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Atypical femoral fractures related to bisphosphonate use:
A comprehensive review of 19 patients
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ABSTRACT

BACKGROUND: Atypical femur fracture is a rare complication of bisphosphonate treatment, which is widely used for the preven-
tion of osteoporotic fractures. This study aims to report clinical and radiological features and outcomes of surgically treated atypical
femur fractures related to bisphosphonates.

METHODS: We retrospectively reviewed patients with the diagnosis of atypical femur fracture who were under bisphosphonate
treatment and who were surgically treated in our clinic between January 2009 and December 2017. Patients who met the atypical
femur fracture criteria defined by the American Society for Bone and Mineral Research were included in this study. Radiological fea-
tures of the fractures, bisphosphonate treatment and duration, prodromal clinical and radiological findings were evaluated. Outcome
measures included perioperative results, clinical and radiological outcomes and mobilization status.

RESULTS: In this study, |9 patients were enrolled. Mean age of the patients was 69.6 years (range: 60.8-85.1) and the mean follow-up
was 33.8 months (range: 13-104). Mean bisphosphonate use duration was 8.65 years (range: 3-18). Four patients had bilateral fractures.
Eight of 23 fractures were subtrochanteric and |15 were diaphyseal. Twenty-one fractures were treated with an intramedullary nail,
one fracture with a locked compression plate and one fracture with cephalomedullary nail. Union was observed in |5 fractures within
the first six months. There was a delayed union in four fractures and non-union in four fractures. Mean union time was 5.1 months
(range: 2-9). While seven patients preserved their preoperative mobilization status, |12 patients showed regression after the fracture.

CONCLUSION: This study suggests that atypical femur fractures may have prodromal signs and that their management is complex
due to high complication and nonunion rates.
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INTRODUCTION

Osteoporosis is a chronic and progressive pathology that
causes impairment of bone formation, leading to the deteri-
oration of the bone structure and may result in fractures.l"
As the incidence of osteoporosis increases due to prolonged
life expectancy, the prevention of osteoporosis-related frac-
tures has become an important problem for the physicians.
Bisphosphonates (BP) are the most preferred drugs in this
field today. BPs, which are antiresorptive agents, provide this
effect by decreasing bone turnover and increasing bone min-
eral density.>] However, studies have shown that long-term
use of BPs may result in atypical femur fractures (AFF).>7]

The definition of an AFF suggested by the American Society
for Bone and Mineral Research (ASBMR) task force in 2010
was revised in 2013. According to this, AFFs were defined as
fractures located in femoral diaphysis between the distal part
of the lesser trochanter and the proximal part of the supra-
condylar region and that meet at least four of the five major
criteria (Table 1).B! Radiologically, it can be seen that these
fractures start from the lateral cortex and have transverse -
oblique orientation may cause spike formation in the medial
cortex, or cortical thickening and periosteal reaction.”!

Although previous studies have reported that AFFs are asso-
ciated with high complication, delayed union, and high revision
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surgery rates!'® 'l because of their rarity, the number of com-
prehensive studies on BP related AFF in the literature is limited
and information on the outcome of these fractures is insuf-
ficient, which remained under-researched. The present study
aims to report the radiological and clinical outcomes of the pa-
tients who were operated with the diagnosis of BP related AFF.

MATERIALS AND METHODS

Between January 2009 and December 2017, the patients
who were operated in our clinic with the diagnosis of AFF
in the subtrochanteric or diaphyseal region were retrospec-
tively reviewed. Patients who had at least four of the criteria
defined by ASBMR and who had a history of BP use were
included in this study.® (Table 1) Tumor-related pathological
fractures and fractures that did not meet the criteria were
excluded from this study. Demographic data of the patients,
type of BP used and treatment duration, radiological features
of fractures, duration of hospitalization, and union time of
fractures and mobilization status of patients were evaluated.
Institutional review board approval was obtained before the
formation of this study.

Preoperative clinical evaluation of patients, comorbidities and
drug use that affect bone metabolism were noted. The pa-
tients who had prodromal pain were identified. The BP used
by the patients and its duration and the changes in their med-
ications after fracture treatment were noted. In perioperative
clinical evaluation, complications, such as wound problem,
infection, intraoperative fracture development, pulmonary
embolism, anesthesia-related conditions and duration of hos-
pitalization, were determined. The implant used for surgical
treatment was also noted for each patient.

