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AbSTrACT
Importance Physeal elbow injury remains common 
for the youth athlete. In this patient population, the 
most effective treatment strategy for these injuries is not 
established.
Objective This systematic review aimed to synthesise 
current literature regarding treatment and outcomes of 
physeal elbow injuries in the skeletally immature athlete.
Evidence review A systematic literature review 
was completed using two databases (PubMed and 
ScienceDirect). Search terms included ’paediatric 
elbow injury’, ’adolescent elbow injury’, ’elbow 
physeal injury’, ’avulsion fracture medial epicondyle’ 
and ’little league elbow’. Inclusion criteria were: 
English language, Level of Evidence I–IV, physeal 
elbow injury as a direct consequence of athletic 
activity, involvement of a distinct treatment modality 
and/or outcome, publication after 1989 and skeletal 
immaturity demonstrated through radiographic 
measurements.
Findings Twelve studies consisting of treatment of 
avulsion fractures of the medial epicondyle, medial 
epicondyle fragmentation, olecranon stress fractures 
and olecranon apophysitis met criteria and were 
included in this study. The most common injury was 
avulsion fracture of the medial epicondyle. Of these 
patients, 68.5% underwent operative fixation with 
average return to play at 3.3 months and 31.5% 
underwent non-operative treatment with an average 
return to play of 8.4 months. For medial epicondylar 
fragmentation, 90.2% of patients were treated non-
operatively with average return to play at 3.8 months. 
Operative intervention was performed on 85.7% of 
patients with olecranon epiphysial stress fractures and 
average return to play was at 7 months. Operative 
intervention was performed on 87.5% of patients with 
persistence of the olecranon physis with average return 
to play of 4 months. All cases of olecranon apophysitis 
were treated non-operatively and return to play was 
not documented.
Conclusions and relevance This systematic review 
demonstrates the heterogeneity of the treatment 
options for physeal injury in the adolescent athlete. 
This analysis supports that operative management 
may expedite return to play for avulsion fracture of the 
medial epicondyle, though medial epicondylar stress 
fractures can be successfully managed non-operatively. 
Limited data suggest surgical intervention of olecranon 
epiphysial stress fractures and persistence of the 
olecranon physis may allow athletes faster return to 
play.
Level of evidence IV.

InTrOduCTIOn
Youth participation in recreational and competitive 
athletics continues to rise in overhead throwing 
sports.1 2 The elbow is a common site of orthopaedic 
injury in the skeletally immature athlete and elbow 
injury incidence has risen due to increased athletic 
demand.3–7 The physis is particularly vulnerable 
to injury in adolescence because of rapid pubes-
cent growth which leads to increased fragility.8–10 
Physeal elbow injuries represent a particularly chal-
lenging pathology to both prevent and treat in the 
context of greater pressure from parents, coaches 
and players to remain competitive in an era of 
specialised sports participation.1 The incidence of 
physeal elbow injuries in the skeletally immature 
athlete may also be rising due to increased partici-
pation and intensity of recreational and competitive 
sports activities.4 

Many youth initiate participation in sports at 
an early age and are often involved in year-round 
specialisation. This can include competing in club 

What is already known

 ► The incidence of elbow injuries is increasing in 
skeletally immature athletes.

 ► There are little established data on optimal 
treatment strategies of physeal elbow injuries 
in athletes.

What are the new findings

 ► The present review yielded 12 studies 
addressing physeal elbow injuries in athletes 
including avulsion fracture of the medial 
epicondyle, medial epicondylar fragmentation, 
olecranon stress fractures, olecranon 
apophysitis and persistence of the olecranon 
physis.

 ► While avulsion fractures of the medial 
epicondyle can be treated non-operatively, 
operative management may allow for faster 
return to play.

 ► Medial epicondylar fragmentation is primarily 
treated using non-operative strategies.

