
Ultrasound-Guided Intratendinous
Injections With Platelet-Rich Plasma or
Autologous Whole Blood for Treatment
of Proximal Hamstring Tendinopathy
A Double-Blind Randomized Controlled Trial 

s our population ages and remains active, it can be expected
that the number of chronic degenerative conditions will
increase. Chronic hamstring tendinopathy has been sug-

gested to be the result of mild, low-grade microtrauma, usually from
running sports, such as long- and mid-distance running.1,2 It is most
likely to occur immediately adjacent to the proximal or distal
myotendinous junction of the long head of the biceps femoris
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Objectives—To compare the effects of ultrasound-guided platelet-rich plasma (PRP)
and whole blood (WB) injections in patients with chronic hamstring tendinopathy.

Methods—In a prospective double-blind randomized controlled trial, PRP or WB was
injected under ultrasound guidance into the proximal hamstring tendon in a cohort of
patients with clinically suspected hamstring tendinosis. Questionnaires were adminis-
tered before injection and 2, 6, and 12 weeks and 6 months after injection. Pain and
function outcomes were measured via the Modified Harris Hip Score (MHHS), Hip
Outcome Scores for activities of daily living (ADL) and sport-specific function, and
International Hip Outcome Tool 33 (IHOT-33). Diagnostic ultrasound was used to
compare preinjection and 6-month postinjection tendon appearances.

Results—The WB group showed greater improvements in pain and function over the
PRP group before 12 weeks, whereas the PRP group showed improved outcomes over
WB at 6 months. None of these between-group outcome measures, except 6-week
IHOT-33, showed statistical significance. Comparing preinjection and 6-month scores,
the PRP group showed significant improvements in ADL (P = .018) and IHOT-33
(P = .28) scores, whereas the WB group showed no significant improvements from
baseline. The WB group showed significantly decreased pain with 15-minute sitting
(P = .008) at 6 months. Ultrasound imaging showed no significant differences between
PRP and WB group tendon appearances.

Conclusions—Both PRP and WB groups showed improvements in all outcome meas-
ures at 6 months. The PRP group showed significant improvements in 6-month ADL
and IHOT-33 scores. The WB group reached significance in 15-minute sitting pain.
No significant between-group differences were observed at any time point. 

Key Words—hamstring; musculoskeletal ultrasound; platelet-rich plasma; ultrasound;
whole blood
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muscle,1,3,4 and athletes typically present with lower gluteal
pain or posterior thigh pain that is exacerbated by exercise
and sitting.5,6 Activity restrictions in exercise and sitting tol-
erance are common indications for physician consultation.

There are multiple suggested treatments for chronic
hamstring tendinopathy, although few have been validated.
These often include rest, bracing, physical therapy, nons-
teroidal anti-inflammatory medications, and corticosteroid
injections.3 Although currently not validated in the treat-
ment of chronic tendinopathy, eccentric hamstring strength-
ening has been shown to be beneficial in preventing new
and recurrent hamstring injuries in male soccer players and
has been recommended to be part of any physical therapy
program.7 There is not sufficient evidence to recommend
steroid injections into this area, although our clinical expe-
rience is that they give tolerable short-term relief.8 Surgical
intervention has been shown to have good outcomes in
treatment of hamstring tendinopathy pain and function.9,10

However, repair places the patient without a complete tear
at risk for surgical complications, infection, sciatic nerve
injury, and rerupture, as well as a longer recovery process
compared to nonsurgical management.

Platelet-rich plasma (PRP) has also been used to suc-
cessfully treat hamstring tendinopathy.11 Platelet-rich
plasma has been shown to reduce pain and improve func-
tion in patients with chronic tendinopathy who have not
responded to conventional treatment.12–18 In chronic ham-
string tendinopathy, PRP has been suggested to be an
effective treatment for patients who have failed adequate
physical therapy, although data remain limited.11 A 2013
retrospective case series by Wetzel et al11 showed encour-
aging preliminary results regarding the use of PRP for prox-
imal hamstring injuries; however, its retrospective nature
and limitations in study design provide limited reliability of
its findings. Studies investigating PRP injections for treat-
ment of other tendinopathies, particularly epicondylosis,
have shown positive treatment effects of PRP over other
modalities.15,17,19–21 Whole blood (WB) injections have
also been shown to decrease pain and improve function in
patients with chronic tendinopathy22–25 and to more effec-
tively treat tendinopathy when compared to standard con-
servative treatment22–25 and corticosteroid injections.26

