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SUMMARY
Background. Autologous platelet-rich plasma (PRP) therapy has been applied in treat-
ment of medial or lateral elbow epicondylitis; however, its efficacy is variable possibly 
due to differences in PRP platelet or neutrophil concentrations. We prepared neutro-
phil-reduced PRP with optimized platelet concentrations, and investigated therapeu-
tic effects of the platelet-optimized PRP for elbow epicondylitis.
Methods. We treated 65 elbows of 60 patients (9 women and 51 men) with mean 
age of 50 years. Neutrophil-reduced PRP with optimized platelet concentrations were 
used in 41 lateral epicondylitis and 24 medial epicondylitis cases. Visual analogue pain 
scores (VAS) and modified Mayo Elbow Performance scores (MEPS) were obtained 
for each elbow at pre-PRP therapy and at 3, 6 or 12 months after the treatment.
Results. In 57 enthesopathies (34 lateral and 23 medial elbow epicondylitis), VAS or 
modified MEPS values at 3 months after treatment were significantly lower or higher, 
respectively, than those obtained before treatment; and this tendency was more mani-
fested at 6 and 12 months after treatment. The PRP therapies were relatively less effec-
tive in 3 cases with complete tears at insertional site(s) of common tendons, 3 cases of 
lateral epicondylitis with synovial fringes, one with entrapment of the posterior interos-
seous nerve and in one welfare-reliant patient. Following the treatment with platelet-op-
timized PRP, VAS or modified MEPS values were lower or higher, respectively, than 
those reported in previous studies where not optimized PRP preparations were used.
Conclusions. The platelet-optimized PRP therapy is effective for treatment of enthe-
sopathy in elbow epicondylitis and this efficacy is higher than with PRP therapies with-
out optimized platelet concentrations.
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INTRODUCTION
Medial or lateral elbow epicondylitis is a syndrome consist-
ing of various pathophysiological disorders: enthesopa-
thies of common flexor or extensor tendons, a complete 
full-thickness tears or partial tears of tendons, bursitis 
around elbow epicondyles, chronic damages of collateral 
ligaments or radial annular ligaments, synovitis of humer-
oradial joint, confirmed synovial folds in humeroradi-
al joints or entrapment of the posterior interosseus nerve. 
The major pathophysiological change in elbow epicondyli-

tis is enthesopathy characterized by tissue micro-damage or 
cellular apoptosis at the insertional site of tendons accom-
panied by abnormal angiogenesis and micro-shunts without 
inflammatory changes or reparative cellular reactions with 
resultant fibroblastic dysplasia (1). Autologous platelet-rich 
plasma (PRP) has been clinically used for treatment of vari-
ous enthesopathies, i.e., medial or lateral elbow epicondyli-
tis, Achilles tendinitis, plantar fasciitis or patellar tendinitis. 
Many studies demonstrated the therapeutic value of PRP in 
treatment of elbow epicondylitis, but its effects have been 
variable (2-12). Differences in platelet or leukocyte concen-
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tration or in proportions of leukocytes in PRPs prepared 
with different methods or commercial kits might have 
contributed to these different therapeutic outcomes. Since 
concentrations of platelets or leukocytes in PRP are depen-
dent on their concentrations in the whole blood, variations 
in therapeutic effects are not unexpected and it has been 
reported that concentrations of platelets and/or leukocytes 
are different in preparations obtained in different institu-
tions, and also in different patients using the same commer-
cial preparation kits.
Platelets are the source of growth factors, cytokines and 
chemokines that regulate cellular anabolic processes and 
different platelet concentrations in PRP might influence 
the reparation ability of tendons necessary for the treatment 
of enthesopathy. The optimal concentration of platelets in 
PRP was found to range from 7.0 × 105/µL to 10.0 ×105/µL 
in the animal model (13) and this finding was supported by 
several in vitro or in vivo studies (14-16). 
It is well known that leukocyte concentrations also influ-
ence the therapeutic efficacy of PRP, and that neutrophils 
that comprise approximately 50% of all leukocytes in the 
peripheral blood, are mainly involved in the process of 
inflammation, especially tissue degradation. Dragoo demon-
strated that PRP rich in leukocytes initiated a strong inflam-
matory cellular reaction in rabbit tendons at 5 days after 
PRP injection (17). McCarrell showed that PRP with a high 
concentration of leukocytes induced higher expressions 
of pro-inflammatory cytokines and catabolic mediators as 
well as suppressed collagen synthesis (18). During treat-
ment of enthesopathy, neutrophils inhibited the restoration 
process since the extracellular matrix was damaged during 
inflammation and lower synthesis of collagen suppressed 
the formation of tendon matrix. These negative influenc-
es of neutrophils in PRP therapy were also demonstrated 
in several studies and to obtain excellent post-PRP thera-
py recovery, exclusion of neutrophils from PRP has been 
recommended (19-24). 
We optimized the PRP for the treatment of enthesopathy 
and maintained platelet concentrations within the range 
from 7.0 × 105/µL to 10.0 × 105/µL and with approximate-
ly 90% of neutrophils excluded. We used these optimized 
PRPs in treatment of medial or lateral elbow epicondylitis 
and present the obtained results.

