
Introduction
Pathological fractures in the pediatric age group are suspected 
following a history of trivial trauma, uncommon anatomical site, 
or abnormal changes in the bone intensity at the fracture site on 
radiological imaging [1]. In these patients, pathological fractures 
are most common secondary to intrinsic pathologies that 
negatively alter the bone mineral density (BMD) or normal 
trabecular meshwork of the growing bone such as tumors 

(benign or metastatic), infection, and genetic diseases such as 
osteogenesis imperfecta [1]. The site of the disease process and 
subsequently the net vector of loading force concentrated at that 
site precedes such fractures [2]. The risk of such factors, both 
biological and mechanical, are aggravated in genetic such as 
autism spectrum disorder (ASD). It has been well documented 
in the literature that ASD is associated with adversely affected 
BMD of growing bones, especially in males of peripubertal age 
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Introduction: Pathological fractures in pediatric age group are most commonly secondary to bone tumors. Management of such cases in 
patients with autism spectrum disorder (ASD) is complicated by the prevalence of low bone mineral density (BMD) in these patients.
Case Report: Through this case, we report a 13-year-old male diagnosed with autism spectrum disease, who was brought by his parents with a 
history of trivial trauma and gross deformity of the left humerus. On plain radiography, a displaced fracture in the foreground of a lytic, cystic 
lesion was noted which on magnetic resonance imaging was confirmed to be metadiaphyseal unicameral bone cyst. The patient underwent 
extensive curettage, allograft impaction, and definitive fixation by a locking compression plate. Following a relatively extended period of 
immobilization, he was started on range of motion exercises followed by strengthening. He was able to return to his pre-operative activity levels at 
14 weeks postoperatively. At 1-year postoperatively, the patient achieved excellent clinical and radiological outcomes, without any signs of 
failure, complications, or signs of recurrence.
Conclusion: Management of pathological fractures in pediatric patients with ASD can be challenging due to the associated low BMD and 
potential non-compliance from the patient’s end. Such cases are best treated with open curettage, allograft impaction, and definitive fixation by 
locking compression plate, even if present in a non-weight bearing bone.
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Abstract

Learning Point of the Article:
Pathological fractures secondary to UBC in pediatric patients with ASD are best treated with open curettage, allograft impaction, and 

definitive fixation using locking compression plate, even if the fracture is present in a non-weight bearing bone.
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group [3]. However, the fracture rates in ASD patients has been 
poorly established, with some studies reporting a negative 
correlation due to decreased participation in sporting activities 
[4]. Similarly, the treatment options for pathological fractures 
in such patients are not well documented in orthopedic 
literature. With this case report, we document open curettage 
and allograft impaction along with plate osteosynthesis as an 
effective treatment modality for pathological fractures in 
children with ASD.

Case Presentation
A 13-year-old, right-hand dominant male, was brought to our 
clinic by his parents with a history of fall from bed while sitting. 
They presented to the clinic with complaints of pain and 
deformity over the left arm and inability to move the left upper 
limb due to pain. The patient was a previously diagnosed 
case of ASD, on regular medications in the form of 
anticonvulsants. On examination, a gross deformity was 
noted over the proximal third of the left arm, along with 
swelling, tenderness, and crepitus. The distal pulsations 
were normal and there was no neurological deficit. A 
provisional diagnosis of proximal humerus fracture was 
made, and a U-slab was applied along with arm pouch 
immobilization. Plain radiographs of the shoulder with full-
length humerus were done in anteroposterior and lateral 
views along with ipsilateral elbow, radius-ulna, and wrist. 
The radiographs revealed a skeletally immature shoulder 
joint with a short oblique fracture through the proximal 
third of the humerus shaft. The bone surrounding the 
fracture site showed central, well-defined, geographic, 
loculated, and lucent lytic lesions in the meta-diaphyseal 
region of the proximal humerus, with a narrow zone of 
transition. There was endosteal thinning, denoting an 

expanding lesion, with no cortical breach, periosteal 
reaction, or soft-tissue involvement. A classical fallen 
fragment sign was noted (Fig. 1a). Radiographs of 
the elbow, forearm, and wrist were within normal 
limits (Fig. 1b).
Based on the history of a trivial trauma and 
pathological changes in the plain radiograph of the 
humerus, a pathological fracture was suspected and 
based on the age group and radiological appearance, 
the primary pathology was suspected to be a 
unicameral or simple bone cyst (UBC). Magnetic 
resonance imaging (MRI) was done to determine 
the extent and severity of the lesion. It revealed a 70 
mm long cystic lesion involving the metadiaphysis 
with few, small, and linear fragments in the inferior 
aspect of the cyst along with a completely displaced 
fracture. Hence, the MRI reported the possibility of a 

