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Management of bisphosphonate-associated subtrochanteric fractures remains opinion- or 
consensus-based. There are limited data regarding the outcomes of this fracture.

We retrospectively reviewed 33 consecutive female patients with a mean age of 67.5 years 
(47 to 91) who were treated surgically between May 2004 and October 2009. The mean 
follow-up was 21.7 months (0 to 53). Medical records and radiographs were reviewed to 
determine the post-operative ambulatory status, time to clinical and radiological union and 
post-fixation complications such as implant failure and need for second surgery. 

The predominant fixation method was with an extramedullary device in 23 patients. 25 
(75%) patients were placed on wheelchair mobilisation or no weight-bearing initially. The 
mean time to full weight-bearing was 7.1 months (2.2 to 29.7). The mean time for fracture 
site pain to cease was 6.2 months (1.2 to 17.1). The mean time to radiological union was 10.0 
months (2.2 to 27.5). Implant failure was seen in seven patients (23%, 95 confidence interval 
(CI) 11.8 to 40.9). Revision surgery was required in ten patients (33%, 95 CI 19.2 to 51.2).

A large proportion of the patients required revision surgery and suffered implant failure. 
This fracture is associated with slow healing and prolonged post-operative immobility.

Cite this article: Bone Joint J 2014;96-B:658–64.

Bisphosphonates are potent anti-resorptive
agents used in the prevention of osteoporotic
fractures. Alendronate is a typical bisphospho-
nate and has been shown to reduce the inci-
dence of vertebral and hip fractures in post-
menopausal osteoporotic women.1-3 

Recent reports suggest that prolonged use of
bisphosphonates may be associated with severe
suppression of bone turnover, resulting in atypical
insufficiency fractures in unusual locations.4-11

The majority of these reports have described
fractures at the subtrochanteric region of the
femur.11,12 The number of atypical subtrochan-
teric fractures thought to be associated with bis-
phosphonates is estimated as one per 1000
fractures per year.12 It is postulated that several
contributory mechanisms are involved, including
increased advanced glycated end-products,5,6,8

increased mineralisation6,7,13 and the accumula-
tion of microfractures5-8,10 in the region of max-
imal tensile loading.14 Radiological features of
such fractures include a simple transverse
pattern4-9,11,15 with a unicortical beak6-9,15 in an
area of cortical hypertrophy.5-9,15

Against this background, the American
Society for Bone and Mineral Research
(ASBMR) appointed a task force to address
key questions related to this problem. The first
report16 identified the absence of studies eval-

uating surgical treatment strategies and out-
comes for atypical subtrochanteric fractures. It
identified that most management strategies
currently are opinion- or consensus-based.16

Subtrochanteric fractures are debilitating. In a
prospective cohort study of 87 patients,
Ekström et al17 reported that more than half
(52%) of their patients did not regain their pre-
fracture level of activities of daily living and
mortality was 25% at 24 months follow-up.

Therefore, in order to better understand the
outcomes, and manage subtrochanteric frac-
tures in patients on bisphosphonate therapy,
we performed an observational cohort study to
determine clinical and functional outcomes
using the post-operative ambulatory status,
and time to clinical and radiological union. We
also assessed post-fixation complications such
as implant failure and need for second surgery.

Patients and Methods
Patient data for this study was retrieved from a
database of patients at the Singapore General
Hospital, Republic of Singapore. In the study
period between May 2004 and October 2009,
we identified 33 consecutive patients, all of
whom were female, treated surgically after pre-
senting with atypical subtrochanteric fractures
whilst on bisphosphonate therapy. Some of
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these patients have previously been reported on.11 The sub-
trochanteric region is defined anatomically as the region of
the femur between the inferior border of the lesser tro-
chanter and the junction of the proximal and middle third
of the femoral shaft, usually taken to be the zone extending
from the lesser trochanter to 5 cm distal to the lesser tro-
chanter.5,12,18

The mean age of patients was 67.5 years (47 to 91). The
mean duration of bisphosphonate therapy was 4.9 years
(2 to 10), with 22 (66.7%) of them on five or fewer years
of therapy. In all 23 (69.7%) patients were fixed with an
extramedullary device. The remainder were fixed with an
intramedullary implant. Teraparatide, a recombinant
form of parathyroid hormone, was prescribed in ten
(30.3%) patients with a mean duration of 4.4 months (1.0
to 15.2) (Table I).

