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Abstract
Background: Tendinosis is a chronic degenerative condition. Current research
suggests both percutaneous needle tenotomy (PNT) and leukocyte-rich
platelet-rich plasma (LR-PRP) may be effective treatments for chronic
tendinosis, but no studies have assessed the effectiveness of PNT alone versus
PNT with intratendinous LR-PRP for multiple tendon types in a single study.
Objective: To assess the efficacy of PNT versus PNT + LR-PRP to treat
chronic tendinosis.
Study Design: Double-blind, randomized, controlled comparative treatment
study.
Setting: Primary academic institution.
Participants: A convenience sample of 40 participants who had chronic
tendinosis (rotator cuff, wrist extensor, wrist flexor, hip abductor, proximal ham-
string, patellar, or Achilles) confirmed via ultrasound, failed conservative treat-
ment, and did not have tendon tears, known coagulopathy, or systemic illnesses.
Interventions: Participants were randomly assigned to PNT (n = 19) or PNT
+ LR-PRP (n = 21). Participants and outcomes assessors were blinded to treat-
ment assignments. PNT was performed with 20–30 passes of a 22-gauge nee-
dle under ultrasound guidance, with 1% lidocaine given outside the tendon.
LR-PRP was processed from whole blood (30–60 mL) and injected into the
affected tendon using the same PNT technique.
Main Outcome Measures: Primary outcome was current numerical rating
scale pain at 6 weeks. Secondary outcomes were average pain, function, gen-
eral well-being, and sleep quality at 6, 52, and 104 weeks.
Results: Baseline characteristics were similar between groups. Overall, there
were no significant differences between groups over time for any of the out-
comes (P > .05). Between-group analyses showed significantly lower current
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and average pain after PNT compared to PNT + LR-PRP at 6 weeks (esti-
mated-mean [SE]: 3.1[0.4] vs. 4.6[0.6], P = .04; 3.4[0.4] vs. 4.9[0.5], P = .03)
only. Adverse event rates were low (PNT-3.9%; PNT + LR-PRP-5.0%) and
related primarily to postprocedural pain and inflammation.
Conclusions: Although pain scores were lower after PNT compared to PNT
+ LR-PRP at 6 weeks, there were no between-group differences in outcomes
at 52 or 104 weeks.

INTRODUCTION

Symptomatic chronic tendinosis is characterized by
micro- and macro-structural changes in tendon archi-
tecture. Histopathologic changes of chronic tendinosis
include disorganization of collagen fibers, proliferation
of irregular cell material, tendon fraying and microtears,
and neovascularization.1 Gross changes include ten-
don thickening, synovial sheath hypertrophy, and larger
tendon tears.1 Degenerative changes in chronic
tendinosis often occur without histologic signs of inflam-
mation and may indicate a failed healing response.2

The prevalence of tendinosis can vary by body loca-
tion for different patient populations. For example, Achil-
les tendinosis affects only 6% of the sedentary population
but approximately 50% of elite endurance athletes.3 Glu-
teus medius tendinosis affects 24% of women but only
9% of men between the ages of 50 and 79 years.3-5

Symptoms at the site of involvement may include tender-
ness, swelling, pain with loading, and impaired func-
tion.2,6 Initial nonoperative treatment for chronic
tendinosis may include observation, oral or topical medi-
cations, physical therapy, and therapeutic concentric and
eccentric strengthening exercises.7,8 Although chronic
symptomatic tendinopathies typically respond to non-
procedural treatments more favorably compared to surgi-
cal treatments,7 symptoms may be recalcitrant.
Historically, peritendinous corticosteroid injections have
been a common intervention for recalcitrant tendinopathy,
but recent evidence suggests corticosteroid injections
may offer short-term pain relief at the cost of poor long-
term outcomes.9 For this reason, alternative treatments
for tendon regeneration have been pursued, although the
degree to which actual regeneration occurs with various
treatments versus pain relief via mechanisms other than
tissue regeneration is still heavily debated. Two regenera-
tive treatments that have received increased interest
include percutaneous needle tenotomy (PNT), which is
also known as tendon fenestration or barbotage,10 and
intratendinous platelet-rich plasma (PRP) injection.11

Both PNT and PRP hold potential for the treatment of
recalcitrant chronic tendinosis. PNT is thought to convert
tendinosis from a chronic nonhealing state to an acute
injury state with enhanced healing capability.12,13