 ► Surgical management of olecranon stress 
fractures and persistence of the olecranon 
physis may expedite return to play, though 
evidence is limited.

http://jisakos.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/jisakos-2017-000155&domain=pdf
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sports, travel leagues, school sports teams or all of the above.1 4 
Increased playing time leads to a greater risk of injury in these 
young athletes.1 Sports which involve repetitive overhead 
loading or throwing, most notably baseball, predispose the skele-
tally immature athlete to physeal elbow injury.1 4 A growing body 
of literature supports that paediatric elbow injury is correlated 
to increased baseball pitch counts in a game.4 11–13 Despite this 
awareness, a large percentage of coaches, players and parents 
continue to disregard pitch count and type of pitches as a risk 
factor for elbow injuries.14 Furthermore, there is the perception 
that medial collateral ligament (MCL) reconstruction is a viable 
prophylactic option for elbow injuries in overhead throwing 
athletes.14 These findings highlight confusion regarding ortho-
paedic treatment recommendations and a lack of consensus on 
the treatment options and outcomes of elbow injuries in young 
throwing athletes.

The physis is a cartilaginous structure that varies in thickness 
depending on age and location. It is known to be the ‘weakest 
point’ of bone and is therefore predisposed to injury.7 8 From a 
cellular standpoint, the physis can be divided into four zones: 
reserve, proliferative, hypertrophic and endochondral ossifi-
cation. Physeal fractures are most commonly seen through the 
hypertrophic zone of the growth plate, with the most common 
level being at the junction of calcified and uncalcified hypertro-
phic cells.15 Longitudinal bone growth comprised the physis or 
growth plate and the epiphysis. While ligamentous injuries in 
adults are common, they are rare in children. This is secondary 
to ligaments in children being functionally stronger than the 
physis, resulting in a higher proportion of physeal injuries in 
children.4 7 8

The topic of physeal elbow injury in the current day is 
becoming increasingly important for the young athlete. Despite 
increased youth sports participation and patient demand for 
faster treatment, there are little established data on the supe-
riority of treatment strategies across the spectrum of physeal 
elbow injuries. This systematic review sought to collect and 
analyse available data to aid physicians in their clinical decision 
regarding management of physeal elbow injuries based on the 
best available evidence. We specifically aimed to synthesise the 
current literature regarding treatment options and outcomes of 
common physeal elbow injuries that can occur in the skeletally 
immature athlete, including avulsion fractures of the medial 
epicondyle, medial epicondylar fragmentation, olecranon stress 
fracture, olecranon apophysitis and persistence of the olecranon 
physis.

METhOdS
This study was conducted in accordance with the 2009 Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
(PRISMA) statement. A literature review was completed using 
PubMed and ScienceDirect to identify all relevant articles 
related to physeal elbow injuries in skeletally immature athletes 
published from January 1990 to May 2016. Search terms 
included ‘paediatric elbow injury’, ‘adolescent elbow injury’, 
‘elbow physeal injury’, ‘avulsion fracture medial epicondyle’ and 
‘little league elbow’. Each term was searched for articles relevant 
to physeal injuries of the paediatric athletic elbow. The reference 
list of each relevant article was scrutinised to identify any addi-
tional studies for inclusion.

Inclusion criteria were: English language, Level I–IV study 
as defined by the Journal of Bone and Joint Surgery, physeal 
elbow injury being a direct consequence of athletic activity, 
reports that included a distinct treatment modality and/or 

outcome, published in 1990 or after and the cohort of study 
patients demonstrated skeletal immaturity through radiographic 
assessment. Studies were excluded if they were case reports, 
expert opinion or patients were skeletally mature. Information 
was collected from each study on participant demographics 
(including age, gender, sport), injury type and treatment details 
and outcome measures (including return to play and complica-
tions). Return to play was defined as number of days from initial 
evaluation until the first date of return to full sports participa-
tion. Descriptive statistics were presented as means, ranges and 
percentages. When possible, data were pooled prior to reporting 
on descriptive statistics.

