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Atypical femur fractures – Patient characteristics and results of
intramedullary nailing for a series of 21 patients
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Atypical femoral fractures have been associated with
long term use of bisphosphonates. Our study plan was
to report the outcome of treatment for a series of
patients with an atypical femoral fracture and to

compare the characteristics of those patients with a
proximal femoral fracture. 21 atypical fractures were
identified over a seven year period and these were
compared with those of 2.547 hip fracture patients
treated over the same time period at a single centre.
The mean age of patients with an atypical fracture
was on average nine years less than that for the hip
fracture patients (72 as against 81 years, p = 0.002).
Four (19.0%) of the patients with atypical fracture
had no injury associated with the fracture and nine
(42.9%) patients had pain prior to presentation at
hospital for a mean of 31 days. Patients with atypical
fractures were more likely to be smokers (9/21(42.9%)
versus 319/2547 (12.5%), p = 0.0001) and more likely
to be on long term oral steroid therapy (8/21 (38.1%)
versus 131/2547 (5.1%), p < 0.0001) in comparison to
other hip fracture patients.
All the atypical fractures were treated by intramedullary nailing and healed uneventfully apart from one
fracture that developed non-union requiring revision
nailing. Residual pain at one year from injury was
more prevalent for patients with atypical fractures.
Keywords : atypical femur fractures ; bisphosphonates ;
patient characteristics.
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INTRODUCTION
Bisphosphonates have been shown to reduce the
risk of osteoporotic vertebral and non-vertebral
fractures (1,6,8,14). These drugs prevent bone mass
loss by inhibiting osteoclast resorption and this may
interfere with bone remodelling (3,7,11,12). Bisphosphonates accumulate in high concentration in bone
due to binding affinity to calcium (16,18). There has
been a concern regarding the potential side effects
in the form of suppression of bone remodelling
which may predispose the bone to atypical fractures. In recent years there has been a gradual
increase in the prescription of bisphosphonates

therapy (17).
Several studies have shown an association between prolonged bisphosphonate use and atypical
femoral fracture (5,10,13). We present our experience
from a single centre for these fractures over a
14 year period. The characteristics of these patients
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with an atypical femoral fracture patient were compared with a consecutive series of patients with a
proximal femoral fracture (hip fracture).
PATIENTS AND METHODS
Since the original description of bisphosphonate induced atypical femoral fractures in 2007 all such fractures have been recorded on a fracture database at a single centre. The characteristics of these patients were
compared with those of 2547 consecutive hip fracture
patients admitted over the same time period. Patient fractures were classified as intracapsular, trochanteric and
subtrochanteric. All surviving patient were either reviewed in a hip fracture clinic or contacted by phone at
one year from injury. At this time pain was assessed on a
scale of one (no pain) to six (constant and severe pain) (4).
and the use of walking aids was recorded. Statistical
analysis by Chi squared test, Fisher exact test and t test.

RESULTS
In total 21 atypical fractures were identified
(Fig. 1). All patients with an atypical fracture were
taking bisphosphonates at the time of admission and
had been on treatment for a mean of 6.1 years (range
3-14 years).
Table I details the characteristics of these patients. The patients with atypical fractures were
younger than average hip fracture patients, more
likely to be smokers or be on oral steroid therapy
when compared against patients with a proximal
femoral fracture. If the comparison was limited to
just subtrochanteric fractures the differences were
less marked.
All atypical fractures were treated by closed reduction and intramedullary nailing. A proximal insertion implant was used for 20 patients (Fig. 2) and
a retrograde nail for one patient. After surgery all
patients were allowed to weight bear as able and
discharged home when mobile. Patients were followed up in a hip fracture clinic with a mean radiographic follow-up of 166 days (range 43-365 days).
One patient died within one year of injury at
149 days from injury from causes unrelated to the
fracture. All but one fracture healed uneventfully.
There was a single case of non-union leading to
breakage of the nail that required revision nailing.