Given the ease of preparation and decreased cost of
autologous WB as opposed to PRP, the effects of WB versus
PRP warrant investigation. In a systematic review, there
was no difference found between PRP, WB, or prolother-
apy in treatment of lateral elbow tendinopathy, and all
modalities showed clinical improvement.27 More recently,
PRP was shown to have mildly superior effects over WB
when compared prospectively in the treatment of lateral

elbow tendinopathy.18 There have been no studies com-
paring the effects of PRP and WB for the treatment of
hamstring tendinopathy, which we thought warranted
investigation.

The purpose of this study was to compare the effects
of ultrasound-guided PRP and WB injections on pain,
function, and tendon appearance in patients with chronic
proximal hamstring tendinopathy who had failed conser-
vative treatments. We hypothesized that there would be
no difference in outcomes between patients with chronic
hamstring tendinopathy who underwent PRP or WB injec-
tion and that both PRP and WB groups would show clini-
cal improvement 6 months after injection.

Materials and Methods

Study Design
We conducted a prospective double-blind randomized
controlled study of patients with chronic proximal ham-
string tendinopathy treated with ultrasound-guided WB
or PRP injection. This study was approved by the Institu-
tional Review Board (registration number 29-104) and the
Conflict of Interest Committee in Research. All patients
received and signed an informed consent form before
enrollment. The study was funded by the department
Research and Education fund, which covered the cost of
injections and postinjection care.

Patient Recruitment
Patients were recruited from the private practices of a
physiatry department sports and spine service between
April 2010 and July 2012. Patient inclusion criteria included
age 18 and older, proximal hamstring tendinopathy (with or
without tendon tears of <50% tendon thickness), failure
to respond to a minimum of 6 weeks of conservative treat-
ment, a minimum of 6 months between any prior corticos-
teroid injection and study enrollment, and no prior PRP
or WB injection into the affected area. All tendinopathies
were considered chronic when the patient had no acute
symptom onset and lacked an acute-type mechanism of
injury. Conservative treatment was defined as adequate
physical therapy with a focus on an appropriately active
treatment approach that included eccentric strengthening.

Tendinopathy was diagnosed clinically and with either
baseline ultrasound imaging or magnetic resonance
imaging (MRI). Clinical diagnosis of proximal hamstring
tendinopathy included ischial pain with sitting as well as
tenderness to palpation at the ischium and proximal ham-
string tendon. An ultrasound and MRI diagnosis of proximal
hamstring tendinosis was made by either of 2 board-
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certified musculoskeletal radiologists, who also performed
the injections themselves, with extensive experience in
ultrasound-guided injections (R.S.A. and G.S.). Patients
with tendon tears of greater than 50%, a history of cancer,
Paget disease of the bone, diabetes mellitus, collagen vas-
cular disease, coagulopathy, and active infections were
excluded from the study. 

Randomization
Once enrolled in the study by the principle investigator,
patients were deidentified and randomized between PRP
and WB groups in a 1:1 parallel allocation ratio. Random-
ization was performed by an independent observer who
drew a card denoting the WB or PRP treatment in a 1:1
ratio from a sealed envelope and presented the treatment
group to the radiologist performing the injection. Both
study patients and the treating physicians were blinded to
the treatment group. The radiologists performing the
injections themselves were not blinded. Figure 1 depicts
the progression of patient enrollment, randomization,
treatment, and analysis. Due to our small sample size and
lack of block randomization, a greater proportion of patients
were randomly assigned to undergo treatment in the PRP
group. This discrepancy was not intentional.

