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Abstract
Summary Understanding the natural history of lateral femoral stress fractures helps to guide their management. Improvement in
their radiographic characteristics is rare. Progression was generally sequential, most developing an incomplete fracture line
before fracture displacement. Stopping bisphosphonates decreased the fracture rate, a feasible management option for lesions
without incomplete fracture lines.
Introduction Retrospective study evaluating the natural history of lateral femoral stress fractures (FSF) by serial radiography
over a variable period of time in a cohort of patients treated for some time with bisphosphonates for osteoporosis, whilst also
identifying the fracture response in cases where bisphosphonates were discontinued.
Methods The radiographs of 76 consecutive patients (92 femurs) with 161 FSF were reviewed to document their change over
time. Femurs were classified into the following: A—normal, B—focal cortical thickening, C—dreaded black line and D—
displaced fracture. Bisphosphonate history was recorded.
Results 66.5% FSF showed group stability between the first and last radiographs: group B (79.1%), group C (45.7%). 28.6%
progressed, mostly following an ordered sequence starting from group A, progressing to B, then C, before culminating in D.
Progression rate was as follows: A—100% (11/11), B—18.3% (21/115), C—40% (14/35). Regression in FSF was uncommon—
5.6% (8/161). 34.8% (32/92) sustained displaced fractures. Kaplan-Meier analysis showed statistically significant difference
between the groups; median survival (95%CI): A—4189 (-), B—3383.0 (-), C—1807 (0.0–3788.6) and progression to displaced
fracture when bisphosphonate had been stopped for at least 6 months. The group without recent bisphosphonates had a lower
group progression rate (17.1%, 12/70). Nevertheless, 10.9% (5/46) progressed to displaced fracture. This group also had the
highest proportion of stable (77.1%, 54/70) and regressive lesions (5.7%, 4/70).
Conclusions In FSF, there is natural progression from normal bone, to focal cortical thickening, to dreaded black line and
eventually to displaced fracture. Most lesions persist, remaining static or progressing, especially if a dreaded black line is present
and bisphosphonates are continued. Regression is uncommon and more frequent when bisphosphonates are discontinued.
Despite stopping bisphosphonates, there remains a 10.9% risk of progression to displaced fracture.
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Introduction

Atypical femoral fracture (AFF) is a rare type of femoral stress
fracture, affecting mainly middle aged to elderly females, first
described by Odvina et al. in 1995 [1]. Its pathogenesis has
been attributed to severe suppression of bonemarrow turnover
[1] coupled with stress due to tensile forces present along the
lateral cortex of the femur [2]. There is a known association
between prolonged bisphosphonate (BP) therapy and AFF
[3–7]. In order to reduce the incidence of AFF, it is important
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to understand their natural history, identify at risk femurs and
manage them appropriately.

Lateral femoral cortical stress fractures (FSF) are
known to precede complete or displaced atypical femoral
fractures. They characteristically occur along the lateral
cortex of the femur from the subtrochanteric to the
supracondylar region. FSF demonstrate focal cortical
thickening which can be endosteal, periosteal or both
(present in most cases) or a transverse radiolucent line
(dreaded black line (DBL)) or both. When associated with
a fracture line, they are also referred to as incomplete AFF
[5]. However, studies of these precursor lesions are few.
Our earlier smaller cohort studies showed that the pres-
ence of a transverse radiolucent line DBL) on radiographs
was found to be a predictor of stress lesions that went
onto complete AFF [8, 9], particularly when associated
with focal symptoms of pain, discomfort or “weakness”.
Presence of a DBL also appears to be a predictor of poor
response to conservative treatment [10]. Min et al. [11]
have proposed a scoring system with fracture risk in-
creased for lesions in a subtrochanteric location, intact
contralateral femur, diameter extent of radiolucent line
and presence of pain.

FSF have been detected on the contralateral side in
patients with history of atypical femoral fractures and
also in patients on long-term BP therapy without prior
AFF. Contralateral AFF has been reported in 28 to 41%
of cases [5] (Dell R et al., presented at the 2012 annual
meeting of the American Academy of Orthopedic
Surgeons). Although these stress reactions have been
identified as precursors to AFF, there are few or no
reports that have tracked a large cohort of FSF and
documented how they progress over time.

This retrospective study evaluates the natural history of
femoral stress fractures by serial radiography over a variable
period of time in a cohort of patients treated for some time
with bisphosphonates mostly for osteoporosis and a few for
cancer management, whilst also identifying the fracture re-
sponse in cases where bisphosphonates were discontinued.

Hypothesis:

1. In susceptible patients with a history of bisphosphonate
treatment for at least 1 year, the femur shows a natural
progression from normal bone, with the absence of any
deformity (A), to FSF and that it begins with a bump (B)
which represents reactive bone formation around a micro-
scopic crack. This bump may be endosteal (B1), perioste-
al (B2) or both (B3). As tensile forces prevent bone
healing a crack develops (C), which represents a chronic
non-union state. If not aborted, this process results in a
displaced or complete fracture (D).

2. Lesions with DBL have a higher risk of progression to
complete or displaced fracture.

3. Discontinuation of bisphosphonates alters the natural his-
tory of FSF.

Methods

The retrospective cohort study was approved by our institu-
tional review board with waiver of informed consent.
Consecutive cases were obtained from the Orthopedic depart-
ment database of AFF and known FSF of patients who first
presented between January 1, 2002, and March 31, 2017.
Follow-up duration was calculated from the date of initial
radiographs to the date of final radiographs for the non-
fractured femurs. For cases of complete AFF, follow-up dura-
tion was taken from the initial radiographs to the date of
displaced fracture. For prophylactically operated cases,
follow-up duration was taken from the initial radiographs to
the last radiograph prior to surgery. Follow-up duration varied,
ranging from 1 to 4189 days (11 years 5 months), mean
1022 days, median 730 days (refer to Table 1). Age of patients
ranged from 47 to 92 years, mean 68.6 years. The majority of
cases were aged between the 50–59 years and 80–89 years age
groups (refer to Table 1).