We used the revised criteria of the ASBMR task force
(2013) in our definition of an atypical fracture.19 We
included patients who fulfil at least four of the five major
features, namely (1) non-comminuted or minimally-com-
minuted fractures, (2) sustained with minimal or no
trauma, (3) 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, (4) complete fractures extend through both cortices
and may be associated with a medial spike; incomplete frac-
tures involve only the lateral cortex and (5) localised peri-
osteal or endosteal thickening of the lateral cortex is
present at the fracture site.19 We excluded those due to road
traffic accidents, high-energy trauma, fall from height or
underlying malignancy. The three patients lost to follow-up
for more than six months were also excluded from analysis.

Past medical and drug history were obtained to ascertain
the duration of bisphosphonates use and the mechanism of
injury. All patients had radiographs of the pelvis and
affected hip taken at presentation. Surgical fixation was
performed according to surgeon’s preference at the earliest
available date. Immediate post-operative radiographs of
the affected femur were taken in two views (anteroposterior
(AP) and lateral). The pre-operative and immediate post-
operative ambulatory status was recorded.

The patients were tracked from presentation and followed
until the last recorded outpatient visit. Use of bisphospho-
nates was discontinued upon the occurrence of the fracture.
At each follow-up, radiographs were repeated and patients
were assessed for weight-bearing status and presence of frac-
ture site pain upon manual palpation. We also recorded the
need for revision surgery due to delayed union or implant
failure. Clinically, union was assessed by the absence of ten-
derness upon manual palpation of the fracture site and the
capacity to fully weight bear. A fracture was considered radi-
ologically united when three of four cortices demonstrated
cortical bridging. Based on this definition, two senior practi-
tioners (one orthopaedic surgeon (DTC), and one musculo-
skeletal radiologist (MAP)) reviewed the radiographs
independently to determine union. 

Ethical approval was obtained from the Institutional
Review Board before commencement of the study. 
Statistical analysis. This was performed using the Statisti-
cal Package for the Social Sciences (SPSS 17.0, SPSS Inc.,
Chicago, Illinois). Differences in proportions were tested
using chi-squared test and means were compared using Stu-
dent’s t-test. All analyses were defined as statistically signif-
icant when the p-value was less than 0.05. Inter-observer

Table I. Patient demographics and post-operative outcomes

Categories Range

Mean age (yrs) 67.5 47 to 91
Mean duration of bisphosphonate therapy (yrs) 4.9 2 to 10
Mean duration of follow-up (mths) 21.7 0 to 53
Fixation device -

Intramedullary 10 -
Proximal femoral 4 -
Intramedullary nail 6 -

Extramedullary 23 -
Dynamic condylar screw 10 -
Dynamic hip screw 8 -
Plate and screws 5 -

Post-operative weight-bearing status
Wheelchair mobilisation 12 (36%) -
Non-weight-bearing 13 (39%) -
Partial weight-bearing 8 (24%)

Mean time to full weight-bear (mths) 7.1 2.2 to 29.7
Mean time for fracture site pain to cease (mths) 6.2 1.2 to 17.1
Mean time to radiological union (mths) 10.0 2.2 to 27.5
Proportion prescribed teriparatide 10 (33%) -
Mean duration of use (mths) 4.4 1.0 to 15.2

* CI, confidence interval



660 B. J. X. TEO, J. S. B. KOH, S. K. GOH, M. A. PNG, D. T. C. CHUA, T. S. HOWE

THE BONE & JOINT JOURNAL

correlation between the two senior practitioners was com-
pared using the Intraclass Correlation Coefficient on a two-
way mixed model with single measures. 