Treatment Technique
Before examination, 20 mL of blood was withdrawn from
an antecubital vein in all patients and placed into a cen-
trifuge for extraction of the platelet-rich component using
a commercially available system (SmartPReP; Harvest
Technologies, Plymouth, MA). Cell counts of the PRP
injectate were not obtained. The PRP injectate was red
blood cell reduced, white blood cell rich, and polymor-
phonuclear leukocyte rich (Harvest Technologies, per-
sonal communication, November 5, 2014). Immediately
before intratendinous injection (described below), an
additional 5-mL aliquot of WB was withdrawn in each
patient. For patients in the PRP group, the prepared PRP
was not activated before injection. The patient remained
blinded as to the specific injectate (PRP or WB).

All ultrasound examinations were performed with a lin-
ear 9-MHz or curved 6-MHz phased array transducer
(depending on body habitus) and an iU22 scanner (Philips
Healthcare, Bothell, WA). Patients were scanned in a prone
position at the level of the ischium (common tendon ori-
gin) to the level of the mytendinous junction. Images were
obtained in both long and short axes. Tendinosis was char-
acterized as poorly defined hypoechoic areas within the ten-
don, resulting in loss of fibrillar architecture, the presence of
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Figure 1. Patient enrollment, follow-up, and analysis.
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intrasubstance tears (discretely marginated hypoechoic or
anechoic areas), or the presence of calcification.

Ultrasound-guided PRP or WB intratendinous injec-
tion was performed by either of the 2 board-certified
musculoskeletal radiologists (R.S.A. and G.S.) with exten-
sive experience in ultrasound-guided injections. After an
injection of 1% lidocaine (Hospira, Inc, Lake Forest, IL)
was administered over the subcutaneous tissue, a 22-gauge,
3.5-in needle was positioned into the hamstring tendon
origin under ultrasound guidance (Figures 2 and 3), followed
by continuous mechanical fenestration of the tendon for
approximately 1 minute. Immediately after fenestration,

5 mL of WB was withdrawn, and subsequently either 3 mL
of PRP or 5 mL of WB was injected intratendinously while
imaging in real time. The patients were blinded to which
treatment they received. No intratendinous anesthetic was
administered. Unblinding occurred at 6 months after the
procedure. 

Data Collection
Baseline data were collected from the patient via a ques-
tionnaire immediately before injection, after which follow-
up responses were obtained at 2 weeks, 6 weeks, 12 weeks,
and 6 months after injection. Patient-reported outcome

Davenport et al—Platelet-Rich Plasma or Whole Blood for Proximal Hamstring Tendinosis
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Figure 2. Preinjection T2-weighted MRI of a WB group patient with
tendinosis of the common hamstring origin with separation of the ten-
don (top, arrow) and the same patient’s short-axis ultrasound image
(bottom).

Figure 3. Preinjection short-tau inversion recovery MRI of a PRP group
patient with tendinosis of the common hamstring origin with small retrac-
tion of the tendon (arrows) of less than 1 cm (top) and the same patient’s
long-axis ultrasound image (bottom).
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data were collected at each time point via an online ques-
tionnaire by an independent observer who was not blinded
to the treatment groups to ensure that the treating physician
remained blinded to treatment groups. Data pertaining to
patient responses were later analyzed by a statistician, who
was blinded to the treatment group of each patient from
whom responses were collected. Three internationally
validated surveys were used as outcome measures. The pri-
mary outcome was disability, as measured by the Modified
Harris Hip Score (MHHS), an 8-item questionnaire from
0 to 100 points, where 100 denotes the most favorable
outcome.28 The Hip Outcome Score, a 28-item survey that
also ranges from 0 to 100 points, with 100 denoting the
best outcome, was used to assess activities of daily living
(ADL) and sport-specific function (SPORT).29 Quality of
life was measured by the International Hip Outcome Tool
33 (IHOT-33), a 33-item survey scored from 0 to 100,
with 100 representing the best outcome.30

