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Background: Platelet-rich plasma (PRP) has been shown to be a general stimulation for repair and 1-year results showed prom­

ising success percentages. 


Purpose: This trial was undertaken to determine the effectiveness of PRP compared with corticosteroid injections in patients with 

chronic lateral epicondylitis with a 2-year follow-up. 


Study Design: Randomized controlled trial; Level of evidence, 1. 


Methods: The trial was conducted in 2 Dutch teaching hospitals. One hundred patients with chronic lateral epicondylitis were 

randomly assigned to a leukocyte-enriched PRP group (n = 51) or the corticosteroid group (n = 49). Randomization and allocation 

to the trial group were carried out by a central computer system. Patients received either a corticosteroid injection or an autol­

ogous platelet concentrate injection through a peppering needling technique. The primary analysis included visual analog scale 

NAS) pain scores and Disabilities of the Arm, Shoulder and Hand (DASH) outcome scores. 


Results: The PRP group was more often successfully treated than the corticosteroid group (P < .0001). Success was defined as 

a reduction of 25% on VAS or DASH scores without a reintervention after 2 years. When baseline VAS and DASH scores were 

compared with the scores at 2-year follow-up, both groups significantly improved across time (intention-to-treat principle). How­

ever, the DASH scores of the corticosteroid group returned to baseline levels, while those of the PRP group significantly improved 

(as-treated principle). There were no complications related to the use of PRP. 


Conclusion: Treatment of patients with chronic lateral epicondylitis with PRP reduces pain and increases function significantly, 

exceeding the effect of corticosteroid injection even after a follow-up of 2 years. Future decisions for application of PRP for lateral 

epicondylitis should be confirmed by further follow-up from this trial and should take into account possible costs and harms as 

well as benefits. 
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Lateral epicondylitis is the most commonly diagnosed con­
dition of the elbow and affects approximately 1% to 3% of 
the population. The condition mostly occurs in patients 
whose activities require strong gripping or repetitive wrist 
movements. Individuals between the ages of 35 and 50 
years are at high risk. The dominant arm is most fre­
quently affected. ll ,12,19 

The cause of lateral epicondylitis is unknown. It is 
thought that lesions occur in the common origin of the 
wrist and finger extensors on the lateral epicondyle 
because of a combination of mechanical overloading and 
abnormal microvascular responses. 18,29,34 

Numerous methods have been advocated for treating elbow 
tendinosis, including rest, nonsteroidal anti-inflammatory 
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medication, bracing, physical therapy, extracorporeal 
shockwave therapy, and botulinum toxin injection. Injec­
tion of corticosteroids, which was considered to be the gold 
standard before but is actually currently controversial, or 
whole-blood injections and various types of surgical proce­
dures have also been recommended.2•6 ,25,28,35 

In an animal model, the addition of growth factors to the 
ruptured tendon has been shown to increase the healing of 
the tendon. 1

,16 In humans, the injection ofwhole blood into 
the tendon at least decreases pain. 6 

Platelet-rich plasma (PRP) is promoted as an ideal bio­
logic autologous blood-derived product. It can be exoge­
nously applied to various tissues where, upon platelet 
activation, a release of high concentrations of platelet­
derived growth factors occurs. Platelet-rich plasma 
applications enhance wound healing, bone healing, and 
also tendon healing.22 In addition, PRP also possesses 
antimicrobial properties that may contribute to the pre­
vention of infections. 8 As nowadays various different 
ways to produce PRP are available, it is of eminent impor­
tance to discriminate between leukocyte-enriched or 
leukocyte-deleted PRP. Accordingly, platelet concentrates 
have been categorized in either pure PRP (P-PRP), in 
which leukocytes are purposely eliminated from the 
PRP, or leukocyte and PRP (L-PRP), containing a high 
concentration of leukocytes.5 

We recently published the I-year results of a double­
blind randomized trial showing the improved outcome of 
patients with epicondylitis after an injection of concen­
trated autologous leukocytes and platelets compared with 
corticosteroid injection. 2o Few studies have examined the 
effectiveness of PRP against corticosteroids. The primary 
outcome parameters were pain and daily use of the elbow. 
However, as data on a longer follow-up regarding the effec­
tiveness of PRP are currently lacking, we now present the 
2-year follow-up of this trial using the same outcome 
parameters. 

METHODS 

This double-blind randomized trial included 100 consecu­
tive patients with lateral epicondylitis for injection ther­
apy in 2 Dutch training hospitals (St Elisabeth Hospital 
and Haga Hospital) between May 2006 and January 
2008. The PRP preparation was done using the Recover 
system (Biomet Biologics, Warsaw, Indiana). This device 
uses a desktop-size centrifuge with disposable cylinders 
to isolate the platelet and leukocyte-rich fraction from 
a small volume of the patient's anticoagulated blood 
drawn at the time ofthe procedure. Both PRP and cortico­
steroids were injected into the common extensor tendon 
using a 22-gauge needle and a peppering technique. 
Further information on the study design, power analysis, 
enrollment criteria, and treatment methods can be 
found in the I-year follow-up report. 20 The Medical 
Ethical Committee and the National and Institutional 
Review Board approved the study. This trial is registered 
with identifier number 2007-004947-31 at http:// 
www.clinicaltrials.gov. 
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Instruments 

Patients completed 2 self-report instruments at every time 
point: the Disabilities of the Arm, Shoulder and Hand 
(DASH) outcome measure and a visual analog scale 
(VAS) for pain. 

