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Exchange K-nailing, Augmented Plating Technique for Atypical Femur
Diaphyseal Non-union, and Implant Failure — A Case Report

Vivek M. Sodhai', Chetan V. Pradhan’, Ashok K. Shyam'?

Learning Point of the Article:
Non-union and implant failure are recognized features of AFFs and may necessitate revision surgery to achieve a successful union. Exchange k-
nailingand augmented plating technique can be performed successfully along with bone grafting for treating diaphyseal AFF non-union.

Abstract

Introduction: Atypical femoral fractures (AFFs) have an unpredictable healing process leading to higher complication rates. The literature
describes various treatment modalities of non-unions in AFF. We aimed to report a case of non-union with AFF and successful union with
exchange K-nailing and augmented plating techniques.

Case Report: A 75-year-old lady with 5 years of bisphosphonate intake sustained an AFF at the mid-diaphyseal level after a trivial injury which
was fixed with closed intramedullary nailing. Nine months after fixation, she developed refracture at the fracture site with segmental breakage of
the nail suggesting non-union. This was managed by the removal of fibrous structures at the fracture site, removal of a broken nail, exchange K-
nailing, augmented plating, andiliac crestbone grafting. The fracture healed at 15 months from the injury and achieved good functional outcome
atashort-term follow-up of 1 year.

Conclusion: Our case report highlights the challenges of treating diaphyseal AFF and the combined benefit of exchange nailing and augmented
plating with bone grafting in treating AFFs with non-union.

Keywords: Atypical femoral fractures, non-union, implant failure, exchange nailing, augmented plating.

Introduction BP treatment [S]. Due to this unpredictable fracture healing,

There is no exact pathogenic mechanism regarding the
development of atypical femoral fractures (AFFs) [ 1]; however,
studies suggest osteoporosis, prolonged bisphosphonates (BP)
treatment, excessive anterolateral femoral curvature, and
increased cortical thickening as independent risk factors for
AFFs [2]. Diagnostic criteria for AFFs were given by the Task
Force of the American Society for Bone and Mineral Research
(ASBMR) in 2010 and updated in 2013 [3], includes major and

minor criteria.

Patients with AFFs have a higher incidence of delayed fracture
healing as compared to typical femoral fractures at
subtrochanteric or diaphyseal levels [4], which can be
attributed to decreased bone turnover secondary to prolonged

cases of non-union and implant failures in AFFs are being
reported frequently.

Lovy et al. reported the use of bone marrow aspirate
concentrate and demineralized bone matrix injections at
fracture sites to avoid delayed union and non-union [6]. Yeh et
al. demonstrated the use of teriparatide medications in patients
with subtrochanteric AFFs for fracture healing, hip function
recovery, and pain relief [7]. However, there is no
standardization of treatment in cases with non-union and
implant failures. Nail dynamization, exchange nailing, blade
plating, and locking compression plating supplemented with
bone graftinghave been tried as revision surgeriesin AFFs [8].

In our case, we used the technique of exchange K-nail,
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Figure 1: Ra‘diographs of the right femur showed a complete
fracture of the right femur shaft at the isthmus with the

transverse lateral cortex, medial spike, and increased cortical
thickening suggestive ofatypical nature of this fracture.

augmented plating, and bone grafting as described by Sancheti
et al. [9] in cases of aseptic femoral diaphyseal non-union and
achieved successful union with excellent functional outcomes
without any complications. Informed consent was obtained
from the patient regarding the inclusion in the study and the
needforacasereport.