Fig. 1. — Number of patients admitted each year with an atypical femoral fracture.
All atypical fractures had a characteristic fracture pattern with
cortical thickening and no comminution at the fracture site
(Fig. 2). One fracture was located at the level of the lesser trochanteric with a subtrochanteric extension, 10 were subtrochanteric, nine femoral shaft and one in the distal femur. Nine of the
21 patients had pain at the fracture site for a mean of 31 days
preceding presentation for orthopaedic review.

Two patients developed superficial wound infection
which settled with antibiotics. One patient developed deep vein thrombosis. There were no other
post-operative complications. Table II details the
comparison with proximal femoral fractures.
DISCUSSION
This study clearly identified atypical femoral
fractures occurred in slightly younger age group
compared to fracture neck of femur. Patients with
atypical fractures were found to be more likely to
smoke cigarettes or to be on steroid therapy than
patients with a proximal femur fracture. We also
found that the atypical fractures were more likely to
have a fracture occurring without trauma and to
have a period of pain prior to presentation at hospital.
All the atypical fractures in this study were treated by intramedullary nailing. We had one fracture
non-union that lead to breakage of the nail. This
fracture was fixed with a statically fixed intramedullary nail with a small gap at the fracture site. The
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Table I. — Comparison of patients with an atypical femoral fractures compared to all proximal femoral fracture patients and then
to only those with a subtrochanteric fracture. P Value is for the comparison of atypical fractures with those with a proximal femur
fracture and then for the subgroup of patients with a subtrochanteric fracture (percentage)

Patient numbers

Mean age [range]

Bisphosphonates
fractures

Proximal femur
fractures

p value

72.4
[29-86]

80.4
[15-106]

0.002

2.6

0.51 $

21

2547

Subtrocha-nteric
fractures

p value

77.8
[15-100]

0.15 $

83

$

Male sex (%)

3 (14.2%)

703 (27.6%)

0.26 #

30 (36.1%)

0.07 #

ASA grade 1 or 2

10 (47.6%)

1061 (41.6%)

0.74 *

22 (26.5%)

0.07 #

Smoker

9 (42.8%)

319 (12.5%)

0.0001

8 (9.6%)

0.001 #

131 (5.1%)

< 0.0001 #

6 (7.2%)

0.001 #

Mean ASA grade

Lives in own home
Spontaneous fracture
On steroids

2.5

21 (100%)
4 (19.0%)
8 (38.1%)

2044 (80.2%)
108 (4.2%)

2.8

0.046 #
#

0.006 #

68 (81.9%)
13 (15.7%)

0.11 $
0.04 #

0.74 #

= two tailed unpaired t test.
= Fisher exact test.
* = Chi squared test.

$

#

Fig. 2. — Displaced mid femoral shaft fracture with typical configuration thickened cortex at the
fracture site, a horizontal fracture line and a small medial ‘beak’. The fracture was treated closed
reduction and insertion of an intramedullary nail and united in anatomical position.
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Table II. — Outcome after treatment for patients with atypical femoral fractures compared to all proximal femoral patients and then
to those with a subtrochanteric fracture. P value is for the comparison of atypical fractures with those with a proximal femur fracture
and then for the subgroup of paitents with only a subtrochanteric fracture (percentage)
Bisphosphonates
fractures

Proximal femur
fractures

p value

20 (95.2%)

2201 (86.4%)

0.14 #

Died at 30 days

0

172 (6.8%)

0.43 #

Died at one year

1 (4.8%)

664 (26.1%)

0.05 #

Mean days hospital stay

Discharged to same
residence

Mean pain score at one year
for survivors
Using the same walking
aids at one year
#
$

10.3

3.1

8/15 (53.3%)

18.5

0.04 $

1.8

<0.0001

925/1751
(52.8%)

1.0 #

Subtrochanteric
fractures

p value

68

0.18 #

22.6

0.003 $

9
(10.8%)

0.20 #

26 (33.7%)

0.01 #

1.8

0.0002 $

26/68 (38.2%)

0.39 #

$

= Fisher exact test.
= two tailed unpaired t test.