Results
Of the 33 patients who fulfilled the revised ASBMR crite-
ria, three patients were lost to follow-up at zero (patient did
not return to the clinic at all), one and seven months. They
were treated with a dynamic hip screw, a proximal femoral
nail and a dynamic condylar screw, respectively. The mean
follow-up for the remaining 30 patients from the time of
surgery for the fracture was 21.7 months (0 to 53). There
was one patient (patient 4) with nonunion at 20 months
follow-up. She was fixed with a proximal femoral nail. She
refused a secondary procedure due to comorbidity and high
operative risk and was managed conservatively.

Post-operatively, 13 out of 33 patients (39%) were
placed on non-weight-bearing, 12 (36%) were mobilised in
a wheelchair and eight (24%) partial weight-bearing, based
on the treating surgeon’s management preference and their
intra-operative judgment of implant stability. The mean
time to full weight-bearing for the 30 patients followed up
was 7.1 months (2.2 to 29.7). The mean time for fracture
site pain to cease was 6.2 months (1.2 to 17.1). The mean
time to radiological union was 10.0 months (2.2 to 27.5)
with an Intraclass Correlation Coefficient (ICC) of 0.9
(95% CI 0.91 to 0.98) between the assessment by the two
senior practitioners. 
Revision surgery and implant failure (Table II). Implant fail-
ure was seen in seven of the 30 patients (23%, 95% CI 11.8
to 40.9) after a mean duration of 7.9 months (2.4 to 25.0).
Revision surgery was required in ten (33%, 95% CI 19.2 to
51.2) patients after a mean duration of 6.2 months

(2.4 to 25). Of the ten patients, four patients required revi-
sion surgery for bone grafting due to lack of fracture heal-
ing while the other six patients (including patient 4)
required revision surgery for implant failure. We found that
surgeons generally performed bone grafting at four months
if no evidence of bone healing was seen. There was one
exception which was performed at three months as the sur-
geon felt that the fixation had shifted and was not main-
taining optimal reduction.
Extramedullary device (Table III). Of the 23 patients, ten
were treated with a dynamic condylar screw, eight with a
dynamic hip screw and the remaining five with plates and
screws. Eleven (48%) patients required wheelchair mobili-
sation post-operatively. Two patients mentioned above
were lost to follow-up. With respect to clinical parameters,
the mean time to full weight-bearing was 6.7 months (2.2
to 29.7) and for cessation of fracture site pain was 5.2
months (2.2 to 17.1) in the remaining 21 patients. The
mean time to radiological union was 10.9 months (3.4 to
29.7). Revision surgery was required in eight patients
(38%) after a mean duration of 6.3 months (2.4 to 25.0).
Implant failure was seen in 6 (29%) patients after a mean
duration of 7.3 months (2.4 to 25.0).
Intramedullary device (Table III). Of the ten patients, four
were treated with a proximal femoral nail and the remain-
ing six with an intramedullary nail. There were nine
patients (90%) who were able to ambulate with an aid (no
weight-bear or partial weight-bear) immediately after oper-
ation. There was one patient who was lost to follow-up.
With respect to clinical parameters, the mean time to full
weight-bearing was 8.2 months (3.1 to 14.6) and cessation
of fracture site pain occurred at a mean of 8.8 months
(2.4 to 14.1) in the remaining nine patients at follow-up.

Table II. Revision surgery and implant failure

Categories Range

Number of patients (n) 30
Proportion requiring revision operation 10 (33%) 95% CI (19.2 to 51.2)
Bone grafting 4 (13%) 95% CI (5.3 to 29.7)
Implant failure 6 (20%) 95% CI (9.5 to 37.3)
Mean time to revision operation (mths) 6.2 2.4 to 25.0
Mean time to implant failure (mths) 7.9 2.4 to 25.0

Table III. Clinical and radiological outcomes stratified by fixation device

Categories Extramedullary (Range) Intramedullary (Range)

Post-operative weight-bearing status (n = 33)
Wheelchair mobilised 11 (48%) 1 (10%)
Ambulation with aid (NWB/PWB) 12 (52%) 9 (90%)

