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Abstract: In children, fracture-separation of the epiphyseal plate near the elbow joint is a common occurrence. 
However, separation of the distal humeral epiphysis is very rare, especially in the newborn. There have been very 
few reports of this rare injury since 1926. When it occurs in the newborn, it may be difficult to diagnose and is eas-
ily mistaken for a dislocation of the elbow. Caesarean deliveries with considerable traction applied to extract the 
baby can be the risk factor of such injury. The unimpressive clinical appearance of such injury of the elbow, as well 
as the absence of ossific nuclei of the distal humerus in the newborn is responsible for the dilemma in making the 
diagnosis. The correct diagnosis was made from plain radiographs and often supplemented with ultrasonography, 
magnetic resonance imaging (MRI), and arthrography. Opened reduction with percutaneous Kirschner wire fixation 
is one of the treatments of choice for these injuries. In this article, we report a rare injury of distal humeral epiphy-
seal separation in a newborn during a caesarean section. 
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Introduction

Neonatal separation of the distal epiphysis of 
the humerus was first reported in 1926 by 
Camera, there have been very few reports of 
this rare injury since then [1-4]. Epiphyseal inju-
ries are encountered in 17.9% of all pediatric 
fractures, and are more common in the upper 
limbs. However, separation of the distal humer-
al epiphysis is very rare among children with 
epiphyseal injuries near the elbow joint, and 
reportedly accounts for 0.7% of pediatric cases 
of epiphyseal plate separation [5]. Neonatal 
separation of the distal epiphysis of the humer-
us is a rare injury, and when it occurs in the 
newborn, there is usually a rotatory or shear 
force associated with birth trauma or child 
abuse [6, 7]. The major problem is the initial 
recognition of this injury. As the ossification 
centre of the capitellum arises at 3 to 9 months 
after birth [6, 8], its alignment with the radius 
cannot be ascertained in plain radiograph. It is 
thus difficult to differentiate this injury from dis-
location of the elbow [8]. The correct diagnosis 

was made from plain radiograph and often sup-
plemented with ultrasonography, MRI and 
arthrography [7]. Caesarean section has been 
reported to reduce the incidence of birth-asso-
ciated injuries to nearly zero, but may result in 
fractures of the femur and humerus [8]. 
Caesarean deliveries with considerable trac-
tion applied to extract the baby may confer the 
risk of traumatic separation of the distal humer-
al epiphysis. The mechanism of injury could be 
hyperextension of the elbow or a backward 
thrust on the forearm with the elbow flexed [4].  

Case report 

On March 23, 2015, a female newborn was 
delivered by caesarean section after 33 weeks 
of gestation. Birth weight was 2400 g. Half an 
hour after birth, swelling and reduced move-
ment of the right elbow were noticed by the 
pediatrician. Unfortunately, no radiographic 
examination was performed at that time. The 
fifth day after birth, the first plain radiograph of 
right elbow showed a separation of the distal 
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humeral epiphysis with posteromedial displace-
ment (Figure 1). The sixth day after birth, the 
MRI of right elbow confirmed the diagnosis of 
this injury (Figure 2A and 2B). The ninth day 

after birth, the patient was referred to Sheng- 
jing Hospital of China Medical University. The 
clinical examination revealed obvious swelling 
of the distal humerus and limited movement  
of right elbow. The surgery was performed at 
the tenth day after birth. During the surgery,  
the tentative close reduction was failed, and 
the open reduction had to been performed. The 
arthrography of right elbow showed it was  
not an intra-articular fracture (Figure 3). The 
surgeons selected a medial approach of right 
elbow. The new periosteal bone formed around 
the distal humerus, and the whole epiphy- 
sis remained displaced posteriorly and medi- 
ally. Complete reduction of the fracture was 
achieved and fixation with two percutaneous 
crossing Kirschner wires (diameter, 1.0 mm) 
was performed (Figure 4A and 4B) and applica-
tion of plaster cast for immobilisation. No li-
mitation of flexion or function was evident. 
Pronation and supination were normal. The 
right and left carrying angles were equal. The 
patient had a full range of movement and a  
normal carrying angle of right elbow after two 
months. The plain radiograph of right elbow 
showed a normal alignment between distal 
humerus and proximal radius and ulna (Figure 
5).