Enhanced healing is thought to occur through a local
inflammatory response after repetitive needling of ten-
dinotic tissue to disrupt the affected tendon fibers and
induce bleeding.13 Improvements in tendinosis-related

symptoms following ultrasound-guided PNT have been
shown in several studies.13,14 PRP is an emerging treat-
ment in which participants’ platelets, and the growth fac-
tors contained therein (eg, platelet-derived growth factor,
vascular endothelial growth factor, epithelial growth factor),
are centrifuged from whole blood and are used for intra- or
peritendinous injection. The platelets in PRP are typically
concentrated 3–8 times more than in whole blood, and this
concentration may promote healing.15 The regenerative
potential for tendinosis with PRP is well established in
both in vitro and in vivo animal models.16 In humans, how-
ever, recent meta-analyses have shown conflicting results
with regard to the effectiveness of PRP for different types
of tendinopathy. Nauwelaers et al demonstrated no differ-
ences in clinical outcomes between PRP- and placebo-
treated participants with chronic midsubstance Achilles
tendinopathy.17 In contrast, other meta-analyses have
shown greater improvements with PRP treatment com-
pared to control during long-term follow-ups.18-20 It is
suggested that the heterogeneity of outcomes may stem
from the widely variable methods of PRP preparation and
injection technique used among studies.21

In addition to its use as a standalone treatment,
PRP can be administered as an adjuvant to PNT; this
involves an increased number of steps related to the
processing and injection of the PRP. To our knowledge,
no single study has compared PNT alone to PNT plus
leukocyte-rich PRP (PNT + LR-PRP) for the treatment
of recalcitrant chronic tendinosis in the upper and lower
limbs, although this has been investigated in studies of
individual tendons.22,23 The objective of this study was
to compare these treatments over 104 weeks and to
evaluate outcomes with regard to pain, function, general
well-being, and sleep quality. Our hypothesis was that
the addition of LR-PRP to PNT would further improve
outcomes compared to PNT alone.

METHODS

Study design

This was a double-blind, randomized comparative treat-
ment study approved by the institutional review boards
of the institutions where it was conducted. Written
informed consent was obtained from all participants
before any research activities. This study was regis-
tered at ClinicalTrials.gov and was conducted in
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accordance with Consolidated Standards of Reporting
Trials (CONSORT) guidelines.24 Recruitment began in
October 2012.

Treatment allocation and administration

Inclusion criteria included age 18 to 100 years, findings
consistent with chronic tendinosis confirmed clinically
and with ultrasound, a numerical rating scale (NRS)
pain score ≥5 out of 10, and ≥3 months of pain with
failed initial treatment. Participants were excluded if
they had partial or full thickness tears of the affected
tendon, corticosteroid injection in the region of the
affected tendon within the last 3 months, anticoagulant
or antiplatelet medication use, known coagulopathy or
bleeding dyscrasia, current or recent fluoroquinolone
use, prior PNT or PRP injection to the affected tendon,
other musculoskeletal injury or tendon rupture in the
body region of interest, known systemic illness (eg,
vasculitis, uncontrolled diabetes, autoimmune disease),
involvement in workers’ compensation or active litiga-
tion involving the affected tendon, or pregnancy. The
absence of any tears in the affected tendon was con-
firmed on ultrasound. A representative image of
tendinosis on ultrasound is shown in Figure 1A. Partici-
pants were asked to refrain from nonsteroidal anti-
inflammatory drugs for a minimum of 5 days before
starting treatment in the study. Following written
informed consent, participants were randomly assigned
(1:1) to receive PNT or PNT + LR-PRP; assignments
were generated by nonclinical investigators using a
computer-generated, block randomization scheme.
Assignments were then placed in opaque envelopes
corresponding to study identification numbers (#1–40).
These envelopes remained unopened until informed
consent was obtained. The participants and outcomes
assessors were blinded to treatment group allocation,
but the physician administering treatment was not
blinded.

