed. The first included all
studies that met the inclusion criteria to determine the
overall effect. This analysis included both studies using
commercial PRP separation kits and those using original
manual protocols (ie, without the use of available kits).
In the second analysis, we compared the effectiveness
of PRP therapy in studies that used leukocyte-rich

(LR-PRP)14,18,19,23,24,30,38 versus leukocyte-poor (LP-PRP)
systems.1,3,12,21,22,25,37

Articles with duplicate results were rejected at the inclu-
sion stage of the study. Studies with missing data were
rejected from the respective comparisons.

Outcomes

We included the following frequently used PROMs for
assessing lateral epicondylitis treatment: visual analog
scale (VAS) for pain; Disabilities of the Arm, Shoulder and
Hand score (DASH); Patient-Rated Tennis Elbow Evalua-
tion (PRTEE); and Mayo Clinic Performance Index
(MAYO). The following ranges were assumed: 0 minimum
and 10 maximum pain for VAS (results given on the
100-point VAS scale were converted to a 10-point scale),
0 minimum and 100 maximum disability for DASH, 0 min-
imum and 100 maximum pain and disability for PRTEE,
and 0 poor and 100 excellent performance for MAYO.

Follow-up

The effectiveness of PRP therapy was analyzed over time
relative to the clinical condition before therapy onset
(baseline, week 0). The outcome scores were analyzed at
follow-up points that were quoted by the literature most
frequently: weeks 4, 8, 12, 24, 52, and 104.

Figure 1. Flowchart of the study selection.
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Measures of Effectiveness

Based on the results of each study, the weighted arithmetic
means (±SDs) of the outcome scores were calculated. In
addition, we calculated the mean differences in scores ver-
sus baseline (DVAS, DDASH, DPRTEE, and DMAYO) and
the percentage improvement from baseline for each of the
follow-up points. When studies lacked raw data for the out-
come scores,19,24 only the results of the outcome improve-
ments were used for further analysis. Finally, for each
outcome measure, we calculated the weighted arithmetic
means of the percentage improvement in scores over time.

The MCID values were defined in accordance with the
literature. The therapy for lateral epicondylitis was consid-
ered effective when the mean difference in outcome scores
between baseline and the follow-up point exceeded the
following MCIDs: 1.5 points for VAS,17 15.8 points for
DASH,34 11 points for PRTEE,29 and 15 points for MAYO.33

Statistical Analysis

The analysis of the differences in weighted arithmetic means
of the outcome scores was computed using the Student t test.
The mean differences and percentage improvement of scores
versus baseline were calculated using Excel 2016 (Microsoft
Corp) and Corel Draw X7 (Corel Corp) software. Statistical
analysis was performed using Statistica 13.3 software
(Tibco). P < .05 was considered statistically significant.

RESULTS

Overall Effect

For each study analyzed, the PROM scores at baseline and
follow-up, as well as the percentage change from baseline,
are shown in Appendix Table A2. Table 1 shows the
weighted arithmetic means of each PROM score, as well
as mean difference and percentage improvement in scores
versus baseline. For each outcome, the relevant studies
and sample sizes for each follow-up time are given. Figure 2
presents the weighted arithmetic means of the percentage
improvement in each PROM at each follow-up point. The
results for each PROM are described separately.

VAS Pain Score

VAS pain was the most frequently reported score. The num-
ber of patients varied between 684 (baseline) and 132 (week
104). In each of the studies, the VAS score was decreased
(improved) after PRP therapy. The best effects were
observed between weeks 8 and 52 after the PRP injection.
There were few studies with >1 of follow-up, and the
results were inconclusive. According to a study by Gosens
et al,14 the therapeutic effect not only persisted after 2 years
but also further improved. The reduction in VAS in year 2 of
follow-up was also confirmed by Alessio-Mazzola et al.1 Yet,
a shortcoming of this study is the absence of other follow-up
points. In opposition to this stands the study of Merolla

TABLE 1
Weighted Arithmetic Means and Change in Outcome Scores From 4 to 104 Weeks of Follow-upa

VAS DASH PRTEE MAYO

Follow-up
Score,

Mean ± SD

DVAS vs
Baseline, Points
(% Improvement)

Score,
Mean ± SD

DDASH vs
Baseline,
Points (%

Improvement)
Score,

Mean ± SD

DPRTEE vs
Baseline,
Points (%

Improvement)
Score, Mean

± SD

DMAYO vs
Baseline,
Points (%

Improvement)

Baseline 7.40 ± 1.30 NA 60.8 ± 12.5 NA 55.6 ± 14.7 NA 55.5 ± 6.1 NA
n ¼ 684 n ¼ 458 n ¼ 384 n ¼ 193