PATIENTS AND METHODS
The present study was conducted according to the journal’s 
guidelines (25). Informed consent was obtained from each 
patient for the use of personal medical records and approv-
al for the study was obtained from the institutional ethics 
committee (#2020-9). 

Therapies with platelet-optimized PRPs were applied in 
65 elbows [60 patients, 51 men and 9 women; mean age of 
50 years (range, 15-80 years)], including 41 lateral epicon-
dylitis and 24 medial epicondylitis cases. The mean period 
from the diagnosis to the commencement of PRP thera-
py was 22.8 months (range, 3-120 months), and the mean 
duration of follow-up was 14 months (range, 3-36 months). 
Lateral or medial elbow epicondylitis were diagnosed 
based on chief complains and/or physical examinations of 
each patient according to the following inclusion criteria: 
1) pain occurred at the lateral or medial elbow epicondyle 
during active motion of wrists or fingers, or in the resting 
state; 2) tenderness at the lateral or medial epicondyle of 
the elbows was present; and 3) a lateral or medial elbow 
pain was induced upon resistance against active dorsi-flex-
ion (Thomsen test) or volar flexion of the wrist. There were 
44 cases of elbow epicondylitis related to sports injuries (21 
golf, 7 baseball, 5 tennis, 4 arm wrestling, 1 boxing, 1 table 
tennis, 1 surfing, 1 bouldering, 1 kendo, 1 kyudo, 1 gym 
work), 7 epicondylitis cases were caused by manual labor, 6 
epicondylitis cases were related to keyboard typing, 4 were 
due to house-keeping jobs, 3 were caused by agriculture 
work, and in one case epicondylitis developed after repara-
tive surgeries for full-thickness complete tears of the medial 
proximal flexor common tendon performed at a different 
institution. We examined plain X-ray images and magnetic 
resonance images (MRI) in all elbows and found high inten-
sity areas at the insertional sites of tendons in T2-weighted 
MRI or short tau inversion recovery (STIR) modes in 21 
elbows, obvious synovial fringes of humeroradial joints in 3 
elbows, complete full-thickness tears of common extensor 
tendons at the lateral epicondyles in 2 elbows, or a complete 
tear of the common flexor tendon at the medial epicon-
dyle in one elbow of the patient after a previous surgery. 
We excluded cases affected with the arthritis or the osteo-
arthritis of elbows, rheumatoid arthritis, post-injury defor-
mations of elbows, injuries or damages of extensor muscles 
located at forearm or cervical spondylo-radiculopathies, of 
which symptoms medial or lateral elbow pain was involved 
in for the correction of cases affected with enthesopathies or 
terminal stage of enthesopathies (26). A visual analog pain 
scale (VAS) or a modified Mayo Elbow Performance score 
(MEPS) were obtained for each elbow before the PRP ther-
apies and at 3, 6 or 12 months after completion of the treat-
ment. The student t test was used to statistically compare 
the before and after scores. Before starting the PRP therapy, 
the average VAS score was 68.1 ± 5.5 mm and the average 
modified MEPS score was 57.9 ± 14.2 points.