The mobilization of the patients was divided into five sepa-
rate categories: mobilized without aid, mobilized with a sin-

Table I.

ASBMR Task Force 2013 revised case definition of AFFs

gle crutch, mobilized with double crutches, mobilized with a
walker and immobilized. Pre-fracture and the last follow-up
mobilization status were noted for each patient. Radiolog-
ical evaluation of the patients was performed with X-rays
of first admission, postoperative |st day and postoperative
[s5, 209, 4 6 12 24" month X-rays. All evaluations were
performed on both anteroposterior (AP) and lateral radio-
graphs. The fractures located in the area up to 5 cm distal
to the lesser trochanter were evaluated as subtrochanteric
fractures and the fractures in the region extending from this
point to the supracondylar area were evaluated as diaphyseal.
All patients had x-rays of the contralateral side at the time
of admission and the presence of radiological findings, such
as cortical thickening and periosteal reaction, were noted on
these radiographs. The fractures extending up to the medial
cortex were defined as complete, non-extending fractures
were defined as incomplete fractures. Union was defined as
the formation of bridge callus in at least three cortices in
postoperative AP and lateral X-rays. Absence of radiological
signs of the union until postoperative 6th month and postop-
erative |st year were defined as delayed union and non-union,
respectively. All radiological evaluations were performed by
the first author, and then, the consistency of the measure-
ments was confirmed by the other authors.

RESULTS

In this study, 19 female patients who had 23 AFFs were in-
cluded. The mean age of the patients was 69.6 years (range:
60.8-85.1). Four patients had bilateral fractures. In three of
these four patients, bilateral fractures were detected at the
time of admission and both femurs were treated at the same
session. One of them was operated for a new fracture on the
contralateral femur four years after the first fracture. Of the
I5 patients with unilateral fractures, six patients had right
femur fracture and nine patients had left femur fracture. The

The fracture must be located along the femoral diaphysis from just distal to the lesser trochanter to just proximal to the supracondylar flare

Major features

Minor features

Associated with no trauma or minimal trauma, as in a fall from a
standing height or less

The fracture line originates at the lateral cortex and is substantially
transverse in its orientation, although it may become oblique as it
progresses medially across the femur.

Complete fractures extend through both cortices and may be
associated with a medial spike; incomplete fractures involve only
the lateral cortex

The fracture is noncomminuted or minimally comminuted
Localized periosteal or endosteal thickening of the lateral cortex

is present at the fracture site (“beaking” or “flaring”)

Generalized increase in cortical thickness of the femoral diaphysis

Unilateral or bilateral prodromal symptoms such as dull or aching

pain in the groin or thigh

Bilateral incomplete or complete femoral diaphysis fracture

Delayed fracture healing
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mean body mass index (BMI) of the patients was 27.40 (range:
20.28-34.13). The mean follow-up duration was 33.8 months
(range: 13-104). The mean hospital stay was | |.6 days (range:
6-21 days) (Table 2).

Seven out of 19 patients had a comorbidity (hypothyroidism,
rheumatoid arthritis, Hashimoto’s thyroiditis), which could af-
fect bone metabolism. In the medical records of three patients,
the use of drugs (corticosteroids), which could adversely affect
bone metabolism, was noted. The anamnesis of the patients
revealed that |2 patients had prodromal symptoms, such as
thigh, groin, or hip pain before the fracture (Table 2).

In the radiographs of the patients, eight of 23 fractures were
subtrochanteric and |5 were diaphyseal. Of the four patients
with bilateral fractures, two had bilateral subtrochanteric and
the other two patients had bilateral diaphyseal fractures (Fig.
I, 2). Five of 23 fractures were incomplete (three diaphy-
seal, two subtrochanteric) and 18 of them were complete
fractures. At the time of presentation, four patients had ra-
diographic findings, such as cortical thickening and periosteal
reaction on the contralateral side (Fig. 3).