authors would recommend a dynamically locked
nail for all these fractures to reduce the risk of delayed fracture union. Previous studies have reported
high fixation failure rates with these fractures treated with static fixation from femoral plating (15,20).
The one year residual pain score was slightly
higher in atypical femoral fracture as compared to
typical proximal femoral fracture. This may be due
to the prolonged fracture union time, poor intramembranous healing and remodelling inhibited by
bisphosphonates that has been reported for these
fractures (9,15). The number of patients using the

same walking aids at one year after surgery was
more or less similar in both groups.
Our findings suggest that there has been upward
trend in the incidence of atypical femoral fractures
in recent years which correlates with increasing prescription of bisphosphonates (17). Subtrochanteric
region is the most metabolically active and maximum loading occur at this site again explains our
findings that subtrochanteric region is the commonest site for atypical femoral fracture.
Until recently there was lack of clear criteria and
definition in diagnosing these unique atypical

Table III. — Criteria used for diagnosing an atypical fracture

Major Criteria
No history of trauma, or associated with low-energy trauma

Minor Criteria
Localized periosteal thickening of the lateral cortex

Fracture located anywhere from distal to the lesser trochanter to
proximal to the supracondylar area

Generalized thickening of the femoral cortices

Transverse or short oblique fracture configuration
Non-comminuted fracture

Prodromal symptoms
May be associated with bilateral fractures or symptoms

Evidence of delayed fracture-healing
Medial spike in complete fractures; incomplete fractures involve
Comorbid conditions or the use of some medications
only the lateral cortex
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fractures. Recently the American society for Bone
and Mineral Research has described some major
and minor features for the atypical femoral fractures (19) ; all of the major criteria should be present
to diagnose atypical femoral fractures from other
common fractures. All our 21 fractures fulfilled the
major criteria.
All patients with atypical fractures in our study
were warned of the risk of sustaining a contralateral
side fracture but there were no such fractures in this
series of patients. Bisphosphonates treatment was
discontinued for all patients. Almost half of our patients were on bisphosphonates for more than six
years. Bisphosphonates accumulate in the bone and
continued to be released for many months even after
stopping them (22). It has been recommended that
patients with prolonged bisphosphonates for more
than five years should be carefully assessed for the
risk of osteoporotic fractures. If they do not have
high risks for osteoporotic fractures it is recommended to stop the bisphosphonates (drug holiday) (21). If they have risk factors for fragility fractures then they can be given alternatives such as
teriparatide or denosumab. The Flex study has
shown that the stopping bisphosphonates after five
years of treatment was not associated with increase
in the incidence of osteoporotic fractures (2).
In conclusion we have demonstrated the presenting characteristics of a series of patients with atypical femoral fractures. The patients were from a
younger age group that those with a typical proximal femur fracture. Prolonged bisphosphonate use,
smoking and long term steroid use appeared to be
associated in the aetiology of the fracture. Treatment with an internal fixation with an intramedullary nail resulted in high fracture union rates.
REFERENCES
1. Black DM, Delmas PD, Eastell R, Reid IR. HORIZON
Pivotal Fracture Trail. Once- yearly zoledronic acid for
treatment of post menopausal osteoporosis. N Engl J Med
2007 ; 356 : 1809-22.
2. Black DM, Schwartz AV, Ensrud KE, Cauley JA,
Levis S. FLEX Research Group. Effects of continuing or
stopping alendronate after 5 years of treatment : the fracture
intervention Trial Long-term Extension (FLEX) : a
randomized trial. JAMA 2006 ; 296 : 2927-38.