Discussion

In 1818, Gurlt has been credited by Stimson 
with the first description of fracture-separation 
of the distal humeral epiphysis. The first explicit 
description of this injury was by Smith in 1850, 
and single cases have been reported by Poland 
and by Ashhurst. In 1926, Camera first report-
ed such a fracture in the neonate, and in 1954, 
Smith described the fracture in a monograph 
[9]. Most fractures involving the entire distal 
humeral physis occur before the age of 5 or 7 
and are most common under the age of 2. In 
children, fracture-separation of the epiphyseal 
plate near the elbow joint is a common occur-
rence. However, separation of the distal humer-
al epiphysis is very rare, especially in the new-
born. Neonatal separation of the distal epiphy-
sis of the humerus has an incidence of approxi-
mately 1:35,000 live births [1].

The exact mechanism of this injury is unknown. 
A few consistent factors are evident. First, 
many fractures of the entire distal humeral phy-
sis have occurred as birth injuries associated 
with difficult deliveries [2, 9, 10]. Second, rota-

Figure 1. Anteroposterior (AP) view of elbow radio-
graph showing the ossification centre of the capitel-
lum is not visible in this newborn. The proximal ra-
dius and ulna maintain an anatomic relationship to 
each other but are displaced medially in relation to 
the distal humerus.
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ry or shear forces on the elbow, which can be 
caused by child abuse or birth trauma in young 
infants, are probably more responsible for this 
injury in young children [11]. Third, a hyperex-
tension force on an outstretched arm may 
cause the injury in children [12].

Since 1976, we were able to find only twenty-
four reported cases in the orthopaedic litera-
tures [1, 2, 4, 6-8, 10, 13-23]. Most of these 
had complicated births (Table 1). The three-
point relationship between the olecranon pro-
cess, the medial humeral epicondyle, and the 
lateral humeral epicondyle may not be ascer-
tained due to elbow swelling. Therefore, the 
clinical findings and physical examination do 
not always allow a definitive diagnosis, and the 
injury can be overlooked in the infant [1, 10]. 
The nature and etiology of this injury was fur-

The differential diagnosis includes dislocation 
of the radial head, which has also been 
described after a difficult birth [6]; dislocation 
of the elbow, to our knowledge, the proximal 
radius and ulna is almost always posterolateral 
and the relationship between the proximal radi-
us and lateral condylar epiphysis is disrupted 
[6]; and fracture of the lateral humeral condyle 
[4]. 

Radiograph revealed posteromedial displace-
ment of the proximal radius and ulna with 
respect to the distal humerus [1, 2, 4, 6-8, 10, 
13, 14, 16, 21-23]. The mechanism of injury for 
a posterior displacement injury of the distal 
humerus appears to be a rotation-extension 
mechanism [2]. Normal relationship of the prox-
imal radius and ulna was apparently main-
tained. There was no evidence of bone frac-

Figure 2. A. MRI scan of the injured right elbow. Sagittal image showing the 
cartilaginous distal humeral epiphysis. It has fractured and displaced pos-
terior in relation to the shaft of the humerus. The humero-radial articulation 
is intact. This confirms the diagnosis as fracture-separation of the distal hu-
meral epiphysis. B. MRI scan of the injured right elbow. Coronal image show-
ing the cartilaginous distal humeral epiphysis. It has fractured and displaced 
medial in relation to the shaft of the humerus. The humero-ulnar articulation 
is intact. This confirms the diagnosis as fracture-separation of the distal hu-
meral epiphysis.

ther obscured by its delayed 
presentation. These injuries 
are commonly suspected or 
diagnosed at or closely after 
birth [19].

The clinical findings in most of 
cases are notably swelling, 
deformity and limited motion 
of the elbow [2, 4, 6-8, 10, 
13-16, 19, 23]. The ecchymot-
ic in skin [2], and muffled 
crepitus with manipulation [2, 
8, 10, 14, 23], and pseudopa-
ralysis of the arm [7, 15] exist 
in some cases. Moderate 
swelling or tenderness may 
be the only abnormal finding 
in some infant with an epiphy-
seal separation [1, 14, 18]. 
The unimpressive clinical 
appearance of such an injury 
of the elbow, as well as the 
absence of ossific nuclei of 
the distal humerus in the new-
born, are responsible for the 
dilemma in making the diag-
nosis [13]. A dislocation of the 
elbow was initially diagnosed 
both radiologically and clini-
cally in Navallas’s report [6]. 
The correct diagnosis was 
made at open operation in 
Macafee’s report [18].
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tures in the distal metaphyseal region of the 
humerus or in the proximal radius and ulna [6]. 
Plain radiographs cannot detect fracture-sepa-
ration until the capitellar ossification center 
appears or until some new bone is laid down by 
the elevated periosteum. Thus, radiography is 
inconclusive in distinguishing between disloca-
tion and fracture-separation [14].