The DASH is a 30-item, self-report questionnaire 
designed to assess physical function and symptoms in per­
sons with any of several musculoskeletal disorders of the 
upper limbs.3 ,32 The items assess the degree of difficulty 
in performing various physical activities because of an 
arm, shoulder, or hand problem (21 items), the severity 
of each of the symptoms of pain, activity-related pain, tin­
gling, weakness, and stiffness (5 items), and the problem's 
effect on social activities, work, and sleep, and its psycho­
logical effect (4 items). The DASH also contains 2 optional 
4-item scales concerning the ability to perform sports 
and/or to playa musical instrument (sport/music scale), 
and the ability to work (work scale). In this study, the 2 
optional scales were not used in the analyses. A 
5-point Likert scale ranging from 1 (no difficulty or no symp­
tom) to 5 (unable to perform activity or very severe symp­
tom) is used. The scores for all items are then used to 
calculate a total scale score ranging from 0 (no disability) 
to 100 (severest disability). The psychometric properties of 
the DASH outcome measure are adequate to good.3

,32 

A VAS is a measurement instrument to quantify the 
amount of pain reported by the patient. Scores can range 
from 0 (no pain) to 100 (severest pain). 

Data concerning type of treatment (corticosteroids or 
PRP), type of reintervention, complications, side, sex, and 
age were retrieved from medical files. 

Statistical Analyses 

Frequencies were used to present the available sociodemo­
graphic and clinical data. Student t tests (continuous data) 
and X2 tests (categorical data) were used to examine differ­
ences between (1) the protocol-compliant group and the 
reintervention patients, (2) the corticosteroid group and 
the PRP group, and (3) the successfully treated group 
and the nonsuccessfully treated group. The protocol-com­
pliant group was defined as the group of patients who 
did not need a reintervention (ie, reinjection, crossover, 
or surgery). Successful treatment was defined as more 
than 25% reduction on the VAS pain score and the 
DASH total scores without a reintervention after 2 years 
compared with the preinjection scores. This 25% reduction 
closely resembles the MCID (minimum clinically important 
difference), which is 10.2 points for the DASH score.21 To 
examine differences in VAS pain scores and DASH total 
scores between the PRP group and the corticosteroid group 
before and after the intervention, multivariate analyses of 
variance for repeated measures were used. Multiple post 
hoc comparisons were corrected with the Bonferroni method. 
To determine whether the corticosteroid group and PRP 
group scored significantly different at a specific time point, 
Student t tests were used. The VAS pain score and DASH 
total scores were analyzed according to the intention-to-treat 
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principle (based on the allocated intervention) and according 
to the as-treated principle (based on the received treatment). 
Missing values are replaced by the last observed value of 
that variable for each individual (last observation carried 
forward). All statistical analyses were performed using the 
Statistical Package for the Social Sciences (version 17.0, 
SPSS, Chicago, l1linois). 

RESULTS 

From May 2006 to January 2008, a total of 100 eligible 
patients with epicondylitis were randomized into either 
a PRP injection group or a corticosteroid injection group. 
Six patients were lost to follow-up because of wrongful 
inclusion (Figure 1). Analysis of the baseline characteris­
tics (age, sex, side, hand dominance, VAS score, DASH 
score) between the protocol-compliant patients and those 
lost to follow-up showed no significant differences 
(P > .05). Sociodemographic and clinical characteristics 
of the participants are shown in Table 1. The PRP group 
and the corticosteroid group did not differ on demographic 
or clinical characteristics (P > .05). However, at baseline, 
the PRP group did score significantly higher on the 
DASH total score compared with the corticosteroid group 
(P < .0001). 

Course of VAS Pain Scores 
(Intention-to-Treat Principle) 

As shown in Figure 2A, the course of the VAS scores across 
assessment points is different for the group treated with 
corticosteroids and the PRP group (P < .0001). Table 2 
shows the mean scores and standard deviations. The base­
line scores of the corticosteroid group were significantly 
higher compared with all subsequent time points (P < 
.0001), except for 26 weeks (P = .029). Between 8 weeks 
and 26 weeks, pain scores temporarily got worse (P = 
.007). In contrast, compared with baseline scores, the scores 
of the PRP group significantly improved during the entire 
duration of the study (P < .002). Overall, the average VAS 
scores differed significantly between the 2 groups (F1,98 = 
6.3, P = .014). When VAS scores were compared at each 
assessment point separately, the PRP group scored signif­
icantly worse at 4 weeks after the injection (P < .023), 
while the opposite was found at 26 weeks (P < .0001), 
52 weeks (P < .0001), and 104 weeks (P < .0001) after 
treatment. No differences between the PRP group and 
the corticosteroid group were found at baseline, 8 weeks, 
and 12 weeks. In general, the results of the intention-to­
treat analysis and the as-treated analysis were compara­
ble (Figure 2B). 