Number of patients excluding lost to follow-up (n = 30) 21 9
Mean time to full weight-bearing (mths) 6.7(2.2 to 29.7) 8.2 (3.1 to 14.6)
Mean time for fracture site pain to cease (mths) 5.2 (2.2 to 17.1) 8.8 (2.4 to 14.1)
Mean time to radiological union (mths) 10.9 (3.4 to 29.7) 7.7 (2.2 to 14.7)
Proportion requiring revision surgery 8 (38%) 95% CI (20.8 to 59.1%) 2 (22%) 95% CI (6.0 to 54.7%]
Number of implant failures 6 (29%) 95% CI (13.8 to 50.0%) 1 (11%) 95% CI (2.0 to 43.5%)

* CI, confidence intervals; NWB, non-weight-bearing; PWB, partial weight-bearing
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The mean time to radiological union was 7.7 months
(2.2 to 14.7). Implant failure was seen in one patient
(11.1%) after 11.4 months. This patient (patient 23) was
conservatively managed. Revision operation was required
in two other patients (22.2%) after a mean duration of 5.5
months (4.8 to 6.2), although this was not done for patient
4 for the above-mentioned reasons.

The proportion of patients wheelchair-bound postopera-
tively in the extramedullary (EM) group is 0.48 while
that in the intramedullary (IM) group is 0.11 (χ² = 4.31,
p = 0.04). There was no significant difference in the time
to full weight-bearing for IM (M = 8.18, SD = 1.49) and EM
(M = 6.71, SD = 1.44) groups (t = 0.58, p = 0.56). There was
no significant difference in the time for pain to cease for
IM (M = 8.72, SD = 1.64) and EM (M = 5.18, SD = 1.05)
groups (t = 1.78, p = 0.09). There was no significant difference
in the time to radiological union for IM (M = 7.7, SD = 1.91)
and EM (M = 10.9, SD = 1.49) groups (t = 1.22, p = 0.23). The
proportion of EM patients requiring revision surgery is 0.38,
while that in the IM group is 0.22 (χ² = 0.71, p = 0.40). The
proportion of EM patients with implant failure is 0.29 while
that in the IM group is 0.11 (χ² = 1.07, p = 0.30).

We report three patients of particular interest. Patient 15
was a 65-year-old woman who was prescribed alendronate
for a period of three years. She sustained a subtrochanteric
fracture of her left femur in October 2006 that was fixed
with a dynamic condylar screw. She was able to fully
weight-bear by the third month after surgery. Radiographs
taken demonstrated that the fracture had not united. Sub-
sequently, implant failure was noted one month later and
she required a revision surgery. Radiological union was
only achieved 18 months after the original fixation (Fig. 1).
Patient 21 was a 73-year-old woman who received alen-
dronate for a period of seven years. She sustained a right
subtrochanteric fracture in June 2007. The fracture was
fixed with a proximal femoral locking plate. She was able
to fully weight-bear by the fifth month after surgery.

Similarly, radiographs taken demonstrated that the fracture
had not united. Implant failure was noted three months later.
Revision surgery was performed with radiological union
only achieved 22 months after the index surgery (Fig. 2).

Patient 23 was a 53-year-old woman who was prescribed
alendronate for a period of seven years and she sustained a
right subtrochanteric fracture in December 2006. The frac-
ture was fixed with an intramedullary nail. By the seventh
month after surgery she was able to fully weight-bear but
the radiographs taken during that visit showed deficient
callus formation over the lateral aspect (Fig. 3). Subse-
quently, implant failure was noted four months later. She
was conservatively managed. Radiological union was only
achieved 15 months after the initial fixation (Fig. 3).

Discussion
Subtrochanteric fractures are difficult to manage as the
position of the proximal fragment is influenced by the
actions of the gluteal muscles (abduction) and the strong
psoas muscle of the hip (flexion and external rotation)
while the distal fragment position is affected by the adduc-
tors and hamstrings. These forces act upon the fixation
device after operation resulting in stress concentration in
the subtrochanteric region. 

