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Abstract

Case: Here, we present a 43-year-old male with osteogenesis imperfecta (OI) with previously placed intramedullary growing rods that
sustained an atypical femur fracture (AFF) following long-term bisphosphonate use. He additionally experienced a non-traumatic
ipsilateral femoral neck fracture that was successfully managed with operative stabilization. Despite previous reports following
successful conservative management for AFF in patients with OI, nonunion developed requiring osteotomy and surgical stabilization.

Discussion: AFF in patients with OI should be closely monitored for nonunion. Pediatric literature of conservative management may
not be applicable to adult patients. Osteotomy and surgical stabilization may be required for fracture union.

Conclusion: Osteotomy and internal fixation utilizing a Dynamic Condylar Screw can be an effective way to achieve union in a
subtrochanteric atypical femur fracture in a patient with OI.
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Introduction

Osteogenesis Imperfecta (OI) is an inherited defect in type 1 collagen that affects both bone and connective tissues, resulting
in an increased incidence of fractures in children. Adolescents with OI are commonly treated with bisphosphonates to increase
bone mineral density, reduce the incidence of fracture, and reduce bone pain [1-3]. Treatment of femoral neck fractures in
patients with OI treated with cannulated screw fixation around a preexisting intramedullary (IM) rod poses a unique challenge in
management, with few reports publishing successful outcomes [4-6] Nonetheless, there are increasing concerns regarding long-
term effects of bisphosphonate treatment in adults for osteoporosis, and cases of atypical subtrochanteric femur fractures with
long-term bisphosphonate use have been well described in the literature [7-9]. Nicolaou et al., described the pattern of complete
subtrochanteric femur fractures that occur with bisphosphonate use in patients with OI, including 38% occurring in rodded
femora [10]. Moreover, AFF have been implicated in patients with OI [11-14]. Incomplete AFF of the subtrochanteric region
in patients with OI have been successfully managed non-operatively with administration of teraperatide [13,15,16]. However,
while there are several reports of AFF occurring in patients with OI treated with bisphosphonates, few cases have reported on
the treatment for nonunion in these situations. Successful use of an intramedullary (IM) nail with compression plating has been
reported in one case for nonunion [17] and another case described successful treatment with exchange nailing along with medical
modalities [11]. However, with previously placed growing rods in this patient; this treatment modality is not applicable. Here, we
present a unique case of a 48 year-old male with OI that was successfully managed with operative stabilization of a femoral neck
fracture followed by fixation of an ipsilateral AFF nonunion using a dynamic condylar screw (DCS). Appropriate IRB exemption
was sought and obtained for the use of information for publication and educational purposes.

Case Report

A 43-year-old male with a known history of OI was transferred to our facility with a left femoral neck fracture. Previously, he had
a 6-week history of left hip pain and was believed to have a stress fracture of his hip. Due to previously placed intramedullary
femoral growing rods and incomplete fracture location, conservative management consisting of non-weight bearing (NWB) to his
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left lower extremity for 6 weeks was elected for treatment. After 6 weeks, he sustained a muscle spasm while lying in bed, resulting
in immediate pain in his left hip. Radiographs demonstrated a displaced femoral neck fracture as well as a proximal femur stress
fracture in the presence of IM growing rods (Figure 1). He was subsequently transferred to our institution for further management.
Home medications upon arrival include alendronate 35 mg once weekly.

Figure 1: AP radiograph Left hip taken at initial presentation
to our institution with femoral neck fracture and incomplete
AFF in the presence of previously placed growing femoral rods

The patient was taken to the operating room the following morning for stabilization using three 6.5 mm cannulated screws oriented
around the existing IM growing rod. Due to concerns about his healing potential and concurrent stress fracture, the patient was
made NWB postoperatively. After discussion with the patient’s endocrinologist teriparatide (Forteo) was added to his medication
regimen to enhance the fracture healing potential. Postoperative office visits were without issue, and evidence of the stress fracture
healing was observed on follow up radiographs (Figure 2a). He was gradually progressed to full weight bearing.

Figure 2: AP radiographs of the left hip (a) 2 weeks follow up after percutaneous screw fixation; (b) 2 year follow up again demonstrating AFF
(arrow demonstrating lateral cortical fracture line); (c) 3.5 year follow up, patient with significant pain on ambulation with no healing at the
subtrochanteric fracture (arrow demonstrating lateral cortical fracture line)

At three-year follow up, the patient was ambulating without assistive devices. He did complain of thigh soreness that worsened
with activity and movement. Radiographs demonstrated a well-healed femoral neck and continued evidence of a stress fracture,
improved from prior films (Figure 2b). At 3.5 years after the initial surgery, the patient presented to the office with both thigh
and knee pain. He reported the thigh pain to be worse with any attempted ambulation. Radiographs demonstrated nonunion of
the stress fracture (Figure 2C). Operative intervention was undertaken, consisting of osteotomy of the left subtrochanteric femur
fracture to remove sclerotic bone at the fracture site, internal fixation, removal of hardware, and bone graft placement (Figure 3a,b
and ¢).
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Figure 3: (a) intra-op radiographs osteotomy of fracture site, removal of deep hardware in femoral neck, and removal of proximal aspect
of growing rod; (b-c) AP and lateral radiographs at first follow up

At one-year postoperatively, he continued to have minor residual left hip pain and low back pain. He was able to return to his
activity of choice, bowling, but with significant start-up pain. At last follow up, he was ambulating unassisted and balance is
without issue. Radiographs demonstrate healing at the osteotomy site with DCS in an unchanged position (Figure 4a and b).