4 wk 4.43 ± 1.73b 2.97c (39.1) 41.6 ± 16.4b 19.2c (27.0) 47.3 ± 19.6b 8.3 (18.7) 79.7 ± 8.8b 24.2c (39.2)
n ¼ 471 n ¼ 583 n ¼ 233 n ¼ 233 n ¼ 217 n ¼ 217 n ¼ 138 n ¼ 138

8 wk 3.53 ± 2.07b 3.87c (54.6) 32.2 ± 16.8b 28.6c (37.5) 31.4 ± 20.9b 24.2c (45.2) 79.5 ± 12.0b 24.0 (49.9)
n ¼ 332 n ¼ 480 n ¼ 205 n ¼ 205 n ¼ 200 n ¼ 200 n ¼ 31 n ¼ 67

12 wk 2.41 ± 1.58b 4.99c (63.2) 28.5 ± 12.6b 32.2c (56.8) 25.4 ± NR 30.2c (63.2) 88.7 ± 5.1b 33.2c (67.7)
n ¼ 410 n ¼ 501 n ¼ 276 n ¼ 276 n ¼ 234 n ¼ 234 n ¼ 70 n ¼ 70

24 wk 2.01 ± 1.61b 5.39c (70.9) 22.9 ± 18.0b 37.9c (52.2) 25.5 ± 20.6b 30.1c (66.0) 86.2 ± 5.6b 30.7c (51.8)
n ¼ 384 n ¼ 476 n ¼ 210 n ¼ 210 n ¼ 249 n ¼ 249 n ¼ 117 n ¼ 153

52 wk 1.57 ± 1.66b 5.83c (76.8) 19.3 ± 16.8b 41.5c (63.9) 9.0 ± NR 46.6c (87.2) 93.0 ± 6.7b 37.5c (67.0)
n ¼ 325 n ¼ 361 n ¼ 201 n ¼ 201 n ¼ 50 n ¼ 50 n ¼ 142 n ¼ 178

104 wk 3.71 ± 2.35b 3.69c (50.2) 13.0 ± 18.5b 47.8c (76.7) 48.8 ± 4.1b 6.8 (28.9) NR NR
n ¼ 132 n ¼ 132 n ¼ 82 n ¼ 82 n ¼ 81 n ¼ 81

aReferences: VAS pain score, 1-3, 11, 14, 15, 16, 18, 19, 22, 23, 25, 30, 32, 36-41; DVAS, 1-3, 11, 13, 15, 16, 18, 19, 22-25, 30, 32, 36-41; DASH
score, 1, 11-13, 15, 16, 18, 21, 22, 28, 37, 40; DDASH, 1, 11, 12, 14, 15, 16, 18, 21, 22, 28, 37, 40; PRTEE score, 1, 5, 12, 20, 23, 24, 28; DPRTEE, 1,
5, 12, 20, 23, 24, 28; MAYO score, 3, 11, 16, 19, 30, 36; DMAYO, 3, 11, 16, 19, 30, 36. DASH, Disabilities of the Arm, Shoulder and Hand; MAYO,
Mayo Clinic Performance Index; NA, not applicable; NR, not reported; PRTEE, Patient-Rated Tennis Elbow Evaluation; VAS, visual analog
scale for pain.

bStatistically significant difference versus baseline (P < .0001).
cDifference in score is greater than minimal clinically important difference.
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et al23 reporting the recurrence of pain almost back to the
baseline value at year 2 of follow-up. Regardless of this, the
weighted arithmetic means of VAS were significantly
decreased in relation to the baseline level at all follow-up
points. Also, DVAS exceeded the MCID for VAS at each
follow-up point. Weighted arithmetic means of VAS
improvement (% vs baseline) increased between weeks 4
and 52 (from 39.1% to 76.8%) then decreased to 50.2% at
2 years of observation.

DASH Score

The studies included in this analysis were characterized by
a high variability in the baseline DASH values, which ran-
ged between 35.6 (Linnanmäki et al22) and 88.0 (Yadav
et al40), with an average value of 60.8. The weighted arith-
metic means of DASH decreased (improved) successively
from week 4 to week 104 of follow-up, with differences in
relation to the baseline being statistically significant.
DDASH exceeded the MCID for DASH from week 4 to
2 years of observation. The weighted arithmetic means of
DASH improvement varied between 27.0% at week 4 of
follow-up and 76.7% at year 2 of follow-up. No decrease in
the effectiveness of the therapy during the 2-year observa-
tion period was observed for DASH.

PRTEE Score

The baseline PRTEE values showed a large diversity across
studies such as in the case of DASH. Similar to VAS scores,
a decrease (improvement) in the weighted arithmetic
means of PRTEE pain outcomes was observed in the period
from weeks 4 to 52, with an increase again at year 2 back to
the level from week 4. Differences between means of
PRTEE at weeks 4, 8, 24, and 104 versus baseline value
showed statistical significance. It was impossible to calcu-
late the differences for the remaining follow-up points
(weeks 12 and 52) because of the lack of standard deviations
(SDs) of PRTEEs in the source publications. DPRTEE
exceeded the MCID for PRTEE between weeks 8 and 52
of follow-up. The weighted arithmetic means of PRTEE
improvement increased between weeks 4 and 52 (from
18.7% to 87.2%) and then decreased to 28.9% at year 2 of
observation.