380

3. Brennan O, Kennedy OD, Lee TC, Rackard SM,
O`Brien FJ. Effects of estrogen deficiency and
bisphosphonate therapy on osteocyte viability and
microdamage accumulation in an ovine model of
osteoporosis. J Orthop Res 2011 ; 29 : 419-24.
4. Charnley J. The Long-Term Results of Low-Friction
Arthroplasty of the hip performed as a primary intervention.
J Bone Joint Surg Br 1972 ; 54 : 61-76.
5. Goh SK, Yang KY, Koh JS. Subtrochanteric insufficiency
fractures in patients on alendronate therapy : a caution.
J Bone Joint Surg Br 2007 ; 89 : 349-53.
6. Harris ST, Watts NB, Genant HK, McKeever CD.
Effects of risedronate treatment on vertebral and
nonvertebral fractures in women with post menopausal
osteoporosis : a randomised controlled trial. Vertebral
Efficacy with Risedronate Therapy (VERT) Study Group.
JAMA 1999 ; 282 : 1344-52.
7. Jamal SA, Dion N, Ste-Marie LG. Atypical femoral
fractures and bone turnover. N Engl J Med 2011 ; 365 :
1261-2.
8. Johnell O, Kanis JA, Oden A, Sembo I. Mortality
after osteoporotic fractures. Osteoporosis Int 2004 ; 15 :
38-42.
9. Kenneth A Egol MD, Ji Hae Park BS, Nirmal C,
Tejwani MD. Healing Delayed but Generally Reliable
after Bisphosphonates associated Complete Femur
Fractures Treated with IM Nails. Clin Orthop Relat Res
2014 ; 472 : 2768-2764.
10. Kwek EB, Goh SK, Koh JS. An emerging pattern of
subtrochanteric stress fractures : a long term complication
of alendronate therapy ? Injury 2008 ; 39 : 224-31.
11. Lenart BA, Neviaser AS, Lyman S, and Chang CC.
Association of low energy femoral fractures with prolonged
bisphosphonate use : a case control study. Osteoporosis
Injury 2009 ; 20 : 1353-62.
12. Mashiba T, Hirano T, Turner CH, Forwood MR,
Johnston CC, Burr DB. Suppressed bone turnover by
bisphosphonates increases microdamage accumulation and
reduces some biomechanical properties in dog rib. J Bone
Miner Res 2000 ; 15 : 613-20.
13. Neviaser AS, Lane JM, Lenart BA. Low energy femoral
shaft fractures associated with alendronate use. J Orthop
Trauma 2008 ; 22 : 346-50.
14. No authors listed. National institute for health and
clinical excellence : osteoporosis- Secondary prevention
including strontium ranelate : guidance, 2008 (TA161).
http://guidance.nice.org.uk/TA161/Guidance/pdf/English
(date last accessed 2 November 2011).
15. Prasarn ML, Ahn J, Helfet DL, Lane JM, Lorich DG.
Bisphosphonate-associated Femur Fractures Have High
Complication Rates with Operative Fixation. Clin Orthop
Relat Res 2012 ; 470 : 2295-2301.
16. Reszka AA, Rodan GA. Bisphosphonate mechanism of
action. Current Rheumatology Rep. 2003 ; 5 : 64-74.
17. Rosen CJ. Clinical practice. Postmenopausal osteoporosis.
N Engl J Med 2005 ; 353 : 595-603.
Acta Orthopædica Belgica, Vol. 82 - 2 - 2016

subramanian-.indd 380

21/06/16 14:39

381

s. subramanian, m. j. parker

18. Russell RG, Xia Z, Dunford JE, Oppermann U,
Kwassi A. Biphosphonates : an update on mechanisms of
action and how these relate to clinical efficacy. Ann N Y
Acad Sci 2007 ; 1117 : 209-57.
19. Shane E, Burr D, Ebeling PR, Abrahamsen B, Adler RA,
Brown TD. American Society for Bone and Mineral
Research. Atypical subtrochanteric and diaphyseal femoral
fractures : report of a task force of the American society for
Bone and Mineral Research. J Bone Miner Res 2010 ; 25 :
2267-94.

20. Teo BJX, Koh JSB, Goh SK, Png MA, Chua DTC,
Howe TS. Post-operative outcomes of atypical femoral
subtrochanteric fracture in patients on bisphosphonate
therapy. The Bone and Joint J 2014 ; 96-B : 658-664.
21. Watts NB, Diab DL. Long-term use of bisphosphonates in
osteoporosis. J Clin Endocrinal Metab 2010 ; 95 : 1555-65.
22. Weaver MJ, Miller MA, Vrahas MS. The Orthopaedic
implications of diphosphonate therapy. J Am Acad Orthop
Surg 2010 ; 18 : 367-74.

Acta Orthopædica Belgica, Vol. 82 - 2 - 2016

subramanian-.indd 381

21/06/16 14:39

