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ARTICLE INFO ABSTRACT

Keywords: Femoral neck fracture in the absence of trauma is a rare, but known complication after hardware

Trauma removal. This complication may be due to the boney defect created by the hardware removal

Orthopedics itself, or the increase in femoral neck strain that occurs after removal of the hardware. Previous

?;rrrzoval of hardware biomechanical studies have suggested that filling the defect with calcium phosphate cement after
removal of hardware may prevent the development of a femoral neck fracture. However, there are
no reports on the use of calcium phosphate cement after removal of hardware in the clinical
setting. The purpose of this case discussion is to present the first reported case, to our knowledge,
of the use of calcium phosphate cement augmentation of the boney defect after lag screw removal,
and the subsequent failure resulting in atraumatic femoral neck fracture.

Introduction

Standard treatment of peritrochanteric fractures consists of lag screw placement through either a nail or side-plate with purchase
gained into femoral head [1,2]. In some instances, removal of hardware (ROH) is performed due to the pain associated with the
retained implants [1-4]. Femoral neck fractures after ROH in the absence of trauma has a reported incidence between 9 and 35 %
[5-9]. Previous biomechanical studies have demonstrated that the mean force to cause fracture after ROH is lower, which may be
associated with the boney defects caused by removing the implants [4]. A recent study by Strauss et al. found that calcium phosphate
cement augmentation can increase the mean load to failure, which may prevent the occurrence of a femoral neck fracture after ROH
[2]. However, to the author's knowledge, despite being suggested by several investigators, there are no reports about the use of calcium
phosphate cement in patients for this purpose [2,10]. This case report represents the first published case of clinical use of calcium
phosphate as a void filler after ROH in the femoral neck and its subsequent failure.

Case report

A 40-year-old male (BMI of 24.7 kg/m?) presented to a clinic in 2021 at a level 1 trauma center with a chief complaint of point
tenderness directly over the greater trochanter. The patient has a history of type-1 diabetes controlled with insulin, and a 20 pack-year
history of cigarette use. He denied alcohol or illicit drugs. Three years prior to his initial presentation, the patient was treated at an
outside hospital for a left intertrochanteric fracture treated with a cephallomedullary nail. X-rays of the left hip demonstrated a well
healed fracture in anatomic alignment, but with lateral prominence of the lag screw (Fig. 1). After failing conservative therapies, which
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included physical therapy, anti-inflammatories, and a home exercise program, the patient elected to undergo removal of the lag screw
while retaining the intra-medullary nail. The boney defect created by its removal was filled with HydroSet (Stryker Mahwah, NJ)
(Fig. 2). The patient was allowed to weight bear as tolerated postoperatively.

At three weeks postop, the patient presented to the Emergency Department due to new onset left groin pain. He denied any trauma
to the hip prior to the onset of symptoms. X-rays demonstrated an acute, subcapital femoral neck fracture (Fig. 3). The patient was
admitted and underwent uneventful, open reduction and internal fixation with a sliding hip screw, which eventually went on to heal.

Discussion

Femoral neck fractures in the absence of trauma after removal of a cephallomedullary nail or sliding hip compression screw is a rare
complication that has been documented in the orthopaedic literature [5-9]. This complication may be associated with the boney defect
created by ROH, which can weaken the bone [3]. A previous biomedical study by Kukla et al. demonstrated that the mean load to
failure was 35 % lower in cadaveric bones after ROH in comparison to cadaveric bones with retained implants [3,4]. Other studies have
suggested that the complication of a postoperative femoral neck fracture may be associated with the increase in strain in the femoral
neck caused by the removal of the lag screw [3,11]. Due to these findings, prior authors have often discouraged removal of hardware or
have suggested the alternative of replacing the lag screw with one that is shorter [4,5,8]. However, there is currently no data in regards
to outcomes after replacing the initial lag screw with a shorter screw.

There is some data to suggest that using of calcium phosphate cement augmentation may prevent a femoral neck fracture after ROH
due to its ability to increase compressive strength [2,10]. Strauss et al. demonstrated that the mean load to failure in cadaveric bones
after ROH was 3994 N in comparison to 4819 N if the bone was treated with calcium phosphate cement after ROH [2]. However, there
is currently no clinical data in the orthopaedic literature regarding the use of calcium phosphate cement augmentation after ROH. To
the author's knowledge, this is the first case report that documents the clinical use of calcium phosphate cement augmentation after
removal of a lag screw, as well as the subsequent failure.

In the case of our patient, calcium phosphate cement was injected into the boney defect after removal of the proximal lag screw.
Despite the compressive strength properties of calcium phosphate cement, a subcapital femoral neck fracture occurred three weeks
postoperatively in the absence of trauma. Previous investigations demonstrate calcium phosphate cement achieves most of its me-
chanical strength properties within 24 h, with its ultimate strength being greater than that of bone [2,12]. This property of the cement
allows for early weight bearing in the setting of osteoporotic fractures [10]. Prior studies have also observed that the primary stressors
on the proximal femur are compressive in nature, which, unlike shear and tension, are well-neutralized by calcium phosphate cement
[12,13]. Based on these findings, calcium phosphate augmentation should theoretically reduce the risk of femoral neck fractures after
ROH.

However, in their review of femoral neck fractures after hardware removal Barquet et al. found that pre-existing osteoporosis, local
osteopenia from stress shielding, and reduction of strength from hardware removal were the three factors most associated with failure
[14]. While calcium phosphate restores much of the biomechanical properties to the femoral neck after lag screw removal, it does little
to augment weakness attributable to stress shielding from the implant. Biomechanical studies show that the lag screw can decrease
strain in the superior neck by up to 88 % and change the type of strain from tensile to compression [15]. Simply removing the screw
reverted the strains back to near normal.

Fig. 1. Preoperative AP (1a) and lateral (1b) x-rays of the left hip with a cephalomedullary nail demonstrating lateralization of the lag screw.
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Fig. 3. Three weeks postoperative AP (3a) and lateral (3b) x-rays of the right hip demonstrating a subcapital femoral neck fracture.

In the present case, it is likely that these factors played a significant role in the femoral neck fracture despite filling the void with
calcium phosphate cement. However, at age 40, he represents the youngest patient by 10 years reported with this complication,
indicating patient factors also contributed. For instance, heavy tobacco use and diabetes are linked to increase risk of hip fracture [16].

Conclusion

Because of the well-described complication of femoral neck fracture, we join other authors in discouraging ROH to address
symptomatic lag screws even if filling the void with calcium phosphate cement [2,10]. This is especially true in patients harboring
independent risk factors for hip fracture. Cement does little to protect the superior neck, which having previously been subject to the
effects of stress-shielding would begin to bear a near normal strain, increasing the risk of fracture. Instead, replacement with a shorter
screw is recommended.
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