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Background: Ulnar collateral ligament (UCL) injuries of the elbow are uncommon in the general population but prevalent in the
athletic community, particularly among baseball players. Platelet-rich plasma (PRP) injection therapy has become a popular
nonoperative adjuvant treatment for such injuries to help reduce recovery time and avoid surgery.

Purpose/Hypothesis: To analyze patient outcomes by injury severity and identify injury types that responded most favorably and
unfavorably to PRP treatment. It was hypothesized that PRP therapy would prove to be most beneficial in the treatment of lower-
grade, partial UCL tears and less effective in the treatment of more severe, complete UCL tears.

Study Design: Cohort study; Level of evidence, 3.

Methods: A cohort of 50 patients with UCL injuries in their dominant elbow, diagnosed by MRI (magnetic resonance imaging)
arthrogram, underwent PRP therapy in conjunction with an established rehabilitation program. UCL injuries were classified by MRI
as low-grade partial tear (Type I), high-grade partial tear (Type II), complete tear (Type III), or tear in more than 1 location (Type IV).

Results: In total, 24 of 39 (61.5%) Type I and II tears, 3 of 3 (100%) Type III tears, and 1 of 8 (12.5%) patients with Type IV tears
responded to UCL PRP injection therapy and were able to return to play without surgery. Ten patients required subsequent UCL
PRP injections, of which 3 (30%) were able to return to sport without surgery.

Conclusion: PRP treatment for Types I and II UCL tears shows great promise when combined with physical therapy and a
rehabilitation program. Type III UCL tears demonstrated a high rate of success, although with low cohort numbers. Type IV UCL
tears did not appear to respond well to PRP injection therapy and often required surgical intervention or cessation of sport.
Therefore, PRP treatment does not appear to be appropriate for patients with complete Type IV UCL tears but may enhance
recovery and improve outcomes in throwing athletes with Types I, II, and III UCL injuries.
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Elbow ulnar collateral ligament (UCL) injuries have seen a
rise in incidence and prevalence in recent years. The major-
ity of these injuries are seen in overhead throwing athletes,
particularly baseball pitchers, due to the repetitive valgus
forces placed on the elbow during overhead throwing.4,5,7-9

This prevalence has resulted in a high volume of these
athletes seeking treatment recommendations for these
often debilitating injuries.7,9,12,14,16,27 Patients with par-
tial tears are often managed nonoperatively with rest,
supportive measures (eg, anti-inflammatory drugs), and
physical therapy, while more severe injuries often require
surgical intervention.7,9,12,14-16,26,27 Over the past 20

years, UCL reconstruction techniques have been well-
studied and refined, typically producing good outcomes
and high return-to-play (RTP) rates.7,16,17,27 However,
current treatment protocols and outcome data are signif-
icantly lacking for nonoperative management of UCL inju-
ries. There is neither a clear consensus on the types of
injuries best managed nonoperatively nor a precedence for
likely outcomes of such treatments.

The first study to evaluate nonoperative management of
UCL injuries administered a 4-month homogeneous-
rehabilitation protocol to 31 overhead athletes with UCL
injuries and observed an RTP rate of 42%.27 This study
included athletes from a variety of sports but lacked a UCL
injury grading system, which ultimately limited its appli-
cability. Another evaluated the use of magnetic resonance
imaging (MRI) to predict the outcomes of baseball players
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after they had sustained a UCL injury.20 Of the 39 athletes
assessed, 12 (31%) responded to at least 6 weeks of conser-
vative rehabilitation and avoided reconstructive surgery.20

Upon consideration of MRI, 84% of the 12 were found to
have low-grade or intact UCLs.20 Of the patients who
required surgical intervention, 82% were found to have
high-grade or complete UCL tears on MRI.20 These studies
demonstrate not only the capability of nonoperative
techniques in managing UCL injuries but also the necessity
of utilizing an injury-grading system, which helps to select
the most effective treatment modality and avoid unneces-
sary delays in an athlete’s recovery.