Successful Treatment r.yAS Score) 

In total, 60 of 100 patients were successfully treated, which 
was defined as a reduction of 25% on the VAS pain score 
without a reintervention after 2 years. Table 3 shows 
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Figure 1. Flow diagram of a trial of injection therapy for chronic 
lateral epicondylitis. The diagram includes the number of 
patients actively followed up at different times during the trial. 

TABLE 1 

Baseline Characteristics of the Corticosteroid and Platelet­


Rich Plasma Groupsa 


Corticosteroid Platelet-Rich P 
(n = 49) Plasma (n = 51) Value 

Age, mean :t SD 47.3 :t 7.8 46.8 :t 8.5 .780 
Male sex, no. (%) 23 (44.2) 23 (47.9) .712 
Right side, no. (%) 32 (61.5) 30 (62.5) .921 
Dominant hand 37 (75.5) 38 (74.5) .908 

involved, no. (%) 
VAS, mean :t SD 67.1 :t 13.5 70.2 :t 15.2 .285 
DASH, mean :t SD 44.1 :t 16.2 56.3 :t 17.7 <.0001 

aSD, standard deviation; VAS, visual analog scale; DASH, Dis­
abilities of the Arm, Shoulder and Hand outcome measure. 

that the PRP group was more often treated successfully 
(n = 39) than the corticosteroid group (n = 21; P < .0001). 
However, compared with baseline VAS pain scores, a num­
ber of patients (n = 11) had deteriorated in VAS pain scores 
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Figure 2. The course of visual analog scale fYAS) pain scores across assessment pOints. Bars present 95% confidence intervals. 
Patients with chronic lateral epicondylitis were randomly assigned to the platelet-rich plasma (PRP) group or the corticosteroid 
group. A, intention to treat; B, reintervention excluded. 

TABLE 2 

DASH and VAS Scores for the Corticosteroid Group and the PRP Group at the Various 


Time Points (Intention-to-Treat Analyses)a 


DASH VAS 

Time Intervention Mean ± SD PValue Mean ± SD PValue 

Baseline Corticosteroid 43.3 ± 16.1 .002 66.2 ± 14.0 .340 
PRP 54.3 ± 19.5 69.0 ± 15.9 

4 weeks Corticosteroid 31.2 ± 20.8 .005 44.3 ± 26.3 .023 
PRP 43.1 ± 21.6 55.7 ± 24.1 

8 weeks Corticosteroid 28.3 ± 22.2 .060 43.4 ± 28.9 .411 
PRP 37.2 ± 24.7 47.7 ± 25.0 

12 weeks Corticosteroid 32.3 ± 21.7 .813 45.5 ± 27.1 .319 
PRP 21.3 ± 22.0 40.2 ± 27.5 

26 weeks Corticosteroid 37.6 ± 23.1 .037 55.8 ± 24.1 <.0001 
PRP 27.8 ± 24.7 32.9 ± 30.8 

52 weeks Corticosteroid 36.8 ± 24.0 <.0001 48.8 ± 27.0 <.0001 
PRP 20.0 ± 23.5 25.9 ± 30.6 

104 weeks Corticosteroid 36.5 ± 23.8 <.0001 42.4 ± 26.8 <.0001 
PRP 17.6 ± 24.0 21.3 ± 28.1 

aDASH, Disabilities ofthe Arm, Shoulder and Hand outcome measure; VAS, visual analog scale; PRP, platelet-rich plasma; SD, standard 
deviation. 

at 2-year follow-up. Of these 11 patients, the majority 
received a corticosteroid injection (n = 9), while 2 patients 
received a PRP injection (P = .017). Eventually, 1 patient 
had received a reinjection with corticosteroids, 1 patient 
crossed over to the PRP group, and 2 patients received 
surgery. 

Course of DASH Disability Symptom Scores 
(Intention-to-Treat Principle) 

As shown in Figure 3A, the course of the DASH disability 
symptom scores showed an overall improvement (F6,93 = 
18.4, P < .0001). The baseline DASH scores of the cortico­
steroid group were significantly higher compared with the 

scores at 8 weeks (P < .0001) and 12 weeks after injection 
(P < .006). Between baseline and 4 weeks, DASH scores 
significantly deteriorated (P < .0001). Although differences 
were not significant, after 12 weeks, DASH scores deterio­
rated. In contrast, compared with baseline scores, the 
scores of the PRP group significantly improved during 
the entire duration of the study (P < .002). Overall, the 
average DASH disability symptom scores did not differ sig­
nificantly between the intervention groups (P = .455). 
However, when DASH scores were compared at each 
assessment point separately, the PRP group scored signif­
icantly worse at baseline and at 4 weeks after the injection 
(P < ,005), while the opposite was found at 26 weeks (P = 
.037), 52 weeks (P < .0001), and 104 weeks (P < .0001) 
after treatment. 
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Figure 3. The course of Disabilities of the Arm, Shoulder and Hand (DASH) disability symptom scores across assessment points. 
Bars present 95% confidence intervals. Patients with chronic lateral epicondylitis were randomly assigned to the PRP group or 
the corticosteroid group. A, intention-to-treat; B, reintervention excluded. 