A single fellowship-trained, double board-certified,
sports medicine physiatrist, who is also a registered
musculoskeletal sonographer, performed all proce-
dures in outpatient offices at two academic medical
centers. Participants receiving PNT + LR-PRP had a
standard upper limb blood draw to prepare the LR-
PRP. To maintain blinding, participants receiving PNT
alone underwent a sham blood draw and had a similar
wait time to that of true PRP preparation, between the
time of their blood draw and the time of their treatment.
The syringe containing 1% lidocaine for the PNT group
or PRP for the PNT + LR-PRP group was covered with
opaque tape during treatment to ensure that the partici-
pant remained blinded to their treatment allocation.
Both treatment groups received PNT with 20–30 pas-
ses of a 22-gauge needle under ultrasound guidance
(Figure 1B: representative image of PNT on ultra-
sound). Both groups received local anesthesia subcu-
taneously with up to 3 mL of 1% lidocaine, taking care
to use minimal lidocaine at the actual site of the tendon
and no lidocaine in the tendon.

PRP was injected as the PNT was performed for
the PNT + LR-PRP group to ensure the areas of maxi-
mal pathology were being targeted and to create
intratendinous spaces for the PRP to be accepted,
rather than the PRP being forced extratendinously or
into the muscle belly. Any observed calcifications were
disrupted in both groups.

The volumes of local anesthetic and LR-PRP
injected were dependent on the size of the affected ten-
don (3–4 mL LR-PRP and 2 mL lidocaine for small ten-
dons; 9–10 mL LR-PRP and 4 mL lidocaine for large
tendons). The volume of whole blood drawn was 30 mL
for small tendons (ie, common wrist flexor and exten-
sor, rotator cuff [supraspinatus], patellar, Achilles, first
dorsal compartment of the wrist) and 60 mL for large
tendons (ie, gluteus medius, hamstring, quadriceps).
LR-PRP was immediately processed from 30 to 60 mL
whole blood using the Harvest SmartPrep Platelet Con-
centration System (Lakewood, CO), according to the

F I GURE 1 Ultrasound images. (A) Representative image of Achilles tendinosis on ultrasound, long axis. Note the hypoechoic fusiform

thickening. (B) Representative image of percutaneous needle tenotomy (PNT) of a patellar tendon using an in-plane, short-axis approach. The

tendon is outlined in purple. Arrows identify the needle
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manufacturer’s instructions. LR-PRP was stored at
room temperature before injections. No activating agent
was added. The duration from blood draw to LR-PRP
injection was less than 30 minutes.

Post procedure, participants were instructed to avoid
icing the affected area for 3 days and to avoid nonsteroi-
dal anti-inflammatory drugs for 8 weeks. Acetaminophen
500 mg or tramadol 50 mg were allowed for pain control.
Participants were made non-weight-bearing guided by
clinical recovery after lower limb procedures and told not
to perform any carrying or lifting for upper limb proce-
dures for 2–14 days to reduce risk of tendon rupture.
Participants were given orthoses to immobilize the
affected region for up to 14 days and allowed to wean
based on their comfort. All participants underwent a
structured rehabilitation protocol focused on the location
of their tendinosis. Protocols included active range of
motion and gentle stretching for postprocedure weeks
1–2, isometric exercises for weeks 2–4, concentric
strengthening exercises for weeks 4–6, eccentric
strengthening exercises for weeks 6–8, and plyometric
and sports-specific exercise from the end of week
8 onward, when applicable. Participants could attend for-
mal physical therapy, but it was not required. If partici-
pants elected to attend physical therapy, their therapist
was made aware of the study rehabilitation protocol.

Data collection and outcomes

Demographic data and questionnaires that assessed
NRS pain, function, general well-being, and sleep qual-
ity on numerical rating scales of 0–10 were collected at
baseline and postprocedure weeks 2, 4, 6, 8, 12, 24,
36, 52, and 104. An in-office evaluation was performed at
week 4 by the treating attending physician. All other
follow-ups were conducted by phone interview or online
questionnaire, depending on the participant’s preference.
Each participant was evaluated for all outcome measures
at each time point. The primary outcome measure for the
study was current NRS pain score; a score of 0 indicated
no pain, and a score of 10 indicated the worst pain imagin-
able. The primary outcome time point was 6 weeks. The
minimal clinically important difference has been shown to
be 2 points for NRS pain.25 All other outcome measures
were considered secondary outcomes. Average NRS
pain score was assessed on the same numerical scale as
current NRS pain. Function was assessed using the ques-
tion, “How would you rate your function on average over
the last week on the following numerical scale, where
0 means ‘I functioned very well’ and 10 means ‘I could
not function at all’?” Sleep quality was assessed using the
question, “How would you rate your sleep on average
over the last week on the following numerical scale, where
0 means ‘I could not sleep at all’ and 10 means ‘I slept
perfectly well’?” General well-being was assessed using
the question, “Howwould you rate your general well-being

on average over the last week on the following numerical
scale, where 0 means ‘I am doing the worst ever’ and
10 means ‘I am doing very well’?” Secondary outcome
time points were 52 and 104 weeks. Participants were
also asked whether they would do the study treatment
again as a measure of satisfaction (“Would you do the
study treatment again?”). Data were collected and stored
on Research Electronic Data Capture.

