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Atrticle info: : ABSTRACT
12 Feb 2025
15 Mar 2025 :  Background: Total physeal separation (TPS) of the distal humerus is a rare elbow injury in young
16 Jun 2025 : children. Because the distal humerus is predominantly cartilaginous at early ages, diagnosis can
01 Nov 2025 :  be challenging and is frequently mistaken for more common injuries, such as supracondylar

fractures. Given the critical role of the growth plate in skeletal development and elbow function,
appropriate management is essential. Despite several reports in the literature, comprehensive
data with adequate follow-up remain limited.

Objectives: This study aimed to evaluate the clinical outcomes of TPS of the distal humerus in
pediatric patients treated at a tertiary referral center.

Methods: This retrospective case series included pediatric patients diagnosed with TPS of the
distal humerus who met the inclusion criteria and were treated at Shafayahyaeian Hospital. A
total of 13 patients were enrolled, all of whom underwent closed reduction and percutaneous
pinning (CRPP). Data were collected from medical records, radiographic images, and follow-
up documentation. The variables assessed included demographic characteristics, mechanism of
injury, neurovascular status, elbow range of motion (ROM), and postoperative complications.

Results: At final follow-up, all patients demonstrated satisfactory elbow ROM, approaching
:  near-normal function. No cases of persistent neurological deficit, angular deformity (cubitus
Keywords: : varus or valgus), or major complications such as pin-site infection were observed. Functional

Total physeal separation outcomes were favorable, and CRPP provided stable fixation with preservation of joint mobility.

(TPS), Distal humerus, . Conclusion: CRPP is a safe and effective treatment modality for TPS of the distal humerus in
Pediatric, Closed : pediatric patients. This technique is associated with favorable functional outcomes, preservation
reduction, Percutaneous . of neurovascular integrity, and minimal complications. Early diagnosis and appropriate
pinning, Elbow range of . management are crucial for preventing long-term sequelae. Further studies with larger sample
motion (ROM) :  sizesand longer follow-up periods are recommended.
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Introduction

istal humerus physeal separation (DHPS)
is an uncommon injury that occurs pre-
dominantly in infants and young children.
Because the distal humeral ossification
centers are not fully developed in this age
group, conventional radiographs often fail
to clearly demonstrate the physis, lead-
ing to frequent misdiagnosis as supracondylar fractures
or soft-tissue injury. Early case series have shown that
DHPS may be initially overlooked in up to half of pre-
senting cases, resulting in delays in appropriate manage-
ment [1, 2].

The overall incidence of DHPS is lower than that of
other pediatric elbow injuries, and most evidence on its
natural history and optimal treatment is derived from
case reports and small case series. However, a recent
systematic review of the literature encompassing over
250 children with DHPS found that the mean age of af-
fected patients was <18 months, and non-accidental trau-
ma contributed substantially to the injury in infants [2].

The diagnosis of this injury remains challenging be-
cause the classic ossification centers of the distal humer-
us (such as the capitellum and trochlea) appear sequen-
tially over several years, making assessment based on
plain radiographs difficult in very young patients. This
diagnostic uncertainty often necessitates supplemental
imaging such as ultrasonography or magnetic resonance
imaging (MRI) to confirm physeal disruption [3].

Management options for DHPS vary depending on
the degree of displacement and patient age. While non-
displaced injuries may be treated with immobilization
alone, displaced physeal separations are most commonly
addressed with reduction maneuvers. Closed reduction
and percutaneous pinning (CRPP) are frequently pre-
ferred and have been shown to provide stable fixation
with satisfactory functional outcomes. In contrast, sim-
ple casting may be associated with higher rates of ma-
lalignment and subsequent deformity [2].

Long-term outcomes following CRPP have generally
been favorable, with low incidences of significant com-
plications such as cubitus varus and avascular necro-
sis when compared with conservative treatment alone.
Arthrogram-assisted closed pinning has also been de-
scribed as a useful technique to enhance anatomic reduc-
tion and minimize post-traumatic deformities [4].

Orthopedic Science

Despite these encouraging results, the rarity of DHPS
and the heterogeneity of available reports highlight the
need for additional clinical studies with systematic fol-
low-up to better characterize functional outcomes and
complication profiles in contemporary practice.