rESuLTS
Literature search
A total of 18 articles detailing the treatment of physeal elbow 
injury in the skeletally immature athlete were identified. Six 
case reports were excluded. Twelve studies therefore met 
criteria and were included in this study (figure 1).2 16–26 There 
were 157 total patients in this analysis and the average age 
was 13.5 years, with the majority being male (86.6%). Patient 
demographics for the included studies are presented in tables 1 
and 2. The most common injury was an avulsion fracture of 
the medial epicondyle which occurred in 73 patients (46.5%). 
The remainder of patients sustained the following injuries: 
medial epicondylar fragmentation (61 patients, 38.9%), olec-
ranon physeal stress fracture (seven patients, 4.5%), olecranon 
apophysitis (eight patients, 5.1%) and persistence of the olec-
ranon physis (eight patients, 5.1%). As medial epicondyle and 
olecranon pathology exhibited significant variability in opera-
tive characteristics and outcomes, analysis of the literature was 
subdivided by injury type.
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Figure 1 PRISMA diagram detailing systematic literature review process.
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Treatment and outcomes of medial epicondylar injuries
Avulsion fracture of the medial epicondyle
A total of six studies discussed the treatment of avulsion frac-
tures of the medial epicondyle in athletes. Of the 73 patients 
with an avulsion fracture of the medial epicondyle, 23 (31.5%) 
underwent non-operative treatment consisting of brief immo-
bilisation (range 1.5–4 weeks) in a splint or long arm cast and 
gradual increase of activity.2 21 24 25 The average time to return 
to play in this population was 8.4 months (range 6–10 months); 
however, these data were only available for five of the patients 
(21.7%). Among all non-operatively treated patients, the 
primary complication was a loss of range of motion: one patient 
lost 30° of elbow extension, three patients lost less than 10° of 
motion and two patients reported a subjective decrease in range 
of motion.2 24 Other complications included intermittent numb-
ness with prolonged elbow flexion (one patient) and continued 
pain (one patient).2 However, all patients were able to continue 
playing sports at their previous level.

The other 50 patients with an avulsion fracture of the medial 
epicondyle (68.5%) underwent operative fixation due to frag-
ment displacement severity and concomitant pathology.2 16 20 25 
Thirty-five patients (70%) who underwent open reduction and 
internal fixation (ORIF) had an associated elbow disloca-
tion.2 16 20 Typically, patients with at least 5 mm of fragment 
displacement were offered surgical treatment due to concern 
for incarcerated fragment or valgus instability. In those studies 
reporting fragment displacement, patients who underwent 

ORIF had larger displacement (avg 8.7 mm, range 3.8–15 mm) 
than those who had conservative treatment (4.6 mm, range 
2.5–7.8 mm).2 16 25 Fixation was performed using either 
Kirschner wires or a cannulated screw with or without a washer 
(figure 2). After surgery, patients were immobilised for 4 days 
to 3 weeks, followed by gradual activity progression. Data 
regarding return to play were available for 36 patients, 25 of 
which (69.4%) were from a single study.20 The average time 
to return to play in these patients was 3.3 months (range 1–10 
months). Complications for avulsion fracture of the medial 
epicondyle patients treated operatively included intermittent 
numbness with prolonged elbow flexion in six patients (12%), 
loss of less than 10° of elbow range of motion in five patients 
(10%) and subjective loss of range of motion in five patients 
(10%).2 16 20 Additionally, one patient underwent subsequent 
surgery for prolonged elbow stiffness (tables 3 and 4).2

Medial epicondylar fragmentation
Only two studies were identified that reported on the treat-
ment of medial epicondylar fragmentation. All of the 61 cases 
of medial epicondylar fragmentation were treated non-opera-
tively.18 19 Fifty-five (90.2%) of these patients were treated with 
activity limitations with gradual increase to full activity.18 Return 
to play time averaged 3.8 months (range 1–8 months). Nine 
patients (16.4%) reported pain at 6 months. Forty-one patients 
were available for follow-up at 1 year and seven (17%) reported 

