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Purpose: To determine the efficacy of treatment of lateral elbow tendinopathy (LET) with platelet-rich
plasma (PRP) injection and ultrasonic tenotomy and debridement (USTD) as well as risk factors for
treatment failure.
Methods: This was a retrospective study including patients treated for LET with PRP or USTD between
January 2018 and December 2021. The efficacy of both procedures was assessed using pain-related pa-
tient-reported outcome measures at the 12-week follow-up. Baseline subject characteristics and diag-
nostic ultrasound findings were analyzed as risk factors for failure of treatment. Failure was classified as a
surgical indication for LET within a year of the PRP or USTD.
Results: Ultrasonic tenotomy and debridement and PRP both led to significant improvement in patient
pain within the 12-week follow-up period. There was no significant difference in efficacy between the
two procedures. Common extensor tendon tearing on ultrasound and Worker’s Compensation cases
were found to be risk factors for failure of USTD. Lateral collateral ligament complex involvement and
injection were found to be risk factors for failure of PRP.
Conclusions: Platelet-rich plasma and USTD are both effective interventions for LET. They have separate
risk factors for failure that should be taken in consideration while deciding the treatment approach.
These procedures are minimally invasive alternatives to some of the more invasive surgical options to
treat LET.
Type of study/level of evidence: Therapeutic III.
Copyright © 2023, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Lateral elbow tendinopathy (LET), also known as lateral epi-
condylitis or tennis elbow, is a common cause of pain in the adult
population, with an estimated annual incidence of 3.3e3.5 per
1,000.1 It is a notable cause of pain and loss of function. Sixteen
percent of patients report work restrictions and 4% miss at least 1
week of work over their condition course.2 Themajority of cases are
thought to self-resolve in 1e1.5 years.3 However, conservative
treatments such as nonsteroidal anti-inflammatory drugs and
bracing may not be the most effective option for all patients. In the
subset of patients who do not improve with a 6-month course of
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conservative treatment, LET has amedian course of 844 days.1 More
direct interventions could be used after failure of conservative
treatment to avoid such long disease courses, but there is no
preferred modality.4

Although interventions such as bracing, corticosteroid in-
jections, nonsteroidal anti-inflammatory drugs, and physical
therapy have historically been used for LET, there is growing in-
terest and use of platelet-rich plasma (PRP) injections and ultra-
sonic tenotomy and debridement (USTD) using the Tenex device
from Tenex Health.4,5 A traditional surgical intervention, open
surgical debridement of the lateral epicondyle, has higher risk
profile, level of invasiveness, and cost, with current patient costs
reaching over $10,000. Average costs for PRP injections and USTD
at the institution where this study took place were $1,300 and
$5,900, respectively. Ultrasonic tenotomy and debridement is
typically covered by insurance, whereas insurance coverage for
PRP is variable. With minimally invasive techniques such as PRP
American Society for Surgery of the Hand. This is an open access article under the
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Figure 1. Labeled US image of a CET PRP injection at the lateral epicondyle (LE). Note
hypoechogenicity at CET. Asterisk (*) denotes area of pathology.

Figure 2. Labeled US image of a CET USTD procedure at the lateral epicondyle (LE). As
in Figure 2, the CET is hypoechoic indicating tendinosis. Asterisk (*) denotes area of
pathology.
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injections and USTD, it may be possible to avoid these more
invasive surgical interventions.

Platelet-rich plasma is defined as a supraphysiologic concen-
tration of platelets, obtained by centrifugation of a patient’s blood
draw. When introduced into a region of damaged tissue, platelets
release alpha granules that contain a variety of cytokines, growth
factors, and various other immunomodulators that are theorized to
stimulate, augment, and regulate the healing response.6 This
method has been shown as an efficacious option for treating LET.7e9

An USTD device emits high-frequency sound waves to debride
and remove tendinopathic tissue, without damaging healthy tis-
sue.10 After obtaining local anesthesia, a small 2 mm stab incision
was made to advance the device to the region of the pathologic
tissue under ultrasound (US) guidance. Current studies demon-
strate the effectiveness of USTD in treating LET with sustained
decreases in patient pain.7,11e13