Patient records were reviewed on our picture archival and
communications system (PACS) to identify cases with pre-
fracture radiographs of the ipsilateral or contralateral femur.

Selection criteria

There were in total 151 cases (patients) with a history of
displaced AFF or FSF in the database. Those with pre-
fracture radiographs of AFF or FSF were selected (109 cases).

Femoral and pelvic radiographs were reviewed for pres-
ence of FSF. A lesion was classified as an FSF if it met the
ASBMR definition [5] for FSF. To qualify, the lesion must be
located along the lateral cortex of the femur from the
subtrochanteric to the supracondylar region and have one the
following features: focal cortical thickening (periosteal and/or
endosteal) and/or a transverse radiolucent cortical fracture line
(DBL). Similarly, to qualify as a displaced or complete AFF,
lesions needed to meet the ASBMR definition.

Exclusion criteria included the following: peri-prosthetic
fractures (2 cases), FSF cases with no follow-up review (18
cases), non-displaced AFF cases with FSF radiographic
follow-up duration less than 3 months (4 cases), fixation with-
out a trial of conservative management (4 cases), stress frac-
tures associated underlying tumour (1 case) and femurs with
normal femoral radiographs prior to developing displaced
AFF (4 cases). Altogether, 33 patients were excluded. The
final study cohort comprised 76 patients with 92 affected fe-
murs, 32 of which eventually sustained complete or displaced
fractures.

Osteoporos Int (2019) 30:2417–24282418



The femurs were categorized as follows: normal (group A);
focal lateral cortical thickening present (group B); transverse
lateral cortical fracture (DBL) present with or without focal
cortical thickening (group C) and complete, i.e. displaced,
fracture (group D). A dreaded black line refers to presence
of a transverse black line of any length involving the lateral
cortex of the femur, which is seen at the epicentre of the focal
cortical thickening when present. Group B was subdivided

based on the pattern of focal cortical thickening: endosteal
thickening (type B1), periosteal thickening (type B2), both
endosteal and periosteal thickening (type B3). Group C was
similarly further categorised based on the presence or absence
and type of associated focal cortical thickening into types: C
(no associated focal cortical thickening), B1C, B2C and B3C.

Bilateral lesions and multiple lesions in a single femur were
documented separately. All lesions were tracked by serial

Table 1 Demographics, cohort
information, lesion summary,
follow-up duration and bisphos-
phonate history of the study
cohort

Study cohort

Patients 76

Age (years) 47–92 (68.6)

Number of cases by age group 40–49 years:
3

60–69 years:
27

80–89 years:
15

50–59 years:
17

70–79 years:
29

90–99 years:
1

Sex 75 female:1 male (98.7%:1.3%)

Race/nationality Chinese 69, Malay 2, Indian 1, Filipina 1,
Indonesian 1, Vietnamese 1, Arab 1

Number of lesions studied 161 FSF

16 cases had bilateral lesions

23 femurs (5 bilateral, 13 cases unilateral) had
multifocal lesions

Multifocal lesions or MFL (number of femurs
affected):

2 MFL (7), 3 MFL (6), 4 MFL (2), 5 MFL (2), 6
MFL (2), 7 MFL (2), 8 MFL (2)

Group: A = 11 (6.8%), B 115 (71.4%), C 35
(21.7%)

32 fractured—34.8% of femurs with FSF; 19.9% of
FSF studied

Femurs
92

Group: A = 8 (8.7%), B 53 (57.6%), C 31 (33.7%)

Radiographic follow-up duration in days: range (mean,
median)

All femurs (92): 1–4189 or 11 years 5 months
(1022, 730)

Non-fractured/non-operated femurs (48):
100–3233 (1249, 1131)

Fractured femurs (32): 1–4189 (825, 322)

Prophylactically fixed femurs: 5–3194 (642, 155)

Side

Lesions studied Right 62:left 99

Femurs studied Right 36:left 56

Bisphosphonate history

Yes 71 patients (86 femurs with 147 FSF) had a history
of bisphosphonate use; 5 were on long-term
treatment but duration was not recorded

66 patients had bisphosphonates for >6 months:
Treatment duration ranged from 7 months to
11 year 4 months (mean 5 years 5 months,
median 4 years 7 months)

No 1 patients (1 femur with 1 FSF)

Unknown 4 patients, 5 femurs (13 FSF)
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radiographs until complete fracture, prophylactic fixation, last
follow-up radiograph or patient demise.

Radiographs of those that went on to displaced fracture
were checked to confirm that they met the ASBMR criteria
for AFF including lack of high energy trauma in the fracture
mechanism [5].

BP history of the study cohort and relevant medical history
were obtained from electronic medication records and by
reviewing the hospital admission and discharge notes.

Review technique

All images were double read, un-blinded, by a musculoskele-
tal radiologist and Orthopedic surgeon pair (PMA, KSBJ,
TSH, PCM), all with more than 15 years’ experience in their
respective fields. Any disagreement was resolved by consen-
sus between the reading pair.

Imageswere viewed on our hospital picture archival and com-
munication system (PACS). Radiographic images were magni-
fied in order to detect and accurately classify the stress fractures.

Results and statistical analysis

In order to chart lesion progression, the following assumptions
were made:

1. Lesions with DBL are more severe than those without—
This is based on prior studies that have shown that pro-
gression to displaced fracture is greater for this group [8,
9, 11, 12].

2. B2 and B3 lesions are more severe than B1 lesions—This
was presumed because from our previous study, focal
periosteal reaction was more commonly seen in displaced
AFF than focal endosteal thickening [9, 13].

3. B3 lesions are more severe than B2 lesions—This was an
empirical assumption that more extensive findings indi-
cate more severe stress fractures.

4. For the Y axis of the graph, each lesion group and sub-
group was attributed a value in order to create an ordinal
scale: A—0, B1—1, B2—2, B3—3, C—4, B1C—5,
B2C—6, B3C—7, D—8.

For femurs with multiple lesions, the lesion with the worst
outcome was used to compute the results.