Preinjection and 6-month postinjection diagnostic
ultrasound images were compared for patients in the PRP
and WB groups by either R.S.A. or G.S. Tendinosis was
classified as mild or moderate when the tendon showed
evidence of patchy loss of fibrillar architecture with hypo -
echoic areas with or without calcification on ultrasound
imaging, calcification being defined as a discrete echogenic
focus with or without posterior acoustic shadowing.
Tendinosis was classified as severe when the tendon showed
evidence of a diffuse abnormality and thickening with or
without tendon tears. The presence or absence of hyperemia
was not included as a criterion because of limited Doppler
sensitivity, given the depth of the tendon origin. Tendi-
nosis was considered improved on follow-up ultrasound
imaging if the musculoskeletal radiologist classified the
tendon abnormality as less severe based on the above diag-
nostic criteria. Comparative baseline to follow-up ultra-
sound findings of the affected hamstring tendon were
classified as “improved” or “no change” depending on the
morphologic change in severity, based on the above-stated

criteria. Additionally, calcifications seen on follow-up ultra-
sound examinations were classified as “increased” or “no
change” when compared to preinjection images. 

Statistical Analysis
Overall summary statistics were calculated in terms of
means and standard deviations for continuous variables
and frequencies and percentages for categorical variables.
We hypothesized that a clinically meaningful change of 30
points would be observed in mean MHHS scores over the
course of treatment in both the PRP and WB groups.
Because of the limited sample size in our study, tests for
normality were conducted with Shaprio-Wilk tests. As the
assumption of normality was violated in our data, group
differences among continuous variables were evaluated by
nonparametric Mann-Whitney U tests. Group differences for
discrete variables were evaluated by a �2 or Fisher exact test.
Nonparametric Wilcoxon rank sum t tests were used to
evaluate the changes in patient-reported outcome scores
from baseline in each of the study groups, with Mann-
Whitney U tests used to evaluate the change in these scores
between the study groups for each time point. Statistical
significance was set at �= .05, with all analyses performed
using SPSS version 20.0 software for Windows (IBM
Corporation, Armonk, NY).

Results

Seventeen patients were enrolled in the study (Figure 1).
Two patients, 1 in the PRP group and 1 in the WB group,
were excluded from further analysis, as they did not complete
any follow-up questionnaires and did not return for follow-
up ultrasound examinations. Two patients had bilateral hips
treated, and each hip was randomized and considered a sep-
arate data point for the purposes of analysis. Patients who
underwent bilateral hip injections were required to wait a
minimum of 6 weeks between injections. Therefore, 15
patients were included in the analysis, for a total of 17 hips.

J Ultrasound Med 2015; 34:1455–1463 1459
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Table 1. Demographics and Baseline Patient-Reported Outcome Scores for All Enrolled Patients

WB PRP

Parameter n Mean SD n Mean SD P

Preinjection MHHS score 6 71.3 7.1 11 68.3 13.9 .724
Preinjection ADL score 6 87.6 5.4 11 80.2 20.0 .960
Preinjection SPORT score 6 68.5 11.5 9 63.0 21.3 .515
Preinjection IHOT-33 score 6 55.8 14.7 10 54.3 17.9 >.999
Age, y 6 45.4 4.3 10 46.6 5.4 .515
Symptom duration, mo (range) 6 6.5 (1–24) 4.7 11 7.0 (1–24) 4.8 .839
Female, n (%) 5 (83.3) 8 (80.0) >.999
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One patient reported sciatic nerve irritation after injection
of PRP. A follow-up ultrasound examination of the sciatic
nerve showed no abnormalities. No other complications
were reported.

There were 11 hips in the PRP group and 6 hips in the
WB group. All patients in both groups had clinical symptoms
of tendinopathy for greater than 6 months. Baseline char-
acteristics, including sex, age, and preinjection outcome
scores, were similar between the groups (Table 1).

The WB group showed greater improvements in all
outcome measures when compared to the PRP group at
data points before 12 weeks, whereas the PRP group
showed greater improvements in all outcome measures
when compared to the WB group at 6 months. However,
none of these outcome scores, with the exception of the
IHOT-33 score at 6 weeks, demonstrated between-group
statistical significance.