In our study, the mean time to union (ten months), pro-
portion of patients requiring revision surgery (33%) and
implant failure (23%) are higher than those reported in
recent literature. Lee et al20 studied 66 patients with a mean
age of 36.1 years with subtrochanteric fractures. They
found that the mean time to union was 3.8 months with only
one implant failure and one delayed union requiring addi-
tional surgery to achieve bone union. Likewise, Oh et al 21

reported a mean time of five months to union in 20 patients
fixed with a locking plate. Barquet et al22 reported a mean
time of 4.3 months to union in 43 patients treated with a
long gamma nail. We postulate that this resulted from the
difference in patient profile: our patients tended to be older,

Fig. 1a

Anteroposterior radiographs of patient 15 showing a) when full weight-bearing was achieved at three months,
b) implant failure at four months and c) bone union at 18 months after the original fixation.

Fig. 1b Fig. 1c
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on prolonged bisphosphonate therapy and suffered atypical
insufficiency fractures. In contrast, the fractures described
in the literature tend to belong to younger patients with
high velocity trauma. Similarly, Kulkarni and Moran23

studied 58 patients with subtrochanteric fractures who
were treated with the dynamic condylar screw. They found
that in patients < 50 years old, 9% of their patients required
revision surgery and 18% of their patients suffered implant
failure. In contrast, in the elderly subgroup (> 50 years of
age) 19% of their patients required revision surgery and
26% of their patients suffered implant failure.

Our results suggest that atypical subtrochanteric frac-
tures compare poorly to other more common femoral frac-
tures. Historically, union of femoral shaft fractures usually
occurs within 13 to 16 weeks even with conservative, non-
operative management.24-27 Likewise, union of intertro-
chanteric fractures was reported to usually occur within
three to four and a half months after surgery.28-30

As reported earlier, although union was achieved in all
but one patient in our study, up to 80% of our patients
were mobilised in a wheelchair or non weight-bearing ini-
tially. We found fracture healing to be slow and patients
subjected to a prolonged period of immobility. This is of
particular importance for our elderly patients as the
decrease in activity can lead to complications of immobility
and deconditioning. We believe that patients on bisphos-
phonate therapy with atypical subtrochanteric fractures are
at one end of the spectrum and are associated with much
poorer outcomes than those previously reported.

We highlighted three interesting patients (numbers 15,
21 and 23), all of whom started full weight-bearing before
radiological union, which resulted in accelerated implant
failure. We believe excessive stress shielding of the bone by
the implant could have occurred in these three patients
leading to a reduction in stress transfer to the bone.31 With
the delay in union, the implant underwent fatigue failure at

Fig. 2a

Anteroposterior radiographs of patient 21 showing a) when full weight-bearing was achieved at five
months, b) implant failure at eight months and c) bone union at 22 months after the original fixation.

Fig. 2c Fig. 2c

Fig. 3a

Anteroposterior radiographs of patient 23 showing a) when full weight-bearing was achieved at seven
months, b) implant failure at 11.4 months and c) bone union at 15 months after the original fixation.

Fig. 3c Fig. 3c
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the level of the fracture.32 In addition, intramedullary nails
are weight-sharing implants that allow immediate weight-
bearing after static locking even in unstable fractures.33

They provide greater fatigue strength and stability but can
still fail at the narrowest site under excessive strain or
delayed fracture healing because of static interlocking.34 As
discussed earlier, the subtrochanteric region is an area of
stress concentration; coupled with the slow healing rate in
patients on bisphosphonate therapy, we recommend exer-
cising caution when determining the transition to full
weight-bearing for this group of patients.

We note the following limitations to our study. The asso-
ciation between long-term bisphosphonate use and atypical
fractures was first described by Odvina et al10 in 2005.
They reported nine patients who had been treated with
alendronate for three to eight years and sustained non-trau-
matic fractures. This and many case reports and case
reviews since have suggested common features of atypical
subtrochanteric fractures. Major features include no to
minimal trauma and, on radiography, transverse fracture
configuration. Minor features were that fractures were
commonly preceded by prodromal pain and, on radio-
graphs, the appearance of beaking of the cortex with bilat-
eral thickened diaphyseal cortices.6,7,11,12,16 However, these
criteria are not diagnostic. In a case series of four patients,
Tan et al15 noted the presence of atypical features on radi-
ographs in bisphosphonate-free patients. The distinction
between typical stress fractures and atypical subtrochan-
teric fractures remains poorly defined in the literature. 