For determination of progression, regression and sta-
bility rates, the last qualifying radiograph was taken as
the end point. For lesion progression, examples of le-
sion type progression include B2 to B3, B2C to B3C
and B3C to D, and examples of lesion group progres-
sion include B3 to B3C, A to B2 and B2C to D. For
FSF regression or improvement, lesion type regression
examples are B3 to B2 and B1 to B2C to B2 to A, and
examples of lesion group improvement include B3C to

B3 and B2 to A. Examples of stable lesion type include
B1 to B1 and B2 to B2 or B3 to B3C to B3 (termed as
variable stable), and stable lesion group examples in-
clude B2 to B3, B2C to B3C and B3C to B3C.

IBM SPSS Statistics 20.0 was used to obtain descriptive
statistics and plot Kaplan-Meier survival analysis. Additional
calculations and graphs of change in lesion type over time
were performed using Microsoft Excel 2010. For Kaplan-
Meier analysis of group progression and regression, end point
was taken as the time to the first event.

Results

The study cohort comprised 76 patients and a total of 92
femurs with radiographs which met the inclusion criteria.
Most were being treated with bisphosphonate for osteoporo-
sis. Ten patients, 4 with bilateral FSF, had underlying malig-
nancy: 9 with breast cancer, 1 patient with multiple myeloma.
In total, there were 161 FSF. Bilateral lesions were seen in 16
cases. Multifocal lesions were seen in 23 femurs (5 bilateral,
13 unilateral), further details given in Table 1. At presentation,
the FSF comprised the following: group A—11, group B—
115 (B1—58, B2—45, B3—12) and group C—35 (C—1,
B1C—4, B2C—10 and B3C—20).

The case demographics, lesion summary, follow-up dura-
tion and BP history of the study cohort are shown in Table 1.

Of the 161 FSF in 92 femurs that were studied, 11 (6.8%)
were normal (group A) at initial presentation whilst 150 had
stress lesions: 115 (71.4%) group B and 35 (21.7%) group C.
Of the femurs studied, recording the FSF with the worst out-
come for those with multifocal lesions, at presentation, there
were 8 (8.7%) group A, 53 (57.6%) group B and 31 group C
(33.7%) femurs.

Radiographic follow-up duration of affected femurs ranged
from 1 day to about 11 years 5 months (mean 33.5 months,
median 24 months). For the group managed conservatively,
follow-up duration ranged from at least 3 months to about
8 years 10 months (mean 41 months, median 37 month).

As this was a retrospective study, bisphosphonate his-
tory was variable. One patient was specified to have no
prior bisphosphonates. In four patients, there was no
mention in the history whether patient had been on
bisphosphonate—labelled as bisphosphonate uncertain.
For patients with bisphosphonate exposure for at least
6 months (71 cases), treatment duration ranged from
7 months to 11 years 4 months (mean 5 years 5 months,
median 4 years 7 months). For cases taken off
bisphosphonates, duration of discontinuation (in days)
for the non-fractured, non-fixed femur group ranged
from 0 to 2557 (mean 436) compared with the
displaced AFF group which ranged from 0 to 1826
(mean 187).
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Natural history

FSF progression sequence

The complete results showing the change in lesion type are
displayed in the line graph (Fig. 1). Between the first and last X-
rays, the majority of lesions were either stable (orange lines or
grey dashed-dotted line in black and white figure) or progressed
(red lines or thin black line in black and white figure). Progression
of FSF mostly followed in an ordered sequence: normal bone (A)
to focal cortical thickening (B), transverse radiolucent line or DBL
(C) to displaced atypical femoral fracture (D) as hypothesised.
Figure 2 shows an example of a case that progressed from a B2
to a B3C lesion before converting to a displaced fracture.

The trend to follow a sequence from group A→
B→ C→D is also reflected in Table 2, which charts
the different lesion types and their pattern of change over time
based on whether BP treatment was received in the 6 months
preceding the last X-ray. Tendency for B1 and B2 lesions to
progress into B3 lesions is also confirmed.

FSF lesion change during the follow-up period (calculated
from Table 2)

Between the first and last radiographs, the majority of lesions
were stable by lesion type, 60.9% (98/161), and by lesion
group, 66.5% (107/161). Stable lesion types were seen in
74.8% (86/115) of group B and 34.3% (12/35) of group C
lesions, and lesions with stable grouping comprised 79.1%
(91/115) of group B and 45.7% (16/35) group C lesions.

Overall lesion type progression was 33.5% (54/161)
and lesion group progression was 28.6% (46/161).
Progression rate was higher for group C with lesion
type progression seen in 51.4% (18/35) of group C le-
sions as compared with 21.7% (25/115) group B lesions
and lesion group progression seen in 40% (14/35) of
group C and 18.3% (21/115) of group B lesions.

Nine of 161 FSF (5.6%) regressed, i.e. improvement in
lesion type, of which one had a variable course. Eight of 161
(5%) showed improvement in the lesion group: 2.6% (3/115)
of group B and 14.3% (5/35) group C.

Key: 

Y axis: 0 – Normal (A), 1 – Endosteal thickening alone (B1), 2 – Periosteal thickening alone (B2), 3 – Endosteal 
and periosteal thickening (B3), 4 – DBL alone (C), 5 - Endosteal thickening and DBL (B1C), 6 – Periosteal 
thickening and DBL ((B2C), 7 –Endosteal and periosteal thickening and DBL (B3C), 8 – Complete AFF (D) 

Line colour: Ge�ng worse – thin black line, stable – thick dashed line, ge�ng be�er – light grey thick dashed-
do�ed line 
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Fig. 1 Line graph plot showing
pattern of change of each lesion
based on initial and final lesion
type against time
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FSF lesion group change over time (Table 3)

Overall group changewas analysed usingKaplan-Meier survival.
Kaplan-Meier analysis showed statistically significant

difference (p < .01) in time to progression with mean
(95% CI) in days for B 2230.3 (1913.7–2546.8) compared
with 1644.5 (1136.8–2152.3). Initial survival curve for
group C showed steep decline (Fig. 3a) with the last two
fractures recorded at 159 days (5.9 months) and this is
also reflected in the low p value for the Breslow test.