Ultrasound can be used to differentiate elbow 
dislocation from fracture-separation of the dis-
tal humeral epiphysis [15, 16, 24], and it is a 
cheap, available [6]. Ten cases who had been 
performed ultrasound examination had been 
reported in the past literatures [1, 6, 7, 13, 
14-16, 19]. The images showed posterior dis-
placement of the radial and ulnar diaphysis 
with respect to the humeral diaphysis, as well 
as posteromedial displacement of the distal 
humeral epiphysis. Ultrasonography showed 
irregularity and the changed relationship be- 
tween the distal epiphysis and metaphysis of 
the humerus [1, 14]. In the presence of frac-
ture, the ultrasound examination can be un- 
comfortable and painful. Furthermore, it does 
not normally provide good images of the bone 
or the epiphysis, but the periosteum and its 
elevation can be well visualized [4].

MRI scanning has the distinct advantage that it 
provides direct depiction of the cartilage, bone 
and soft tissue. Furthermore, these can be dis-
played in sagittal, coronal, or oblique long axis 

Figure 3. The elbow arthrography before closed re-
duction demonstrating the proximal radius and ulna 
are displaced medially in relation to the distal hu-
merus.

Figure 4. A. Anteroposterior (AP) view of elbow radio-
graph showing two crossing pinning are necessary 
for stable fracture fixation. It demonstrating realign-
ment after pin fixation. Medial displacement injury 
of the distal humerus were reduced. B. Lateral ra-
diograph of elbow demonstrating realignment after 
pin fixation. Posterior displacement of the distal hu-
merus was reduced.
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planes. All components of the injury are directly 
visualised, allowing more precise definition of 
the acute injury. It does not use ionising radia-
tion and the elbow does not have to be manipu-
lated to obtain the images [14]. Six cases who 
had been performed MRI had been reported in 
the past literatures [1, 4, 7, 8, 14, 19]. MRI 
revealed a fracture-separation of the distal 
humeral physis with posteromedial displace-
ment. The potential problem with MRI is getting 
the baby to lie still in the scanner and this usu-

ally means use of anaesthesia [4], and it is an 
expensive technique, which is not always avail-
able [6].

Elbow arthrography, which delineates the carti-
laginous epiphysis, may demonstrate the injury. 
It is a useful tool that is quick and minimally 
invasive and allows adequate visualization of 
joint anatomy during surgery, which aids intra-
operative decision making. In pediatric 
patients, arthrography is most useful for visual-
ization of the elbow, knee, and hip joints. It can 
help the surgeon to refine the diagnosis and 
management of pediatric fractures and aids in 
surgical assessment during joint and limb 
reconstruction [25]. Two cases who had been 
performed arthrography had been reported in 
the past literatures [10, 16]. The arthrogram of 
the elbow performed under general anaesthe-
sia showed separation of the distal humeral 
epiphysis with posteromedial displacement. 
Arthrography is invasive and there is a risk of 
infection [10, 24]. 

Treatment is first directed toward prompt injury 
recognition. The goal of treatment is to obtain 
acceptable alignment until the fracture heals 
over 2 to 3 weeks. Closed treatment of these 
fractures in newborns and infants has been 
advocated [10]. The results of nonoperative 
treatment in the literature in the short term 
have been satisfactory. However, review of the 
results from the series of Delee et al [3] showed 
a 25% incidence of cubitus varus 5-10°. In the 
present case report, we had to treat this patient 
with open reduction and percutaneous cross-
ing pin fixation because of the delayed diagno-
sis and treatment. It was impossible for closed 
reduction because of the new bone around the 
distal humerus. We believed that it would be 
difficult to maintain 90° of flexion with use of a 
cast alone for so small a patient. The result of 
the surgical treatment in the present patient in 
the short-term is satisfactory, but long-term 
follow-up is necessary to assess any important 
growth disturbance. Usually, the varus defor-
mity that seems to be the most common com-
plication of traumatic separation of the distal 
epiphysis of the humerus is not progressive [3].