Although both procedures have been shown to be efficacious,
very little is known about possible patient characteristic risk factors
for outcomes. Postprocedure physical therapy has been positively
associated with USTD outcomes for LET, and body mass index,
bodyweight, and severity have been found to be risk factors for PRP
outcomes for other conditions.12,14,15 There is a need for informa-
tion on additional risk factors specific to outcomes in LET to assist in
patient and physician decision making regarding the condition. The
purpose of this study was to assess the efficacy of PRP and USTD
while also studying patient characteristics as risk factors for
treatment failure.
Methods

The inclusion criteria were as follows: (1) patients 18 years of
age or older, (2) US-confirmed diagnosis of LET based on tendon
thickening and hypoechoic heterogeneity with or without neo-
vascularity on Doppler, and (3) treatment for LET with either PRP
injection or UTSD. The inclusion timeframe was January 1, 2018, to
December 7, 2021. Exclusion criteria were as follows: (1) pregnant
patients and prisoners and (2) repeat procedures before completing
the 12-week patient-reported outcome (PRO) follow-up period.
Diagnostic USs and procedures were performed by two fellowship-
trained sports medicine physicians (R.K.) at the University of Iowa.
Procedure choice was based on physician and patient preference,
with PRP more often desired for diffuse tendinopathy and lateral
collateral ligament (LCL) complex pathology. Standard follow-up
appointments were at 2, 6, and 12 weeks after the procedure.
This study was approved by the institutional review board at the
institution where the study took place. As this was a retrospective
review, this study was eligible for and used a waiver of consent.
PRP protocol

Sixty milliliters of blood was obtained from the contralateral
antecubital fossa, then processed using a GPS III Platelet Concen-
tration System from Zimmer Biomet or Arthrex Angel 2% PRP
preparation, which have been found to produce statistically similar
platelet concentrations of 1,343 ± 670 and 2,064 ± 526, respec-
tively.16 Procedures were performed in a sterile manner with pa-
tients supine. Local anesthetic was used in all patients for
procedural pain. One to six milliliters of PRP was introduced via a
needle with US guidance at the common extensor tendon (CET), as
well as the LCL complex if indicated. A US image of this procedure is
shown in Figure 1.
Ultrasonic tenotomy protocol

Ultrasonic tenotomy and debridement was performed in a
sterile manner in the clinic with patients supine. Every patient
received local anesthesia for the procedure. The device microtip
was guided by the US to the region of tendinosis through a small
stab incision with subsequent device debridement. The incision
was closed with steri-strips and bandaged. A US image of this
procedure is shown in Figure 2.
PRO measures

Patient-reported outcomemeasures that were used in this study
include Ortho Pain 4 and Percentage Improvement in Pain (PIP).
Ortho Pain 4 is a four-question visual analog scale, asking for rating
of average, worst, least, and current pain. Percentage Improvement
in Pain is the percentage that patients feel their condition has
improved since the procedure, with 0% being baseline and 100%
being completely healthy. This has been validated for use in pain
relief.17
Data collection

Patient data were recorded from the electronic medical record.
Basic patient characteristics included age, sex, body mass index,
diabetes status, occupation, procedure laterality, diagnosis, tobacco
history, date of symptom onset, use of nonsteroidal anti-
inflammatory drugs or acetaminophen medication before the



Figure 3. Outline of the inclusion and exclusion process.
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procedure, and prior corticosteroid injections. Baseline PRO data
were collected immediately prior to the procedure.

Diagnostic US findings recorded included the presence of
partial-thickness CET tearing as well as associated LCL complex
partial-thickness tearing and calcification. When the LCL complex
was concomitantly treated with PRP, that information was recor-
ded. Through a 12-week follow-up period, data collected included
PROs, continued tobacco use, complications, and repeat procedures
for symptom recurrence after the 12-week PRO follow-up. Com-
plications were defined as any adverse reaction to the procedure.

Outcomes

The primary outcomes were as follows: (1) subject character-
istics associated with failure of treatment and (2) efficacy of PRP
and USTD for LET measured using PROs through a 12-week follow-
up. The current approach at this study’s institution is to treat with
minimally invasive options first, with subsequent surgical inter-
vention upon failure of these treatments. If treatments relieve
symptoms, patients do not follow-up with an orthopedic surgeon
for surgical evaluation. So, failure of treatment was defined as a lack
of improvement and subsequent surgical indication for LET within
12 months after PRP or USTD. Success was defined as a lack of
surgical indication within that timeframe.