Statistical analysis

This was a convenience sample of participants who met
the eligibility criteria for the study. Continuous variables
are reported as means and standard deviations (SDs) in
the descriptive analysis. Frequencies and percentages
are used to report descriptive statistics of discrete vari-
ables. Longitudinal analyses of outcome measures from
baseline to 104 weeks were done using generalized esti-
mating equation (GEE) modeling. GEE allows for the clus-
tered analysis of all observations that have been collected
longitudinally and accounts for any missing data from par-
ticipants who were lost to follow-up. All observations were
analyzed using maximum likelihood estimations. Models
included time, group, and time*group as predictors, with
time treated as a continuous covariate. All parameter esti-
mates from the GEE models are reported as means and
SEs. Bonferroni correction was used to adjust for multiple
pairwise comparisons at the primary and secondary out-
come time points of 6, 52, and 104 weeks. All P values of
the comparison of outcome scores at each time point
between study arms are reported as the Bonferroni-
corrected values. Therefore, statistical significance was
defined as P < .05. All analyses were performed with
SPSS, version 23.0 (IBMCorp., Armonk, NY).

RESULTS

Patient flow

Fifty-nine participants were assessed for eligibility from
October 2012 to June 2017. Twelve participants did not
meet inclusion/exclusion criteria, and seven participants
declined to participate (Figure 2). A total of 40 participants
with chronic tendinosis were enrolled and randomly
assigned to receive PNT (n = 19) or PNT + LR-PRP
(n = 21). The overall follow-up rate was 78% (data were
collected for 281 out of 360 potential time points).

Baseline group characteristics

Twenty-four male and 16 female participants were
enrolled, with a mean age of 49 years. The mean dura-
tion of pain was 34 months. Baseline demographic data
were not different between groups (Table 1). The most
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common tendons affected were the common flexor and
extensor tendons at the elbow (35%; n = 14), followed
by the gluteus medius (20%; n = 8), the supraspinatus
(18%; n = 7), and the hamstring (15%; n = 6). Twenty-
two (55%) participants were actively involved in sports
or exercise. All participants were nonsmokers. There
were no significant differences in baseline pain scores,
sleep quality, general well-being, or function between
groups. In addition, there was no significant difference
in distribution between upper and lower limb
tendinopathies between groups.

Outcomes

In each of the PNT and PNT + LR-PRP treatment
groups, current and average pain scores decreased
over time (P < .01; Figure 3A, B). Overall, there were
no significant differences between groups over time for
current and average pain (P = .18 and .29, respectively;
Table 2). However, both current and average pain
scores in the PNT group were significantly lower than
those in the PNT + LR-PRP group at 6 weeks (P = .04
and .03, respectively; Table 3). No differences between
groups were observed at 52 or 104 weeks. The per-
centages of participants with clinically significant pain
reductions at 6, 52, and 104 weeks are shown in

Table 4. When looking at upper and lower extremity
tendinosis specifically, similar trends in current and
average pain scores over time were observed
(Supplemental Figures S1 and S2).

Function, general well-being, and sleep quality
improved over time (P < .01). However, there were no
significant differences between groups over time in the
overall model (Table 2). In addition, no between-group
differences in function, general well-being, or sleep qual-
ity were observed at 6, 52, and 104 weeks (Table 3).

To assess satisfaction, participants were asked,
“Would you do the study treatment again?” at the
104-week time point. In the PNT group, 12 participants
responded “yes,” three participants responded “no,”
and four participants did not answer the question. In the
PNT + LR-PRP group, seven participants responded
“yes,” five participants responded “no,” and nine par-
ticipants did not answer the question. Thus, more par-
ticipants in the PNT group stated that they would do the
study treatment again; however, this difference was not
statistically significant (P = .333).

Adverse events were low overall, with rates of 3.9%
and 5.0% in the PNT and PNT + LR-PRP groups,
respectively. The most common adverse event reported
was temporary muscle weakness around the affected
joint. Other adverse effects included erythema and local
edema. There were no serious adverse events.