Table 1 Demographics by study

Authors Year Methodology, LOE
# of patients
(male/female)

Average age, years 
(range) Sport Injury

Case et al16 1997 Case Series, IV 7/1 11 (9–15) Multiple Avulsion fracture of medial epicondyle

Charlton and Chandler 17 2003 Case Series, IV 4/1 – (15–20) Baseball Persistence of the olecranon physis

Harada et al19 2014 Prospective Cohort, I 6/0 11.6 (11–13) Tennis Medial epicondylar fragmentation

Harada et al18 2012 Cohort Study, III 55/0 11.2 (10–13) Baseball Medial epicondylar fragmentation

Haxhija et al20 2006 Case Series, III 15/10 12 (7–15) 21 ‘sports injury’; four not 
sports related

Avulsion fracture of medial epicondyle

Lawrence et al2 2013 Case Series, IV 13/7 12.4 (7–17) Multiple Avulsion fracture of medial epicondyle

Lokiec et al21 1991 Case Reports, IV 4/0 14.5 (14–15) Arm Wrestling Avulsion fracture of medial epicondyle

Lowery et al22 1995 Case Reports, IV 3/0 16.3 (15–17) Baseball Persistence of the olecranon physis

Maffulli et al23 1992 Case Reports, IV 6/2
2/0

13. 5 (11–15)
18.5 (18–19)

Gymnastics Eight olecranon apophysitis
Two olecranon epiphysial stress 
fracture

Nyska et al24 1992 Case Reports, IV 8/0 13 (13–15) Arm Wrestling Avulsion fracture of medial epicondyle

Osbahr et al25 2010 Case Series, IV 8/0 13 (11–15) Baseball Avulsion fracture of medial epicondyle

Rettig et al26 2006 Case Series, IV 5/0 15 (13–17) Baseball Olecranon epiphysial stress fracture

LOE, level of evidence.

Table 2 Demographics by injury

Total participants
Avulsion fracture of 
medial epicondyle

Medial epicondylar 
fragmentation

Olecranon physeal stress 
fractures

Persistence of 
olecranon physis

Olecranon 
apophysitis

# of patients 157 73 (46.5%) 61 (38.9%) 7 (4.5%) 8 (5.1%) 8 (5.1%)

Male 136 (86.6 %) 55 (75.3%) 61 (100%) 7 (100%) 7 (87.5%) 6 (75%)

Female 21 (13.4%) 18 (24.7%) 0 (0%) 0 (0%) 1 (12.5%) 2 (25%)

Average age (range) 13.5 (7–20) 12.7 (7–17) 11.4 (10–13) 16 (13–18) –, (15-20) 13.8 (11–15)

Sport  Varied Sports  Baseball (20)
Arm Wrestling (12)
Varied Sports

Baseball (55)
Tennis (6)

Baseball (5)
Gymnastics (2)

Baseball Gymnastics

Operative 63 (40.1%) 50 (68.5%) 0 (0%) 6 (85.7%) 7 (87.5%) 0 (0%)

Non-operative 94 (59.9%) 23 (31.5%) 61 (100%) 1 (14.3%) 1 (12.5%) 8 (100%)
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continued pain at that time. Three patients with documented 
union at 6 months were found to have recurrence at 1-year 
follow-up. The remaining six cases (9.8%) of medial epicondylar 
fragmentation did not undergo any intervention and continued 
with full sports participation after diagnosis.19 Five of these 
patients (83.3%) had documented union at follow-up (average of 
20.4 months, range 12–30) and three (60%) continued to report 
intermittent elbow pain that did not limit play. The remaining 
patients without spontaneous union continued to report elbow 
pain beyond 1 year (tables 3 and 5).