UBC with a pathological fracture, as suspected (Fig. 2).
All the pre-operative workup was undertaken and the patient 
was planned for surgery. The surgery was performed under 
general anesthesia, with the patient in a semi-beach chair 
position and strict aseptic precautions. The fracture site was 
methodically exposed through the anterolateral approach until 
the fracture fragments were visualized. Once the fracture site 
was distracted, cystic collection was noted inside both fracture 
fragments with paper-thin cortex on either side of the fracture 
site. The cystic collection was scooped out and sent for 
histopathological reporting (HPR). Thorough curettage was 
done while making sure not to cause an iatrogenic fracture due 
to the poor bone quality. Fluoroscopy guidance was taken to 
ensure meticulous curettage on either side of the fracture. This 
was followed by a thorough wash with normal saline. 40 g of pre-
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Figure 1: Plain radiographs in anteroposterior and lateral view on presentation of 
the patient of the (a) skeletally immature left shoulder with humerus showing 
displaced short oblique fracture in the proximal third with surrounding geographic, 
loculated, lucent lytic lesions in the meta-diaphyseal region with a narrow zone of 
transition and no extension into the surrounding soft tissue (b) skeletally immature 
but normal ipsilateral elbow, radius, ulna, and wrist joint.

Figure 2: T1-weighted plain magnetic resonance imaging of the left 
shoulder with humerus showing centralized and local cystic lesion with 
displaced fracture in (a) sagittal sections, (b) coronal sections, and (c) axial 
sections.
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treated, cancellous allograft was prepared and impacted inside 
both fracture fragments until uniform density was noted under 
fluoroscopy. Once homogeneity was obtained, the fracture 
ends were carefully manipulated and reduced. A 10-hole, 
titanium, and locking compression plate was then applied to the 
reduced fracture site, and fixed bicortically using 3.5 mm 
cortical locking screws wherein three proximal (38 × 2; 34 × 1) 
and three distal (24 × 1; 22 × 2) screws were inserted using 
fluoroscopy guidance (Fig. 3). Care was taken to place and 
subsequently fix the plate distal to the proximal humeral physis. 
Construct integrity and stability were confirmed clinically and 
under fluoroscopy and the incision was closed in layers.
A U-slab was reapplied and no distal neurovascular deficit was 
noted postoperatively. One dose of 5 mg zoledronic acid was 
given intravenous over 1 hour on post-operative day 1. The 
patient was discharged uneventfully. Sutures were removed on 
post-operative day 14 with no sign of active infection. The HPR 
confirmed the diagnosis of a UBC with a microscopic picture of 
cyst walls showing fibroblastic proliferation with large amounts 
of adherent fibrin such as material and reactive new bone 

formation.
A plain radiograph was done at 4 weeks postoperatively which 
showed a healing fracture site with callus formation (Fig. 4a). 
Arm pouch and U-slab immobilization was continued for a 
period of 6 weeks. A plain radiograph done at 6 weeks 
postoperatively showed a healing fracture site w ith 
consolidating allograft following which passive movements of 
the shoulder and elbow were started (Fig. 4b). As it was difficult 
to obtain subjective clinical scores in the form of patient-related 
outcome measures, an objective assessment was done. The 
patient regained full range of movement by 12 weeks; however, 
strength of abduction was limited to 5 kgs. Complete 
rehabilitation of the patient, despite the ASD, was attained by 14 
weeks postoperatively. At 1-year follow-up, the plain radiograph 
showed a well-healed proximal humerus with complete 
consolidation of the impacted allograft and no signs of 
recurrence of the lesion or fracture (Fig. 5).

Discussion

Figure 5:  1-year post-operative radiograph of the left shoulder with 
humerus showing well healed fracture site with completely consolidated 
allograft in (a) anteroposterior view and (b) lateral view.

Figure 3: (a-c) Intraoperative fluoroscopy images of the left humerus in anteroposterior view a. post-curettage lucency denoting bone void (b) post-fracture reduction and 
allograft impaction and application of the 10-hole locking compression plate (c) post-fixation of the locking compression plate with cortical screws (d) immediate post-operative 
radiograph showing reduced fracture site with good implant positioning and filling of the bone void with allograft.