TABLE 3 

Baseline Characteristics of the Successful and Nonsuccessful Groupsa 


Successful (n =60) Nonsuccessful (n =40) P Value 

Age, mean::':: SD 45.9 ::':: 8.7 48.8::':: 7.0 .084 
Sex, male/female, no. (%) 29 (48.3)/31 (51.7) 17 (42.5)/23 (57.5) .566 
Side, right/left, no. (%) 35 (58.3)/25 (41.7) 27 (67.5)/13 (32.5) .355 
Treatment, PRP/corticosteroid, no. (%) 39 (65.0)/21 (35.0) 9 (22.5)/31 (77.5) <.0001 
VAB, mean ::':: SD 67.6 ::':: 14.4 70.2 ::':: 14.4 .382 
DASH, mean ::':: SD 52.9 ::':: 17.9 45.5::':: 17.2 .044 

aSD, standard deviation; PRP, platelet-rich plasma; VAS, visual analog scale; DABH, Disabilities ofthe Arm, Shoulder and Hand outcome 
measure. 

TABLE 4 

Baseline Characteristics of the Protocol-Compliant Group and the Reintervention Groupa 


Protocol-Compliant (n = 80) Reintervention (n =20) PValue 

Age, mean::':: SD 46.5::':: 8.2 49.2::':: 7.6 .206 
Sex, male/female, no. (%) 41 (51.2)/39 (48.8) 5 (25.0)/15 (75.0) .015 
Side, right/left, no. (%) 46 (57.5)/34 (43.5) 16 (80.0)/4 (20.0) .027 
Treatment, PRP/corticosteroid, no. (%) 45 (56.3)/35 (44.7) 6 (30.0)/14 (70.0) .036 
VAS, mean ::':: SD 68.1 ::':: 14.9 70.8 ::':: 11.9 .464 
DASH, mean ::':: SD 50.4 ::':: 18.2 48.2::':: 17.2 .663 

aSD, standard deviation; PRP, platelet-rich plasma; V AB, visual analog scale; DASH, Disabilities of the Arm, Shoulder and Hand outcome 
measure. 

In general, the results of the intention-to-treat analysis Successful Treatment (DASH Symptom Score) 
and the as-treated analysis were comparable (Figure 3B). 
However, when the baseline scores of the corticosteroid In total, 56 of 100 patients (56.0%) were successfully trea­
group were compared with the 2-year results in the as­ ted, which was defined as a reduction of 25% on the DASH 
treated analysis, no significant difference was found (P = score without a reintervention after 2 years. Patients in 
.438), indicating that the corticosteroid group returned the PRP group were more often treated successfully 
back to baseline levels. In addition, the deterioration in (n = 37; P < .0001) compared with the corticosteroid group 
the corticosteroid group between baseline and 4 weeks (n = 19). However, compared with baseline DASH scores, 
disappeared. a number of patients (n = 30) had deteriorated at 2-year 
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follow-up. The majority of patients in this group received 
a corticosteroid injection (n = 23), while 7 patients recei­
ved a PRP injection (P = .001). Eventually, 1 patient 
received a reinjection, 1 patient crossed over to the PRP 
group, and 4 patients received surgery. 

Failures (Reinterventions) 

Table 4 shows the characteristics of the 20 reinterventions. 
On average, reinterventions or operations were needed after 
an average of 6 months (range, 2-14 months). At baseline, 
14 patients were allocated to corticosteroids and 6 patients 
received an injection with PRP (P =. 036). The protocol-com­
pliant group and the reintervention group differed signifi­
cantly regarding sex (P = .015) and side (P = .027). 

There were 6 reinterventions in the PRP group: 3 
patients who required an operation and 3 patients who 
required a reinjection with corticosteroids. Except for 1 
reinjection, all reinterventions were performed in the first 
year after the initial treatment; 2 operations and 1 reinjec­
tion with corticosteroids occurred within 3 months after 
the PRP injection. There were 14 reinterventions in the 
corticosteroid group: 6 patients required an operation, 1 
patient required a reinjection with corticosteroids every 3 
months and declined surgery, and 7 patients crossed over 
to have a PRP injection. 