FSF group regression was not analysed for group A
as regression is not possible for this group. Group re-
gression (Fig. 3b) was rare. Mean (95% CI) time to
regression from Kaplan-Meier analysis for group C
was 1969 (1346.4–2591.9) days and for group B was
2874.5 (2629.1–3119.9) days. The difference was statis-
tically significant (p = .001). The results suggest that re-
gression of lesions from group B to group A (normal
femurs) is uncommon and time taken for regression is
prolonged compared with regression of group C lesions.

Progression to displaced fracture (refer to Tables 2
and 3)

Thirty-two FSF progressed to complete or displaced
atypical femoral fracture (AFF) representing 34.8% of
the 92 femurs studied and 19.9% of the 161 lesions.
Of these, 24 (75%) had passed through a DBL stage
prior to fracture displacement and time to fracture from
appearance of DBL ranged from 1 day to 8 years
3 months (mean 10.0 months, SD 23.5 months).
45.2% (14/31) of femurs with an initial group C lesion

sustained a displaced fracture; 64.3% (9/14) of these
had been exposed to BPs within the last 6 months.

Kaplan-Meier survival analysis showed that group C
FSF (with DBL) on initial radiographs (p ≤ .005) showed
a shorter time to fracture compared with group B and
group A lesions. Mean (95% CI) and median (95% CI)
survival analysis results (in days) for the different groups
were as follows: A—3310.2 (2148.9–4471.5) and 4189
(-), B—2345.9 (1904–2787.7) and 3383 (-), C—1356.0
(808.8–1903.3) and 1807 (0–3788.6).

Effect of stopping bisphosphonate

As this was a retrospective study, BPs had been stopped for a
variable length of time. Those with no recent BP refer to cases
where BP had been stopped for at least 6 months.

Effect on lesion change over time based on original group

The group without recent BP exposure showed better stability
and lower progression rates compared with those with recent
BP exposure (BP exposure between 1 day and 6 months prior
to the event) based on lesion group change between the first
and last visits (derived from Table 2). Comparing FSF with no
recent BP with those with recent BP exposure, the group pro-
gression rate was 17.1% (12/70): 37.1% (26/61), stability rate
was 77.1% (54/70): 52.5% (32/61) and improvement rate was
5.7% (4/70): 4.9% (3/61).

Kaplan-Meier survival analysis (Table 3, Fig. 3c)
showed that bisphosphonate usage had a statistically
significant difference (p < .001) in time to progression
of group status with median (95% CI) in days for group

Fig. 2 A 57-year-old Chinese lady with a history of systemic lupus ery-
thematosus and previous renal failure with renal transplantation done, on
long-term treatment with oral prednisolone. She had been on alendronate
since June 2005 for osteoporosis after sustaining a fracture of the distal
humerus. a Slipped and fell in May 2007. Pelvic X-ray showed a trans-
verse subtrochanteric fracture of the left femur with focal thickening of
the lateral cortex, an undiagnosed atypical femoral fracture. At the edge of
the film, there is a contralateral FSF in partial view (white arrow). b
Postoperative check pelvic X-ray showed focal periosteal thickening of
the lateral cortex (white arrow) in the subtrochanteric region of the right
femur (B2 lesion). This went undetected. Her medication was switched to

Raloxifene for 1.5 years and swapped again in November 2008 to
risedronate. c In March 2010 at age 60 years, after about 1 year 4 months
on BP, she tripped on 2 steps and fell, landing on her buttocks.
Consequently, she developed right hip pain and was unable to walk. X-
ray done showed FSF progression into an incomplete atypical femoral
fracture (B3C) (white arrow) with a fracture line involving about 80% of
the circumference. She was admitted and scheduled for prophylactic fix-
ation. d However, 4 days later, upon transfer to the operating table, the
fracture displaced. Image intensifier image shows a displaced AFF (black
arrow)
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with no recent BP use—3024 (-) and for the group with
recent BP use—966 (282.1–1649.9). Kaplan-Meier

analysis for group status regression (Table 3) was not
statistically significant.

Table 2 Lesion change in relation to recent bisphosphonate use

Change by lesion grouping Change by lesion type Bisphosphonate in last 6 months

No Unknown Yes

Count Percent Count Percent Count Percent

Stable B→B B1 B1 20 28.6 8 26.7 25 41.0
B1 B3 # 1 1.4
B2 B2 15 21.4 10 33.3 3 4.9
B2 B3 # 1 1.4
B3 B3 2 2.9

C→C B1C B1C 1 1.4
B1C B3C # 1 3.3
B2C B2C 2 2.9 1 1.6
B2C B3C # 2 2.9
B3C B3C 2 2.9 2 6.7 3 4.9
C B2C # 1 1.4
B3C B2C B3C 1 1.4

Worse A→B A B1 1 1.4 2 6.7
A B2 1 1.6
A B2 B3 1 1.4

A→C A B3C 2 2.9
A→B→C→D A B2 B2C D 1 3.3
A→C→D A B2C D 1 1.6

A B3C D 1 1.6
B→C B1 B1C 1 1.4 1 1.6

B2 B2C 1 1.4 1 1.6
B3 B3C 1 1.4
B2 B3 B3C 1 1.6

B→C→D B1 B3C D 1 1.6
B2 B2C D 1 1.4 1 1.6
B2 B3C D 1 1.6
B3 B3C D 1^ 3.3 2 3.3

B→D B1 D 1 1.6
B2 D 1@ 1.4 3 4.9
B3 D 1 3.3 2 3.3

C→D B1C B3C D 1 1.4
B3C D 2 2.9 2 6.7 8 13.1

Better B→A B2 A 1 1.4 1* 1.6
B3 A 1 1.4

C→B B1C B1 1 1.4
B2C B2 1 1.4 1 3.3 1* 1.6

Variable—
worse

A→B→A→B A B1 A B1 1 3.3
B→C→B B1 B3C B3 1 1.4

B2 B3C B3 1 1.4
C→B→C→D B2C B2 B2C D 1* 1.6

Variable—better B→C→B B2 B3 B3C B1 1 1.4
C→B→C→B B2C B2 B2C B2 1* 1.6

Variable—stable B→C→B B2 B2C B2 2 2.9
B→C→B→C→B B3 B3C B3 B3C B3 1 1.4

Total (lesions) 70 100 30 100 61 100 Total (percent)
Overall better 5 7.7 1 3.3 3 4.6 9 (5.6%)
Overall stable 46 70.8 20 66.7 32 49.2 98 (60.9%)
Overall worse 19 29.2 9 30.0 26 40.0 54 (33.6%)
Total (users) 70 108 30 100 61 93.8 161