Treatment and outcomes of posterior compartment physeal 
elbow injuries
Olecranon stress fracture
A total of two studies reported on the treatment of olecranon 
stress fractures. Five of seven patients failed initial non-opera-
tive treatment of an olecranon stress fracture and one elected to 
undergo operation before an initial trial of conservative treat-
ment. The average trial of non-operative treatment before oper-
ation lasted 8 weeks. Six of seven patients (85.7%) who sustained 
olecranon epiphysial stress fractures were treated operatively 

with a cannulated screw (figure 3). Average time to return to 
play was 7 months (range 4–10 months). One of these patients 
suffered an acute displacement through the site of his olec-
ranon stress fracture prior to surgical treatment.26 The patient 
also experienced redisplacement after initial K-wire and tension 
band wires 2 weeks after surgery. This required a second surgery 
with bone regrafting and placement of a K-wire and screw. This 
patient showed radiographic delayed union which resolved 33 
weeks after the initial surgery. Two patients complained of post-
operative hardware irritation and subsequently underwent hard-
ware removal without complication (tables 3 and 6).23 26 The 
one patient was successfully treated with non-operative treat-
ment consisting of rest, cryotherapy and physical therapy though 
time to return to play was not reported.23

Persistence of the olecranon physis
Two studies were identified that discussed the management 
of persistence of the olecranon physis. Seven of eight patients 
(87.5%) who had persistence of the olecranon physis were treated 
operatively after failing initial non-operative treatment that 
ranged from 1 month to 60 months.17 22 All players treated oper-
atively returned to play at 4 months. Four patients complained 
of hardware irritation and had subsequent removal at 22 weeks 
(range 12–38 weeks) after the initial surgery without complica-
tion.17 One patient was successfully managed with conservative 
treatment consisting of avoidance of throwing activities, physical 
therapy for range of motion, then gradual increase in throwing 
activities as tolerated.22 He was able to return to play at 6 months 
(tables 3 and 7).

Olecranon apophysitis
Only one study reported on the treatment of olecranon apoph-
ysitis in adolescent athletes. All of the eight cases of olecranon 
apophysitis reported in the literature were treated non-opera-
tively with cryotherapy, rest and physical therapy.23 They were 
all reported to have healed without complication; however, time 
to return to play was not documented. Three of these athletes 
(33%) did not return to sport due to unrelated injuries (table 8).

dISCuSSIOn
The annual incidence of elbow pain in 9–12-year-old baseball 
players is 20%–40%.27 Increased participation in youth sports 
has correlated with increase in physeal elbow injuries.4 This 
systematic review sought to collect and analyse available data 
since 1990 to aid physicians in their evidence-based clinical 
decision making for management of physeal elbow injuries in 

Figure 2 Anterioposterior radiographs of the throwing and non-throwing elbow (A, B) of an adolescent 14-year-old baseball pitcher demonstrating an 
avulsion fracture of the medial epicondyle. This patient underwent cannulated screw fixation and 6-week postoperative radiographs (C, D) show healing of 
the fracture site.

Table 3 Treatment by injury type

non-operative Operative

Avulsion fracture of the medial epicondyle

  Total patients 23 (31.5%) 50 (68.5%)

  Return to play, months (range) 8.4 (6–10) (n=5) 3.3 (1–10) (n=36)

  Loss of ROM (any amount) 6 (26%) 10 (20%)

  Continued pain 1 (4.3%) 0 (0%)

  Intermittent numbness 1 (4.3%) 6 (12%)

Medial epicondylar fragmentation

  Total patients 61 (100%) 0 (0%)

  Return to play, months (range) 3.8 (1–8) –

  Recurrence at 1 year 3 (5%) –

  Continued pain 11 (18%) –

Olecranon epiphysial stress fracture

  Total patients 1 (14.3%) 6 (85.7%)

  Return to play, months (range) – 7 (4–10)

  Hardware Irritation – 2 (33%)

Persistence of the olecranon physis

  Total patients 1 (12.5%) 7 (87.5%)

  Return to play, months (range) 6 4

  Hardware irritation – 4 (57%)

ROM, range of motion.
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the adolescent athletic population. We evaluated non-operative 
and operative treatment with regard to return to play time and 
potential complications with each treatment modality. We also 
sought to elucidate and synthesise data regarding less commonly 
reported physeal elbow injury to increase awareness of these 
potential pathologies in our youth athletes.