The desire to minimize RTP time has led many clinicians
to implement adjuvant therapies into their nonoperative
approach to managing UCL injuries. Typically used in con-
junction with a rehabilitation program, platelet-rich
plasma (PRP) injections have become a popular adjunct and
demonstrated effectiveness in a range of musculoskeletal
pathologies.10-12,21-23,25,26 Although relatively new, PRP
has been adopted by many physicians, quickly emerging
as a popular conservative management modality. Accord-
ing to a survey conducted by the American Shoulder and
Elbow Society, 36% of members responded that they rou-
tinely use PRP in the management of UCL injuries.18 While
PRP literature remains limited due to it still being in its
infancy, current data do allude to its potential bene-
fits.12,25,27 In 2016, a study examined the effectiveness of
PRP therapy in the treatment of high-level throwers with
UCL insufficiency.12 This study found that 73% of 44 base-
ball players, having previously failed a course of conserva-
tive treatment, experienced excellent outcomes after PRP
injection.12 Another study achieved similar results, asses-
sing the recovery of 34 patients with partial UCL tears or
increased UCL signal on MRI following a single ultrasound
(US)-guided PRP injection.25 An RTP rate of 88% at a mean
of 3 months was observed, which is in contrast to surgical
reconstruction of the UCL that often permits an RTP rate of
90% at a mean timeframe of 9 to 12 months.12,25 Several
studies have reported RTP rates between 73% and 96%
with the use of PRP, demonstrating its utility in the man-
agement of UCL injuries.11,12,25 However, there remains a
lack of evidence supporting the types and severities of UCL
injuries that may respond most favorably or unfavorably to
PRP therapy. Thus, the decision regarding whether to uti-
lize PRP in the treatment of a particular UCL injury can be
subjective rather than evidence-based.

The purpose of this study was to assess the effectiveness
of PRP therapy as a conservative nonoperative treatment
for UCL injuries. More specifically, this study aimed to
analyze patient outcomes by injury severity and identify
injury types that responded most favorably and unfavor-
ably to PRP treatment. It was hypothesized that PRP
therapy would be most beneficial in the treatment of lower-
grade, partial UCL tears and less effective in the treatment
of more severe, complete UCL tears.

METHODS

Approval was obtained from the institutional review board.
The charts of 61 throwing athletes between 16 and 44 years
of age, who had previously undergone PRP therapy for a
UCL injury in their dominant elbow between April 2010
and January 2014, were reviewed retrospectively. Charts
were identified using the Current Procedural Terminology
diagnosis code 24346 (UCL) and treatment code 0232 T
(PRP). Patients were eligible for inclusion if they had at
least 6 months of in-person follow-up after their PRP injec-
tion. Patients with a history of neurological pathology or
UCL reconstructive surgery were not eligible for inclusion.
Of the 61 patients selected, 11 were unable to be contacted
for follow-up and thus excluded from the study. The patient
population was made up of all throwing athletes, whose
level of play ranged from low (ie, high school) to high level
(ie, collegiate and professional).

Participants received a grading of their elbow MRI by a
single sports medicine, fellowship-trained orthopaedic sur-
geon (P.W.J.), utilizing an established grading system.19

This system categorized UCL injuries into 4 distinct groups
defined by the criteria outlined in Table 1.

Follow-up was conducted 2 years after each participant’s
final injection. A single investigator (P.W.J.), who was
blinded to the results of the MRI grading process, contacted
each patient via telephone to evaluate functional outcome.
Patients were asked a series of follow-up questions from a
script written by lead investigators (P.W.J. and J.R.A.) to
determine the level of recovery and classify each patient
into 1 of 4 pre-established functional outcome categories.
If symptoms remained after 7 months of therapy following
PRP injection, it was reasonably assumed that maximal
improvement had been achieved. The 4 categories were
defined as follows:
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1. Full recovery (ie, pain-free) and return to preinjury
level of play.