Statistical analysis

Participant demographic and tendinopathy characteristics were
compared between the PRP and USTD groups using chi-square tests
for categorical variables and independent t tests or Wilcoxon Rank
Sum Tests for continuous variables, depending on the underlying
distribution. The relationships between treatment, subject char-
acteristics, and risk for failure were evaluated with logistic
regression. Potential changes in PROs from baseline throughout the
12-week follow-up were evaluated using repeated-measures
generalized linear regression. Analyses were completed using SAS
software version 9.4 (SAS Institute Inc). Because of the retrospec-
tive nature of the study, power analysis was not performed.

Results

During the inclusion timeframe, 101 subjects were identified.
Thirteen subjects did not meet inclusion criteria and were excluded
(Fig. 3). Of the 88 subjects included, 37 were in the PRP group and
52 were in the USTD group. One subject was included in both
groups as they received USTD in the right elbow and PRP in the left
elbow. After accounting for patients who received bilateral pro-
cedures, 39 PRP injections and 57 USTD procedures were per-
formed, totaling 96 procedures overall. Subject demographics and
variables at baseline are listed in Table 1.

The mean time from symptom onset to procedure was 742.1
days (range, 76e4,930) for USTD and 594.3 (range, 31e3,450) for
PRP. With 3.5% of USTD subjects and 15.4% of PRP subjects under-
went repeat procedures. No complications were reported for any
patient.

Further surgical interventions were not required for 87.7% of
USTD and 84.6% of PRP procedures. The two procedures had a
combined surgical avoidance rate of 86.5%. The mean time from
procedure to surgical indication in failed outcomes was 185.5 days
(range, 111e309) for PRP and 164.7 (range, 92e271) for USTD.

Of the variables analyzed, CET tearing and Worker’s Compen-
sation cases were risk factors for failure in the USTD group (Table 2).
In the PRP group, LCL complex involvement and LCL complex in-
jection were risk factors for failure of treatment (Table 3).
Response rates of Ortho Pain 4 data for the USTD group were
49.1% at baseline, 59.6% at 2- and 6-week follow-up, and 45.6% at a
12-week follow-up. For the PRP group, Ortho Pain 4 data were
available for 41.0% at baseline, 46.2% at 2-week follow-up, 53.8% at
6-week follow-up, and 59.0% at a 12-week follow-up. The avail-
ability of PIP for the USTD group was 70.2%, 71.9%, and 59.6% at 2-,
6-, and 12-week follow-up, respectively. For PRP, the availability of
this measure was 59.0%, 84.6%, and 71.8% through the three follow-
up points.

From baseline to the 12-week follow-up, the USTD group’s
Ortho Pain 4 least squares mean significantly decreased (P < .0001)
in all four questions (Figs. 4e7). The least squares mean PIP was
78.81% at 12 weeks (Fig. 8). At 12 weeks, 21.9% of subjects reported
complete resolution of pain, with 40.6% reporting at least 90%
improvement in pain.

In the PRP group, the Ortho Pain 4 least squares mean signifi-
cantly decreased in all four questions (Figs. 4e7). P < .0001 for the
worst pain in the last 24 hours, average pain, and current pain. For
the least pain in the last 24 hours, the P ¼ .0027. The least square
mean PIP was 67.53% at 12 weeks (Fig. 8). At 12 weeks, 18.5% of
subjects reported complete resolution of pain, and 37.0% reported
at least 90% improvement in pain.

There were significant (P < .05) differences in successful and
unsuccessful outcomes in PIP at 6- and 12-week follow-up in the
USTD group. Only the 12-week follow-up had significant (P < .05)
differences in PIP between successful and unsuccessful outcomes in
the PRP group. There were no differences between the outcomes in
the Ortho Pain 4 responses at any point.
Discussion

With the prevalence and prolonged course of recovery of LET, it
would be beneficial to find efficacious treatment modalities for this



Table 1
Baseline Demographic and Tendinopathy Characteristics. Characteristics of LET Include CET Tear, LCL Complex Involvement, and LCL Complex Injection

Variable USTD (n ¼ 57) PRP (n ¼ 39) P value

N Mean ± SD (range) or n (%) N Mean ± SD (range) or n (%)

Age (y) 57 46.9 ± 8.5 (26e72) 39 48.8 ± 8.9 (31e65) .29
BMI (kg/m2) 56 31.6 ± 5.5 (21e47.2) 39 31.9 ± 7.1 (21.9e53) .81
Female sex 57 29 (51) 39 23 (59) .43
Tobacco use 56 15 (27) 39 6 (15) .19
Preprocedure corticosteroid injection 57 29 (51) 39 16 (41) .34
CET tear 56 17 (30) 39 5 (13) .05
LCL complex involvement 56 9 (16) 39 8 (21) .58
LCL complex injection 38 9 (38) d