Approximately 3.0 mL of the autologous leukocyte-reduced 
PRP was obtained from 22 mL of the whole blood with a 
preparation kit (MyCells, Kaylight, Tel Aviv, Israel) accord-
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ingly with the manufacturer’s instructions. Briefly, the whole 
blood was centrifuged for 7 minutes at 2000 × g. After aspi-
ration of the supernatant plasma, the approximate 3.0 mL 
of the residual plasma was agitated to disperse the platelets, 
which were then precipitated on the separation gel. This plas-
ma was filtered to exclude the debris and approximately 3.0 
mL of filtered non-activated PRP was obtained. Concentra-
tions of platelets or neutrophils in the prepared PRPs were 
measured with an automated blood cell counter and analyzer 
in each 10-fold diluted sample prepared by mixing 100 µL of 
the PRP with 900 µL of the normal saline. Platelet concentra-
tions were confirmed to be in the range between 7.0 × 105/
µL and 10.0 × 105/µL. Approximately 90% of neutrophils 
were removed by the separation gel present in the prima-
ry spit of the MyCells kit. The mechanism for exclusion of 
neutrophils was not revealed by the kit’s manufacturer. The 
PRP prepared in the present study was classified as type 3 in 
Mishra’s classification and as pure PRP in the PAW classifica-
tion since the PRP was not activated before injection (27, 28).
The prepared PRPs were slowly and gently injected into the 
points of the most severe tenderness at the lateral or medi-
al elbow epicondyles through a 30 G needle under ultraso-
nographic guidance without previous anesthesia and after 
sterilization of the skin surface with a 10% povidone-iodine 
solution. Activities of daily living were permitted after injec-
tions and at 3 weeks, and efficacy of the PRP therapy was 
evaluated through clinical examination. When the therapeu-
tic effect was not considered satisfactory, i.e., the sufficient 
reduction in pain was not observed, the second PRP injec-
tion was carried out in the same manner. Three weeks later, 
another clinical examination was performed and the treat-
ment efficacy was evaluated. If during the observation course, 
the pain initially improved but could not be completely elim-
inated, another (the 3rd) injection of the PRP was performed. 
In all patients, clinical follow-up had been carried out for 
3-36 months following the initial injections. Moreover, phys-
ical conditioning programs were implemented during the 
PRP therapy for patients willing to return to sports activities 
when they also had other physical problems that potentially 
interfered with their sports activity, such as limited motion 
range in the shoulder, hip and/or spinal joints.

RESULTS
Platelet concentrations in all prepared PRPs ranged between 
7.0 × 105 to 9.6 × 105/µL and their average number was 8.2 ± 
0.7 × 105/µL. The average leukocyte concentration was 3100 
± 360/µL and the average neutrophil concentration was 250 
± 30/µL. Almost all erythrocytes and approximately 90% 
of neutrophils were removed from the PRPs. Hence, the 
prepared PRPs were classified as type 3 according to the Mish-