2. Return to preinjury level of play without the need for
surgical correction, but recovery lasted at least
6 months and potentially required additional conser-
vative treatments (eg, additional PRP injections
and/or extended physical therapy).

3. Return to preinjury level of play but required surgi-
cal correction within 5 years of the initial injection
despite conservative management.

4. Inability to return to preinjury level of play despite
conservative management and surgical correction.

The PRP was prepared according to Anz et al.1 Whole
blood was drawn from the patient’s antecubital fossa via
venipuncture with a 60-mL syringe preloaded with 10 mL
of sodium citrate anticoagulant (EmCyte Corporation, Fort
Myers, Florida). The blood was processed at the point of
care with a dual-spin protocol/disposable (PurePRP;
EmCyte) to produce leukocyte-rich PRP (LR-PRP). LR-
PRP is monocyte/lymphocyte-rich and neutrophil-poor. The
sample was loaded into a disposable cylinder and centri-
fuged for 1.5 minutes at 3800 rpm, producing a 2-layer soft
stack that consisted of a platelet plasma layer suspended
over a red cell layer. The top platelet plasma suspension
layer was aspirated off until red blood cells entered the
aspiration pipe. The aspirate was then loaded into a second
disposable cylinder and centrifuged for 5 minutes at
3800 rpm. This second round of centrifugation resulted in
a platelet-poor plasma (PPP) top layer and platelet buffy
coat at the bottom of the cylinder. The PPP was aspirated
off, leaving behind approximately 7 mL of pure PRP. The
platelet buffy coat and plasma were resuspended into the
remaining plasma by swirling the cylinder, and the final
7 mL of PRP was aspirated into the injection syringe.

Cell and platelet concentrations were not measured due
to this study taking place prior to the issuance of guidelines

for minimal reporting of biologic product studies.24

However, a 7-mL sample of PurePRP has been shown
to contain a platelet concentration of approximately
1300 � 106 per mL, white blood cell concentration of
14.7 � 106 per mL, monocyte concentration of 2.3 �
106 per mL, and lymphocyte concentration of 11.9 �
106 per mL.1 The EmCyte PurePRP systems estimate
a mean platelet capture efficiency rate of 76%.1

Immediately after PRP production, a single sports med-
icine physician (P.W.J.) used US to locate the UCL and a
sterile 25-guage needle with 3 to 5 mL of 1% lidocaine to
anesthetize the injured area. After anesthetization, the
inactivated LR-PRP was injected using a sterile 22-guage
needle into the pathologic section of the UCL under mus-
culoskeletal US guidance and following standard sterile
injection procedure.

After treatment, all patients were instructed to protect
the injection site, use only gentle-passive range of motion
(ROM), and avoid nonsteroidal anti-inflammatory drugs for
6 weeks after injection. Patients were also prescribed phys-
ical therapy and a detailed rehabilitation protocol, per the
senior author’s traditional protocol. This protocol consisted
of the following: a gradual increase in light-passive ROM
and isometric exercise for the first 2 weeks after injection;
the initiation of active ROM at the wrist by week 3; a grad-
ual buildup in strengthening exercises, while avoiding val-
gus forces on the elbow during weeks 4 to 7; the
introduction of upper extremity plyometrics, as tolerated,
and an interval hitting program in week 8; and the initia-
tion of a light tossing program during week 9. Patients who
were without pain and had been cleared by a physician in

TABLE 1
Description of the MRI-based UCL Injury Classification

Systema

UCL Injury
Classification
on MRI Description

Type I Edema in UCL only; low-grade, partial tear
(Figure 1A)

Type II Partial tear of UCL; no extravasation of fluid on
arthrogram; high-grade, partial tear
(Figure 1B)

Type III Complete, full-thickness tear of the UCL with
extravasation of fluid on arthrogram
(Figure 1C)

Type IV Tear/pathology in more than 1 location on the UCL
(ie, ulna and humerus) (Figure 1D)

Subset H (humerus), U (ulna), and M (midsubstance)
further denotes injury location

aMRI, magnetic resonance imaging; UCL, ulnar collateral
ligament.