Case Report

A 75-year-old lady presented to our emergency room after a
trivial falland severe pain in her right thigh and inability to walk.
There was a history of BP intake for the treatment of
osteoporosis for S years duration. There was no history of
prodromal thigh pain. Radiographs of the right femur showed a
complete fracture of the right femur shaft at the isthmus with
the transverse lateral cortex, medial spike, and increased cortical
thickening suggestive of atypical nature of this fracture (Fig. 1).
As per the criteria given by the Task Force of ASBMR, the
patient had all major and minor criteria except that the patient
had no prodromal symptoms and bilateral association (Table
1). These signs led to a diagnosis of Atypical fracture of the

femoral shaft. The radiograph of the contralateral femur showed
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Figure 3: Radiograph of the right femur showing ~ Figure 4: Radiograph of revision surgery showing fixation with exchange
refracture with segmental breakage of the nail with ~ K-nail, augmented plating, osteoperiosteal flaps, and iliac crest bone

minimal callus formation. grafting.

Figure 2: Post-operative radiograph showing acceptable
reduction and stable fixation with an intramedullary nail.

no signs of an incomplete fracture. Subsequently,
BP was stopped and the patient underwent closed
intramedullary nailing with post-operative
radiograph showing acceptable reduction and
stable fixation (Fig. 2). Postoperatively, the patient
was started on active exercises and non-weight-
| bearing with a walker on day 1, and subsequently,
the patient was discharged on day 3. The
radiographs at 3months showed evidence of callus
formation, and the patient was advised weight-
bearing walking. Subsequent radiographs at
e | follow-ups showed slow healing of the fracture
with minimal callus formation. At 9 months, the
patient again presented to the emergency room
with thigh pain after getting up from sitting position. Clinical
examination showed varus deformity of the right thigh with
radiographs showing refracture with segmental breakage of the
nail at the level of fracture and distal bolts with minimal callus
formation (Fig. 3). This led to the impression that the AFF in
the diaphyseal region did not unite in 9 months. Subsequently,
the patient was treated with exposure of the fracture site,
removal of the nail, and fibrous union. The sclerotic bone ends
were removed until there was punctuate bleeding from the bone
ends. The fixation was performed with K-nail and augmented
plating, as shown by Sancheti et al. [9] and was supplemented
with osteoperiosteal flaps and iliac crest bone grafting (ICBG)
(Fig. 4). Postoperatively, the patient was started on active
exercises and non-weight-bearing walking with walker support
on day 2and was discharged from the hospital on day S. The
patient was followed up regularly at 1-month intervals. The
radiographs at 3 months showed good callus formation and the
patient was advised to complete weight-bearing. The fracture
healed successfully at 6 months and the patient started walking
without support. At 1-year follow-up, the patient had full hip
and knee range of motion and radiographs showed complete

1
Figure S: Radiographs at 1-year follow-up showed complete fracture
healing with consolidation.
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Table 1: The major and minor criteria for atypical fractures as defined by the American Society for Bone and Mineral Research

(Revised 2013) [3]

of atrophic non-union in a patient previously
treated with an intramedullary nail, which

fracture healing with consolidation (Fig. ).

Discussion

Atpresent, the standard of care for treatment of complete AFF is
the immediate discontinuation of BP, assessment of
contralateral femur for any signs of incomplete AFF, internal
fixation preferably using an intramedullary device, and
supplementation with calcium and vitamin D [3, 10, 11].
Surgically treated complete AFFs exhibit delayed but reliable
fracture healing [12]. Delayed but reliable fracture healing is a
recognized feature of complete AFFs treated surgically [12].
Egol et al. reported a mean healing time of 8.3 months (7.1
months in the anatomically reduced group and 10.8 months in
non-anatomically reduced group), indicating delayed healing in
these fractures. They reported one case of non-union with
cephalomedullary nailing which was revised to compression
plating using blade plate and bone grafting [ 12]. This delay may
be due to suppressed bone turnover secondary to prolonged BP
therapy [S]. Studies have shown that the initial phase of callus
formation is unaffected by BPs, while the remodeling phase
with cortical bone healing is primarily affected by BP therapy,
and this action is caused by suppression of coupled action of
osteoblasts and osteoclasts [ 13].