Methods

This retrospective study included all children under 12
years diagnosed with total physeal separation (TPS) of
the distal humerus and treated at Shafayahyaeian Hospi-
tal between 2011 and 2023. TPS is a rare pediatric elbow
injury, often misdiagnosed as a more common fracture,
such as a supracondylar fracture. All patients with a con-
firmed diagnosis based on clinical examination and ra-
diographic findings were considered eligible.

The inclusion criteria included age 0-12 years, con-
firmed TPS diagnosis, availability of at least one pre-
treatment imaging study, treatment with CRPP, and at
least one post-treatment evaluation including range of
motion (ROM), neurovascular status, and complications.
The exclusion criteria included alternative treatments
(e.g. open reduction and internal fixation [ORIF] or cast
alone), incomplete records, or severe concomitant inju-
ries that could confound outcomes.

Patient records were extracted from the hospital in-
formation system and reviewed individually to confirm
TPS. The data collected included demographics, mecha-
nism of injury, initial clinical findings, treatment details,
and post-treatment outcomes, such as ROM, nerve func-
tion, and complications. Imaging studies—including
plain radiographs and, in some infants, ultrasound—
were reviewed to assess displacement, anatomical align-
ment, and pin position. After data collection, patient in-
formation was entered into SPSS software, version 26.

Given the rarity of this injury, the final sample con-
sisted of all eligible patients over the 12-year period,
using a total enumeration approach similar to that used
in retrospective pediatric studies. Data were recorded us-
ing a standardized extraction form to ensure consistency.
All procedures were approved by the Institutional Ethics
Committee.

Results

A total of 13 patients with TPS of the distal humerus
treated with CRPP at Shafayahyaeian Hospital between
2011 and 2023 were included in this study. The results
are presented descriptively in the text and summarized
in Tables 1, 2, 3, 4, 5, 6, and 7, covering demographic
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Table 1. Demographic characteristics of patients
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No. Age (y) Sex Affected Side Injury Type Follow-up Duration (m)
1 11 Male Left Il 21
2 7 Female Left Il 30
3 4 Male Left 1l 24
4 2 Male Right | 18
5 4 Male Left Il 27
6 5 Female Left v 16
7 3 Female Right 1l 35
8 5 Female Left | 38
9 7 Female Right | 29
10 4 Male Left | 38
11 2 Female Left Il 15
12 12 Male Left | 17
13 7 Female Right 1l 14

characteristics, mechanism of injury, neurovascular sta-
tus, elbow ROM, and post-treatment complications. As
shown in Table 1, the patients’ ages ranged from 2 to 12
years, and both sexes were represented. Injuries involved
both the left and right upper limbs. The type of injury
recorded in all cases corresponded to complete distal
humeral physeal separation. The duration of follow-up
varied among patients, with a minimum of one post-
treatment visit documented for all, allowing assessment
of functional and neurovascular outcomes. According
to Table 2, the mechanism of injury in all patients was
reported as fall, with no cases of direct trauma or birth-
related injury. This finding is consistent with previous
reports indicating falls as the most common cause of dis-
tal humeral physeal injuries in children. Post-treatment
neurovascular evaluations indicated that all patients had

Table 2. Distribution of injury mechanism
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normal nerve function (Table 3). Three patients experi-
enced transient nerve injuries—ulnar, anterior interos-
seous, and posterior interosseous nerves—that resolved
completely within three weeks. No permanent nerve
deficits were observed, suggesting that CRPP effectively
preserves the neurovascular structures around the elbow.
Table 4 presents the final elbow ROM measurements.
All patients achieved functional ROM, with most reach-
ing near-normal flexion and extension. No patient dem-
onstrated severe movement restriction, indicating satis-
factory recovery of joint function following CRPP and
follow-up. As summarized in Table 5, no major compli-
cations—including pin-site infection, persistent nerve
injury, secondary displacement, or clinically significant
deformity—were reported. All patients were classified in
the “no complication” category, reflecting the safety and

Mechanism of Injury No.(%)
Fall 13(100)
Direct trauma 0(0)
Birth-related injury 0(0)
Total 13(100)

Orthopedic Science
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Table 3. Neurovascular status
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Nerve Permanent Injury
Normal Transient Injury (<3 Weeks)
Median 12.92 1.8 0
Ulnar 12.92 1.8 0
Radial 12.92 1.8 0
Orthopedic Science
Table 4. ROM, pronation, and supination
Variables Minimum Maximum Mean Median Standard Deviation
ROM (°) 130 160 143.4 140 8.43
Pronation (°) 65 80 72.7 75 3.73
Supination (°) 70 80 79.23 80 2.66
Orthopedic Science
effectiveness of CRPP in this cohort. Follow-up evalua- Discussion

tions revealed no cases of cubitus varus or cubitus valgus
(Table 6). The absence of angular deformities indicates
maintenance of proper anatomical alignment and satis-
factory limb growth after treatment. Table 7 summarizes
overall functional outcomes. All patients (100%) dem-
onstrated appropriate ROM, normal neurovascular sta-
tus, and no deformities. These results indicate that CRPP
for distal humeral physeal separation provides excellent
functional recovery in children.