The mean duration of BP treatment before fracture was 8,65
years (range: 3-18). Zoledronate (ZOL) was used in three
patients. Alendronate (ALE) was used in |3 patients and iban-
dronate (IBA) was used in three patients. BP treatment was
continued in four patients and discontinued in |5 patients af-

Table 2. Demographic data and clinical features of the patients

Figure 1. Admission radiograph of a patient with a subtrochanteric
transverse atypical femur fracture on the left femur (a). Early post-
operative radiograph showing fixation with an intramedullary nail. A
peri-operative lateral cortex fracture in the subtrochanteric region
can be seen (b). Post-operative 4" month anteroposterior and lat-
eral radiographs show a complete union (c, d).

Patient no Age Fracture Body mass Hospitalization Prodromal Metabolic Corticosteroids
(years) side index duration (days) symptom disorder use
| 76,0 Left 22.06 I - = -
2 66.5 Left 34.13 10 + = -
3 66.1 Bilateral 2743 12 - o -
4 74.8 Left 3111 6 + o -
5 60.8 Bilateral 26.57 6/20 + Hypothyroidism -
6 61.9 Left 27.76 12 + Hypothyroidism -
7 70.0 Right 27.37 9 = o -
8 774 Left 26.21 14 - = -
9 63.7 Right 31.57 12 & Hypothyroidism -
10 69.1 Left 33.29 15 - = -
I 80.1 Left 29.90 19 + = -
12 75.9 Right 34.37 21 + Hypothyroidism -
13 85.1 Right 29.24 8 + = -
14 76.4 Right 24.44 14 - Hashimoto’s thyroiditis +
15 69.0 Left 23.12 7 - o -
16 69.8 Right 3091 6 + Rheumatoid arthritis +
17 69.6 Left 26.17 7 + o -
18 62.4 Bilateral 24.97 12 + Rheumatoid arthritis +
19 68.6 Bilateral 20.28 I + = -
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Figure 2. Admission radiograph of a patient with a diaphyseal
atypical femur fracture of the right femur. A spike formation can be
seen in the medial cortex (a). Early postoperative anteroposterior
and lateral radiographs showing fixation with an intramedullary nail
(b, c). Post-operative 4™ month anteroposterior and lateral radio-
graphs show a complete union (d, e).

ter a fracture. In the postoperative period, teriparatide (TPT)
treatment was started on one patient due to nonunion and
10 patients started to have calcium (CA) and vitamin D (D3)
supplementation (Table 3).

Before the fracture, only two patients were mobilized with
a single crutch and the other patients did not need any sup-
port. In the post-operative period, seven patients needed a
single crutch and five patients needed walkers. While seven
patients preserved their preoperative mobilization status, 2
patients showed regression after fracture (Table 3).

In this study, 21 of the 23 fractures were treated with in-
tramedullary nail (IMN), one fracture with a locked compres-
sion plate (LCP), and one fracture with cephalomedullary nail
(CMN) (Table 3). Fifteen fractures were observed to unite
in the first six months. Delayed union was observed in four
fractures with complete union achieved after six months
postoperatively. No signs of the union were detected in four
fractures until the end of the follow-up period of this study
and considered as nonunion. The mean union time of the
fractures was 5.1 months (range: 2-9) (Table 3).

Two of the four non-united fractures belonged to a patient
with bilateral subtrochanteric fractures. The patient had
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Figure 3. Admission anteroposterior (a) and lateral (b) left femur
radiographs of a patient showing cortical thickening in the diaphy-
seal region, which can be considered as a radiological sign of a
stress reaction.

undergone IMN operation on the left femur and LCP op-
eration on the right femur and died on postoperative |3
month due to congestive heart failure and pneumonia. Two
other fractures with nonunion were seen in a patient with
bilateral diaphyseal fractures. IMN was applied bilaterally to
this patient. The patient had a perioperative subtrochanteric
femur fracture on the left side and had an infection that was
followed-up with serial debridement. On the right side, im-
plant failure and femoral neck fracture had developed due to
a fall and the patient was treated with a long-stemmed total
hip arthroplasty on postoperative |5 month (Fig. 4). One
patient who was treated with IMN surgery had implant fail-
ure on 9* month and underwent revision surgery. In another
patient who had undergone an IMN operation, cemented
total hip arthroplasty was applied on the postoperative 4™
year when a collum femoris fracture developed. However, the
patient died on the 3™ postoperative day due to pulmonary
embolism. In addition, two patients who had undergone IMN
had perioperative lateral cortical propagation of the index
fractures and two patients had irritation around the area of
the distal locking screws. In another patient with IMN, acute
renal failure developed in the early postoperative period,
which healed without a need for dialysis (Table 3).