Figure 1. (A) MRI demonstrating a Type IH injury. (B) MRI
demonstrating a Type IIH injury. (C) MRI of Type IIIU injury.
(D) MRI of Type IV injury. MRI, magnetic resonance imaging.
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week 9 were graduated to full throwing programs under the
guidance of their physical therapist or athletic trainer.

Statistical analysis consisted of calculating the mean age
and standard deviation for all participants as well as their
mean duration of in-person follow-up. Participants were
stratified by injury and functional outcome classification.
Severe Type IV injuries were stratified separately from
Type I to III injuries to preserve the clinical significance
of our results. An odds ratio (OR), confidence interval, and
P value were calculated comparing successful (Groups A
and B) and unsuccessful (Groups C and D) outcomes for
partial tears (Type I or II) of humeral versus ulnar origin,
and partial tears (Type I or II) versus complete tears (Type
III or IV). For participants who received more than 1 injec-
tion or underwent surgical reconstruction, the mean dura-
tion between injections as well as from their final injection
to surgery was calculated.

RESULTS

Of the 50 patients included in this study, 48 were male and
2 were female. There was a mean age of 20 ± 6 years at the
time of injury (Table 2). Of the participants, 48 were base-
ball players and 2 were javelin throwers, whose level of play
ranged from high school to professional. All 11 excluded
patients were male baseball players, whose level of play
ranged from high school to professional level. The mean
length of in-person follow-up from the time of each partici-
pant’s initial PRP injection to their final appointment was
183.6 days (26.2 weeks).

Treatment of Groups A and B were considered to be suc-
cessful, while treatment of Groups C and D were considered
to be unsuccessful. Twenty-six athletes (52%) received out-
come classifications consistent with Groups A and B, while
24 (48%) athletes were classified into either Group C or D
(Table 3).

Overall, 26 athletes (52%) were eventually able to return
to their baseline function of performance with PRP treat-
ment, physical therapy, and a rehabilitation program,
receiving outcome classifications of either A or B. Twenty-
four athletes (48%) received an outcome classification of
either C or D, indicating they were either able to return
to their preinjury level of play with the addition of surgical
correction (Group C) or unable to return to their preinjury

level of play despite undergoing PRP treatment, physical
therapy, rehabilitation, and surgical correction (Group D).

Of the 42 athletes with a Type I, II, or III injury, 59.5%

eventually returned to baseline and were therefore consid-
ered part of outcome categories A and B. Additionally,
40.5% of patients eventually required surgery or retire-
ment, thus falling into outcome groups C and D (Table 4).

Of the 8 patients with Type IV UCL injuries, 7 did not
respond favorably to PRP treatment, physical therapy, and
rehabilitation and eventually required surgical reconstruc-
tion or retirement (Table 5).

An OR of successful (Group A and B) to unsuccessful
(Groups C and D) outcomes for Type IH and Type IIH ver-
sus Type IU and Type IIU injuries was determined to be
1.04 (P ¼ .957; 95% CI, 0.261-4.13). An OR of successful
(Groups A and B) to unsuccessful (Groups C and D) out-
comes for Type I and II injuries versus Type III and IV
injuries was calculated to be 3.83 (P ¼ .074; 95% CI,
0.879-16.7).

Ten athletes received more than 1 PRP injection with a
mean interinjection time of 156 days (range, 14-519 days).
Of the 10 athletes, 7 underwent reconstructive UCL sur-
gery, despite receiving multiple injections. Overall, 19 of
the 50 athletes underwent surgical UCL reconstruction
with a mean time of 208 days (range, 56-789 days) from
PRP injection to surgery.