ra’s classification and as the pure PRP according to the PAW 
classification, since they were not activated before injections.
 The overall average number of PRP injections was 1.9 
(range, 1-9) times. At 3 months after PRP injections, the 
average value of VAS in all elbows was 26.7 ± 15.2 mm, 
which was significantly lower than that before injections (p < 
0.01) and the average modified MEPS value in all elbows was 
86.7 ± 20.6 points, significantly higher than that before injec-
tions (p < 0.01). However, poor recoveries were observed in 
2 elbows with complete full-thickness tears of the common 
extensor tendons, in one elbow with a complete tear of the 
common flexor tendon following a previous surgery, in 3 
elbows with lateral epicondylitis accompanied by synovi-
al fringes in humeroradial joints, in one elbow with lateral 
epicondylitis accompanied by an entrapment disorder of 
the posterior interosseus nerve, and in one welfare-reliant 
patient with lateral epicondylitis. In these cases, poor PRP 
treatment effects did not improve even after 2 to 4 PRP injec-
tions. The VAS or modified MEPS scores in these 8 elbows 
were significantly higher or lower, respectively, than those of 
the other 57 elbows at 3 months after the PRP therapies. 
Therefore, in these 8 cases, the PRP therapies were terminat-
ed. In 2 complete full-thickness tears of the common exten-
sor tendons reparation surgeries using surgical anchors were 
performed. In 3 lateral epicondylitis cases with synovial fring-
es, arthroscopic resections of the fringes were performed, 
and in one lateral epicondylitis case with entrapment of the 
posterior interosseus nerve, neurolysis surgery was carried 
out in a different institution. Patients followed at our institu-
tion after surgery (6 elbows) returned to their previous activ-
ities at 3 to 6 months after operation. The final outcomes of 
2 other patients with poor recovery after PPR therapy were 
unknown because information was not available: one patient 
with the complete tear of the common flexor tendon after 
surgery performed at a different institution was transferred 
back there and underwent a re-reparative surgery, and anoth-
er, the welfare-reliant patient, was transferred to a different 
hospital and underwent a shockwave therapy.
In the remaining 57 elbows, the average VAS value was 21.4 
± 5.1 mm (improved by 68.5%) and the average modified 
MEPS value was 90.9 ± 3.6 points at 3 months after PRP 
injections. All 52 patients with 57 elbows returned to their 
pre-injury activities at the mean of 12 (range, 4-20) weeks 
after initial PRP injections. At 6 months after injections, the 
average VAS value in 57 elbows was 9.4 ± 6.2 mm (86.2% 
improvement) and the average modified MEPS value was 
95.0 ± 3.9 points. At 12 months after injections, the aver-
age VAS value in 55 elbows (the follow up was shorter than 
12 months in 2 cases) was 4.9 ± 4.2 mm and the average 
modified MEPS value in these 55 elbows was 97.4 ± 3.8 
points (figures 1, 2). These VAS and modified MEPS values 
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were significantly lower or higher, respectively, than those 
before the PRP therapy at 3, 6 or 12 months after the thera-
py (p < 0.01). At 12 months, VAS or modified MEPS values 
were significantly lower or higher, respectively, than those 
at 3 months after the PRP therapy. Moreover, there were 
no statistical differences in VAS or MEPS values between 
34 elbows of lateral epicondylitis and 23 elbows of medial 
epicondylitis at 3 or 6 months after injections, and between 

33 lateral and 22 medial epicondylitis at 12 months after 
injections. Neither adverse events nor recurrences were 
observed at any time point during the follow-up 18 months 
in the present study. Numbers or area sizes of high intensity 
areas observed in MR images disappeared or declined in 9 
elbows after the PRP therapy at 6 to 12 months (figure 3), 
and no obvious MRI changes were observed after the PRP 
therapy in 6 elbows among 15 elbows examined.

Figure 1. Visual Analogue Scale (VAS) values of 57 elbows (34 
lateral and 23 medial epicondylitis) at pre-PRP therapy and at 
3, 6 or 12 (n = 55, 33 lateral and 22 medial) months after the 
PRP therapy were plotted in the graph. *VAS values at 3, 6 
or 12 months after the therapy were significantly lower than 
those at pre-therapy (p < 0.01). 

Figure 2. Modified Mayo Elbow Performance Score (MEPS) 
values of 57 elbows (34 lateral and 23 medial epicondylitis) 
at pre-PRP therapy and at 3, 6 or 12 (n = 55, 33 lateral and 
22 medial) months after the PRP therapy were plotted in the 
graph. *Modified MEPS values at 3, 6 or 12 months after the 
therapy were significantly higher than those at pre-therapy 
(p < 0.01). 

Figure 3. (A) Magnetic resonance coronal sections of the left elbow of a 53-year-old male with lateral epicondylitis in the 
short tau inversion recovery (STIR) mode. High intensity areas were observed at the insertional site of the common extensor 
tendon at pre-PRP therapy. (B) High intensity areas almost disappeared after the PRP therapy.