Second, we had a small sample population as the inci-
dence is relatively uncommon. Treatment, including the use
of parathyroid hormone, was determined by the surgeon’s
experience and training. Our cohort was also mixed with
patients receiving either intramedullary or extramedullary
implants. Thus, most of our associations tested did not
reach statistical significance. Although intramedullary
devices were significantly associated with better immediate
postoperative ambulatory outcomes, this may be con-
founded by the inherent bias in the implant design. Sur-
geons may have intended for early ambulation when they
chose to fix a patient with an intramedullary device. We
were unable to identify factors that may impact outcome
significantly. Intramedullary devices appear to be superior
with respect to complications of treatment and time to radi-
ological union. A larger study with randomisation and
stratification into treatment groups would be required to
account for potentially confounding variables.

In summary, subtrochanteric fractures led to considera-
ble morbidity in all our patients. A significant proportion of
patients required revision surgery (33%) and suffered
implant failure (23%). This fracture is also associated with
slow healing and prolonged post-operative immobility.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This article was primary edited by G Scott and first proof edited by D Rowley.

References
1. Black DM, Cummings SR, Karpf DB, et al. Randomised trial of effect of alen-

dronate on risk of fracture in women with existing vertebral fractures. Fracture Inter-
vention Trial Research Group. Lancet 1996;348:1535–1541.

2. Black DM, Schwartz AV, Ensrud KE, et al. Effects of continuing or stopping alen-
dronate after 5 years of treatment: the Fracture Intervention Trial Long-term Extension
(FLEX): a randomized trial. JAMA 2006;296:2927–2938.

3. Bone HG, Hosking D, Devogelaer JP, et al. Ten years' experience with alen-
dronate for osteoporosis in postmenopausal women. N Engl J Med 2004;350:1189–
1199.

4. Armamento-Villareal R, Napoli N, Diemer K, et al. Bone turnover in bone biop-
sies of patients with low-energy cortical fractures receiving bisphosphonates: a case
series. Calcif Tissue Int 2009;85:37–44.

5. Das De S, Setiobudi T, Shen L, Das De S. A rational approach to management of
alendronate-related subtrochanteric fractures. J Bone Joint Surg [Br] 2010;92-B:679–
686.

6. Koh JS, Goh SK, Png MA, Kwek EB, Howe TS. Femoral cortical stress lesions in
long-term bisphosphonate therapy: a herald of impending fracture? J Orthop Trauma
2010;24:75–81.

7. Kwek EB, Goh SK, Koh JS, Png MA, Howe TS. An emerging pattern of subtro-
chanteric stress fractures: a long-term complication of alendronate therapy? Injury
2008;39:224–231.

8. Lenart BA, Neviaser AS, Lyman S, et al. Association of low-energy femoral frac-
tures with prolonged bisphosphonate use: a case control study. Osteoporos Int
2009;20:1353–1362.

9. Neviaser AS, Lane JM, Lenart BA, Edobor-Osula F, Lorich DG. Low-energy fem-
oral shaft fractures associated with alendronate use. J Orthop Trauma 2008;22:346–
350.

10. Odvina CV, Zerwekh JE, Rao DS, et al. Severely suppressed bone turnover: a
potential complication of alendronate therapy. J Clin Endocrinol Metab
2005;90:1294–1301.

11. Goh SK, Yang KY, Koh JS, et al. Subtrochanteric insufficiency fractures in patients
on alendronate therapy: a caution. J Bone Joint Surg [Br] 2007;89-B:349–353.

12. Rizzoli R, Akesson K, Bouxsein M, et al. Subtrochanteric fractures after long-term
treatment with bisphosphonates: a European Society on Clinical and Economic
Aspects of Osteoporosis and Osteoarthritis, and International Osteoporosis Founda-
tion Working Group Report. Osteoporos Int 2011;22:373–390.

13. Capeci CM, Tejwani NC. Bilateral low-energy simultaneous or sequential femoral
fractures in patients on long-term alendronate therapy. J Bone Joint Surg [Am]
2009;91-A:2556–2561.

14. Koh JS, Goh SK, Png MA, Ng AC, Howe TS. Distribution of atypical fractures and
cortical stress lesions in the femur: implications on pathophysiology. Singapore Med
J 2011;52:77–80.