In the corticosteroid group, all reinterventions were per­
formed in the first year of follow-up except for 1 crossover 
patient receiving a PRP injection. Regarding the patients 
who failed their initial treatment, those who crossed over 
to the PRP group significantly improved on both VAS 
pain scores (P < .001) and DASH disability symptom 
scores (P =.019). However, patients who received surgery 
or a reinjection with corticosteroids did not benefit when 
their VAS and DASH scores at 2 years were compared 
with their baseline scores. No complications were seen con­
cerning the use of PRP, except for the initial worsening of 
pain because of the activation of the inflammation cycle, 
which usually lasted for 1 to 2 weeks. 

DISCUSSION 

This randomized, double-blind study was designed to com­
pare the use of concentrated autologous platelets to cortico­
steroid in patients with lateral epicondylitis; its 
application proved to be both safe and easy. The corticoste­
roid group was actually better initially and then declined, 
returning to baseline level concerning functional impair­
ment, while the PRP group progressively improved. There 
was a significant difference in decrease of pain and disabil­
ity of function after the platelet application even after 2 
years. Comparing the results presented here with the 
results of the I-year follow up, the effect in the corticoste­
roid group declined, whereas the result in the PRP group 
was maintained. A remarkable finding was that the PRP 
group had worse DASH scores before treatment and better 
ones after 26 weeks of the initial treatment. This adds to 
the power of our conclusion that that PRP was helpful. 

Lateral epicondylitis is a common problem with many 
available treatment methods. The most commonly recom­
mended treatment is physiotherapy and bracing. Approxi­
mately 87% of the patients benefit from this combination of 
treatment methods.30 Corticosteroid injection, nowadays 
seen as controversial, was considered the gold standard 
in the treatment of lateral epicondylitis. However, studies 
show it is merely the best treatment option in the short 
term, when compared with physiotherapy and a wait­
and-see policy. Often, poor results are seen after 12 weeks 
of follow-up.28 Treatment with corticosteroids has a high 
frequency of relapse and recurrence, probably because 
intratendinous injection may lead to permanent adverse 
changes within the structure of the tendon and because 
patients tend to overuse the arm after injection as a result 
of direct pain relief. 28 In our study, the recurrence rate and 
need for repeated injection or surgery was also larger in 
the corticosteroid group than in the PRP group. Actually, 
ofthe 11% getting worse after the injection, the vast major­
ity was found in the corticosteroid group. Smidt et al26 

showed in a meta-analysis that the effects of steroid injec­
tions compared with placebo injection, injection with local 
anesthetics, injection with another steroid, or another non­
operative treatment are not significantly different in the 
intermediate and long term. However, the studies acknowl­
edging the relatively good results of a wait-and-see policy, 
physiotherapy, and even corticosteroid injections are stud­
ies that included patients who all had nonchronic lateral 
epicondylitis (ie, patients with complaints of less than 
6 months' duration). The current study included patients 
with a duration of symptoms of >6 months. Smidt et al27 

showed most patients recover from lateral epicondylitis 
within 1 year but that beyond 6 months, not much natural 
recovery is seen. 

Our original power analysis in the I-year follow-up 
paper20 with an alpha of .05 and a beta of .9 was based 
on the 93% success in the Mishra and Pavelk015 study 
for PRP and the 65% success in the Hay et al lO study 
for corticosteroid injection, both obtained after 6 months. 
Our study presents the results after 2 years so possibly 
the power at 6 months is correct, but the power after 2 
years of follow-up does not need to be, rendering this 
study underpowered at the 2-year follow-up. However, 
a beta of .9 is higher than in most studies. More impor­
tant, there is no additional improvement in symptoms 
from a wait-and-see policy or a steroid injection beyond 
1 year (actually, there seems to be no additional gain in 
recovery percentages in waiting beyond 6 months).27 
Although we do not know what the success percentages 
will be at 2 years of natural history or after 1 steroid 
injection, there is no evidence to suggest it would be 
very different from what we used for the 6-month power 
analysis. 

For those who do not recover, there are various types of 
surgical procedures for patients with chronic lateral epi­
condylitis. Verhaar et al33 noted an improvement in 60% 
to 70% of the patients after surgical treatment, although 
more recently higher success rates (80%-90%) have been 
reported.31 Patients remain, however, interested in an 
alternative to surgical intervention. 
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Platelet-rich plasma is promoted as an ideal biologic 
autologous blood-derived product. It can be exogenously 
applied to various tissues, where after platelet activation, 
high concentrations of platelet-derived growth factors 
that enhance tissue healing are released.8 ,36 Utilizing the 
Recover system, the patient's own platelets can be collected 
into a highly concentrated formula. No activation agent 
was used during our procedure. The activation of the plate­
lets will occur through the exposure of platelets to the 
thrombin. The thrombin is produced as a reaction to the 
injection of the platelets into the tendon tissue using a pep­
pering technique. The exposed collagen may also serve as an 
activator. Several negative side effects are known when 
using bovine thrombin as an exogenous activator, limiting 
its clinical use: undesirable immune responses in humans,I3 
and inhibition of cell proliferation and viability in vitro.I7 
This may be overcome when using an autologous-derived 
thrombin. Collagen is an attractive alternative to bovine 
thrombin as it is naturally involved in the intrinsic clotting 
cascade. Fufa et al9 measured clinically relevant levels of 
transforming growth factor beta (TGF-J31), platelet-derived 
growth factor (PDGF -AB), and vascular endothelial growth 
factor (VEGF) from both type I collagen-activated as well as 
bovine thrombin-activated PRP. 