MAYO Score

MAYO was the least frequently used scale among the pub-
lications included in our analysis. The number of patient
reports was 2.3 to 11.1 times smaller (depending on the
time of follow-up) than that of VAS. Some of the follow-up
scores were calculated from only 2 studies. Also, there has

Figure 2. Plotting of the weighted arithmetic means of the improvement in scores over time (% of improvement vs baseline
[week 0]): (A) visual analog scale (VAS) for pain; (B) Disabilities of the Arm, Shoulder and Hand (DASH); (C) Patient-Rated Tennis
Elbow Evaluation (PRTEE); and (D) Mayo Clinic Performance Index (MAYO) scores.
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been no study using a MAYO score beyond a year of obser-
vation. This all resulted in a nonlinear increase (improve-
ment) in MAYO weighted arithmetic means and
fluctuations in the means of MAYO improvement. Never-
theless, the differences between the means for MAYO in
relation to the baseline level showed statistical significance
for all the follow-up points (weeks 4-52). Also, the DMAYO
values exceeded the MCID for MAYO at each observation
point.

LR-PRP Versus LP-PRP

Weighted arithmetic means of PROMs as well as the data
on MCID with regard to the leukocyte content of the PRP
preparations are presented in Table 2. Figure 3 shows
improvement of the PROMs in both studies that used LR-
PRP14,18,19,23,24,30,38 and those with LP-PRP.1,3,12,21,22,25,37

PRP therapy significantly decreased the VAS score in
relation to the baseline level at all follow-up points, in both
the LR-PRP and LP-PRP groups. As there was a difference
in VAS levels between LR-PRP and LP-PRP systems at
baseline, the means at individual follow-up points were not
compared. DVAS exceeded the MCID for VAS at each
follow-up point in the LR-PRP group and from week 8 to
2 years of observation in the LP-PRP group.

PRP therapy also significantly decreased the DASH
score at all follow-up points versus baseline, in both the
LR-PRP and the LP-PRP groups. Also, in the case of DASH,
the baseline values in the LR-PRP and LP-PRP groups dif-
fered significantly; therefore, the means at individual
observation points were not compared. DDASH exceeded
the MCID for DASH at each follow-up point in the LR-
PRP group and from week 8 to 2 years of observation in the
LP-PRP group.

The lack of SDs of PRTEEs in the source studies made it
impossible to calculate the differences between baseline
level and the levels at follow-up points in the LR-PRP
group. In the LP-PRP group, these differences were signif-
icant at all follow-up points. DPRTEE exceeded the MCID
for PRTEE between weeks 8 and 52 in the LR-PRP group
and at all follow-up points in the LP-PRP group.

The differences between the means of MAYO in relation to
the baseline level were statistically significant for all obser-
vation points, in both the LR-PRP and LP-PRP groups. As
there was a difference in MAYO levels between LR-PRP and
LP-PRP at the baseline, the means at individual follow-up
points were not compared. DMAYO also exceeded the MCID
for MAYO at each point of observation.

Figure 3 shows that there is an advantage of LR-PRP
preparations in short-term follow-up (greater improvement

TABLE 2
Weighted Arithmetic Means of Outcome Scores at Weeks 4-104 of Follow-up, Based on the Results of Studies Using LR-PRP

Versus LP-PRPa

VAS DVAS DASH DDASH PRTEE DPRTEE MAYO DMAYO

Baseline
LR-PRP 7.28 ± 1.60 (181)b — 63.2 ± 19.5 (81)b — 59.0 ± NR (166) — 52.0 ± 16.0 (67)b —
LP-PRP 6.61 ± 1.94 (137) — 48.8 ± 15.0 (212) — 56.0 ± 5.6 (93) — 63.2 ± 10.2 (15) —

4 wk
LR-PRP 4.63 ± 2.32 (168)c 2.65d 43.1 ± 21.6 (51)c 20.1d 49.0 ± NR (162) 10 71.7 ± 16.0 (67)c 19.7d

LP-PRP 5.49 ± 1.75 (77)c 1.12 38.0 ± 20.1 (88)c 10.8 42.3 ± 19.6 (55)c 13.7d 78.3 ± 10.4 (15)c 15.1d

8 wk
LR-PRP 3.57 ± 2.35 (132)c 3.71d 37.2 ± 24.7 (51)c 26.0d 31.3 ± NR (162) 27.7d 79.5 ± 12.0 (31)c 27.5d

