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Introduction

In skeletally immature patients, most
nondisplaced  olecranon fractures are
managed successfully with immobilization.'?
Displacement anywhere from two to four
millimeters (mm) has been described as the
cutoff for operative management."*> The role
of surgical management in isolated olecranon
fractures with two to four millimeters of
displacement (“gray zone” fractures) is
unclear’ In adult patients, management of
isolated olecranon fractures is guided by
the Mayo classification and patient factors
such as age, functional demand, and medical
fitness for surgery.® Multiple classification
systems for pediatric olecranon fractures
have been proposed, but none apply
specifically to guiding management of “gray
zone” fractures.*’”'> This study sought to
compare outcomes between patients treated
with immobilization versus surgical fixation
for olecranon fractures with 2-4 mm of
displacement. Additionally, we identified
common radiographic characteristics in
minimally displaced pediatric olecranon
fractures that may indicate the need for
operative management.

Methods

This was a retrospective study of all
pediatric (<18 years old) patients presenting
to a single tertiary-care center between 2009-
2024 with isolated, “gray zone” olecranon
fractures (at least two, but no more than four,
millimeters of maximum displacement as
either gapping or step-off). Patients lacking
complete post-treatment radiographic and
range of motion (ROM) data and patients
with concomitant ipsilateral elbow fractures
or dislocations were excluded.

Demographics, injury  characteristics,
management, and radiographic and outcomes
were collected. Analyses were performed in
IBM SPSS Statistics v29.
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Results:

Seventeen elbows (17 patients, 6 [35%]
female, mean age 8.7 + 4.5) were included.
Eleven patients (65%) were managed
operatively, of which two had osteogenesis
imperfecta (OI). There were no other
orthopaedic comorbidities reported. There
were no significant differences in age or BMI
between groups. Falls from height were the
most common mechanism of injury in the
nonoperative group (67% of fractures), while
falls (54%) and sports (27%) were common
mechanisms in the operative group. Within
the operative group, four (36%) fractures
were comminuted, whereas no fractures in
the nonoperative group were comminuted.
Although there were no statistically significant
differences regarding fracture gapping and
step-off between the two groups, fracture
step-off appeared to be twice as wide in
patients managed operatively (2.1 = 1.2
mm versus 1.0 £ 1.2 mm in nonoperatively-
managed fractures, p=0.14). All patients went
on to regain excellent ROM (Table 1).

Complications occurred in two patients
from the nonoperative group, each with
transverse fractures of the olecranon with
trochlear notch involvement. One patient
(intraarticular fracture with two millimeters of
displacement) experienced fracture nonunion
and required operative fixation; the other (2.3
mm displacement of a 3x10 mm coronoid
process fragment) required an elbow joint
contracture release for persistent stiffness. No
complications were reported in the operative
group, and all other fractures achieved
radiographic union within three months,
with no significant differences between the
operative and nonoperative groups.

Common fracture patterns leading to
operative management included: intraarticular
fracture with step-off >2 mm, intraarticular
fracture with gap >2 mm and associated
step-off >2 mm, and comminution with
displacement >2 mm (either gap or step-off)
of any fragment with or without intraarticular
involvement (Table 2, Figure 1).
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Table 1. Demographic, Presentation, and Outcome Data

Operative* (N=11) Nonoperative* (N=6) P-value

Mean Age at Time of Injury (Years) 99 +45 6.6 +39 0.10°
Sex

F 3(27%) 3 (50%) 0.60°

M 8 (73%) 3 (60%)
BMI 20.6 = 6.0 17.0 £ 25 0.44'
Mechanism of Injury

Ground-level fall 3127.3%) 0(0%)

Fall from height 3(27.3%) 4(67%)

Unspecified fall 119%) 1(16.5%) 0.54

Sport 3(27.3%) 11(16.5%)

Direct blow 1(9%) 0(0%)
Comminution

Yes 4 (36%) 0(0%) 0.24

No 7 (64%) 6 (100%)
Mean Fracture Gap (mm) 2.5 + 062 2.3 +£02 0.66
Mean Fracture Step-0ff (mm) 2112 10+12 0.141
Time to Radiographic Union (Weeks) 6.4 +22 79+ 32 0.38
Final Elbow ROM (Degrees)

Flexion 142.7 £ 47 1425 + 42 0.88'

Extension 1.8+48 1397 0.66'

Pronation 90.0 £ 0.0 90.0 = 90.0 1.00'

Supination 89.1 + 2.0 90.0 £ 0.0 0.59'
Mann Whitney U

’Fischer's Exact
*All values reported as mean + SD or N (%)

Discussion

Prior research on pediatric “gray zone” olecranon
fractures is limited.> To our knowledge, this is the first
study comparing fracture patterns between patients with
isolated, minimally displaced olecranon fractures. Further
characterization of fractures falling within the “gray zone”
may be necessary to guide management. In patients
without OI, isolated olecranon fractures with two to four
millimeters of displacement may be treated successfully
with immobilization, but comminution, intraarticular
involvement with step-off >2 millimeters, and coronoid
process fractures with gapping >2 millimeters may be
indications for surgical fixation.