Other treatment includes simple splint or cast 
immobilization, closed reduction with splint or 
cast immobilization, and opened reduction with 
percutaneous pinning fixation and splint or cast 
immobilization. In the present review, 6 of 24 

Figure 5. Anteroposterior (AP) radiograph of the el-
bow taken two months postoperatively showing a 
normal alignment between the proximal radius and 
ulna with respect to the distal humerus.
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Table 1. Management and outcome in 24 reported cases of neonatal separation of the distal humeral
Author Case Presentation Injury mechanism Diagnosis Treatment ROM Remodeling Follow-up
Macafee [18] 1967 1 2 d Birth trauma X-ray OR Full Normal 9 m
Berman [23] 1980 1 2 d Difficult labour X-ray OR+pinning+cast Full Normal 8 m
Downs [2] 1982 1 36 h Difficult labour X-ray Traction Loss of 12° Normal 6 m
Menon [22] 1982 1 At birth Difficult labour X-ray CR+collar+cuff Loss of 10° Normal 10 m
Barrett [10] 1984 2 4 d

2 d
Cesarean

Difficult labour
X-ray+Arthrogram
X-ray+Arthrogram

OR+pinning+splint
CR+splint

Loss of 20°
Full

Normal 
Normal 

24 m
5 y

Paige [17] 1985 1 At birth Normal delivery X-ray CR+splint Full N/A N/A
Dias [16] 1988 1 0.5 h Normal delivery X-ray+Ultrasound+Arthrogram N/A Full Normal 4 w
Princic [20] 1995 1 N/A Birth trauma X-ray+Ultrasound CR+cast Full Normal 9 m
Ziv [15] 1996 1 A few hours Normal delivery X-ray+Ultrasound CR+splint N/A N/A N/A
Brown [19] 1997 1 3 d Difficult labour X-ray+Ultrasound+MRI Cast Full Normal N/A
Costa [21] 2001 1 19 d Normal delivery X-ray+MRI Traction Full Normal 1 m
Sawant [4] 2002 1 12 h Normal delivery X-ray+MRI N/A N/A N/A N/A
Rose [13] 2002 1 At birth Normal delivery X-ray+Ultrasound OR+pinning+splint Full Mild varus 6 m
Raupp [1] 2002 1 9 d Normal delivery X-ray+Ultrasound+MRI Cast Full Normal 8 m
Söyüncü [14] 2009 1 2 d Normal delivery X-ray+Ultrasound+MRI OR+pinning+splint Full Normal 16 m
Jacobsen [7] 2009 6 12 d

2 d
14 d
9 d
1 d

30 d

Difficult labour
Normal delivery
Difficult labour

Cephalic fast delivery
Long delivery

Normal delivery

X-ray+Arthrogram
X-ray+Ultrasound

X-ray
X-ray+Ultrasound

X-ray+Ultrasound+MRI
X-ray

Cast
Traction+CR+cast

Cast
Cast

CR+cast
Cast

Full
Full

Full*
Full
Full
Full

Normal
Normal
Normal
Normal

Valgus 5°
Normal

16 m
28 m
60 m
54 m
21 m
2 y

Sabatl [8]  2011 1 2 d Cesarean X-ray+MRI CR+plaster slab Full Normal 7 w
Navallas [6] 2013 1 At birth Cesarean X-ray+Ultrasound CR+cast Full Varus 10° 4 m
Note: N/A = Not Available; CR = Closed Reduction; OR = Open Reduction; ROM = Range of Movement; * = slightly reduced range of movement.
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cases had been only used splint or cast immo-
bilization [1, 7, 19], and the final follow-up 
examination revealed normal bony alignment at 
the elbow and normal range of motion. 9 of 24 
cases underwent closed reduction with splint 
or cast or collar and cuff immobilization [6-8, 
10, 15, 17, 20, 22], and 3 of 9 cases showed a 
cubitus varus 10° and cubitus valgus 5° 
respectively and the elbow lacked 10° of exten-
sion [6, 7, 22], the follow-up in 2 of 9 cases 
were unknown [15, 17], 4 of 9 cases revealed 
normal bony alignment and normal range of 
motion [8, 10, 20]. 5 of 24 cases underwent 
open reduction with percutaneous pinning fixa-
tion and splint or cast immobilization [10, 13, 
14, 18, 23]. 1 of 5 cases had a 20° lack of full 
extension [10], 1 of 5 cases had mild cubitus 
varus deformity [13], and 3 of 5 cases showed 
normal elbow [14, 18, 23]. Other 4 of 24 cases 
included 2 cases underwent traction [2, 21], 
and 2 cases with unknown treatment [4, 16]. 1 
of 4 cases showed the elbow lacked 12° of 
extension [2]. 2 of 4 cases showed normal 
elbow [16, 21], the follow-up in 1 of 4 cases 
were unknown [4].
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