LP-PRP 3.97 ± 2.11 (56)c 2.64d 28.9 ± 19.1 (94)c 19.9d 31.8 ± 20.9 (38)c 24.2d NR NR
12 wk

LR-PRP 2.27 ± 2.10 (145)c 5.01d 24.4 ± 22.0 (81)c 38.8d 24.0 ± NR (151) 35d NR NR
LP-PRP 4.05 ± 2.14 (70)c 2.56d 24.0 ± 19.0 (30)c 24.8d NR NR 84.7 ± 9.2 (15)c 21.5d

24 wk
LR-PRP 2.32 ± 2.87 (146)c 4.96d 27.8 ± 24.7 (51)c 35.4d 14.4 ± NR (106) 44.6d 81.2 ± 16.0 (31)c 29.2d

LP-PRP 2.96 ± 1.94 (93)c 4.96d 20.2 ± 17.0 (144)c 28.6d 23.2 ± 18.2 (38)c 32.8d 88.8 ± 8.4 (15)c 25.6d

52 wk
LR-PRP 1.98 ± 2.84 (132)c 5.30d 20.0 ± 23.5 (51)c 43.2d 9.0 ± NR (50) 50.0d 78.2 ± 18.0 (31)c 26.2d

LP-PRP 1.98 ± 1.91 (97)c 4.63d 14.4 ± 18.5 (110)c 34.4d NR NR 92.8 ± 6.0 (15)c 29.6d

104 wk
LR-PRP 4.58 ± 2.80 (101)c 2.57d 17.6 ± 24.0 (51)c 45.6d 69.2 ± NR (50) –10.2 NR NR
LP-PRP 0.90 ± 1.60 (31)c 5.71d 5.5 ± 9.5 (31)c 43.3d 15.9 ± 4.1 (31)c 40.1d NR NR

aData are reported as weighted arithmetic mean ± SD (No. of patients) unless otherwise indicated. References: LR-PRP, 14, 18, 19, 23,
24, 30, 38; LP-PRP, 1, 3, 12, 21, 22, 25, 37. DASH, Disabilities of the Arm, Shoulder and Hand; LP, leukocyte-poor; LR, leukocyte-rich;
MAYO, Mayo Clinic Performance Index; NR, not reported; PRP, platelet-rich plasma; PRTEE, Patient-Rated Tennis Elbow Evaluation;
VAS, visual analog scale for pain. Dashes indicate no difference.

bStatistically significant difference between LR-PRP and LP-PRP (P < .008).
cStatistically significant difference versus baseline (P < .004).
dDifference in score is greater than minimal clinically important difference.
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of all PROMs at weeks 4-24 vs baseline) and greater effec-
tiveness of LP-PRP preparations in long-term follow-up
(greater improvement of VAS, DASH, and PRTEE at
week 104). However, inference on this basis should be
approached with great caution because of the impossibility
of statistical verification (ie, incomplete source data, signif-
icant differences in baseline PROM scores between LR-PRP
and LP-PRP groups).

DISCUSSION

The results of our comparisons indicated that after the
injection of PRP, the VAS, DASH, PRTEE, and MAYO
scores improved significantly with time, with statistically
significant differences (P< .0001) between the baseline and
the posttreatment values reported at almost each follow-up
point for nearly all PROMs. The exception was the PRTEE,
where the lack of SD values in the source studies made it
impossible to calculate the significance of differences for
some follow-up points.

Our comparison ofDVAS,DDASH,DPRTEE, and DMAYO
for each follow-up point with the MCID values17,29,33,34 indi-
cated that the MCID for the VAS, DASH, and MAYO was
met throughout our observation period and the MCID for the
PRTEE was met between 8 weeks and 1 year of follow-up. In
the latter case, we found a reduction in the effectiveness of

the therapy at the 2-year follow-up, characterized by an
increase in PRTEE scores from 9.0 at 52 weeks to 48.8 at
104 weeks. This finding was determined by 2 factors: a
small number of studies with a long observation period
and the outlying values from the study by Merolla
et al,23 which alone made up >60% of the weighted arith-
metic mean of PRTEE at the 2-year follow-up. Despite the
fact that the difference in PRTEE scores from baseline to
2 years was statistically significant (P < .0001), the effec-
tiveness of PRP therapy over a period of >1 year requires
confirmation via additional long-term studies on a larger
group of patients.

The results of the current study also indicated that both
the LR-PRP and LP-PRP systems are effective tools in the
treatment of lateral epicondylitis. Despite the fact that the
comparison of weighted arithmetic means in individual
follow-up points was impossible for several reasons (mean
values of VAS, DASH, and MAYO in the LR-PRP and LP-
PRP groups differed significantly at baseline, there was a
lack of SDs of PRTEEs in source studies, etc), the MCID for
each of the PROMs was exceeded at almost every observa-
tion period in both the LR-PRP and the LP-PRP groups.
According to the obtained results, our second hypothesis
regarding the influence of leukocyte content on the effec-
tiveness of therapy was not confirmed because both
LP-PRP and LR-PRP proved to be equally effective in the
context of MCID.