When comparing preinjection scores to 6-month
scores, the PRP group showed statistically significant
improvements in ADL scores at 6 months (P = .018;

Figure 4), in SPORT scores at 2 weeks (P = .025; Figure 5),
and in IHOT-33 scores at 2 weeks, 12 weeks, and 6 months
(P = .047, .028, and .028, respectively; Figure 6). The PRP
group also approached significance in SPORT scores at 12
weeks (P = .063; Figure 5) and in MHHS scores at 6 weeks
(P = .058; Figure 7). The WB group showed no statisti-
cally significant improvement in any score but did approach
significance at 6 months in both ADL (P = .068; Figure 4)
and MHHS (P = .068; Figure 7) scores.

Because many patients with chronic hamstring
tendinopathy report sitting pain as a primary functional
restriction, data related to sitting pain were analyzed sepa-
rately from the above outcome measures. These data showed
that the WB group had significantly (P = .008) decreased
pain with 15-minute sitting 6 months after injection
compared to the preinjection baseline. The PRP group
approached significance (P = .079) on this measure as well
(Figure 8).

Ultrasound data showed no significant difference
between the PRP and WB groups for improvement in
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Figure 4. Hip Outcome Score (HOS) ADL data for PRP and WB groups,
comparing their baseline scores to their 2-week, 6-week, 12-week, and
6-month scores.

Figure 5. Hip Outcome Score (HOS) SPORT data for PRP and WB
groups, comparing their baseline scores to their 2-week, 6-week, 12-
week, and 6-month scores.

Figure 6. International Hip Outcome Tool data for PRP and WB groups,
comparing their baseline scores to their 2-week, 6-week, 12-week, and
6-month scores..

Figure 7. Modified Harris Hip Score data for PRP and WB groups, com-
paring their baseline scores to their 2-week, 6-week, 12-week, and 6-
month scores.
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tendon appearance (P = .237) or calcification (P = .999).
The WB group had a greater proportion of improved
tendons on ultrasound imaging (6 of 6) when compared to
the PRP group (7 of 11), but this between-group difference
was not statistically significant. Patients in both groups who
had visible hamstring tendon healing on ultrasound imag-
ing also reported improved outcome scores from baseline,
but this correlation was not statistically significant. Both
groups had comparable degrees of increased tendon calci-
fication on ultrasound imaging, with 45% (5 of 11) of ten-
dons in the PRP group and 50% (3 of 6) of tendons in the
WB groups displaying increased calcification.

Discussion

In this prospective double-blind randomized controlled
pilot study, we found that both PRP and WB injections
may be considered for treatment of chronic hamstring
tendinopathy in patients who have failed conservative
therapy. Platelet-rich plasma may have some therapeutic
benefit over WB at longer follow-up time points, whereas
WB may show benefits at earlier follow-up points, but the
data are insufficient to make these conclusions. Treatments
for chronic hamstring tendinopathy are limited; therefore,
either PRP or WB may be considered in this patient
population. Given the decreased cost of WB treatments
over PRP, WB may be preferred. However, further research
is needed to be able to make definitive conclusions regard-
ing either treatment’s efficacy or the superiority of one
therapy over the other.

Although we cannot conclusively determine that both
PRP and WB may improve function and quality of life in
patients with chronic hamstring tendinopathy who have
failed conservative treatment, given the positive findings
and the current limited options for treating chronic ham-
string tendinopathy, both PRP and WB may be considered
as potential treatment options. These results are similar to

those of previous studies that provided pilot-level evidence
that PRP and WB injections produce no significant differ-
ences in the treatment of lateral epicondylopathy27 but that
PRP may have a slight therapeutic effect over WB.18

Similarly, the data from this study suggest that both treat-
ments may improve function and quality of life and that in
future studies, PRP may be shown to have a mild thera-
peutic advantage over WB. Additionally, given the improve-
ments observed in sitting pain and function, PRP and WB
may be considered important therapies for this common
condition with chronic hamstring tendinopathy.