DISCUSSION

Although BP-related AFF is a frequent subject of studies,
there is a lack of prospective studies with high cohort num-
bers on this subject in the literature because of its rarity.
Therefore, a clear-cut causality relationship between BP use

Ulus Travma Acil Cerrahi Derg, November 2019, Vol. 25, No. 6
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Table 3.

Union status and duration, bisphosphonates used and treatment duration, used implants and complications

Patient no Union Radiological union Used BP and

time (months)

Osteoporosis  Used implant Complication

treatment duration treatment after

(years) the fracture
| & 3 ZOL/5 D3 IMN -
2 + 5 ZOL/ 15 ZOL IMN Implant failure on 9"
month, revision surgery
3RIL -/- -/- ALE/ 6 - LCP/IMN -
4 + 2 iBA/ 10 - IMN -
5R/L + 4/6 ALE /3 ALE IMN/IMN -
6 + 6 ALE/ 10 CA +D3 IMN -
7 + 3 ALE /4 - IMN Collum femoris fracture on
4t year. Revision surgery
(Cemented total hip
arthroplasty). Pulmonary
embolism and death.
8 + 5 ALE /6 CA +D3 IMN Perioperative fracture
9 & 5 ALE/ 10 D3 IMN -
10 g 3 ALE /6 CA +D3 IMN Perioperative fracture
I T 6 iBA/6 - IMN -
12 + 9 ALE /7 CA+D3 CMN -
13 + 6 ALE /5 - IMN Postoperative acute
kidney failure
14 + 4 ALE/ 15 ALE IMN Skin irritation of distal
locking screw
15 + ALE /17 ALE IMN -
16 W ALE /7 - IMN -
17 & ALE /4 D3 IMN -
18 R/L + 7/4 iBA/9 D3 IMN/IMN Skin irritation of distal
locking screw in the
right femur
19 R/L -/- -/- ZO0L/ 18 CA+D3+TPT IMN/IMN Implant failure and collum

femoris fracture of the
right femur. Revision surgery
(total hip arthroplasty).
Perioperative fracture and

infection in the left femur.

BP: bisphosphonate; R: right; L: left; ZOL: zoledronate; ALE: alendronate; IBA: ibandronate; IMN: intramedullary nail; LCP: locked compression plate;

CMN: cephalomedullary nail.

and AFFs has not been established yet. However, the risk
of AFF is higher in the population using BP and the risk is
increased in direct proportion to the duration of use.[®'%
The ASBMR task force states that the risk of development of
AFF in BP users with a duration of fewer than five years is re-
ported to be 3.2-50 per 100000 cases per year, although this
risk has been shown to increase with longer use.’® AFFs are
thought to be stress fractures or insufficiency fractures. It is

Ulus Travma Acil Cerrahi Derg, November 2019, Vol. 25, No. 6

normally expected that the micro-fracture regions formed
as a result of recurrent loading in the femoral cortex will
be resorbed by osteoclasts in normal individuals and then
repaired. However, by the suppression of osteoclasts by BP,
resorption is not possible in these micro-fracture areas, and
as a result of suppressed bone turn-over and remodeling,
these micro-fractures are thought to accumulate and spread
to cause AFFs 681314
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Figure 4. Pelvis (a) and right femur (b) radiographs of a patient
who was treated with intramedullary nail because of bilateral atyp-
ical femur fracture. A femoral neck fracture is seen in the right hip.
The patient was treated with nail removal and long-stemmed total
hip arthroplasty (c). Left femur radiographs of the same patient
show a nonunion in the diaphyseal region (d).

BP-associated AFFs usually arise from minimal or no trauma.
In the majority of cases, thigh, hip or groin pain is present
for some time before fracture.®! In a study that retrospec-
tively evaluated |12 BP-related AFFs, nine patients (75%) were
reported to have prodromal pain symptoms.!'"! In another
multicenter retrospective study, it was reported that 34% of
the patients had previously reported prodromal pain on the
fracture site.l' In our study, 12 of 19 of the patients (63%)
had prodromal pain, consistent with the rates reported in the
literature.