Most physeal elbow pathologies are chronic overuse injuries 
and thus prior pedagogy regarding the management of physeal 
elbow injury was non-operative management with rest, ice and 
non-steroidal anti-inflammatory drugs (NSAIDS). Non-opera-
tive measures commonly produce satisfactory results and return 
to play.1–3 6 18 19 24 26–30 However, despite evidence of satisfactory 
results of non-operative treatment, there has been an increasing 
trend in operative treatment for physeal elbow injury.31 Partic-
ularly for athletes, there remains a theoretical advantage of 
operative management in achieving bony union, given the heavy 
demand on the dominant elbow.31 Operative fixation goals are 
to maximise the possibility of early return to full function and 
high level activity, minimise late deformity and decrease elbow 
stiffness. We theorise the increasing operative trends may be due 
to increasing emphasis of the importance of the ligamentous 
origin in athletic function, particularly for the medial epicon-
dyle, increased participation and specialisation within sports at 
an early age and desire for faster return to play.

Medial epicondylar injuries
Avulsion fracture of the medial epicondyle
Prior studies have reported non-operative complications of avulsion 
fractures of the medial epicondyle including an unrecognised incar-
cerated fragment, ulnar nerve dysfunction, tardy ulnar neuritis, 
malunion, loss of terminal extension and patient and family dissat-
isfaction with ultimate functional result.31 Indications for surgical 
treatment of these injuries have previously been reported to include 

fragment incarceration in the joint, open fracture, gross instability, 
ulnar nerve entrapment or involvement and fragment displacement 
greater than 5–15 mm with a lower threshold for valgus stress 
athletes such as pitchers or gymnasts.32 In our review, these guide-
lines were followed and surgical treatment was typically offered to 
patients with 5 mm or more of fragment displacement. Overall, 
68.5% of patients underwent operative treatment while 31.5% 
were treated non-operatively. Regardless of treatment, our review 
revealed similar rates of complications, such as mild loss of range 
of motion and intermittent numbness, none of which prevented 
these patients from participating in their activities. The review did 
show patients were able to return to play faster following oper-
ative treatment compared with non-operative treatment (3.3 
months and 8.4 months, respectively). However, these results were 
based on a limited subset of studies that reported return to play. 
Furthermore, provider preferences may have contributed to differ-
ences in reported return to play times between studies. Only one 
study assessed return to play for both non-operative and operative 
management.25 Within that population, non-operative and opera-
tive management led to return to play times of 8.4 and 6.3 months, 
respectively. These results suggest that operative management may 
shorten the time to return to play, though it is unclear as to what 
extent. While the decision of management of this injury is multifac-
torial, a lower threshold for surgical treatment of an avulsion frac-
ture of the medial epicondyle should be considered in the young 
athlete as complication rates are minimal and the return to play 
time may be favourable.

Medial epicondylar fragmentation
Medial epicondylar fragmentation differs from avulsion frac-
ture of the medial epicondyle in that it is caused by repetitive 
valgus stress leading to traction apophysitis and separation.33 
Our review showed that these injuries are uniformly treated 

Table 4 Treatment of avulsion fracture of the medial epicondyle

Study Treatment Treatment details
Follow-up, years 
(range)

return to play, 
months (range) Complications

Case et al16 (n=8) Operative Cannulated screw, 4 days immobilisation post-op 0.833 (0.5–1.08) 3 Loss of 5 degrees of ROM (1)

Haxhija et al20 
(n=25) Operative

Kirschner wires or cannulated screw, 3 weeks 
immobilisation post-op 3 (1–8) 3 (1–8) Loss of<10 degrees of ROM (4)