F I GURE 2 Consolidated

Standards of Reporting Trials

(CONSORT) flow diagram. The

numbers of participants who were

assessed for eligibility, excluded,

enrolled, randomized, followed,

and analyzed are shown. All

enrolled participants were

included in the intention-to-treat

analysis, regardless of lost-to-

follow-up status. LR-PRP,

leukocyte-rich platelet-rich

plasma; PNT, percutaneous

needle tenotomy
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TAB LE 1 Demographics and baseline information

PNT (n = 19) PNT + LR-PRP (n = 21) P value

Age, years; mean (SD) 47.1 (15.5) 50.9 (15.3) .44

Body mass index, kg/m2
; mean (SD) 26.3 (4.7) 24.5 (3.4) .17

Males; n (%) 11 (57.9) 13 (61.9) .80

Duration of symptoms, months; mean (SD) 25.4 (30.5) 43.5 (67.5) .28

Tendon location; n (%) .24

Elbow 6 (31.6) 8 (38.1)

Wrist 0 (0.0) 1 (4.8)

Shoulder 3 (15.8) 4 (19.0)

Gluteus medius 6 (31.6) 2 (9.5)

Knee 2 (10.5) 0 (0.0)

Hamstring 2 (10.5) 4 (19.0)

Achilles 0 (0.0) 2 (9.5)

Lower extremity tendinopathy; n (%) 10 (52.6) 8 (38.1) .36

Previous physical therapy; n (%) 10 (52.6) 12 (57.1) .78

Current pain; mean (SD) 6.9 (1.9) 6.6 (1.3) .56

Average pain; mean (SD) 6.9 (1.6) 6.7 (1.7) .38

Abbreviations: LR-PRP, leukocyte-rich platelet-rich plasma; PNT, percutaneous needle tenotomy; SD, standard deviation.

F I GURE 3 Estimated numerical rating scale (NRS) current and average pain. Estimated means and SEs for (A) NRS current pain and

(B) NRS average pain from baseline (0 weeks) to 104 weeks are shown. Dark gray represents percutaneous needle tenotomy (PNT) group, and

light gray represents PNT and leukocyte-rich platelet-rich plasma (PNT + LR-PRP) group

TAB LE 2 Results of model effects from interaction of time*group

Outcomea Betab SE

95% CI

P valueLower Upper

Current pain −0.010 0.008 −0.025 0.005 .18

Average pain −0.010 0.010 −0.029 0.009 .29

Function −0.017 0.010 −0.036 0.002 .08

General well-being 0.001 0.006 −0.012 0.014 .89

Sleep quality −0.004 0.008 −0.019 0.011 .61

Abbreviations: 95% CI, 95% confidence interval; SE, standard error.
aCurrent pain and average pain were on scales of 0–10, with 0 representing no pain and 10 representing worst pain imaginable. Function was on a scale of 0–10,

with 0 representing best function and 10 representing no function. Sleep quality was on a scale of 0–10, with 0 representing no sleep (poor quality) and 10

representing best quality sleep. General well-being was on a scale of 0–10, with 0 representing worst well-being and 10 representing best well-being.
bUnits are change in score per week.
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DISCUSSION

In this double-blind, randomized, comparative treatment
study, we assessed the effectiveness of PNT versus
PNT + LR-PRP for chronic tendinosis in multiple tendon
types. LR-PRP was prepared using a single system and
was administered under ultrasound guidance. All treat-
ments were performed by a single investigator with the
goal to reduce larger variations in preparation and admin-
istration that might occur between multiple investigators.

Based on the findings of the current study, PRP
appears to add limited value to needle tenotomy alone.
These findings do not support the study hypothesis that
the addition of LR-PRP to PNT will further improve out-
comes compared to PNT alone for the treatment of
symptomatic chronic tendinosis. One reason for this
finding could be that stimulation of local growth factors
from PNT alone, such as those signaled by pericytes
(perivascular cells that may play a role in local tissue
healing after injury) and platelets, is sufficient to stimu-
late a healing response in many cases.26 It may be that
increased concentration of growth factors from platelets
in PRP does not add significant benefit over those local
growth factors stimulated by PNT alone. Another possi-
bility is that PRP may add value for treating certain
grades of tendinosis (high vs. low grade), those with or
without hyperemia, or those with partial thickness tears;
however, this study was not designed to take those fac-
tors into consideration. Participants with partial thick-
ness tears were specifically excluded from this study.
Furthermore, PRP may be an effective addition to PNT
for tendinosis in certain tendons but not others. This
study was designed to evaluate all tendons together,
however, and not to evaluate subclassifications of ten-
dons. Further studies evaluating specific tendons are
warranted.