Fibromyalgia 56 7 (13) 38 2 (5) .30
Preprocedure pain medication 57 10 (18) 39 4 (10) .32
Heavy work 57 23 (40) 39 22 (56) .12
Work comp 57 14 (25) 39 20 (51) .01
Time to procedure 57 742.1 ± 1,069.6 (76e4,930) 39 594.3 ± 823.1 (31e3,450) .27

BMI, body mass index; comp, compensation.
Bolded P values indicate statistical significance.

Table 2
Relationship Between Subject Characteristics and Failure of the USTD Procedure

Variable N OR (95% CI) P value

Work comp (n vs y) 57 31.50 (3.33e298.26) .003
CET tear (n vs y) 56 7.71 (1.32e45.00) .02
Age (increase in age) 57 0.99 (0.90e1.09) .89
BMI group, (increase in BMI group) 56 1.12 (0.39e3.20) .84
Tobacco use (n vs y) 56 1.11 (0.19e6.43) .91
Preprocedure corticosteroid injection (n vs y) 57 2.71 (0.48e15.29) .26
LCL complex involvement (n vs y) 56 0.28 (0.01e6.31) .43
Fibromyalgia (n vs y) 56 0.38 (0.02e8.90) .55
Heavy work (n vs y) 57 2.18 (0.44e10.80) .34
Preprocedure pain medication (n vs y) 57 0.76 (0.08e7.11) .81
Subsequent procedure (n vs y) 57 8.17 (0.45e148.20) .16
Time to procedure from onset 57 1.60 (0.43e5.91) .48

BMI, body mass index; comp, compensation; n, no; OR, odds ratio; y, yes.
Bolded P values indicate statistical significance.

Table 3
Relationship Between Subject Characteristics and Failure of PRP Procedure

Variable N OR (95% CI) P value

LCL complex injection 38 35.00 (3.20e381.51) .003
LCL complex involvement (n vs y) 39 11.80 (1.75e79.54) .01
Age (increase in age) 39 0.99 (0.90e1.10) .90
BMI Group, (increase in BMI group) 39 1.49 (0.48e4.66) .49
Tobacco use (n vs y) 39 3.63 (0.49e26.61) .21
Preprocedure corticosteroid injection (n vs y) 39 1.54 (0.27e8.82) .63
CET tear (n vs y) 39 1.45 (0.13e15.80) .76
Fibromyalgia (n vs y) 39 0.94 (0.02e42.66) .97
Heavy work (n vs y) 39 13.79 (0.66e287.59) .09
Preprocedure pain medication (n vs y) 39 2.00 (0.17e23.25) .58
Work comp (n vs y) 39 4.38 (0.61e31.60) .14
Subsequent procedure (n vs y) 39 3.63 (0.49e26.61) .21
Time to procedure from onset 39 0.69 (0.21e2.32) .55

BMI, body mass index; comp, compensation; n, no; OR, odds ratio; y, yes.
Bolded P values indicate statistical significance.
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condition. Some studies have found PRP to have little advantage
over other treatments or even saline, whereas others have found
PRP to be an effective treatment for LET.7,8,18,19 Ultrasonic tenotomy
and debridement has also been shown as an effective treatment for
LET.7,11,12 This study provides further evidence for the benefit pa-
tients may have from either PRP injections or USTD. Additionally,
risk factors that could be used in the counseling and decision
making of treatment options would be beneficial for patients and
physicians. Although there have been some studies showing risk
factors for PRP efficacy with body mass index or condition severity
in knee osteoarthritis or bodyweight in carpal tunnel syndrome,
there have been no studies on outcome risk factors for the use of
PRP for LET. Due to its novelty, there is also little evidence on factors
associated with failure of USTD.14,15

This study provides risk factors that may benefit both physicians
and patients when deciding on treatment approaches. Common
extensor tendon tearing andWorker’s Compensation are associated
with USTD failure. While treating LET with presence of CET tearing,
PRP injections may be a better option as the PRP group had no as-
sociation between tearing and failure. The Worker’s Compensation
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cases’ association with failure was consistent with previous litera-
ture showing worse outcomes for upper extremity conditions in
Worker’s Compensation claims.20e22 The number of Worker’s
Compensation cases were lower for PRP, but we were establishing
risk factors within groups instead of comparing risk between
groups. So, differences between groups would not affect these
results.