Lawrence et al2 
(n=20) Non-operative (31.5%)

3–4 weeks immobilisation until non-tender, 
gradual activity progression

3.6 (2–6.9) –

Subjective loss of ROM (2)
Continued pain (1)
Intermittent numbness (1)

Operative (68.5%)
Cannulated screw with or without washer, 
1.5–3 weeks immobilisation post op

Subjective loss of ROM (5)
Intermittent numbness (6)

Lokiec et al21 (n=4) Non-operative
1.5 weeks immobilisation, gradual activity 
progression 1 – –

Nyska et al24 (n=8) Non-operative
1.5–3 weeks immobilisation, gradual activity 
progression 1 –

Loss of 30 degrees of ROM (1)
Loss of<10 degrees of ROM (3)

Osbahr et al25 (n=8)
Non-operative (62.5%)

3 weeks immobilisation, gradual activity 
progression –

8.4 (6–10) –

Operative (37.5%) Cannulated screw 6.3 (4–10) –

ROM, Range of motion.

Table 5 Treatment of medial epicondylar fragmentation

Study Treatment Treatment details
Follow-up, years 
(range)

return to play, 
months (range) Complications Comments

Harada et al19 
(n=6)

Non-operative No intervention 1.83 (1–2.5) – Continued pain (1)
Intermittent pain not prohibitive to play (3)

All returned to play 
immediately

Harada et al18 
(n=55)

Non-operative Gradual activity 
progression

2.91 (0.5–7.6) 3.8 (1–8) Continued pain at 1 year (7)
Recurrence at 1 year (3)

Increased complication 
rate with treatment non-
compliance
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conservatively. Non-operative treatment in one study of base-
ball players consisted of prohibition of throwing until the elbow 
was pain-free and not tender, followed by limited throwing 
until bony union achieved.18 This study found bone union in 
72.7% of patients at 6-month follow-up and full return to play 
at 3.8 months on average. Furthermore, of patients who were 
compliant with treatment, only 7.3% experienced delayed 
union at 6 months. In comparison, among patients who were 
not compliant with recommended throwing restrictions, 85.7% 
had delayed union at 6 months. This suggests that adherence to 
non-operative treatment, particularly limitations on activity, is 
an important factor leading to quick recovery. However, another 
study documented outcomes in six tennis players with medial 
epicondylar fragmentation that did not abide by any prescribed 
activity limitations.19 They found that 83.3% of patients had 
bone union at follow-up and while 60% of this group reported 
intermittent pain at follow-up, this was not prohibitive to play. 
While this suggests that patients will heal without any inter-
vention, follow-up did not occur until 22 months on average, 
limiting our ability to determine when union occurred or how 
long these athletes continued to experience pain. Therefore, we 
recommend activity limitations for these athletes to facilitate 
faster return to play without complication.

Posterior compartment physeal elbow injuries
Persistence of the olecranon physis, olecranon stress fractures 
and olecranon apophysitis are a grouping of similar poste-
rior compartment physeal injuries that remain an uncommon 
source of physeal elbow injury. Adams provided an early 
description of olecranon apophysitis or ‘little league elbow’ in 
paediatric elbow injuries.34 This term was specific for apophy-
seal injury in paediatric throwing athletes; however, over time 
this term has progressed to include a range of paediatric elbow 
pathologies which includes physeal elbow injuries. Repeti-
tive stress on the olecranon causes a traction apophysitis and 
continued injury to this area can lead to subsequent stress frac-
ture through the epiphysial plate. Continued traction on the 
physis can lead to persistence of the olecranon physis, which 
is defined as an olecranon physis that exists in a person with 
demonstrated skeletal maturity of the contralateral elbow. 