During the first 2 days of tendon healing, an inflamma­
tory process is initiated by migration ofneutrophils and sub­
sequently macrophages to the degenerative tissue site. In 
turn, activated macrophages release multiple growth fac­
tors, including PDGF, TGF-a and TGF-J3, interleukin-l, 
and fibroblast growth factor. 7 Angiogenesis and fibroplasia 
start shortly after day 3, followed by collagen synthesis on 
days 3 to 5. This process leads to an early increase in tendon 
breaking strength, which is the most important tendon 
healing parameter, followed by epithelialization and the 
ultimately the remodeling process. This course of repair 
was confirmed in a previous animal study. 1 

The presence of an elevated concentration of leukocytes 
in the PRP is a topic of discussion nowadays. Companies 
that concentrate white blood cells argue that leukocytes 
are useful in creating an antibacterial response and have 
the ability to debride dead tendon tissue and jump-start 
healing (because they also contain growth factors). A basic 
study in horses showed no lengthening ofthe inflammation 
phase when L-PRP was used to treat an acute lesion of the 
bow tendon when compared to the control groUp.4 Compa­
nies that purposely eliminate white blood cells from PRP 
argue that leukocytes have detrimental effects on healing 
tissue, because ofthe enzymes from the matrix metallopro­
teinase family that are released by neutrophils.24 This is, 
however, not proven in prospective randomized controlled 
studies. The treatment of tendinosis with an injection of 
concentrated autologous platelets may be a nonoperative 
alternative. Injection of autologous platelets has been 
shown to improve repair in tendinosis in several animal 
and in vitro models. I4,23 The effect of I-injection PRP is 
shown to last longer than 1 year, while the percentage of 
success after a single corticosteroid injection drops from 
51% at 1 year to 40% after 2 years offollow-up. This figure 
resembles the number for an invasive placebo treatment. A 
possible explanation for the long-lasting effect of platelets 

could be that platelets improve the very early neotendon 
properties so that the cells are able to perceive and respond 
to mechanical loading at an early time point. 1 

In our study, a single percutaneous injection of PRP or 
corticosteroid was performed, using a peppering technique 
in both groups. Repeated injections might be beneficial in 
patients who had suboptimal results after the initial injec­
tion, although no evidence for a beneficial effect of more 
than 1 injection exists. On theoretical grounds, by studying 
the inflammation cascade in tendon repair, a reinjection 
after 3 to 4 weeks seems logical because at this stage the 
cell proliferation and matrix deposition activity will have 
peaked and can be expected to subsequently decline. How­
ever, at this time no true indication of what the result of 
second injection would be can be determined. Routinely 
injecting a second time would be unnecessary in 73% of 
the cases, as they were already successful after 1 injection. 

Regarding the patients who failed their initial treatment, 
those who crossed over to the PRP group significantly 
improved on both VAS pain scores and DASH disability 
symptom scores. The decision to proceed to further treat­
ment was based on patient preference. However, patients 
who received surgery or a reinjection with corticosteroids 
did not benefit when their VAS and DASH scores at 2 years 
were compared with their baseline scores. When interpret­
ing these results, strong conclusions regarding these fmd­
ings are not possible, because the numbers of patients in 
these reintervention groups was relatively small. 

We know that the natural history of nonchronic lateral 
epicondylitis is benign, resulting in normalization of com­
plaints in the vast majority of patients within 1 year with 
little gain in recovery between 6 and 12 months.27 All 
patients included in this study had complaints for at least 
6 months. Patients receiving a corticosteroid injection also 
have a natural history and because the population was ran­
domized, we can expect that the natural history will have 
the same influence in both groups. In the current study, 
70% of the patients were already injected with corticoste­
roids at least 6 months before inclusion into this study. 
The PRP group should have experienced this negative effect 
also. Whether the positive effect ofPRP is in fact the natural 
course of lateral epicondylitis cannot be determined from 
the current work. Still, the inclusion of patients with a min­
imum complaint history of 6 months indicates a chronic 
patient population was enrolled in the study. The positive 
effect of PRP compared with a corticosteroid injection on 
the course of lateral epicondylitis thus seems not be caused 
by natural history or a negative effect of the corticosteroid 
injection (which is not present in this study [Figures 2 
and 3]). A critique of the original study was that the cortico­
steroid treatment is not the same as a placebo and might be 
worse than a placebo. In the Netherlands, the Institutional 
Review Board would not allow a placebo, and therefore this 
is a limitation of this study as the corticosteroid injection 
(and those before inclusion in the study) may have 
adversely affected the long-term results compared with 
a true placebo injection or dry needling. 