Figure 3. Plotting of the weighted arithmetic means of the improvement in scores over time (% of improvement vs baseline
[week 0]) in studies using leukocyte-rich platelet-rich plasma (LR-PRP)14,18,19,23,24,30,38 and leukocyte-poor platelet-rich plasma
(LP-PRP)1,3,12,21,22,25,37: (A) visual analog scale (VAS) for pain; (B) Disabilities of the Arm, Shoulder and Hand (DASH); (C) Patient-
Rated Tennis Elbow Evaluation (PRTEE); and (D) Mayo Clinic Performance Index (MAYO) scores.
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The cellular composition of PRP, different in the prepara-
tions of individual producers, undoubtedly influences the
differences in the concentration of growth factors. For
example, it has been shown that the presence of leukocytes
in PRP accounts for approximately 30% to 50% of the
variability in the concentration of growth factors.44 Pre-
parations of LR-PRP systems (eg, GPS III) contain signifi-
cantly more cytokines than do LP-PRP systems (eg,
Arthrex). Growth factors secreted by white blood cells may
be involved in the healing process by removing microorgan-
isms, cleaning the wound from dead tissue fragments, and
stimulating angiogenesis.7 However, a high concentration
of white blood cells, specifically neutrophils, means
increased release of free radicals and intensification of the
inflammatory process, which may adversely affect the ther-
apeutic process at the injection site. The high concentration
of neutrophils correlates not only with the concentration of
free radicals but also with the amount of catabolic proin-
flammatory proteins, such as matrix metallopeptidase–9
and interleukin-1b, which are known predicators of poor
healing.35 Their presence may counteract the beneficial
effects resulting from the concentration of growth factors
promoting healing in the LR-PRP systems. The results of
the current work indicate that there is a need for further
research on the evaluation of PRP effectiveness, depending
on the cellular composition of the preparations.

The individual studies included in the current analysis
differed at the base level. Parameters such as study proto-
col, type of PRP preparation, preparation technique and
administration, postinjection management including reha-
bilitation, patient characteristics, baseline clinical condi-
tions, and many others may substantially influence the
outcomes and therapy efficacy.6,7,9,10 We were surprised
with the fact that many source studies used in the present
analysis did not include basic data such as age, sex distri-
bution, PRP separation parameters, raw PROM values,
and SDs of outcomes. The same applies to the randomized
trials. All the factors listed above are potential study lim-
itations, not only of the present work, but also of all the
summaries published so far on the topic of PRP treatment
of lateral epicondylitis. Also, earlier studies including the
meta-analyses9,10 showed a high index of heterogeneity
among the compared clinical studies. This enforces caution
in interpreting the results of direct meta-analyses and iden-
tifying the sources of potential discrepancies in such stud-
ies. A direct comparison and arrangement of existing
knowledge in a transparent way can help to eliminate the
difficulties in interpretation, which is particularly impor-
tant for clinicians making treatment decisions; they still
lack clear guidelines in lateral epicondylitis treatment. For
the above reasons, we decided to use the current method-
ology and relate the data available in the literature on lat-
eral epicondylitis treatment with PRP to the objective
parameter, which appears to be MCID.

Treatment of lateral epicondylitis with PRP is a rela-
tively inexpensive and safe method with a low recurrence
rate. The procedure does not require hospitalization and is
effective in terms of the MCID values of the commonly used
outcome scores. There is, however, variability in the indi-
vidual responses to PRP therapy reflected in the different

rate and intensity of the regeneration process. Greater
knowledge about the predictors of the regeneration process
within the musculoskeletal system may enable more accu-
rate selection of patients to maximize potential benefits of
treatment with PRP. Such better understanding could also
lead to therapy modifications that would improve PRP
treatment efficacy in patients who respond insufficiently.
In addition to differences in PRP preparation protocols and
in PRP types used, it seems that the efficacy of PRP therapy
may also depend on the age and sex of the patient, comor-
bidities, or pharmacotherapy. Also, little is known about
the importance of genetic variability within genes encoding
molecules involved in the regeneration process, wherein
our recent study showed that PDGFB gene variants may
influence the effectiveness of lateral epicondylitis treat-
ment with PRP.27 Full understanding of the role and effect
of these factors on the rate and effectiveness of PRP in
treating lateral epicondylitis remains a challenge for fur-
ther research, the results of which should be reported in a
transparent manner, enabling their later use, for example,
in meta-analyses and other comparative works. Undoubt-
edly, the use of the Minimum Information for Studies Eval-
uating Biologics in Orthopaedics checklist should be the
standard for reporting clinical trials assessing PRP.26