Figure 4: Plain radiograph of the left shoulder with humerus in anteroposterior and lateral view at 
(a) 4-week postoperatively showing healing callus (yellow arrows) and (b) 6-week po stoperatively 
showing healing fracture site and consolidating allograft (red arrows). 
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Fractures following trivial trauma in the pediatric age group are 
rare and most commonly attributable to bone tumors, 
infection, or genetic bone disorders [5]. Out of these, primary 
bone tumors form the majority of the cases. Unicameral bone 
cyst accounts for nearly 3% of all benign bone tumors in the 
population of this age group, and three in every four patients 
with UBC present with a pathological fracture [6, 7]. The most 
common site of pathological fractures secondary to UBC in 
pediatric age group is the proximal humerus (as was the case in 
our report) followed by the proximal femur [7]. Various 
treatment modalities have been described depending on 
fracture morphology, ranging from conservative management 
by splinting and immobilization of stable, minimally displaced 
fractures for 4–6 weeks, to surgery for unstable fractures [7].
Our case was confounded by the diagnosis of ASD in our 
patient, along with the use of anticonvulsants, both of which are 
associated with decreased BMD and consequently reduced 
bone strength [3, 8]. A negative correlation between ASD and 
the risk of fractures has been documented by a few authors; 
however, the implications of compromised bone strength on 
fracture healing in such patients have not been studied in detail 
[4]. Our patient typically presented with a gross deformity over 
his left upper arm, and an inability to move the affected limb. 
After a thorough history and clinical assessment, a plain 
radiograph in two orthogonal planes was ordered, as is the norm 
[5]. We suspected a pathological fracture based on the history 
given by the parents of the patient, which was confirmed on the 
radiograph which showed features typical of a UBC. An MRI 
scan supplemented the diagnosis.
Due to the patient profile and fracture being unstable and 
displaced, conservative management was not opted for. 
Although numerous other management protocols have been 
elucidated in the literature, such as fixation of the fracture 
followed by decompression by mechanical disruption of cyst 
wall, intralesional injections of steroids, bone marrow aspirate, 
demineralized bone matrix, and bone substitutes [9], or 
relatively newer percutaneous techniques such as percutaneous 
intramedullary decompression, curettage, and grafting with 
calcium sulfate pellets by Dormans et al. [10], or minimally 
invasive curettage, ethanol cauterization, disruption of the 
cystic boundary, insertion of a synthetic calcium sulfate bone-
graft substitute, and placement of a cannulated screw by Hou et 
al. [11], or different combinations of autologous bone marrow 
injection (21–23% success rate), methylprednisolone injection 
(41–42% success rate), and percutaneous curettage by some 
authors [12, 13], we chose to undertake thorough curettage 
under vision and fluoroscopy guidance followed by allograft 
impaction and fixation by plate osteosynthesis.
This choice of an invasive procedure was made based on 

drawbacks highlighted by other methods such as persistence of 
UBC in up to 50% of cases managed conservatively [7], 
recurrence or persistence rates of up to 30% with percutaneous 
techniques, and higher incidences of recurrent pathological 
fractures and repeat surgical procedures following the use of 
these techniques [11, 12], The backdrop of autism in our 
patient meant chances of non-compliance was high. In addition, 
we wanted to avoid subjecting the patient to a repeat procedure. 
Hence, even though the fracture was in a non-weight bearing 
bone, a decision to do open curettage with definitive fixation 
using locking compression plate with cortical locking screws 
was taken. The finding of paper-thin cortices and soft bone due 
to reduced BMD was consistent with the literature [3, 4]. 
Allograft impaction was done with the purpose of increasing 
chances for union by providing a scaffolding for osteogenesis 
and osteoinduction as well as providing structural support till 
the healing is achieved.
The operated limb was kept immobilized in a U-slab and arm 
pouch until radiological evidence of union. We observed 
progressive healing of the fracture site at 4 weeks and 6 weeks, 
following which passive mobilization of the limb was started. As 
assessment in terms of subjective patient, related outcome 
measures was not possible, objective measurements in the form 
of range of motion and strength were done. Due to the ASD 
which affected patient compliance during physical therapy, 
rehabilitation was noticed to be delayed with a complete range 
of motion being achieved by 12 weeks postoperatively 
(Flexion:180°; Extension:60°; Abduction:180°; External 
rotation: 90°; Internal rotation: 70°, as measured by a 
goniometer), and regaining of strength same as the 
contralateral, unaffected side by 14 weeks postoperatively. 1-
year follow-up showed excellent healing of the fracture site with 
complete consolidation of the allograft and no recurrence of the 
tumor.

Conclusion
Patients with ASD who present as a case of pathological fracture 
of the proximal humerus secondary to simple bone cyst are best 
treated aggressively with extensive open curettage, compact 
cancellous allograft impaction, and definitive fixation with 
locking compression plate. We suggest immobilization of the 
operated limb till radiological evidence of union followed by 
physical therapy to regain range of motion and strength.

Clinical Message

Pathological fractures secondary to UBC in pediatric patients with 
ASD are best treated with open curettage, allograft impaction, and 
definitive fixation using locking compression plate, even if the 
fracture is present in a non-weight bearing bone.
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