Although it is still controversial, there are some opinions that
metabolic disorders and corticosteroids facilitate the devel-
opment of AFF in BP users.”'” In a study published by Phillips
et al.,l'! six out of |12 patients (50%) with BP-related AFF
had a metabolic disorder (polymyalgia, rheumatica, hypothy-
roidism, nephritic syndrome), and two of these six patients
were under corticosteroid treatment. In another case series,
25% of the patients were reported to have a metabolic dis-
order (rheumatoid arthritis, Addison’s disease) and corticos-
teroid use.l'! In our series, 36% (7/19) of the patients had
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a metabolic disorder (hypothyroidism, rheumatoid arthritis,
Hashimoto’s thyroiditis). Three of these patients were under
corticosteroid therapy.

As stated by ASBMR, AFFs can be seen bilaterally.®! Even if
it is not bilateral, the risk of developing AFF in the contralat-
eral side should be known. Therefore, the contralateral fe-
murs of all patients should be examined from the time of the
first admission. In radiological imaging, even if no complete
fracture is seen, stress reactions that may be considered as
the precursors of fracture can be detected and preventive
measures can be taken. Of the 19 patients in our study, four
(21%) patients had bilateral fractures. In three of these four
patients, bilateral fractures were present at the first admis-
sion and in one of the patients, a fracture developed on the
contralateral side during follow-up. Excluding three patients
with bilateral fractures on admission, four of the remaining
16 patients (25%) had radiological findings, such as cortical
thickening and periosteal reaction on the contralateral side
in X-rays. The findings in other studies also support our re-
sults. In one study, 40% of the patients with AFF have been
reported to have radiological signs of stress reaction on the
contralateral side.l'! In another study, this rate was 59% in
the pre-fracture radiographs of the contralateral femurs.['”

IMN is the recommended treatment method for AFFs in
many studies. IMN is biomechanically superior in the treat-
ment of AFF because it provides a better load distribution
compared to osteosynthesis with plate-screw and causes
less bending movement in the fracture area.l'®l Besides,
there are some opinions that IMN is more advantageous in
a biological sense, as well.l'”) The authors base this view on
the biological basis of fracture healing. BPs do not prevent
callus formation; they inhibit osteoclasts and suppress re-
modelling of callus to bone tissue.[?*?"! Therefore, the use
of BPs is thought to adversely affect bone healing in plate-
screw osteosynthesis in which primary bone healing is ob-
served. Regardless of the surgical technique used, there are
studies reporting that BP-related AFFs have a high rate of
nonunion, delayed union, and these fractures are associated
with higher complication and revision surgery rates than
typical femoral fractures.”8!1522-24] | 3 retrospective study,
the mean union time was reported to be 24 weeks and the
authors stated that union time reached up to 56 weeks for
some patients.l'’! In another study, it was reported that 46%
of the patients with AFF who were treated with IMN had
additional interventions due to lack of union.*! The findings
in our study are consistent with these results. In 23 frac-
tures, nonunion was observed in four (17%) and delayed
union was observed in four (17%) and the mean union time
was 5.1 months. 17% of the fractures (4/23) required revi-
sion surgery or debridement due to various complications
(collum femoris fracture, implant failure, infection). In 22%
of the fractures (5/23), minor complications not requiring
further interventions (intraoperative fracture, locking screw
irritation) developed.
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Although they increase the risk of AFF, BPs are the preferred
drugs for fracture prevention in osteoporosis. Edward et al.!!
reported that the benefits of BPs were 100 times greater
than AFF development risk. In the studies, it was shown that
the risk of AFF is directly proportional to the duration of BP
use and the risk decreases with the cessation of treatment.
[1226] BP treatment is a low-risk and advantageous treatment
in the initial years in correctly selected patients. However, it
is reported that BP treatment may increase the risk of AFF
without additional benefit on the prevention of osteoporotic
fractures with prolonged treatments.?]

In conclusion, AFFs may develop due to prolonged use of BPs
and they are prone to high complication, nonunion, delayed
union and revision surgery rates. The important point is to
keep patients taking BPs under close and cooperated follow
up by an endocrinologist and orthopedist to take advantage
of this treatment while avoiding the risk of AFF.