CONCLUSION

Based on the MCID values, PRP seems to be an effective
form of treatment for lateral epicondylitis. Both the LR-
PRP and LP-PRP systems were effective in the context of
MCID.
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APPENDIX

TABLE A1
Characteristics of the Analyzed Studiesa

First Author

Study
Type
(LOE)

Sample Size
(F/M), n

Age, y,
mean ± SD

(Range)

Type of PRP; Product
(Manufacturer) or Manual

Protocol (No. of Spins)b

Platelet
Concentration

(� Whole Blood)

Injections;
Interval

weeks (n)
Side Effects,

n (%)

Alessio-Mazzola1 RCS (3) 31 (13/18) 46.3 ± 10.1 (18-69) LP-PRP; manual (3 spins) 2-3 1 0
Bashir2 PCT (2) 24 (36/12) 37.9 ± NR (20-58) NR NR 1 NR
Behera3 RCT (1) 15 (NR) NR (27-50)c LP-PRP; Immuguard III-PL

(Thirurananthapuram)
2-3 1 0

Creaney5 RCT (1) 63 (27/36) 53.0 ± NR (NR) NR; manual (spins NR) 2 2; 4 wk 0
Gautam11 RCT (1) 15 (NR) NR (18-60)d NR; manual (1 spin) NR 1 NR
Glanzmann12 PCT (2) 62e (35/27) 48.2 ± NR (32-65) LP-PRP; Arthrex 2-3 1

2 (n ¼ 26);
4 wk

NR

Gosens14 RCT (1) 51 (28/23) 46.8 ± 8.5 (NR) LR-PRP; Biomet Biologics
GPS III

5 1 (n ¼ 48)
2 (n ¼ 3);

12 wk

NR

Gupta16 CS (4) 60 (36/24) 40.5 ± 10.1 (NR) NR; manual (2 spins) 2-5 1 (n ¼ 58)
2 (n ¼ 2);

4 wk

0

Gupta15 RCT (1) 40 (46/34) 40.8 ± NR (18-55) NR; manual (2 spins) NR 1 NR
Joshi18 PCT (2) 30 (35/25) 43.8 ± NR (29-55) LR-PRP; Tricell (REV-MED) NR 1 0
Karaduman19 RCS (3) 36 (14/22) 63.7 ± NR (58-72) LR-PRP; Biomet Biologics

GPS III
5 1 0

Khattab20 CS (4) 42 (31/11) 38.0 ± NR (30-50) NR; manual (spins NR) 3.3-6.7 1 NR
Lebiedziński21 RCT (1) 53 (25/28) 47.0 ± NR (25-67) LP-PRP; Arthrex 2-3 1 11 (21)
Linnanmäki22 RCT (1) 40f (64/55) 47.0 ± 7.7 (NR) LP-PRP; Arthrex 2 1 NR
Merolla23 PCT (2) 50 (21/29) 47.0 ± 6.1 (NR) LR-PRP; PRPS (Biomed

Device)
NR 2; 2 wk 0

Mishra24 RCT (2) 116g (NR) 48.4 ± NR (NR) LR-PRP; Biomet Biologics GPS 5 1 NR
Montalvan25 RCT (1) 25 (8/17) 47.0 ± 9.2 (NR) LP-PRP; Arthrex 2-3 2; 4 wk 4 (16)
Palacio28 RCT (1) 20 (NR) 46.6 ± NR (26-61) NR; manual (2 spins) NR 1 NR
Raeissadat30 RCT (1) 31 (23/8) 43.0 ± 6.0 (NR) LR-PRP; Rooyagen (Arya

Mabna Tashkhis Corp)
4.8 1 NR

Saurabh32 CS (4) 30 (22/8) 39.3 ± NR (25-58) NR; manual (2 spins) 4-6 1 NR
Tan36 CS (4) 56 (35/21) 45.0 ± NR (36-62) NR; manual (1 spin) 3 3; 1 wk 0
Tetschke37 PCT (2) 26 (14/12) 51.5 ± 10.4 (NR) LP-PRP; Arthrex 2-3 1 0
Thanasas38 RCT (1) 14 (11/3) 43.6 ± NR (29-52) LR-PRP; Biomet Biologics

GPS III
5 1 NR

Vadapalli39 PCT (2) 20 (25/15) 44.0 ± NR (22-63) NR; manual (1 spin) NR 1 NR
Yadav40 RCT (1) 30 (20/10) 36.6 ± NR (NR) NR; manual (spins NR) 3.3-6.7 1 0
Yerlikaya41 RCT (1) 60 (64/26) 38.6 ± NR (18-75) LP-PRP and LR-PRP; manual

(2/4 spins)
2-8 1 NR

aCS, case series; F, female; LOE, level of evidence; LP, leukocyte-poor; LR, leukocyte-rich; M, male; NR, not reported; PCT, prospective
comparative trial; PRP, platelet-rich plasma; RCS, retrospective comparative study; RCT, randomized controlled trial.