The literature gives variable surgical success in complete AFFs
with several studies showing variable healing rates of 85% in a
recent review by Koh et al. [14] and 54% by Weil et al. [8]. Lim
et al. reported an association of the post-fixation gap at the
fracture site at the lateral or anterior cortex with delayed union
or non-union [15]. Saleh et al. recommended the use of
autologous bone marrow grafting during primary fixation to
increase healing rates [16]; however, no studies have reported
the efficacy of this procedure. The literature reports various
treatment options for delayed union and non-union incomplete
AFFs with no standardization of the treatment. Weil et al.
reported secondary procedures such as dynamization of the
nail, exchange nailing, or revision with surface fixation in
patients with complete AFFs [8]. Giannotti etal. reported a case

Major criteria B Minor criteria Bl
thisicase thiscase |ynited successfully within 3 months with
d h | he f f ust distal hel A generalized increase in L. . .
Located anywl ereeongt E‘ ‘emur from just distal to the lesser Yes cortical thickness of the Yes revision Of 1ntramedullary nall and
trochanter to just proximal to the supracondylar flare e . . .
supplementation with strontium ranelate
Associated with no trauma or minimal trauma, as in a fall from a IR eIl B T ED € 3 3
et Yes  dullorachingpaininthegroin  No || 17]. Bonifacio et al. reported a case of AFF
or thigh in the subtrochanteric region with non-
The fracture line originates at the lateral cortex and is substantially Bilateral fractures and . .
transverse in its orientation, although it may become oblique as it Yes ———— No union and breakage Of the 1ntramedullary
rogresses medially across the femur . . .
S— — . : nail. The patient was treated with exchange
Non-comminuted or minimally comminuted Yes Delayed healing Yes
Complete fractures extend through both cortices and may be associated Yes nalhng WIth Cephalomedullary na11 and
with a medial spike; incomplete fractures involve only the lateral cortex ICBG, leading to fracture healing in 3 months
The localized periosteal reaction of the lateral cortex Yes [1 1 ] Lee et al. reported the use of low-

intensity pulsed ultrasound(LIPUS) in
treating six AFFs, leading to earlier healing. Two of the cases
were AFFs with non-union [18]. Lovy et al. reported faster
union with bone marrow aspirate concentrate and
demineralized bone matrix injections after intramedullary
nailing of AFFs [ 6]. Pispati et al. showed asuccessful union with
subcutaneous teriparatide 20 mcg for 18 months in
subtrochanteric AFF with delayed healing [19].

Sancheti et al. reported 100% union exchange K-nail and
augmented plating in aseptic femoral diaphyseal non-union in
the study of 70 patients and concluded that exchange K-nailing
and augmented plating supplemented by bone grafting area
good method for achieving union in diaphyseal femoral non-
union [9]. They used the combined effect of torsional stability
with the plate and axial as well as bending stability with nail
[20]. In our case, we followed a similar technique of removal of
any fibrous structures between fracture ends, extracting the
segmentally broken nail, exchange K-nailing, and augmented
dynamic compression plating. To supplement this mechanical
stability, osteoperiosteal flaps were raised and ICBG was added
to initiate the biology. To the best of our knowledge, this is the
first report of exchange K-nailing and augmented plating in the
femur diaphyseal non-union of AFF. Due to the lack of literature
supporting the use of medical therapy for early healing in
revision surgeries of AFFs, we avoided using recombinant
parathyroid hormone-like teriparatide or strontium ranelate in
our case. Further studies with larger sample size are required to
validate these results.

Conclusion

Non-union and implant failure are a recognized feature of AFFs
and may necessitate revision surgery to achieve a successful
union. Our case achieved a successful union using the
combined benefit of exchange K-nailing and augmented plating
along with bone grafting for diaphyseal AFF with non-union
withoutany complication.
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Clinical Message

Non-union and implant failure are recognized features of
AFFs and may necessitate revision surgery to achieve a
successful union. Exchange K-nailing and augmented plating
techniques can be performed successfully along with bone
grafting for treating diaphyseal AFF non-union.
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