# Lesion type change differs from lesion group change

Stress lesions with variable change are divided into subgroups based on feature change between the last two X-rays

1*—A case with bilateral multifocal endosteal thickening. Bisphosphonates were stopped for 5 years then re-started

1@—A case that fractured 5 years after stopping bisphosphonates

1^—A case with a long standing DBL which developed a displaced fracture more than 9 years after the FSF was diagnosed
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Effect on healing of DBL

Healing of DBL was seen in 12 out of 59 DBL (20.8%) at
some point during the study course (although 8 subsequently
recurred). Ten (83.3%) had discontinued BPs for at least
6 months prior to DBL healing, including 1 patient (case 1*)
with bilateral multifocal FSF had 3 lesions which healed dur-
ing the course of follow-up. This patient had been taken off
BP when DBLs were discovered and subsequently two DBLs
healed. However, one recurred during the drug holiday;
6 months after re-starting BP, the contralateral femur showed
a new stress lesion with DBL and healing of two existing
stress lesions, one of which had a DBL. In 1 case, it was
unclear whether BPs had been stopped. Duration from stop-
ping BP to radiographic DBL healing ranged from 0 days
(case 1*) (i.e. still on bisphosphonates) to 6 years 5.5 months
(mean 2 years 6.5 months, median 2 years 7 months).

Effect on fracture risk

Better outcomewas also seen in those taken off BP accounting
for a lower displaced fracture rate: 10.9% with no recent BP
and 68.8% with recent BP usage (Table 2). In the remaining 5
fractures, three cases had unknown BP history, and in two
cases, it was unclear whether BP had been stopped, as there
was no mention in the records and medication records were
not available.

By Kaplan-Meier analysis, recent bisphosphonate usage
(p < .001) was predictive of time to fracture (Table 2, Fig.
3d). Mean (95% CI) survival (in days) was as follows: no
recent bisphosphonates—2851.1 (2539.2–3163.0) and recent
bisphosphonates—2314.1 (1356.6–3271.5).

Discussion

FSF are recognised precursors of complete or displaced AFF.
They may be symptomatic or asymptomatic. As the natural
history of these lesions is unknown, decisions on when and
whether or not to intervene surgically are difficult and not
based on scientific evidence.

We looked at 161 discrete lesions in 92 femurs in an at-
tempt to determine the natural history of FSF. If our hypoth-
esis is correct, serial radiographs should show a logical se-
quence of progression starting from a normal femur (A), ap-
pearance of a stress reaction featured as focal thickening at the
lateral cortex due to tension forces (B), developing a “crack”
or DBL (C) and culminating in a frank AFF (D). X-rays being
snapshots in the development of the FSF may miss certain
stages of the progression but nevertheless we should see a
logical progression along this continuum, i.e. we should not
see regressive sequences like C→A→B→D or A→C→
B; although steps may be missing, the sequence should

seldom reverse. Exceptions would include healing of the
“crack”, i.e. C→B if BPs is stopped or possible reading er-
rors in very small bumps or very fine cracks.

Results from our study showed that the majority of FSF
remained stable or progressed. As hypothesised, when FSF
developed in normal bone, it progressed in sequence starting
with focal cortical thickening, developing a DBL before frank
fracture. Displaced AFF occurred in 34.8% of femurs with
FSF detected. FSF with DBL were more likely to progress
to displaced AFF (45.2% of group C FSF) and fracture dis-
placement occurred more frequently in femurs with recent BP
exposure (68.8% were on BPs).

According to the literature, between 15 and 62.9% of all
FSF progress to displaced fracture when managed conserva-
tively [14–17]. Conservative treatment in these retrospective
studies varied, including restricted weight-bearing until pain
and radiologic improvement as assessed by radiographs, MRI
or bone scan, and discontinuation of bisphosphonates with or
without treatment with teriparatide. In the presence of an in-
complete fracture line, risk of displaced fracture is higher, seen
in 57.1% in our smaller cohort study of 35 FSF [9] and down
to 34.8% in this current larger cohort study which includes a
larger number of cases where BP treatment was discontinued.

Thus, in the earlier literature, prophylactic fixation was
advocated to manage FSF, particularly when a transverse ra-
diolucent fracture line was present. However, more recent
published literature has suggested that conservative manage-
ment with cessation of BP therapy, in some cases supplement-
ed by a course of teriparatide, and restricted weight-bearing
has good results, with stress fracture healing and symptom
resolution, avoiding need for prophylactic surgery [15, 18].

Knowing the natural history of FSF and the effect of stop-
ping BPs as well as ability to identify lesions at risk are essen-
tial information required to guide the decision between con-
servative management and prophylactic surgery.

Schilcher et al. observed that the risk of AFF fell by 70%
per year after discontinuation of BPs [19]. Similarly, Adams
et al. at Kaiser Permanente Southern California reported a
44% reduction in the risk in the first year after discontinuing
BP therapy and from 1 to 4 years after discontinuation, the risk
decreased by 80% per year and after 4 years, the risk decrease
was 78% [20]. Although these studies have observed de-
creased fracture risk after stopping BPs, this did not refer to
a cohort that had already developed an FSF.

Studies looking at FSF and risk of displaced fracture are
few. Besides a dreaded black line, other reported predictors of
fracture progression include pain [8, 11], focal cortical radio-
lucency [9] and extent of the incomplete fracture line and
subtrochanteric location [11]. Scoring systems to predict frac-
ture risk have been proposed by Png et al. (2012) based on
FSF morphology [9] and Min et al. (2017) based on a combi-
nation of FSF morphology, site, status of the contralateral
femur and presence of pain [11].