bManual protocol ¼ without the use of commercially available kits.
cOne age range for both studied groups (PRP and bupivacaine injections as controls).
dOne age range for both studied groups (PRP and corticosteroid groups).
eSample size ranged from 62 (baseline) through 55 (week 4) and 38 (weeks 8 and 24).
fSample size ranged from 40 (baseline) through 37 (week 4), 30 (weeks 8 and 12), 27 (week 26), and 31 (week 52).
gSample size ranged from 116 (baseline) through 112 (weeks 4 and 8), 101 (week 12), and 56 (week 24).
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TABLE A2
Outcome Scores and Improvement From Baseline in the Analyzed Studiesa

Raw Score, Mean ± SD (% of Improvement vs Baseline)

First Author Baseline 4 wk 8 wk 12 wk 24 wk 52 wk 104 wk

VAS (0 Min–10 Max Pain)

Alessio-Mazzola1 8.40 ± 1.10 NR NR NR NR NR 0.90 ± 1.60 (89.3)b

Bashir2 7.73 ± 0.81 NR 0.30 ± 0.55 (96.1)b NR 0.30 ± 0.70 (96.1)b NR NR

Behera3 7.50 ± 6.40 6.20 ± 0.90 (17.7) NR 4.30 ± 1.60 (42.5) 2.50 ± 2.10 (67.2)b 1.30 ± 1.40 (83.1)b NR

Gautam11 7.10 ± 0.80 NR NR 1.80 ± 0.60 (74.6)b 1.60 ± 0.50 (77.5)b NR NR

Gosens14 6.90 ± 1.60 5.60 ± 2.40 (19.3) 4.80 ± 2.50 (30.9)b 4.00 ± 2.10 (41.7)b 3.30 ± 3.10 (52.3)b 2.60 ± 3.10 (62.5)b 2.10 ± 2.80 (69.1)b

Gupta16 8.10 ± 0.77 3.80 ± 1.23 (53.1)b 3.05 ± 1.30 (62.3)b 2.90 ± 1.40 (64.2)b NR NR NR

Gupta15 8.10 ± 0.85 NR NR 0.40 ± 0.60 (95.1)b NR 0.25 ± 0.55 (96.9)b NR

Joshi18 8.30 ± NR NR NR NR NR NR NR

Karaduman19 7.03 ± NR 3.79 ± NR (46.1)b NR (60.0)b NR NR (81.0)b NR (83.0)b NR

Linnanmäki22 5.70 ± 1.70 5.00 ± 2.00 (12.3) 4.20 ± 2.20 (26.3)b 4.30 ± 2.60 (24.6)b 3.9 ± 2.50 (31.6)b 2.70 ± 2.40 (52.6)b NR

Merolla23 7.60 ± NR 4.50 ± NR (40.8)b 2.50 ± NR (67.1)b 1.50 ± NR (80.3)b 1.10 ± NR (85.5)b 0.60 ± NR (92.1)b 7.10 (6.6)

Mishra24 NR NR (38.4) NR (53.9)b NR (55.1) NR (71.5)b NR NR

Montalvan25 6.80 ± 0.80 5.80 ± 1.90 (14.7) NR 3.60 ± 1.90 (47.1) 2.50 ± 1.60 (63.2)b 1.70 ± 1.50 (75.0)b NR

Raeissadat30 7.10 ± 1.20 4.17 ± 2.20 (41.3)b 3.29 ± 2.10 (53.7)b NR 2.91 ± 2.47 (59.0)b 3.29 ± 2.41 (53.7)b NR

Saurabh32 7.70 ± NR NR NR 3.20 ± NR (58.4)b 1.80 ± NR (76.6)b NR NR

Tan36 7.30 ± 0.40 2.00 ± 0.60 (72.8)b NR NR 1.10 ± 0.20 (84.5)b 0.80 ± 0.30 (88.7)b NR

Tetschke37 5.23 ± 1.84 NR 3.67 ± 2.04 (29.8) NR 2.67 ± 1.59 (48.9)b 1.81 ± 2.02 (65.4)b NR

Thanasas38 6.10 ± NR NR NR 1.92 ± NR (68.5) 1.78 ± NR (70.8) NR NR

Vadapalli39 7.37 ± 0.90 3.32 ± 1.06 (55.0)b NR 0.78 ± 1.00 (89.4)b 0.56 ± 0.81 (92.4)b NR NR

Yadav40 7.60 ± NR 4.60 ± NR (39.5)b NR 1.60 ± NR (78.9)b NR NR NR

Yerlikaya41 8.30 ± 1.75 5.70 ± 2.65 (31.3)b 4.75 ± 3.05 (42.8)b NR NR NR NR

DASH (0 Min–100 Max Disability)