In the Netherlands, a PRP treatment costs approxi­
mately twice as much as a corticosteroid treatment and sur­
gery for lateral epicondylitis is twice the cost of a PRP 

http:months.27
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treatment and thus 4 times as much as a corticosteroid 
injection. The PRP treatment therefore costs 2 units; a ste­
roid injection costs 1 unit and surgery, 4 units. Thus, in the 
PRP group 51 patients were treated with PRP, costing 51 
times 2 units of money, and in the corticosteroid group, 49 
patients were treated, costing 49 times 1 unit. In this study 
we had 20 reinterventions: 3 surgeries (12 units) and 3 rein­
jections with corticosteroids (3 units), making a total of 6 
reinterventions, costing 15 extra units in the PRP group; 
and 6 surgeries (24 units), 1 reinjection with corticosteroids 
(1 unit), and 7 reinjections with PRP (14 units), making 
a total of 14 reinterventions, costing 39 extra units in the 
corticosteroid group. Regarding cost, PRP is not cost effec­
tive compared with corticosteroid on a short-term basis, 
but if the costs of those patients failing on the corticosteroid 
injection who proceed to surgery are taken into account, the 
differences in cost effectiveness will level out (102 + 15 = 
117 units in the PRP group versus 49 + 39 = 88 units in 
the corticosteroid group), especially if the costs for those 
who failed on corticosteroids were turned into a success by 
a consecutive PRP injection. This cost analysis does not 
include all socioeconomic costs of a recurrence, time off 
work, and the extra efforts reinterventions required from 
the patient and doctor. Moreover, although it is difficult to 
draw conclusions from small numbers, those patients who 
were reinjected with corticosteroids or those who had sur­
gery did not improve compared with baseline, with those 
who were reinjected with PRP (those who crossed over) 
showing significant improvement. The crossover patients 
actually were patients who were offered either an operation 
or to try the experimental PRP injection; without this offer, 
an additional 7 patients in the corticosteroid group would 
have been operated on. Actually, the number of operations 
in the PRP group might have been less if we had realized 
that an initial flare-up of inflammation signs (ie, pain) is 
to be expected when using PRP. Two operations and 1 rein­
jection with corticosteroids were carried out within 3 
months after the PRP injection, whereas in fact these 
patients still might have been in their inflammation and 
healing phase. Taking all these incidents into account, the 
PRP procedure might actually be a cheaper method in the 
long run, but a formal cost analysis should be performed. 

In conclusion, this report demonstrates that a single 
injection of concentrated autologous platelets improves 
pain and function more effectively than corticosteroid 
injection in chronic lateral epicondylitis. These improve­
ments were sustained over a 2-year follow-up time with 
no reported complications. 
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GPS
™

 III Platelet Concentrate Separation Kit with ACD-A 

 
ATTENTION OPERATING SURGEON 

 

NOTE:  FOR SINGLE USE ONLY. Discard the entire disposable kit 

after one use, using acceptable disposal method for potentially 

contaminated blood products. 

 

DESCRIPTION 

GPS
™

 III Platelet Concentrate Separation Kit with ACD-A 

The GPS
™

 III Platelet Concentrate Separation Kit with ACD-A aids 

separation of the patient’s own blood components by density through the use 

of a Biomet Biologics centrifuge. 
 

The GPS
™

 III Platelet Concentrate Separation Kit with ACD-A permits 

platelet concentrate to be rapidly prepared from a small volume of the 

patient’s blood that is drawn at the time of treatment.  
 

Graft Delivery System 

The GPS
™

 III Platelet Concentrate Separation Kit with ACD-A includes 

syringes comprising the Graft Delivery System. The Graft Delivery System 
consists of disposable piston syringes intended for delivery of allograft and 

autograft bone materials to an orthopedic surgical site. 

 

MATERIALS 

The materials used for syringes, needles, tubing, connectors, and platelet 

separators consist of medical grade polymers, elastomers and stainless steels 
suitable for use in medical devices.  Blood-draw components, when supplied 

in this kit, are packaged, labeled and sterilized as indicated by the 

manufacturer’s labeling.  All components in this kit are latex free. 

 

ACD-A is an anticoagulant supplied by Citra Anticoagulants, Inc., Braintree, 

MA, and manufactured by Cytosol Laboratories, Inc., Braintree, MA.  For 
further information regarding ACD-A Anticoagulant, please contact the 

supplier at 1-800-299-3411. 

 
The ACD-A included in this kit is only for use with the GPS

™
 III Platelet 

Concentrate Separation Kit. 

 

INDICATIONS FOR USE 

GPS
™

 III Platelet Concentrate Separation Kit with ACD-A 

The GPS
™

 III Platelet Concentrate Separation Kit with ACD-A is designed to 

be used for the safe and rapid preparation of autologous platelet-rich-plasma 

(PRP) from a small sample of blood at the patient’s point of care.  The PRP 
can be mixed with autograft and allograft bone prior to application to an 

orthopedic surgical site as deemed necessary by clinical use requirements. 