The retrospective nature of the presented study and the
evaluation of a small group of patients constitute the weak
aspects of this study, as in the majority of the studies on this
subject in the literature. It is, therefore, difficult to conclude a
cause-effect relationship. However, due to the comprehensive
evaluation of the patients both clinically and radiologically, we
believe that this study makes an important contribution to
the current literature on the rarely seen AFF.

Conflict of interest: None declared.

REFERENCES

1. Consensus A. Consensus development conference: diagnosis, prophylaxis,
and treatment of osteoporosis. Am ]| Med 1993;94:646—50.[CrossRef]

2. Bone HG, Hosking D, Devogelaer JP, Tucci JR, Emkey RD, Tonino RP,
et al. Ten years’ experience with alendronate for osteoporosis in post-
menopausal women. N Eng ] Med 2004;350:1189-99. [CrossRef]

3. Hochberg MC, Greenspan S, Wasnich RD, Miller P, Thompson DE,
Ross PD. Changes in Bone Density and Turnover Explain the Reductions
in Incidence of Nonvertebral Fractures that Occur during Treatment
with Antiresorptive Agents. ] Clin Endocrinol Metab 2002;87:1586-92.

4. Wasnich RD, Miller PD. Antifracture efficacy of antiresorptive
agents are related to changes in bone density. ] Clin Endocrinol Metab
2000;85:231—6. [CrossRef ]

5. Saleh A,Hegde VV, Potty AG, Lane JM. Bisphosphonate therapy and atyp-
ical fractures. The Orthop Clin North Am 2013;44:137-51. [CrossRef]

6. Gedmintas L, Solomon DH, Kim SC. Bisphosphonates and risk of sub-
trochanteric, femoral shaft, and atypical femur fracture: a systematic re-
view and meta-analysis. ] Bone Miner Res 2013;28:1729-37. [CrossRef]

7. Starr ], Tay YKD, Shane E. Current Understanding of Epidemiology,
Pathophysiology, and Management of Atypical Femur Fractures. Current
osteoporosis reports. Curr Osteoporos Rep 2018;16:519-29. [CrossRef |

8. Shane E, Burr D, Abrahamsen B, Adler RA, Brown TD, Cheung AM,
et al. Atypical subtrochanteric and diaphyseal femoral fractures: sec-
ond report of a task force of the American Society for Bone and Min-
eral Research. Journal of bone and mineral research. ] Bone Miner Res
2014;29:1-23. [CrossRef ]

9. Neviaser AS, Lane JM, Lenart BA, Edobor-Osula E, Lorich DG. Low-en-

Ulus Travma Acil Cerrahi Derg, November 2019, Vol. 25, No. 6

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

ergy femoral shaft fractures associated with alendronate use. ] Orthop
Trauma 2008;22:346—50. [CrossRef ]

Bogdan Y, Tornetta P, 3rd, Einhorn TA, Guy P, Leveille L, Robinson J,
et al. Healing Time and Complications in Operatively Treated Atypical
Femur Fractures Associated With Bisphosphonate Use: A Multicenter
Retrospective Cohort. ] Orthop Trauma 2016;30:177-81. [CrossRef]
Prasarn ML, Ahn ], Helfet DL, Lane JM, Lorich DG. Bisphospho-
nate-associated femur fractures have high complication rates with opera-
tive fixation. Clin Orthop Relat Res 2012;470:2295-301. [CrossRef]
Schilcher J, Koeppen V, Aspenberg P, Michaelsson K. Risk of atypical
femoral fracture during and after bisphosphonate use. Acta Orthop
2015;86:100-7. [CrossRef]

Allen MR, Iwata K, Phipps R, Burr DB. Alterations in canine vertebral
bone turnover, microdamage accumulation, and biomechanical properties
following 1-year treatment with clinical treatment doses of risedronate or
alendronate. Bone 2006;39:872-9. [CrossRef

Mashiba T, Hirano T, Turner CH, Forwood MR, Johnston CC, Burr
DB. Suppressed bone turnover by bisphosphonates increases microdam-
age accumulation and reduces some biomechanical properties in dog rib.
J Bone Miner Res 2000;15:613—20. [CrossRef]