Alessio-Mazzola1 65.1 ± 10.5 NR NR NR NR NR 5.5 ± 9.5 (91.6)b

Gautam11 69.7 ± 6.1 NR NR 33.6 ± 5.1 (51.8)b 32.0 ± 4.5 (54.1)b NR NR

Glanzmann12 50.3 ± NR 42.0 ± 18.0 (16.5) 32.1 ± 17.7 (36.2) NR 20.7 ± 18.5 (58.8)b NR NR

Gosens14 54.3 ± 19.5 43.1 ± 21.6 (20.6)b 37.2 ± 24.7 (31.5)b 21.3 ± 22.0 (60.8)b 27.8 ± 24.7 (48.8)b 20.0 ± 23.5 (63.2)b 17.6 ± 24.0 (67.6)b

Gupta16 72.0 ± 6.5 36.2 ± 9.4 (49.7)b 33.3 ± 6.6 (53.8)b 33.6 ± 9.5 (53.3)b NR NR NR

Gupta15 87.1 ± 5.7 NR NR 35.1 ± 3.1 (59.7) NR 31.6 ± 3.9 (63.7) NR

Joshi18 78.3 ± NR NR NR 29.6 ± NR (62.2)b NR NR NR

Lebiedziński21 53.2 ± 15.5 NR NR NR 14.2 ± 13.4 (73.3)b 9.9 ± 17.1 (81.4)b NR

Linnanmäki22 35.6 ± 15.5 31.0 ± 18.0 (12.9) 24.0 ± 19.0 (32.6) 24.0 ± 19.0 (32.6) 25.0 ± 18.0 (29.8) 19.0 ± 20.0 (46.6) NR

Palacio28 45.7 ± NR NR NR 10.7 ± NR (76.6)b NR NR NR

Tetschke37 37.0 ± 18.3 NR 29.8 ± 21.1 (19.5) NR 26.5 ± 21.1 (28.4) 18.2 ± 19.5 (50.8) NR

Yadav40 88.0 ± NR 62.5 ± NR (29.0)b NR 34.2 ± NR (61.2)b NR NR NR

PRTEE (0 Min–100 Max Pain and Disability)

Alessio-Mazzola1 60.1 ± 5.6 NR NR NR NR NR 15.9 ± 4.1 (73.5)b

Creaney5 45.8 ± NR NR NR 33.0 ± NR (72.1)b 35.8 ± NR (76.4)b NR NR

Glanzmann12 54.0 ± NR 42.3 ± 19.6 (21.7) 31.8 ± 20.9 (41.1) NR 23.2 ± 18.2 (57.0)b NR NR

Khattab20 60.4 ± 21.4 NR NR NR 40.2 ± 22.8 (33.4)b NR NR

Merolla23 70.1 ± NR 63.0 ± NR (10.1) 29.6 ± NR (57.8)b 17.7 ± NR (74.8)b 12.3 ± NR (82.4)b 9 ± NR (87.2)b 69.2 ± NR (1.3)

Mishra24 54.2 ± NR 42.8 ± NR (21.0) 32.0 ± NR (41.0) 27.1 ± NR (50.0) 16.2 ± NR (70.1) NR NR

Palacio28 47.1 ± NR NR NR 13.0 ± NR (72.4)b NR NR NR

MAYO (0 Poor–100 Excellent)

Behera3 63.2 ± 10.2 78.3 ± 10.4 (23.9) NR 84.7 ± 9.2 (34.0) 88.8 ± 8.4 (40.5)b 92.8 ± 6.0 (46.8)b NR

Gautam11 56.1 ± 6.9 NR NR 70.2 ± 2.2 (25.1)b 70.7 ± 3.0 (26.0)b NR NR

Gupta15 49.5 ± 0.8 NR NR 97.2 ± 4.7 (96.4)b NR 98.2 ± 4.7 (98.4)b NR

Karaduman19 50.3 ± NR 71.3 ± NR (41.7)b NR (52.0)b NR NR (72.0)b NR (74.0)b NR

Raeissadat30 53.9 ± 16.0 72.1 ± 16.0 (33.8)b 79.5 ± 12.0 (47.5)b NR 81.2 ± 16.0 (50.6)b 78.2 ± 18.0 (45.1)b NR

Tan36 61.9 ± 3.0 89.6 ± 4.3 (44.7)b NR NR 92.5 ± 3.3 (49.4)b 97.6 ± 2.1 (57.7)b NR

aDASH, Disabilities of the Arm, Shoulder and Hand; max, maximum; MAYO, Mayo Clinic Performance Index; min, minimum; NR, not
reported; PRTEE, Patient-Rated Tennis Elbow Evaluation; VAS, visual analog scale for pain.

bStatistically significant difference versus baseline, as stated in source study (P < .05).
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