The risk factors for failure in the PRP group were LCL complex
involvement and LCL complex injection. At this study’s institution,
the LCL complex is typically only injectedwhen there is LCL complex
tearing or other overt LCL complex involvement. Only one patient
received LCL complex injection without major LCL complex
involvement. Based on this, it is likely that LCL complex involvement
is the true risk factor for the failure of PRP, with LCL complex in-
jection being a reflection of this variable. Deal et al showed that PRP
injections are an effective treatment for partial medial ulnar
collateral ligament tears.23 Although treating ligament-only injury
with PRP injections may be effective, our findings show that when
combined with CET tendinosis, ligament injury led to poor out-
comes with PRP.

A factor that was not significantly associated with the failure of
either procedure (P ¼ .26 for USTD and P ¼ .63 for PRP) was prior
corticosteroid injections for the affected elbow. Recent studies have
found corticosteroid injections to be a risk factor for worse clinical
outcomes in patients with LET.22,24 However, our study did not find
this same significant association with LET. Given the variability in
outcomeswithcorticosteroid injections, further study to examine the
outcomes and effects of these injections for LET would be beneficial.

Both procedures showed strong efficacy in treating LET. With
87.7% of USTD and 84.6% of PRP procedures not needing surgery,
patients and physicians can have a better understanding of the
likelihood of successful treatment. These are high rates of success,
but they are lower than the reported rate of surgical avoidance of
98.4% for the two procedures combined in Boden et al.7 However,
the follow-up period reported in the study by Boden et al7 is less
strict than in the current study. Therewas also no description of the
severity of LET treated in subjects such as LCL complex involvement
or CET tearing, as reported in our study. With the success rates,
least squares mean PIP of roughly 70% to 80% for both procedures,
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and significant differences (P < .01) in Ortho Pain 4 scores from
baseline to a 12-week follow-up, we believe that PRP and USTD are
effective treatments. Comparatively, studies on steroid injections
for LET have shown variable results, with more recent studies
showing roughly 25% to 30% improvement in visual analog scale
pain scores.18 Physiotherapy or exercise programs at a 12-week
follow-up have 50% to 60% improvement in pain on the visual
analog scale.25,26 The wait-and-see approach showed roughly 40%
to 50% improvement at 12 weeks.25 In regard to surgical avoidance,
the historical rate of successful nonsurgical treatment has been
approximately 90%.3,27 However, a more recent study showed only
67% of patients treated with physiotherapy and 75% of patients
treated with splinting avoided surgery.22

Interestingly, the PIP PRO showed significantly more improve-
ment (P ¼ .006) with USTD than PRP at 2 weeks. It is possible that
the USTD’s specificity to and removal of pathologic tissue may be
responsible for the initial large improvement in pain, while PRP still
requires the body’s natural mechanisms to heal and regenerate the
tendon tissue.6,10 At 12weeks, therewas no significant difference (P
¼ .32) in PIP between the two treatments.

Percentage Improvement in Pain was significantly different (P ¼
.04 for PRP and P ¼ .005 for USTD) between successful and failed
outcomes at the 12-week follow-up for both PRP and USTD. The
difference in PIP was statistically significant (P ¼ .02) at the 6-week
follow-up only for the USTD group. These measures could act as
additional tools in assessing the likelihood or necessity of surgical
intervention at an earlier follow-up than previously done. A 12-
week follow-up would be earlier than the minimum time from
the procedure to surgical indication for both groups and much
earlier than the meantime for both groups.

There are some limitations in this study. First, the response rate
for PROs, specifically Ortho Pain 4, was weak. However, the response
rates for PIPweremuch better. Second, the lack of surgical indication
is not a typical definition of procedural success, but we believe that
much of the value with PRP and USTD is in avoiding the need for
open debridement. Additionally, there was no control group for the
two procedures. Because this was a retrospective review of patients
treated, a control was not possible. Finally, all procedures were
performed by the same two physicians. This makes it possible that
physician skills could influence the results of the study.

Future directions for study regarding PRP and USTD could
include expansion on the evaluation of other variables as risk fac-
tors for failure or poor outcomes. Additionally, predictive modeling
for patient outcomes or risk stratification would be beneficial for
both physicians and patients. A cost analysis for the two procedures
would also be helpful to assist in patient and physician decision
making.
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