Osteoporos Int (2019) 30:2417–24282424



In this study, disruption of the natural history of FSF
was not common. The majority of group B lesions
(79.1%) remained stable. A large proportion of group
C lesions (40%) progressed although progression ceased
after 6-month follow-up (Fig. 3a) likely due to the pos-
itive effect of conservative management. Altogether,
34.8% of affected femurs sustained displaced fractures.
Discontinuation of BPs was associated with higher rates
of lesion group stability (77.1% versus 52.5%), slower
progression, healing of DBL and a lower fracture rate
(10.9% versus 68.8%). Nevertheless, despite stopping
BPs, 5 progressed to displaced fracture, 4 of which
had a DBL.

These findings support previous studies of the utility of a
BP drug holiday as a preventive measure for FSF progression
to displaced AFF but only for group B. A drug holiday would
entail stopping BP use when FSF is detected. Conservatively,
managed cases should be closely monitored for thigh or hip
symptoms and reviewed regularly. Although there are current-
ly no clear guidelines for optimal follow-up interval for these
lesions, one study recommended routine follow-up every 2 to
3 months until healing of the FSF and annually thereafter [14].
However, we suggest follow-up radiographs initially at
1 month for symptomatic patients and group C, and subse-
quently at 6 months and 12 months for group B and 3 months,
6 months and 12 months for group C, with shorter intervals if

Table 3 Results of Kaplan-Meier survival analysis

Kaplan-Meier survival
analysis

Group Total
N

N
(percent)
of events

Mean for survival time Median for survival time Chi-square
(Mantel-Cox,
Breslow,
Tarone-Ware)

Log rank p
value (Mantel-
Cox, Breslow,
Tarone-Ware)

Estimate 95%
confidence
interval

Estimate 95%
confidence
interval

Lower
bound

Upper
bound

Lower
bound

Upper
bound

Time to FSF group
progression by initial
FSF group

A 11 11 1751.8 1190.4 2313.2 1909 1019.9 2798.1 10.3 .006

B 115 26 2230.3 1913.7 2546.8 . . . 14.3 .001

C 35 13 1644.5 1136.8 2152.3 . . . 11.4 .003
Overall 161 50 1958.2 1699 2217.4 2307 1710.2 2903.8

Time to FSF group
regression by initial
FSF group (group A
excluded)

B 115 3 3039.9 2823.6 3256.3 – – – 12.3 .000

C 35 5 1969.1 1346.4 2591.9 – – – 15.5 .000

Overall 150 8 2874.5 2629.1 3119.9 – – – 15.0 .000

Time to FSF group
regression by recent
BP (excludes BP
history uncertain)

No recent
BP

78 4 3045.1 2867.5 3222.7 . . . 2.2 .139

Recent BP 55 3 1762.2 1661.4 1863.0 1807.0 . . .2 .653

Overall 133 7 2936.5 2721.4 3151.5 . . . .6 .432

Time to FSF group
progression by
recent BP (excludes
BP history
uncertain)

No recent
BP

78 18 2453.4 2148.8 2758.0 3024.0 . . 24.0 .000

13.9 .000

Recent BP 55 25 932.7 705.3 1160.1 966.0 282.1 1649.9 18.3 .000

Overall 133 43 2006.8 1729.8 2283.7 2307.0 1396.5 3217.5

Time to displaced
fracture by initial
FSF group

A 8 3 (37.5%) 3310.2 2148.9 4471.5 4189 . . 10.5 .005

B 53 15
(28.3%)

2345.9 1904 2787.7 3383 . . 16.7 .000

C 31 14
(45.2%)

1356 808.8 1903.3 1807 0 3788.6 14.3 .001

Overall 92 32
(34.8%)

2327 1838.1 2815.9 2307 1536.1 3077.9

Time to displaced
fracture by recent BP
use (BP use within
the last 6 months)

No recent
BP

46 5 (10.9%) 2851.1 2539.2 3163 . . . 30.0 .000

Recent BP 32 22
(68.8%)

2314.1 1356.6 3271.5 3383 . . 18.9 .000

BP uncertain 14 5 (35.7%) 1015.5 542.8 1488.2 961 321.1 1600.9 24.7 .000

Overall 92 32
(34.8%)

2327 1838.1 2815.9 2307 1536.1 3077.9

Time to displaced
fracture by presence
of DBL phase

Absent 37 8 (21.6) 2094.7 1513.2 2676.1 1821 730.3 2911.7 3.5 .063

Present 55 24 (43.6) 2356.8 1872.8 2840.9 . . . 6.5 .011

Overall 92 32 (34.8) 2327 1838.1 2815.9 2307 1536.1 3077.9 5.2 .022
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symptoms persist or recur, thereafter, if there is no radiograph-
ic progression and no symptoms, follow-up annually.

Currently, the role of MRI, CT or bone scan as a
follow-up tool is unclear although at presentation, it
may help to assess the risk of progression to complete
fracture [5]. Literature suggests that MRI is the pre-
ferred imaging option allowing for detection of bone
and marrow oedema as well as cortical fracture line. If
not possible, CT followed by radionuclide bone scan
may be used. Some authors also suggest follow-up
MRI until resolution of bone oedema or bone scan until
no increased activity is detected [21] although this is
not our routine practice.

The optimum duration of a drug holiday is unclear. Watts
et al. [22, 23] suggest 1 to 2 years in patients at high risk of
osteoporotic fracture, 3 to 5 years in moderate-risk patients
and indefinitely in low-risk patients ending, as recommended
by American Association of Clinical Endocrinologists
(AACE) guidelines, when there is a fracture, BMD declines
or clinical fracture risk increases significantly. Bone turnover
markers rising to pre-treatment levels may also end the drug

holiday [23]. Duration of the drug holidaymay also depend on
the bisphosphonate group [24]. Patients on BP drug holidays
who are at high risk of fracture based on bone mineral density,
age, or other clinical risk factors warrant close follow-up, es-
pecially as the duration of the drug holiday lengthens [25].
Fracture risk analysis needs to be regularly assessed and treat-
ment resumed accordingly.