15. Tan SC, Koh SB, Goh SK, Howe TS. Atypical femoral stress fractures in bisphos-
phonate-free patients. Osteoporos Int 2011;22:2211–2212.

16. Shane E, Burr D, Ebeling PR, et al. Atypical subtrochanteric and diaphyseal femo-
ral fractures: report of a task force of the American Society for Bone and Mineral
Research. J Bone Miner Res 2010;25:2267–2294.

17. Ekström W, Németh G, Samnegård E, Dalen N, Tidermark J. Quality of life after
a subtrochanteric fracture: a prospective cohort study on 87 elderly patients. Injury
2009;40:371–376.

18. Grisell M, Moed BR, Bledsoe JG. A biomechanical comparison of trochanteric nail
proximal screw configurations in a subtrochanteric fracture model. J Orthop Trauma
2010;24:359–363.

19. Shane E, Burr D, Abrahamsen B, et al. Atypical subtrochanteric and diaphyseal
femoral fractures: second report of a task force of the american society for bone and
mineral research. J Bone Miner Res 2014;29:1–23.

20. Lee PC, Hsieh PH, Yu SW, et al. Biologic plating versus intramedullary nailing for
comminuted subtrochanteric fractures in young adults: a prospective, randomized
study of 66 cases. J Trauma 2007;63:1283–1291.

21. Oh CW, Kim JJ, Byun YS, et al. Minimally invasive plate osteosynthesis of subtro-
chanteric femur fractures with a locking plate: a prospective series of 20 fractures.
Arch Orthop Trauma Surg 2009;129:1659–1665.

22. Barquet A, Francescoli L, Rienzi D, López L. Intertrochanteric-subtrochanteric
fractures: treatment with the long Gamma nail. J Orthop Trauma 2000;14:324–328.

23. Kulkarni SS, Moran CG. Results of dynamic condylar screw for subtrochanteric
fractures. Injury 2003;34:117–122.

24. Buxton RA. The use of Perkins’ traction in the treatment of femoral shaft fractures.
J Bone Joint Surg [Br] 1981;63-B:362–366.

25. Geissler WB, Powell TE, Blickenstaff KR, Savoie FH. Compression plating of
acute femoral shaft fractures. Orthopedics 1995;18:655–660.

26. Suman RK. Treatment of fractures of the femoral shaft with early cast bracing. Injury
1981;13:239–243.



664 B. J. X. TEO, J. S. B. KOH, S. K. GOH, M. A. PNG, D. T. C. CHUA, T. S. HOWE

THE BONE & JOINT JOURNAL

27. Thomas TL, Meggitt BF. A comparative study of methods for treating fractures of
the distal half of the femur. J Bone Joint Surg [Br] 1981;63-B:3–6.

28. Hsueh KK, Fang CK, Chen CM, et al. Risk factors in cutout of sliding hip screw in
intertrochanteric fractures: an evaluation of 937 patients. Int Orthop 2010;34:1273–
1276.

29. Laohapoonrungsee A, Arpornchayanon O, Phornputkul C. Two-hole side-plate
DHS in the treatment of intertrochanteric fracture: results and complications. Injury
2005;36:1355–1360.

30. Watson JT, Moed BR, Cramer KE, Karges DE. Comparison of the compression hip
screw with the Medoff sliding plate for intertrochanteric fractures. Clin Orthop Relat
Res 1998;348:79–86.

31. Harris LJ, Tarr RR. Implant failures in orthopaedic surgery. Biomater Med Devices
Artif Organs 1979;7:243–255.

32. Lucas G, Cooke F, Friis E. A Primer of Biomechanics. Springer: New York, 1999;13–
156.

33. Umer M, Niazi AK, Hussain D, Ahmad M. Treatment of acute fractures of the fem-
oral shaft with reamed intramedullary interlocking AO nails. J Pak Med Assoc
2004;54:423–427.

34. Rappold G, Hertz H, Spitaler R. Implant Breakage of the Proximal Femoral Nail
(PFN) Reasons and Case Reports. Eur J Trauma 2001;27:333–337.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