TAB LE 3 Between-group comparisons of outcomes at 6, 52, and 104 weeks

Outcome Weeks

PNT PNT + LR-PRP

P value*M (SE) N M (SE) N

Current pain 0 6.9 (0.4) 19 6.6 (0.3) 21 .58

6 3.1 (0.4) 16 4.6 (0.6) 17 .04

52 3.5 (0.9) 13 2.3 (0.7) 15 .27

104 1.9 (0.5) 15 2.1 (0.7) 13 .86

Average pain 0 6.9 (0.4) 19 6.7 (0.4) 21 .65

6 3.4 (0.4) 16 4.9 (0.5) 17 .03

52 3.8 (0.9) 13 2.4 (0.7) 15 .19

104 2.1 (0.5) 15 2.7 (0.8) 13 .56

Function 0 6.5 (0.4) 19 6.2 (0.4) 21 .55

6 4.1 (0.4) 16 4.5 (0.5) 17 .58

52 2.8 (0.7) 13 2.4 (0.6) 15 .62

104 3.5 (0.9) 15 2.3 (0.6) 13 .24

General well-being 0 5.6 (0.5) 19 6.2 (0.5) 21 .35

6 7.5 (0.3) 16 6.8 (0.4) 17 .16

52 7.9 (0.5) 13 7.2 (0.6) 15 .35

104 8.1 (0.4) 15 8.2 (0.5) 13 .87

Sleep quality 0 5.0 (0.6) 19 6.3 (0.4) 21 .07

6 7.0 (0.5) 16 6.8 (0.5) 17 .81

52 7.7 (0.6) 13 7.1 (0.7) 15 .55

104 7.2 (0.6) 15 6.8 (0.9) 13 .73

Abbreviations: LR-PRP, leukocyte-rich platelet-rich plasma; M, estimated mean; PNT, percutaneous needle tenotomy.

*All P values have been adjusted using Bonferroni technique to account for potential Type I error due to multiple comparisons.

TAB LE 4 Clinically significant reductions in pain

PNT PNT + LR-PRP

Current pain

6 weeks 14/16 (88) 10/17 (59)

52 weeks 8/13 (62) 13/15 (87)

104 weeks 14/15 (93) 12/13 (92)

Average pain

6 weeks 12/16 (75) 10/17 (59)

52 weeks 8/13 (62) 12/15 (80)

104 weeks 15/15 (100) 11/13 (85)

Note: Results are number with clinically significant reductions in pain/total

number available (percentage).

Abbreviations: LR-PRP, leukocyte-rich platelet-rich plasma; PNT,

percutaneous needle tenotomy.
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Several other clinical studies investigating the role
for PRP in chronic tendinosis have found no benefit of
PRP over PNT or saline injections. De Jonge et al com-
pared PRP to saline injections in the treatment of chronic
midsubstance Achilles tendinopathy and found that both
groups had improvements in Victorian Institute of Sports
Assessment-Achilles scores at 1 year post treatment.27

No between-group differences in clinical outcomes and
tendon echotexture on ultrasound were found. Krogh
et al reported similar findings in Victorian Institute of
Sports Assessment-Achilles scores over a 3-month
period, although they did find a significant increase in
tendon thickness following PRP injections, compared to
saline injections.28 In the case of gluteus medius and
gluteus minimus tendinopathy, Jacobsen et al compared
a single-blind PRP injection with tendon fenestration in
30 participants and showed clinically significant
improvements in pain scores in both groups; however,
there were no differences between groups at a mean
follow-up of 92 days. Additionally, Kesikburun et al found
improvements in functional outcomes and visual analog
pain scale at 1 year following PRP or saline injections for
rotator cuff tendinopathy, but there were no differences
between groups.29 Similar findings were observed for
elbow tendinopathy, with no differences in clinical out-
comes following PNT with PRP compared to PNT with
lidocaine.22