On the other hand, group C should preferably under-
go prophylactic fixation since if DBL is present, the
natural history is not to heal, the majority of lesions
either stayed static (28.6%) or progressed (40%) to
group D (displaced AFF); 3 out of 14 (Table 2) devel-
oped a displaced fracture despite stopping BPs.

It would appear that conservativemanagement has inherent
dangers. FSF are seen to persist for years even after stopping
bisphosphonates, with some lesions still present more than
10 years later, one new lesion developed more than 2.5 years
later and the overall regression rate was low (less than 6%). In
addition, displaced fractures occurring late were seen, with
one case with a long-standing DBL (case 1^) which ultimately
resulted in a displaced fracture occurring more than 9 years

Fig. 3 Kaplan-Meier survival
curves. Figures plot the results of
Kaplan-Meier survival analysis. a
Time to FSF group regression by
initial lesion group shows group
C lesions progress early during
the follow-up period but after
6 months they stabilised whereas
this was not seen with group B or
A lesions. This may be attributed
to vigilant monitoring and effec-
tive conservative management in
group C lesions whereas group B
lesions and normal femurs may
not be as closely monitored. b
Time to FSF group regression by
initial lesion group shows more
rapid regression of group C le-
sions compared with group B le-
sions. c Time to group status pro-
gression by recent BP use shows
slower progression in the group
without recent BP but progression
continues for a longer period of
time. d Survival curve for time to
fracture by recent BP use suggests
a faster time to fracture for femurs
recently exposed to
bisphosphonates
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after the FSF was first diagnosed and another case fracturing
5 years after stopping BP treatment (case 1@).

Other studies of FSF have also shown that conservative
treatment is inadequate [17, 26]. Saleh et al. [10] prospectively
studied 10 patients with 14 FSF. All 5 incomplete fractures
without a radiolucent fracture line were treated successfully by
non-operative whereas only 2 of 8 incomplete fractures with a
radiolucent fracture line were treated successfully with
3 months of the same non-operative treatment [10]. Egol
et al. [27] retrospectively studied thirty-one patients with 43
incomplete fractures. Their results showed that a higher per-
centage of patients treated surgically became asymptomatic
and demonstrated radiographic evidence of healing earlier
than those treated non-surgically. Studies also show that sur-
gery is easier before than after fracture completion, healing
time is shorter and length of postoperative hospital stay is also
shorter [26, 28]. The ASBMR AFF taskforce recommends
prophylactic nail fixation for incomplete fractures (with corti-
cal lucency) accompanied by pain [5].

Considering the poorer prognosis of FSF with DBL, tech-
nical challenges of AFF fixation [15, 28] and higher compli-
cation rates of operative fixation after frank fracture [5, 16,
29–31] as well as technically easier surgery, faster fracture
healing, shorter hospital stay and better clinical outcome when
operated before the fracture displacement, we advocate that
group C FSF be surgically treated as risk of complete AFF is
high and conservative management is less likely to succeed. If
not operated upon, close follow-up is warranted even in the
absence of pain or other symptoms. These patients should be
warned to watch out for prodromal symptoms and have regu-
lar radiographic follow-up.

This study has several limitations. Firstly, there is selection
bias since the cohort is from an Orthopedic database of AFF
patients with history of displaced AFF or stress fractures. This
cohort is also likely to see more severe or symptomatic patients
and thus radiographs obtained are more likely to have stress
lesions. Secondly, the retrospective design results in a number
of limitations: (1) not all patients with prior AFF had radiographs
of the contralateral femur and subsequent follow-up especially in
the earlier years between 2003 and 2008 when there was little
awareness of this entity. Follow-up radiographs were more likely
to be done for symptomatic cases and more significant lesions
which may influence the likelihood of lesion progression. (2)
Cases with normal radiographs (type/group A) are less likely to
have serial radiographs until they become symptomatic which
results in a spuriously high rate of progression and displaced
AFF developing after the initial radiograph in this group. (3)
The follow-up interval and follow-up duration were variable.
(4) Cases lost to follow-up may have had AFF but treated at
other institutions, potentially causing underestimation of the true
number of fractures or lesion progression. (5) Some cases had a
long interval between last radiograph and progression to AFF.
These may have had interval changes in their features prior to

fracture. (6) Lastly, medication usage was not controlled and thus
patients with normal radiographs were more likely to be contin-
ued on long-term BP treatment and some with stress lesions did
not stop BP therapy. Also, some cases may have concomitant
teriparatide or strontium ranelate given as part of the conservative
regimen. BP history was also incomplete and the true number of
patients still on BP therapywithin the 6months prior to complete
AFF is not known. The duration of bisphosphonate and cessation
of duration were also variable.

Conclusions

Our findings show that FSF tend to persist even after stopping
BPs, either remaining stable or progressing. Progression fol-
lows an orderly sequence from normal femur to a lesion with
focal cortical thickening, then DBL and eventually frank frac-
ture. Displaced fractures were more frequent in lesions with
DBL. Regression is uncommon and more frequent when
bisphosphonates were discontinued. Nevertheless, 10.9%
eventually sustained a displaced AFF. Based on the natural
progression of FSF in patients on long-term BPs, when femurs
have FSF restricted to focal cortical thickening, conservative
management with cessation of BP and interval follow-up is
feasible. However, when a transverse radiolucent line (DBL)
is present or develops, prophylactic fixation should be the
treatment of choice. If not possible, more aggressive conser-
vative management with close interval follow-up is prudent.

Compliance with ethical standards

The retrospective cohort study was approved by our institutional review
board with waiver of informed consent.

Conflicts of interest Meng Ai Png, P. Chandra Mohan, Choong Yin
Howe and Tet Sen Howe declare that they have no conflict of interest.

Joyce S.B. Koh has received Overseas conference sponsor from
Amgen Dec 2017 and Chairperson fee from Amgen Nov 2018. Amgen
produces and markets Denosumab.