 

Graft Delivery System 

The Graft Delivery System is designed for use in delivery of allograft and 

autograft bone materials to an orthopedic surgical site, and to facilitate pre-
mixing of bone graft materials with I.V. fluids, blood, plasma, PRP, bone 

marrow or other specific blood components as deemed necessary by the 

clinical use requirements. 
 

WARNINGS AND PRECAUTIONS 

1. Use proper safety precautions to guard against needlestick injury.  
Discard used needles in “sharps” containers. 

2. Follow manufacturer instructions when using centrifuge. Use only a 

Biomet Biologics centrifuge (GPS
™

 – IEC centrifuge or The Drucker 

Company centrifuge).  Outcomes using centrifuges from other 
manufacturers are unknown. 

3. Do not use sterile components in this kit if package is opened or 

damaged. 
4. Single use device.  Do not reuse. 

5. The surgeon is to be thoroughly familiar with the equipment and the 

surgical procedure prior to using this device. 
6. The patient is to be made aware of general risks associated with 

treatment and the possible adverse effects. 

7. Use prepared platelet concentrate material within 4 hours after 

drawing blood from patient, according to current AABB guidelines. 

8. The safety and effectiveness of the autogolous output of this device 

for in vivo indications for use has not been established.  
 

POSSIBLE ADVERSE EFFECTS 

1. Damage to blood vessels, hematoma, delayed wound healing and/or 
infection. 

2. Temporary or permanent nerve damage that may result in pain or 

numbness. 
3. Early or late postoperative infection. 

 

STERILITY 

The GPS
™

 III Platelet Concentrate Separation Kit platelet separator is 

sterilized by exposure to a minimum dose of 25 kGy gamma irradiation.  

All other components supplied in this kit are sterilized by the respective 
suppliers using irradiation or ethylene oxide gas (ETO).  Do not re-sterilize. 

Do not use after expiration date. 

 

INSTRUCTIONS FOR USE 

NOTE:  Use standard aseptic technique throughout the following 

procedures. 

 

1. DRAW:  Draw 5 ml of ACD-A into 60 ml syringe.  Attach to 18-

gauge apheresis needle and prime with ACD-A.  Slowly draw 30 ml 
to 55 ml of patient’s own blood into the 60 ml syringe primed with 

ACD-A.  Gently, but thoroughly, mix the whole blood and ACD-A 

upon collection to prevent coagulation. 

2. LOAD:  ENSURE BLOOD FROM ONLY ONE PATIENT IS 

PROCESSED PER SPIN, and that the platelet separator remains 

upright.  Unscrew cap on center blood port #1.  Remove and discard 
cap and green packaging post.  Slowly load blood-filled 60 ml syringe 

(5 ml of ACD-A mixed with 30 ml to 55ml of patient’s whole blood) 

into center blood port #1.  Unscrew and discard clear protective inner 
piece from white cap tethered to port #1.  Screw white cap onto port 

#1.  Place platelet separator filled with anticoagulated blood in 

Biomet Biologics centrifuge. 

3. BALANCE: 

Processing One Platelet Separator 

Fill blue GPS
™

 counterbalance tube (800-0508) with 35 ml to 60 ml 

of sterile saline/water (equal to amount of whole blood plus ACD-A 
dispensed in the platelet separator).  Place filled counterbalance 

directly opposite from the platelet separator in the centrifuge. 

Processing Two Platelet Separators 

Fill both platelet separators with equal amounts of whole blood plus 

ACD-A.  Place filled platelet separators directly opposite from each 

other in the centrifuge. 
4. SPIN: Close centrifuge lid.  Set RPM to 3.2 (x 1,000) and the time to 

15 minutes. Press the start button.  Once spin is complete, open 

centrifuge. 
5. EXTRACT PPP:  Unscrew yellow cap on port #2, and save yellow 

cap.  Connect 30 ml syringe to port #2.  Slowly tilt the platelet 

separator, and while withdrawing the platelet-poor-plasma PPP.  
Remove 30 ml syringe from port #2, cap with a sterile syringe cap, 

and set aside.  Replace yellow cap on port #2. 

6. If PRP is desired, follow steps 7 – 8. 

7. SUSPEND PRP: Holding platelet separator in the upright position, 

unscrew red cap on port #3.  Attach sterile 10 ml syringe to port #3.  

Extract 2 ml of PRP into the 10 ml syringe.  Leave the syringe 
attached.  Shake platelet separator gently for 30 seconds. 

8. EXTRACT PRP:  Immediately after suspending the platelets, extract 
remaining PRP into the attached 10 ml syringe.  Remove 10 ml 

syringe from port #3, and cap with a sterile syringe cap. 

 
Caution: Federal Law (USA) restricts this device to sale by or on the order 

of a physician.  

 
Comments regarding this device can be directed to Attn:  Regulatory Dept, 

Biomet, Inc., P.O. Box 587, Warsaw, IN 46581 USA.  FAX:  574-372-

3968.  
 

All trademarks herein are the property of Biomet, Inc. or its subsidiaries 

unless otherwise indicated.  
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