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CASE STUDIES

Femoral neck fractures in osteogenesis imperfecta
patients: A retrospective case series and novel surgical
technique
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ABSTRACT

Case: We conducted a retrospective review of three cases of femoral neck fractures treated operatively in patients with osteogenesis
imperfecta (OI). All of our patients had acetabular protrusio as well as coxa vara deformity. All patients successfully underwent
cannulated screw fixation without avascular necrosis (AVN). One patient required a sub-adductor hip arthrogram during a revision
procedure to assist with visualization of the proximal femur which resulted in improved screw purchase.
Conclusions: We report on three cases of femoral neck fractures in OI patients and a previously undescribed technique; using a
hip arthrogram to assist in fluoroscopic evaluation of the proximal femur in these osteopenic patients.
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1. INTRODUCTION

Osteogenesis imperfecta (OI) is a genetic disorder of type
I collagen synthesis. Frequently this is due to mutations in
the COL1A1 and COL1A2 genes.[1] Important orthopedic
manifestations include increased bone fragility with frequent
fractures. There is a broad phenotype with this disease rang-
ing from perinatal lethality to severe deformities of the limbs
and spine to near normal height and a mild predisposition to
fractures. The Sillence criteria are frequently used to classify
OI severity.[2]

Femoral neck fractures in the pediatric population are a rare
entity, making up less than 1% of all pediatric fractures.[3]

These are frequently the result of either high energy trauma
in healthy bone or minimal trauma in pathologic bone.[4] The

Delbet system is used to classify these fractures in children.
Frequent complications of these fractures include avascu-
lar necrosis, coxa vara, premature physeal closure, and leg
length discrepancy.[5]

Treatment of femoral neck fractures in young patients with
OI are rarely reported in the literature. There are additional
factors that complicate surgical management in this patient
population including poor bone quality, difficult radiographic
visualization of the proximal femur secondary to deformity
and severe osteoporosis, small patient size, and the frequency
of preexisting implants.[6]

Within our institution, we report three cases of femoral neck
fractures that occurred in patients with OI, and describe a
technique of improving fluoroscopic visualization of proxi-
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mal femoral anatomy in patients with severe osteopenia.

2. PRESENTATION
2.1 Case 1
A 15-year-old male patient with OI Type III sustained mul-
tiple fractures following a motor vehicle collision. He sus-
tained a right Delbet type II femoral neck fracture in addition
to multiple fractures to bilateral femora and his right humerus
(see Figure 1). He previously had Bailey-Dubow telescop-
ing nails (Zimmer, Warsaw, IN/USA) placed in his bilateral
femora. Operative management of his right femoral neck
fracture was performed on the day of injury. A guide wire
was percutaneously placed across the femoral neck into the
femoral head, a single 4.5 mm cannulated screw was inserted,
and adequate fixation was achieved (see Figure 2). The pa-
tient was made non-weight-bearing. Prior to this hospital
admission the patient had been made “do not resuscitate” sec-
ondary to severe restrictive lung disease. He was eventually
discharged to home hospice. No further clinical follow up
was obtained and the patient died later the following year.

Figure 1. Case 1 - a right sided Delbet Type II femoral neck
fracture was identified on radiographs

2.2 Case 2
A 26-year-old female with OI type III fell off of a step and
landed onto her left knee resulting in groin pain and inability
to bear weight. She was taken to the ED where she was
found to have a left basicervical femoral neck fracture that
was minimally displaced (see Figure 3). She was taken the
same day to the operating room for percutaneous fixation.
She previously had Rush rods (Zimmer, Warsaw,IN/USA)
placed in her bilateral femora. Two guide pins were placed
posterior to the Rush rod on the injured extremity and two
4.5 mm cannulated screws were used for fixation. A capsu-

lotomy was also performed. She progressed well and at 3
months post-operatively was made weight bearing as toler-
ated. At three year follow up she had no evidence of avascular
necrosis (AVN) or of worsening coxa vara deformity (see
Figure 4).