Phillips HK, Harrison SJ, Akrawi H, Sidhom SA. Retrospective review
of patients with atypical bisphosphonate related proximal femoral frac-
tures. Injury 2017;48:1159—-64. [CrossRef |

Bhadada SK, Sridhar S, Muthukrishnan J, Mithal A, Sharma DC, Bhan-
sali A, et al. Predictors of atypical femoral fractures during long term bi-
sphosphonate therapy: a case series & review of literature. Indian ] Med
Res 2014;140:46—-54. [CrossRef]

Lo JC, Huang SY, Lee GA, Khandelwal S, Provus J, Ettinger B, et al.
Clinical correlates of atypical femoral fracture. Bone 2012;51:181—4.
Giannoudis PV, Ahmad MA, Mineo GV, Tosounidis T1, Calori GM,
Kanakaris NK. Subtrochanteric fracture non-unions with implant failure
managed with the“Diamond” concept. Injury 2013;44:S76—81. [CrossRef]
Koh A, Guerado E, Giannoudis PV. Atypical femoral fractures related to
bisphosphonate treatment: issues and controversies related to their surgi-
cal management. Bone Joint J 2017;99:295-302. [CrossRef |

Amanat N, Brown R, Bilston LE, Little DG. A single systemic dose of
pamidronate improves bone mineral content and accelerates restoration
of strength in a rat model of fracture repair. ] Orthop Res 2005;23:1029—
34, [CrossRef]

Perren SM. Evolution of the internal fixation of long bone fractures. The
scientific basis of biological internal fixation: choosing a new balance be-
tween stability and biology. ] Bone Joint Surg Br 2002;84:1093-110.
Thompson RN, Phillips JR, McCauley SH, Elliott JR, Moran CG.
Atypical femoral fractures and bisphosphonate treatment: experience
in two large United Kingdom teaching hospitals. ] Bone Joint Surg Br
2012;94:385-90. [CrossRef ]

Meling T, Nawab A, Harboe K, Fosse L. Atypical femoral fractures
in elderly women: a fracture registry-based cohort study. Bone Joint J
2014;96:1035-40. [CrossRef]

Weil YA, Rivkin G, Safran O, Liebergall M, Foldes AJ. The outcome of
surgically treated femur fractures associated with long-term bisphospho-
nate use. ] Ttrauma 2011;71:186-90. [CrossRef]

Edwards BJ, Bunta AD, Lane ], Odvina C, Rao DS, Raisch DW, et al. Bis-
phosphonates and nonhealing femoral fractures: analysis of the FDA Ad-
verse Event Reporting System (FAERS) and international safety efforts:
a systematic review from the Research on Adverse Drug Events And Re-
ports (RADAR) project. ] Bone Joint Surg Am 2013;95:297-307.

Dell RM, Adams AL, Greene DFE Funahashi TT, Silverman SL, Eisemon
EO, et al. Incidence of atypical nontraumatic diaphyseal fractures of the
femur. ] Bone Miner Res 2012;27:2544-50. [CrossRef]

Whitaker M, Guo J, Kehoe T, Benson G. Bisphosphonates for osteoporo-
sis--where do we go from here? N Engl ] Meda 2012;366:2048-51.

609


https://doi.org/10.1016/0002-9343(93)90218-E
https://doi.org/10.1056/NEJMoa030897
https://doi.org/10.1210/jcem.87.4.8415
https://doi.org/10.1210/jcem.85.1.6267
https://doi.org/10.1016/j.ocl.2013.01.001
https://doi.org/10.1002/jbmr.1893
https://doi.org/10.1007/s11914-018-0464-6
https://doi.org/10.1002/jbmr.1998
https://doi.org/10.1097/BOT.0b013e318172841c
https://doi.org/10.1097/BOT.0000000000000516
https://doi.org/10.1007/s11999-012-2412-6
https://doi.org/10.3109/17453674.2015.1004149
https://doi.org/10.1016/j.bone.2006.04.028
https://doi.org/10.1359/jbmr.2000.15.4.613
https://doi.org/10.1016/j.injury.2017.03.025
https://doi.org/10.12659/MSCR.893103
https://doi.org/10.1016/j.bone.2012.02.632
https://doi.org/10.1016/S0020-1383(13)70017-2
https://doi.org/10.1302/0301-620X.99B3.BJJ-2016-0276.R2
https://doi.org/10.1016/j.orthres.2005.03.004
https://doi.org/10.1302/0301-620X.84B8.0841093
https://doi.org/10.1302/0301-620X.94B3.27999
https://doi.org/10.1302/0301-620X.96B8.33306
https://doi.org/10.1097/TA.0b013e31821957e3
https://doi.org/10.2106/JBJS.K.01181
https://doi.org/10.1002/jbmr.1719
https://doi.org/10.1056/NEJMp1202619