Conversely, several other clinical studies have
suggested that PRP is effective and has a role in the
treatment of specific tendinopathies. In a double-blind
study, Rha et al compared PRP to dry needling in 39
participants with rotator cuff tendinopathy and found a
clinically significant difference in the Shoulder Pain
and Disability Index in favor of PRP at 2 weeks, 3, and
6 months. When pain scores and disability scores
were analyzed independently, there were no signifi-
cant differences, and there was also a high lost-to-fol-
low-up rate in both groups (total cohort �25%). In
another double-blind trial, Dragoo et al compared the
effects of PRP to dry needling in 23 participants with
patellar tendinopathy.31 The PRP group had clinically
significant improvement compared to the dry needling
group at 12 weeks but not at >26 weeks. PRP was
concluded to accelerate recovery from tendinopathy
initially, with dissipating effects over time.31 Finally, a
larger double-blind, multicenter trial of lateral epi-
condylosis conducted by Mishra and colleagues com-
pared tendon needling with or without PRP.32

Although no differences in participant-reported pain
and tenderness at the lateral elbow were found
between groups at 3 months, the PRP group had sig-
nificantly greater improvement in visual analog pain
scores and clinical tenderness at 24 weeks. The differ-
ences in findings between these studies and our study
may be attributed to variations in PRP systems, con-
centrations, volumes, outcome measures, and/or
injection technique. In addition, these variations likely

contribute to conflicting results in the overall literature
on the efficacy of PRP treatment. Fitzpatrick et al per-
formed a meta-analysis taking into account various
studies’ use of LR-PRP versus leukocyte-poor PRP
(LP-PRP) in the treatment of chronic tendinopathy.
The results suggested that LR-PRP is more effective
than LP-PRP; however, most of the studies that were
included in the meta-analysis used LR-PRP, and only
one study used LP-PRP.21

LIMITATIONS

This study was devised before current classification
systems or reporting guidelines for biologic treatments
were published, and cellular analyses (eg, platelet
counts in PRP and whole blood) were not incorporated
into the design.33,34 Thus, we could not determine
exact increases in platelet concentrations in the LR-
PRP that was injected for each participant; however,
previous studies have shown increases of 4.5–9-fold
with the Harvest system.35,36 Furthermore, 22% of
overall follow-ups had missing data. To maximize all
observations at all time points, we used GEE modeling,
which allows for the clustered analysis of all observa-
tions that have been collected longitudinally. Addition-
ally, not every participant underwent rigorous physical
therapy prior to the study. Although this may have
affected results, an initial multivariate regression analy-
sis showed no effect of prior physical therapy on out-
comes (data not shown). Furthermore, chronic
tendinosis from various tendons were analyzed as a
singular entity in this study. In particular, there was a
higher number of participants with gluteus medius
tendinosis in the PNT group compared to the PNT
+ LR-PRP group. Although no differences in treatment
effect were found between treatment groups, further
studies by tendon type may be warranted because of
differential tendon loading and local tissue factors that
influence tendon biology. Additionally, a validated mea-
sure was not used to assess functional outcomes;
instead, participants were asked to rate their level of
function on a subjective scale, and this was not specific
to tendon type. Finally, as the sample size was small,
the study may be underpowered. Therefore, larger
sample sizes are needed in future studies to definitively
confirm whether there are differences between PNT
and PNT + LR-PRP treatments.

CONCLUSION

At 6 weeks post treatment, current and average pain
scores were significantly lower in the PNT group than
in the PNT + LR-PRP group. However, no significant
differences were observed between groups at 52 or
104 weeks post treatment. There were few adverse
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effects noted with either treatment. For patients with
chronic tendinopathy, PNT may be considered a viable
treatment option in conjunction with a structured reha-
bilitation program, and the addition of PRP may provide
no additional benefit. These findings may be of particu-
lar interest in planning treatment for chronic tendinosis
when considering that PNT, but not PRP, is covered by
most insurance carriers. For future studies, better clas-
sification and quantification of PRP and growth factors
and standard reporting of other biologic samples are
needed. The effect of tendon-specific factors should
also be explored.
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were significantly lower in the Percutane-
ous Needle Tenotomy (PNT) alone treat-
ment group than the Percutaneous
Needle Tenotomy with Leukocyte-Rich
Platelet-Rich Plasma (LR-PRP) treatment
group at 6 weeks.

d) Function, general well-being and sleep
quality improved significantly greater in
Percutaneous Needle Tenotomy (PNT)
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neous Needle Tenotomy with Leukocyte-
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