Figure 2. Case 1 - Fixation was achieved with a single
4.5 mm cannulated screw

Figure 3. Case 2 - Radiographs reveal a left Delbet type III
femoral neck fracture
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2.3 Case 3
A 5-year-old male presented from outside of the United
States via medical visa and was diagnosed with OI type
XI. He had Rush rods placed bilaterally to his femora for
deformity correction with plans to return to his home country.
While working with PT and walking for the first time in years,
he was noted to have acute onset hip pain without any known
trauma. Radiographs were obtained which revealed a right
Delbet type III femoral neck fracture with minimal displace-
ment (see Figure 5). Percutaneous fixation was performed
with two 3.5 mm cannulated screws directed posterior to
the intramedullary nails (see Figure 6). He was placed in a
spica cast post-operatively. During routine-radiographs at his
one-month check, it was noted that the screws had cut out
anteriorly and superiorly likely due to poor screw placement
(see Figure 7). Revision surgery was performed the follow-
ing day. A percutaneous technique was utilized to remove
the retained screws (see Figure 8). Similar to the index proce-
dure, fluoroscopic visualization of the femoral head and neck
was difficult due to the patient’s osteopenia and proximal
femoral deformity. Therefore, a sub-adductor hip arthrogram
was performed using 50% diluted contrast dye which helped
significantly with visualization (see Figure 9).[7] Two guide
pins were then placed following adequate reduction of the
fracture. Two 3.5 mm cannulated screws were then seated
into this new trajectory (see Figure 8). The patient was placed
into a hip spica cast post-operatively given the tenuous nature
of the fixation. The spica cast was removed at one month
post-operatively and at six weeks from the revision procedure
he was made weight-bearing-as-tolerated. Radiographs at
5-month follow-up reveal no evidence of avascular necrosis
and a coxa vara deformity that is unchanged from pre-injury
imaging (see Figure 10).

Figure 4. Case 2 - At 3 months post op there is no evidence
of AVN or of worsening coxa vara
Two 4.5 mm cannulated screws were used for fixation

Figure 5. Case 3 - AP radiograph reveals a right sided
Delbet type III femoral neck fracture with minimal
displacement

Figure 6. Case 3 - Intraoperative fluoroscopy was used to
place two 3.5 mm cannulated screws posterior to the
intramedullary nail

3. DISCUSSION
Femoral neck fractures are rare injuries in a young population
and patients with OI are no exception. In a review of records
at our institution, only 3 cases of femoral neck fractures in OI
patients have undergone operative fixation within the past 17
years. Historically the Sillence classification has been used
to describe OI with type I being a mild form of the disease,
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type II being defined by extreme bone fragility and perinatal
death, type III having severe bone fragility with extremity
deformity and type IV of intermediate severity.[2] Additional
types (V-XI) have been added to the classification system
and account for a minority of the total OI cases.[8] There is
literature suggesting that specific types of OI patients more
commonly have acetabular protrusio and an increased risk of
proximal femur fractures.[9] This was true of our patient pop-
ulation as all three of our patients had protrusio on AP pelvis
radiographs. All three of our patients also had coxa vara
deformity prior to their fractures although none developed
a worsening of this post operatively which has been previ-
ously described in the literature.[10, 11] AVN is another feared
complication in pathologic femoral neck fractures in young
patients and in our series no patients developed this.[4, 11]

Figure 7. Case 3 - Routine post op imaging demonstrates
screw cut out anterior and superior with loss of fixation

OI patients with femoral neck fractures often have poor bone
quality and small areas for implant purchase with pre-existing
hardware and dysmorphic proximal femurs, making it diffi-
cult to achieve adequate fixation. In case 3, revision surgery
had to be performed likely due to poor screw placement
during the index procedure as a result of difficult radio-
graphic visualization. Cannulated screw fixation has been
used successfully in other case series without complications
typically associated with femoral neck fractures in young
patients.[10–13] Our patients all underwent cannulated screw
fixation without AVN, or worsening coxa vara. Although our
limited follow up time is a weakness of this series. In case
3 we were able to revise our cannulated screws into an area
of better purchase after utilizing an intraoperative hip arthro-
gram to improve our visualization of the femoral head and
neck anatomy. This is a previously undescribed technique in
conjunction with femoral neck fracture procedures and could
be useful in any patient with severe osteopenia.

Figure 8. During the revision procedure, visualization of
the proximal femoral anatomy was difficult secondary to the
patient’s severe osteopenia and deformity (A, B).
A sub-adductor hip arthrogram was performed with
improvement in anatomic visualization (C, D).
The screws were placed with improved bone purchase and
the patient was placed into a hip spica cast (E, F).

Figure 9. Visual representation of a sub-adductor
arthrogram with anatomic landmarks labeled[7]
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Figure 10. Case 3 - At 5 month follow-up there is no
evidence of AVN or worsening coxa vara (the fixation
construct remained stable)

Although rare, femoral neck fractures in OI patients can be
treated similarly to femoral neck fractures in other popu-
lations; with reduction and internal fixation. This can be
successfully done using cannulated screw fixation with few
complications. However, due to anatomic abnormalities, os-
teopenia, and pre-existing implants, use of intra operative
fluoroscopy can often be very challenging with poor visual-
ization. The introduction of contrast dye into the hip capsule
at the time of fixation can greatly improve visualization. This
technique may be helpful for other patient populations with
osteopenia and proximal femoral deformity.
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