In our cohort, two patients with “gray zone” fractures
managed nonoperatively experienced complications.
One patient with a 2.2 mm articular step-off experienced
a nonunion requiring operative management, and one
patient with a 2.3 mm displaced fracture of the coronoid
process went on to develop an elbow contracture
requiring manipulation under anesthesia. The former case

is in contrast to four intraarticular olecranon fractures
with <2 mm step-off, successfully managed with cast
immobilization, and seven intraarticular fractures with
>2 millimeters step-off, managed initially with surgical
fixation. Therefore, “gray zone” olecranon fractures with
intraarticular involvement and step-off >2 millimeters may
benefit from early operative fixation to promote union of
the joint surface in adequate alignment.

Additionally, coronoid process fractures with gapping
>2 millimeters may benefit from early operative fixation.
However, further research is needed to guide best practices
in pediatric coronoid process fracture classification and
management. Comminution appeared to be another
common indication for operative management, as all
comminuted fractures in our cohort were managed acutely
with surgical fixation.

Our data is limited by nature of being a retrospective
study. Fracture treatment modality often depends on
patient and family factors that may not be adequately
captured in the electronic medical record. Although this
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Table 2. Fracture Characteristics.

_':_’:,:r;ageme“t Case Intraarticular Gap Step-off Comminution Complication
1 Yes 2.2 2.3 Yes
2 Yes 2.2 3.0 Yes
3 Yes 29 29 No
4 Yes 1.7 2.1 No
5 Yes 3.0 0.0 No
Operative 6 Yes 3.3 3.4 Yes
7 Yes 22 0.9 No
8 Yes 1.2 3.7 Yes
9 Yes™ 2.4 1.6 No
10 Yes* 3.5 2.0 No
11 Yes 2.3 0.7 No
12 Yes 99 0.0 No Delayeld union requiring
operative management
13 No 2.7 2.5 No
14 Yes 24 0.0 No
Nonoperative
15 Yes 2.2 1.5 No
16 Yes 2.1 0.0 No
Yes - coronoid process (approx Joint contracture requiring
17 23 0.0 No manipulation under

3x10 mm fragment)

anesthesia

*Indicates patient with diagnosis of osteogenesis imperfecta (01)

(A) (B)

Fiq]ure 1. Examples of operatively mana?ed olecranon fractures: (A) intraarticular fracture with step-off =2 mm, (B) intraarticular fracture

with gap =2 mm and step-off =2 mm,
no joint involvement.

study focused on radiographic patterns associated with
operative management of olecranon fractures, radiographs
constitute only one component of the decision- making
process. Similarly, patients were managed according to the
surgeon’s expertise and likely had good outcomes as a
result; whether patients managed nonoperatively may have
had better outcomes with operative management, or vice-
versa, cannot be stated. Additionally, there may be inter-
and intra-rater variation in the measurement of fracture

C) comminution with gap =2 mm and joint involvement, (D) comminution with gap =2 mm and

displacement on radiographs. Measurement reliability
has been studied in other pediatric elbow fractures, but
there is limited literature on olecranon fractures.!¢-!8
Further research on fracture displacement measurement
reliability would be required to determine precision
of measurements and how heavily two-dimensional
radiographic measurements should weigh in the decision-
making process. Finally, our study is limited by a small
sample size. Although no statistically significant differences
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were identified between operative and nonoperative
groups, it was qualitatively noted that fracture step-off
was greater in patients who were ultimately managed with
surgery. Future research should investigate a larger cohort
of patients with “gray zone” fractures to allow for stronger
statistical power and potential classification of fracture
patterns to guide treatment.

Conclusion

In minimally displaced (2-4 millimeters) pediatric
olecranon fractures, fracture comminution, step-off
involving the joint, or coronoid process fractures with
displacement may benefit from early operative intervention.
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