(A) (B)
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DISCUSSION
Several studies investigated therapeutic effects of PRP in the 
treatment of enthesopathies, including elbow epicondylitis, 
patellar tendinopathies or plantar fasciitis; however, in most 
of those studies, concentrations of platelets or neutrophils in 
the injected PRPs were not reported and it was possible that 
these concentrations were not optimal. In the present case 
series, we demonstrated that platelet or neutrophil concen-
trations in all prepared PRPs could be measured, that plate-
let-optimized PRP for treatment of enthesopathy could be 
prepared with commercially available kits, and that the treat-
ment with the platelet-optimized PRP was safe and effective 
for enthesopathies of elbow epicondylitis. Similar studies on 
the therapeutic effects of platelet-optimized PRPs have not 
been performed; therefore, our series is the first demonstrat-
ing satisfactory results of platelet-optimized PRP therapy in 
the treatment of elbow epicondylitis. Raeissadat SA et al. (29) 
conducted a prospective double-blinded randomized control 
study (RCT), in which 31 lateral epicondylitis cases were 
treated with PRPs with mean platelet concentration of 12.27 
± 2.50 × 105/µL and mean white blood cells concentration of 
6740 ± 1396 /µL (neutrophil concentrations unknown). They 
showed that post-treatment VAS values were 29.1 ± 24.7 
mm at 6 months and 32.9 ± 24.1 mm at 12 months and that 
modified MEPS values were 81.2 ± 16 at 6 months and 78.18 
± 18 at 12 months after the PRP therapy. In a prospective 
RCT, Mishra AK et al. (19) also treated 101 lateral epicon-
dylitis with leukocyte-enriched PRP (the mean concentra-
tion of leukocytes or neutrophils were unknown) where 5 × 
baseline concentrations of non-activated platelets were used, 
and showed the mean improvement of 55.1% in VAS scores 
at 3 months and of 71.5% at 6 months after the PRP ther-
apy; however, these values were not significantly different 
with those of controls. In these two studies, concentrations 
of platelets or neutrophils in the injected PRPs were out of 
the optimal ranges. In our study, the mean VAS or modi-
fied MEPS values at 3, 6 or 12 months after PRP therapies 
were respectively lower or higher than in these two studies 
with not-optimized platelet concentrations, when all respec-
tive mean values were compared. This finding indicated that 
efficacy of the PRP therapy with optimized platelet concen-
trations in treatment of elbow epicondylitis was higher than 
that of the PRP therapy without optimized platelet concen-

trations, and that control of platelet and neutrophil concen-
trations in PRP preparations is important or even essential to 
obtain an excellent recovery.
The present case series demonstrated that the PRP therapy 
was not effective in cases with complete full-thickness tears 
of the common flexor or extensor tendons or in cases of 
lateral elbow epicondylitis accompanied with synovial fring-
es in the humeroradial joints, notwithstanding the optimized 
platelet or neutrophil concentrations in injected PRPs, and 
that reparative surgeries or arthroscopic resections of syno-
vial fringes, respectively, were successful in those cases.
Limitations of the present study are: the lack of control 
group, small sample number, short experimental period and 
low rates of MRI examinations after PRP therapies. Further 
studies are necessary to prove the necessity for optimizing 
platelet or leukocyte concentrations in PRPs used in the 
treatment of elbow epicondylitis.

CONCLUSIONS
A therapy with platelet-optimized PRP, in which concen-
trations of platelets and neutrophils are maintained in opti-
mal ranges, was proven to be a safe method available for 
the treatment of elbow epicondylitis enthesopathies. A tight 
control of platelet and neutrophil concentrations seems to 
be important or even essential if high therapeutic efficacy of 
the PRP therapy is to be obtained. The complete tears of the 
insertional site of the common tendon being resistant to the 
PRP therapy require reparative surgeries and arthroscopic 
resection is often necessary for treatment of lateral elbow 
epicondylitis accompanied with synovial fringes in the 
humeroradial joints.
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