TABLE 2
Distribution of Ulnar Collateral Ligament (UCL) Injuries

Based on MRI Classification

UCL Injury Type n (%)

IH 18 (36)
IU 5 (10)
IIH 9 (18)
IIU 7 (14)
IIIH 3 (6)
IIIU 0 (0)
IV 8 (16)
Total 50

TABLE 3
Distribution of Patients Classified by Functional Outcome

After Treatment

Outcome Classification n (%)

A 15 (30)
B 11 (22)
C 2 (4)
D 22 (44)
Total 50

TABLE 4
Distribution of Type I, II, and III Ulnar Collateral

Ligament (UCL) Injuries by Outcome Classification

Type I, II, and III UCL Injury n (%)

Conservative treatment (groups A þ B) 25 (59.5)
Surgical treatment (groups C þ D) 17 (40.5)
Total 42

TABLE 5
Distribution of Type IV Ulnar Collateral Ligament (UCL)

Injuries by Outcome Classification

Type IV UCL Tears n (%)

Conservative treatment (groups A þ B) 1 (12.5)
Surgical treatment (groups C þ D) 7 (87.5)
Total 8

4 Mills et al The Orthopaedic Journal of Sports Medicine



DISCUSSION

Upon examination of Type IV UCL pathology in isolation,
we observed a dismal 12.5% success rate, which was con-
sistent with a number of studies that reported higher rates
of nonoperative treatment failure in players with high-
grade (complete or partial) tears on MRI.7,12,15,20,27 Mean-
while, exclusion of Type IV UCL injuries resulted in an
overall increase in outcome success from 52% to 59.5%. This
further reinforces the current understanding that PRP use
in severe UCL injuries may have minimal clinical bene-
fit.2,7,12,14,15,26 In such cases, immediate surgical interven-
tion may ultimately prevent avoidable recovery time and
expense. This is further illustrated by the OR that demon-
strated patients with less severe (Type I or II) UCL injuries
were 3.83 times more likely to return to their preinjury
baseline than those with more severe (Type III or IV) inju-
ries. Of note, examining lower-grade UCL injuries in isola-
tion demonstrated a slight decrease in RTP rates in Type
III (66.7%), Type II (62.5%), and Type I (56.5%) injuries,
which can likely be explained by the small sample size of
this study, as the difference in overall outcomes was mar-
ginal. Nevertheless, the RTP rates observed in this study
surpass an initial report demonstrating a 42% RTP rate
when a homogeneous rehabilitation program was used in
the treatment of throwing athletes from various sports.27

These RTP rates also surpass those seen in a more recent
report that examined outcomes of a rehabilitation program
used in professional baseball players and demonstrated an
RTP rate of 57%.7

In addition to the degree of injury, tear location has also
been shown to affect outcome and RTP.7,17 Injury to the
humeral origin may be most common in UCL injuries as
suggested by the anatomical distribution of injuries in this
study and several others.7,16,17,19,20,28 Edematous or low-
grade, partial tear UCL injuries at the humeral origin
(Type IH) were by far the most common type of UCL injury
observed in this study (36%). Furthermore, humeral-origin
tears comprised 69.2% of partial tears and 54% of all tears
observed, which is consistent with a previous study that
reported humeral-origin pathology of the UCL to be most
common in patients undergoing primary surgical repair.28

This is clinically significant because both humeral- and
ulnar-sided injuries are amenable to surgical and nonoper-
ative interventions, but proximal tears generally have bet-
ter outcomes.7,17 The calculated OR of 1.04 indicates a
negligible practical difference in outcomes between these
2 sites of injury after receiving PRP therapy and rehabili-
tation. However, this value was not statistically significant
(P ¼ .957), which is likely explained by the small sample
size of this study.

Twenty-four patients did not respond to PRP treatment
when combined with physical therapy and rehabilitation.
Of those 24 patients, 10 were unable to return to their pre-
injury level of play and 19 underwent subsequent UCL
reconstructive surgery. The mean time from PRP injection
to surgery was approximately 7 months. However, this
ranged from 56 to 789 days, which was likely multifactorial
with the patient’s age, level of competition, future career
prospects, and response to rehabilitation. All of these

factors likely contributed to the decision to pursue surgical
intervention.