Figure 4: (a-b) AP and lateral radiographs of the left hip at most recent follow up, 5 years after
initial presentation at our institution

Discussion

Atypical femur fractures in patients with OI pose a unique challenge in management for the orthopedic surgeon. Use of a
multidisciplinary approach with endocrinology is recommended [15,16]. The femoral neck fracture was managed with operative
stabilization using cannulated screws around the preexisting IM rod. The difficulty in treating femoral neck fractures around
preexisting IM rod in patients with OI has been reported previously in few reports [4,5,18]. The ipsilateral incomplete AFF was
initially managed conservatively due to fracture location around the IM implant. After failure of the AFF to heal at 3.5 years with
conservative management, operative intervention with osteotomy of the fracture site and DCS plate and screw fixation was utilized
to achieve union. In this study we discuss the potential for AFF nonunion following long-term bisphosphonate use in a patient
with OI after treatment with teraperatide. We encourage continued follow up for OI patients and encourage operative stabilization
of symptomatic nonunions.

The difficulty in treating femoral neck fractures in patients with OI receiving bisphosphonates and in the presence of preexisting
IM rods has been documented previously in few cases of pediatric patients [4-6]. In these pediatric cases, fixation with cannulated
screws successfully achieved fracture union [4-6]. One case report available discusses treatment of a femoral neck fracture in an
adult with OI and preexisting IM rod using computer navigation assistance for placement of two cannulated screws [18]. In our
case, using intra-operative c-arm with image intensifier, three cannulated screws were able to be passed around the IM rod and
achieve good purchase in the femoral head. Follow up in the post-operative months and at 3.5 years demonstrated healing of the
femoral neck fracture in the presence of a non-healing AFF in the ipsilateral femur.

The pattern of femoral fractures in patients with OI treated with bisphosphonates was reported by Nicolaou et al, [10] highlighting
the tendency for these patients to fracture in the subtrochanteric region, with characteristic bone changes in this region as
well. Hegazy et al. [19] reported on 6 cases of children with OI that developed unusual femoral stress fractures. All patients
had preexisting IM rods and had been treated for greater than 5 years with bisphosphonates. They identified similar fracture
characteristics: subtrochanteric region, transverse or mostly transverse incomplete fractures, IM rod in place, fracture not at a
high stress region caused by the IM rod, fracture not located in an area of previous osteotomy, and all had been treated with
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pamidronate for at least 5 years. In their report, all 6 of patients healed with discontinuation of bisphosphonates, conservative
management with partial weight bearing, and optimization of vitamin D and calcium. Our case has many similarities to those
presented by Hegazy. The fracture is located in the subtrochanteric region, incomplete and transverse, and occurred around a
previously placed IM rod. Conversely, we report on an AFF in an adult, 30 years after placement of the IM rods. From the previous
reports, the decision was made to manage the AFF conservatively. However, conservative management was unsuccessful, requiring
operative stabilization after 3.5 years.

Teriparatide has been described as a treatment modality for AFF related to long-term bisphosphonate use [20] as well as in AFF in
patients with OI [12]. In the presence of acute femoral neck fracture with screw stabilization, the fracture healing likely benefited
from teraperatide utilization. Here, although follow up radiographs initially did appear to show improvement in the stress fracture
following its use, it is still evident and symptomatic in radiographs at 3.5 years. One previous report suggested usage of teriparatide
for 2 years followed by 6 months of Denosumab to successfully treat an AFF in a patient with OI [16].

Surgical intervention in femoral neck and AFF have been documented independently in patients with OI. Operative stabilization
for AFF in patients with OI has been reported with use of IM nailing [11]. However, to our knowledge, operative stabilization with
a DCS following AFF nonunion surrounding a previously placed IM rod has not been reported. Unlike previous reports of AFF
in patients with OI with bilateral IM growing rods being successfully managed conservatively [19], we demonstrate that nonunion
may ensue and longer-term follow up is merited in patients with OI.

Conclusion

While no definitive recommendations can be made following a case example, we encourage initial treatment of medical management
with multidisciplinary involvement for AFF in patients with OI. A trial of teriparatide has been used successfully in several cases
of AFF in patients with OI; this should be considered in patients with history of long standing bisphosphonate use. If conservative
measures fail, surgical intervention with osteotomy of the fracture site and use of a DCS plate along with medical management can
be a viable option to achieve fracture union.
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