Table 5. Post-treatment complications

Studies on DHPS in children indicate that, despite its
relatively low incidence, this injury presents significant
diagnostic and therapeutic challenges, with initial misdi-
agnosis or delayed recognition reported in many cases.
The existing body of evidence—particularly classical
and authoritative studies in pediatric orthopedics—em-
phasizes the importance of accurate radiographic assess-
ment, appropriate therapeutic intervention, and long-
term follow-up.

Type of Complication No. (%)
Pin-site infection 0(0)
Nerve injury 0(0)
Angular deformity 0(0)
Secondary displacement 0(0)
No complication 13(100)

Table 6. Observed angular deformities at final follow-up

Orthopedic Science

Type of Deformity

Number of Patients

Degree of Deviation

Cubitus varus

Cubitus valgus

No deformity

Orthopedic Science
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Table 7. Summary of functional outcomes
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No. (%)
Evaluation Parameter
Outcome
Adequate ROM (>120°) 13(100)
Normal neurovascular status 13(100)
No deformity 13(100)

ROM: Range of motion.

In a foundational study, DeLee et al. classified patients
into three age groups and reported that the clinical and
radiographic features of DHPS vary according to skele-
tal maturity, highlighting the difficulty of early diagnosis
in very young children [5]. Similarly, Gilbert and Conk-
lin, in a cohort of 101 children under three years of age,
demonstrated that only seven patients had true physeal
separation, and none were correctly diagnosed on initial
evaluation by emergency physicians or radiologists [1].
This finding underscores the high risk of misdiagnosis
associated with this type of injury.

In recent decades, supplementary imaging modalities
have gained attention. Supakul et al. demonstrated the
utility of ultrasonography in confirming suspected cases,
particularly in infants and young children in whom ra-
diographs are limited by the largely cartilaginous struc-
ture of the elbow [6]. Akbarnia et al. highlighted the role
of arthrography in infants with an unossified capitellum

[7].

Other studies in children under three years old have re-
ported that this age group exhibits the highest incidence
of DHPS, often associated with falls. These studies also
emphasize the importance of comparing the radius axis
with the capitellum for accurate diagnosis [8]. Addition-
ally, Jacobsen et al. showed that closed reduction in neo-
nates yields excellent outcomes, with the high regenera-
tive potential of the immature bone playing a crucial role
in recovery [9].

Regarding treatment, most studies agree that CRPP is
the standard of care for children older than six months
with significant displacement [9, 10]. Open reduction is
generally reserved for cases in which repeated attempts
at closed reduction fail or interposed soft tissue prevents
anatomic alignment [11]. Conversely, reports, such as
Mathew et al. indicate that open reduction, particularly
when not strictly necessary, may increase the risk of phy-
seal injury or neurovascular complications and should
therefore be approached cautiously [12].

Orthopedic Science

The long-term functional outcomes reported in the lit-
erature generally indicate acceptable restoration of ROM
and a low incidence of permanent nerve injury. For ex-
ample, Sferopoulos observed that most patients achieved
nearly normal ROM after appropriate treatment, with
only a small proportion experiencing residual limitations
[13]. Case reports by Mane and Challawar further stress
that delayed diagnosis can lead to persistent angular de-
formities and poor functional results [14].

Conclusion

Based on this study’s findings, CRPP appears to be a
safe and effective treatment for total distal humeral phy-
seal separation in children, with favorable functional
outcomes. In the patient cohort evaluated, CRPP was
associated with preservation of neurovascular integrity,
satisfactory restoration of elbow ROM, absence of angu-
lar deformities, and no major post-treatment complica-
tions. These results suggest that with accurate diagnosis
and timely intervention, CRPP can achieve excellent
therapeutic outcomes while minimizing the risk of long-
term sequelae in pediatric patients with this rare injury.
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