Posterior compartment physeal injury comprised only 14.6% 
of the total injuries in our review of the literature. While olec-
ranon apophysitis was treated non-operatively without any 
reported complications, no data were provided regarding time 
to return to play in these individuals.23

Olecranon stress fracture
Alternatively, 85.7% of olecranon epiphysial stress fractures were 
treated operatively without long-term complications. Our review 
showed a high rate of olecranon stress fractures that failed initial 
non-operative treatment (57%), suggesting a potential need for 
more aggressive initial management.2 26 One patient with an 
olecranon stress fracture who was treated operatively without 
initial non-operative treatment had the most expeditious return 
to play following surgical intervention (19.6 weeks) compared 
with those treated initially with non-operative treatment (avg 
44.6 weeks).26 Similarly, studies of olecranon stress fractures in 
adult athletes have also found that these injuries often fail to 
respond to extended non-operative treatment. Therefore, early 
internal fixation has been recommended in the adult athlete 
population.35 We suggest extending this recommendation to the 
paediatric athlete as patients may have greater benefit and more 
expeditious return to play with initial surgical fixation.

Persistence of the olecranon physis
Similar results were seen with treatment of persistence of 
the olecranon physis. The majority of these patients (87.5%) 
were treated operatively and ultimately returned to play faster 
(4 months) compared with the 12.5% successfully treated 
conservatively (6 months). However, hardware irritation was 
a notable postoperative problem requiring removal in some of 
those treated which led to resolution of symptoms.17 The use 
of headless screws could be an option to mitigate this potential 
issue. Overall, it remains difficult to evaluate the best treat-
ment for these uncommon injuries, given the limited literature 
that is based on isolated case reports. Prospective randomised 
trial, pooling data from multiple centres, would greatly benefit 
further clinical decision-making on posterior compartment 
physeal injuries.

Figure 3 A 14-year-old right-hand-dominant baseball pitcher who failed non-operative treatment of an olecranon stress fracture. Lateral plain films 
comparing affected and non-affected elbow (A, B). Postoperative week 2 anterioposterior (C) and lateral (D) plain films following cannulated screw fixation. 
Final follow-up lateral plain film (E).

Table 6 Treatment of olecranon epiphysial stress fracture

Study Treatment Treatment details
Follow-up, 
years (range)

return to play, 
months (range) Complications

Maffulli et al23 (n=2)

Non-operative (1) Cryotherapy, rest, physical therapy

6.2 (1–9)

– –

Operative (1) Cannulated screw – –

Rettig et al26 (n=5) Operative
Cannulated screw and washer with or without 
figure of 8 tension banding and bone graft – 7 (4–10)

Acute displacement prior to surgery and 
delayed union (1)
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Limitations
The majority of the studies meeting inclusion criteria were 
case series and retrospective reviews, with inherent heteroge-
neity of patient evaluation and outcome reporting of range of 
motion, follow-up and return to play. There appears a paucity 
of data existing on uncommon physeal elbow injuries in this 
patient population. Thus, it remains difficult to determine a 
unified systematic conclusion regarding these underreported 
injuries. However, we elected to discuss all relevant pathology 
in skeletally immature athletes in order to increase awareness 
of the limitations within the current literature. This review 
summarises and pools the available data to help guide the 
clinician in managing these injuries; however, more research 
and better powered studies are needed.

COnCLuSIOn
The current review of literature demonstrated an avulsion 
fracture of the medial epicondyle continues to be the most 
common physeal elbow injury, while posterior compartment 
physeal injuries remain uncommon. Both non-operative and 
operative treatment of physeal elbow injuries can result in 
successful outcomes for athletes who return to high-level play 
after treatment. However, our review highlights the heteroge-
neity of the treatment provided for adolescent athlete elbow 
injuries and the resultant variable return to play. While limited 
data suggest that surgery may favour a shorter return to play 
for patients with an avulsion fracture of the medial epicondyle, 
olecranon epiphysial stress fractures and persistence of the 
olecranon physis, the indications for surgery remain unclear. 
Further investigation is required to definitively determine the 
best treatment for the myriad of elbow pathologies affecting 
the skeletally immature athlete.
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