Although there was no significant difference between
PRP and WB on all outcomes tested, the PRP group
demonstrated more sustained improvement in outcome
measures over time. These data suggest that PRP may be
more beneficial as the time from injection increases when
compared to WB. However, due to a lack of between-
group statistical significance and a relatively short follow-
up period of 6 months, more research is needed to further
develop and investigate the time course of both treatments.
Although we do not know why the PRP group showed a
delayed yet more sustained benefit, we suspect that it may
be related to the platelet concentration. One intent of
establishing a higher platelet concentration is to cause an
increased inflammatory reaction, which will then result in
a long-term healing response in the tendon. An increased
platelet concentration corresponds to an increased leuko-
cyte concentration in PRP prepared by using the Harvest
SmartPReP system. The increased leukocyte content in
this injectate is associated with increased inflammation.31,32

Thus, one explanation for the variable temporal responses
between the WB and PRP groups could be that the higher
platelet concentration of PRP necessitates a longer time
course for production of visible results, which can in turn
become long-term, sustainable changes.

Most patients in both the PRP and WB groups
showed improvement of the tendon appearance on 6-
month post-injection ultrasound examinations. These
results are similar to those of prior studies that analyzed
follow-up ultrasound examinations after PRP in the treat-
ment of chronic lateral epicondylopathy.33 A longer term
follow-up may have revealed more definitive results, since
morphologic improvements may lag functional improve-
ments, as seen in other tendon repair models (eg, rotator
cuff). Half of the patients in both groups of our study
showed increased calcification on follow-up ultrasound
imaging, and there was no significant difference between
PRP and WB groups regarding an improved tendon
appearance or the presence of calcification. A greater per-
centage of patients in the WB group had an improved ten-
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Figure 8. Fifteen-minute functional sitting results, comparing WB and
PRP preinjection and 6-month scores.
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don appearance when compared to the PRP group, which
may suggest that WB has benefit over PRP in tendon
appearance, but given the small sample size, we cannot
conclude that one treatment improves tendon healing over
another. Additionally, the importance of increased calcifi-
cation on follow-up ultrasound imaging is currently
unknown, as is the natural course of the tendon appearance
after PRP or WB injection. Any potential correlation
between an improved tendon appearance and decreased
pain is also unknown and cannot be concluded from our
data. This study suggests, but cannot conclude, that the
tendon appearance may improve after PRP and WB injec-
tions and that increased calcification may occur after
treatment with either injectate. However, the clinical
importance of these findings requires further research.

There were several limitations to this study. First, the
deep-seated nature of the tendon somewhat limits subjec-
tive grayscale assessment by ultrasound. More quantitative
metrics provided by shear wave elastography or relative
strain measurements may result in more objective meas-
ures of healing response. Alterations of tendon morpho-
logic characteristics and signal intensity on MRI may
likewise provide more sensitive measures, as opposed to
conventional grayscale ultrasound imaging. It is also impor-
tant to note that the radiologists who performed the tissue
grading were not blinded and may have been a source of
bias in this study. Another limitation of the study was its
small sample size. Some patients in the practice who may
have been considered candidates were unwilling to partic-
ipate in the study due to randomization, which resulted in
termination of the study with relatively low participant
numbers. Our small sample size also increased the risk for
a selection bias. Unless a multicenter trial is undertaken, a
selection bias is unavoidable in most studies. Although the
number of patients was relatively small in this study, it was
comparable to other studies in the PRP and WB literature.
Further well-powered studies, possibly in the form of mul-
ticenter randomized controlled trials, are encouraged, as
they will add to the knowledge gained by this preliminary
study. Although we cannot currently predict what sample
size will render investigators the ability to detect statistically
significant between-group differences, we encourage the
undertaking of larger studies. As the literature is relatively
sparse regarding PRP and WB for hamstring tendinopa-
thy, this study is an important addition to this body of
literature. Also, as this study is, to our knowledge, the first
prospective study comparing PRP and WB for chronic
hamstring tendinopathy, we think that the findings,
although limited, represent an important contribution to
this growing area of musculoskeletal medicine.

Given the limited options for management of chronic
hamstring tendinopathy and the excellent safety profile of
PRP and WB injections, PRP and WB injections should
both be considered as a potential treatment for these
patients. Further well-powered studies are needed to deter-
mine the ideal patient subset for this treatment as well as to
better determine the differences in effects between PRP
and WB injections for tendinopathies.
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