Sahin et al. Atypical femoral fractures related to bisphosphonate use: A comprehensive review of |9 patients

ORIJINAL CALISMA - OZET

610

Bifosfonat kullanimu ile iligkili atipik femur kiriklari: 19 hastanin kapsamli degerlendirmesi
Dr. Koray Sahin, Dr. Omer Naci Ergin, Dr. Serkan Bayram, Dr. Turgut Akgiil

Istanbul Universitesi Istanbul Tip Fakiiltesi, Ortopedi ve Travmatoloji Anabilim Dali, istanbul

AMAC: Bifosfonatlar osteoporozlu hastalarda kirik gelisimini dnlemek igin siklikla kullanilan ilaglardir. Ancak bifosfonat kullanimi nadiren de olsa ati-
pik femur kiriklarina yol agabilir. Sunulan galisma cerrahi olarak tedavi edilen bifosfonatla iligkili atipik femur kiriklarinin klinik ve radyolojik ozellikleri
ile tedavi sonuglarini sunmay1 amaglamaktadir.

GEREC VE YONTEM: Klinigimizde Ocak 2009 ile Aralik 2017 tarihleri arasinda atipik femur kirigi tanisiyla ameliyat edilmis olan ve bifosfonat kul-
lanma &ykdst olan hastalar geriye doniik olarak incelendi. Calismaya Amerikan Kemik ve Mineral Arastirma Toplulugu (American Society for Bone
and Mineral Research) tarafinca tanimlanmis olan atipik femur kirigi kriterlerini karsilayan hastalar dahil edildi. Dahil edilen hastalarin kiriklarinin
radyolojik ozellikleri, kullanilan bifosfonat ve kullanim stresi, prodromal klinik ve radyolojik bulgularin varligi degerlendirildi. Tedavi sonrasi sonug
degerlendirmesi ise klinik degerlendirme, radyolojik kaynama durumu ve mobilizasyon durumuna gére gergeklestirildi.

BULGULAR: Calismaya |9 hasta dahil edildi. Hastalarin ortalama yasi 69.6 yil (aralik: 60.8-85.1) ve ortalama takip stiresi 33.8 yildi (aralik: 13-104).
Ortalama bifosfonat kullanim stiresi 8.65 yil (aralik: 3-18) yil olarak bulundu. 4 hastada bilateral kirik mevcuttu. Calismada incelenen 23 kiriktan 8
tanesi subtrokanterik, 15 tanesi ise diafizer yerlesimliydi. 2| kirik intramediiller giviile, | kirik kilitli kompresyon plagi ile ve | kirik da proksimal femur
civisi ile tedavi edilmisti. |5 kirikta ilk 6 ay icinde kaynama gozlendi. 4 kirikta kaynama gecikmesi ve 4 kirikta kaynamama tespit edildi. Ortalama kay-
nama suresi 5.1 ay (aralik: 2-9) olarak bulundu. Toplam 7 hastanin operasyon sonrasinda preoperatif mobilizasyon durumunu korugu gozlenirken
12 hastanin mobilizasyon durumunda kirik sonrasinda gerileme oldugu goriildu.

TARTISMA: Bu ¢alismanin bulgular atipik femur kiriklarinin prodromal bulgulart olabilecegini ve bu kiriklarin yiiksek komplikasyon ve kaynamama
oranlari ile iligkili oldugunu géstermektedir.

Anahtar sozciikler: Bifosfonat; femur kirigi; osteoporoz, kalga kirig; stres kirigi; yetmezlik kirigi.
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