The interpretation of this study’s results is primarily
limited by its small sample size and lack of a control group
due to it being a retrospective observational study. The
study’s small sample size significantly limits its power,
which likely explains the lack of statistical significance
demonstrated by the calculated OR. The lack of a control
group makes it difficult to discern between the benefits of
PRP therapy versus physical therapy and the rehabilita-
tion protocol. Thus, it is not possible to accurately quantify
the improvements and successes seen in this patient cohort.

This study also lacked uniformity in its patient cohort.
Baseball players made up the overwhelming majority of the
cohort, with only 2 participants being javelin throwers.
This delineation between baseball and nonbaseball players
is of importance because player position and sport have
been shown to influence RTP.5,7,12 However, it is unlikely
that the overall results of this study would have varied
significantly if the 2 javelin throwers were excluded,
because this demographic made up a miniscule portion of
the patient population. Furthermore, they are considered
high-velocity throwers and likely test the integrity and
healing response of a PRP injection similarly to that of
baseball players. This study’s patient cohort also included
players from a broad range of competitive levels and differ-
ent positions, which have been demonstrated to affect RTP
rates and timeframes.7-9,12,13,16,17

The functional outcome classification system used in this
study took into account whether each participant achieved
RTP within 6 months, but exact timing was not recorded.
Knowing each player’s exact RTP time would allow for com-
parison with the outcomes observed using other conserva-
tive management techniques. Furthermore, participants
rarely lived within reasonable proximity to the clinic and
were often dependent on their local physical therapist, ath-
letic trainer, coach, or parent to ensure proper completion
of their assigned rehabilitation protocol. Patients received
detailed protocols and frequent demonstrations before their
departure, but programs may have lacked uniformity in
close follow-up and assistance. Thus, there was a potential
for variability between the different physical therapy regi-
mens and return to throwing protocols carried out by each
participant. Additionally, the 2 javelin throwers were
instructed to participate in all aspects of the prescribed
rehabilitation protocol with the exception of the interval
hitting program. It is unlikely this would significantly
affect their recovery given that it was only 1 part in an
extensive protocol, but it does introduce a degree of
variability.

This study utilized a detailed PurePRP EmCyte protocol
to prepare PRP, which includes estimates of PurePRP prop-
erties and concentrations. However, cell analysis was not
conducted to verify the accuracy of these estimates due to
this study’s being completed before the issuance of guide-
lines for minimal reporting of biologic product studies.24

For this reason, recipient comorbidities were not documen-
ted, which may have affected the results of this study. Con-
sideration of these factors is potentially necessary for the
replication and extrapolation of these results.
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Local anesthetics were administered prior to PRP injec-
tion, which is a widely debated topic when it comes to PRP
therapy. One study showed an in vitro reduction in platelet
aggregation when local anesthetics (eg, lidocaine) were com-
bined with PRP.3 Another observed decreased in vitro teno-
cyte proliferation when PRP was combined with local
anesthetics.6 Before PRP injection, patients were locally
anesthetized, using 1% lidocaine, superficially and down
into the UCL substance to minimize patient discomfort.
Volumes greater than 3 mL were used, which is slightly
greater than the aforementioned studies and may explain
the discrepancy in success rates.6,25 These studies indicate
that the presence of local anesthetics may compromise the
potential benefits of PRP therapy, but both were conducted
in vitro and transposition of their results to in vivo human
tissue is limited. Therefore, future investigation is
warranted.

CONCLUSION

PRP treatment of Types I and II UCL tears shows great
promise when combined with physical therapy and a reha-
bilitation program. Type III UCL tears demonstrated a
high rate of success, although with low cohort numbers.
Type IV UCL tears did not appear to respond well to PRP
injection and often required surgical intervention or cessa-
tion of sport. Therefore, PRP treatment does not appear to
be appropriate for patients with complete, Type IV UCL
tears but may enhance recovery and improve outcomes in
throwing athletes with Type I, II, and III UCL injuries.
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