References

1. Odvina CV, Zerwekh JE, Rao DS, Maalouf N, Gottschalk
FA, Pak CYC (2005) Severely suppressed bone turnover: a
potential complication of alendronate therapy. J Clin
Endocrinol Metab 90:1294–1301. https://doi.org/10.1210/jc.
2004-0952

2. Koh JSB, Goh SK, Png MA, Ng ACM, Howe TS (2011)
Distribution of atypical fractures and cortical stress lesions
in the femur: implications on pathophysiology. Singap Med J
52:77–80

3. Kwek EBK, Goh SK, Koh JSB, Png MA, Sen HT (2008) An
emerging pattern of subtrochanteric stress fractures: a long-term
complication of alendronate therapy? Injury 39:224–231. https://
doi.org/10.1016/j.injury.2007.08.036

Osteoporos Int (2019) 30:2417–2428 2427

https://doi.org/10.1210/jc.2004-0952
https://doi.org/10.1210/jc.2004-0952
https://doi.org/10.1016/j.injury.2007.08.036
https://doi.org/10.1016/j.injury.2007.08.036


4. Neviaser AS, Lane JM, Lenart BA, Edobor-Osula F, Lorich DG
(2008) Low-energy femoral shaft fractures associated with
alendronate use. J Orthop Trauma 22:346–350. https://doi.org/10.
1097/BOT.0b013e318172841c

5. Shane E, Burr D, Abrahamsen B, Adler RA, Brown TD,
Cheung AM, Cosman F, Curtis JR, Dell R, Dempster DW,
Ebeling PR, Einhorn TA, Genant HK, Geusens P, Klaushofer
K, Lane JM, McKiernan F, McKinney R, Ng A, Nieves J,
O’Keefe R, Papapoulos S, Sen HT, Van Der Meulen MCH,
Weinstein RS, Whyte MP (2014) 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 29:1–23. https://doi.org/10.1002/jbmr.1998

6. Isaacs JD, Shidiak L, Harris IA, Szomor ZL (2010) Femoral insuf-
ficiency fractures associated with prolonged bisphosphonate thera-
py. Clin Orthop Relat Res 468:3384–3392. https://doi.org/10.1007/
s11999-010-1535-x

7. Edwards BJ, Bunta AD, Lane J, Odvina C, Rao DS, Raisch
DW, McKoy JM, Omar I, Belknap SM, Garg V, Hahr AJ,
Samaras AT, Fisher MJ, West DP, Langman CB, Stern PH
(2013) Bisphosphonates and nonhealing femoral fractures:
analysis of the FDA Adverse Event Reporting System
(FAERS) and international safety efforts. J Bone Jt Surg-
Am 95:297–307. https://doi.org/10.2106/JBJS.K.01181

8. Koh JSB, Goh SK, Png MA, Kwek EBK, Sen HT (2010)
Femoral cortical stress lesions in long-term bisphosphonate
therapy: a herald of impending fracture? J Orthop Trauma
24:75–81. https://doi.org/10.1097/BOT.0b013e3181b6499b

9. Png MA, Koh JSB, Goh SK, Fook-Chong S, Sen HT (2012)
Bisphosphonate-related femoral periosteal stress reactions: scoring
system based on radiographic and MRI findings. Am J Roentgenol
198:869–877. https://doi.org/10.2214/AJR.11.6794

10. Saleh A, Hegde VV, Potty AG, Schneider R, Cornell CN, Lane JM
(2012) Management strategy for symptomatic bisphosphonate-
associated incomplete atypical femoral fractures. HSS J 8:103–
110. https://doi.org/10.1007/s11420-012-9275-y

11. Min B-W, Koo K-H, Park Y-S, Oh C-W, Lim S-J, Kim J-W, Lee K-
J, Lee Y-K (2016) Novel scoring system for identifying impending
complete fractures in incomplete atypical femoral fractures. J Clin
Endocrinol Metab 102:jc2016–jc2787. https://doi.org/10.1210/jc.
2016-2787

12. Min A, Chan VWY, Aristizabal R, Peramaki ER, Agulnik
DB, Strydom N, Ramsey D, Forster BB (2017) Clinical de-
cision support decreases volume of imaging for low back
pain in an urban emergency department. J Am Coll Radiol
14:889–899. https://doi.org/10.1016/j.jacr.2017.03.005

13. Mohan PC, Howe TS, Koh JSB, Png MA (2013)
Radiographic features of multifocal endosteal thickening of
the femur in patients on long-term bisphosphonate therapy.
Eur Radiol 23:222–227. https://doi.org/10.1007/s00330-012-
2587-y

14. Lee Y-KK, Ha Y-CC, Kang BJ, Chang JS, Koo K-HH (2013)
Predicting need for fixation of atypical femoral fracture. J Clin
Endocrinol Metab 98:2742–2745. https://doi.org/10.1210/jc.2012-
4322

15. Koh A, Guerado E, Giannoudis PV (2017) Atypical femoral frac-
tures related to bisphosphonate treatment: issues and controversies
related to their surgical management. Bone Jt J 99B:295–302.
https://doi.org/10.1302/0301-620X.99B3.BJJ-2016-0276.R2

16. Egol KA, Park JH, Rosenberg ZS, Peck V, Tejwani NC (2014)
Healing delayed but generally reliable after bisphosphonate-
associated complete femur fractures treated with IM nails. Clin
Orthop Relat Res 472:2728–2734. https://doi.org/10.1007/
s11999-013-2963-1

17. Ha YC, Cho MR, Park KH, Kim SY, Koo KH (2010) Is surgery
necessary for femoral insufficiency fractures after long-term

bisphosphonate therapy? Clin Orthop Relat Res 468:3393–3398.
https://doi.org/10.1007/s11999-010-1583-2

18. Gomberg SJ, Wustrack RL, Napoli N, Arnaud CD, Black DM
(2011) Teriparatide, vitamin D, and calcium healed bilateral
subtrochanteric stress fractures in a postmenopausal woman with
a 13-year history of continuous alendronate therapy. J Clin
Endocrinol Metab 96:1627–1632. https://doi.org/10.1210/jc.2010-
2520

19. Schilcher J, Koeppen V, Aspenberg P, Michaëlsson K (2015) Risk
of atypical femoral fracture during and after bisphosphonate use.
Acta Orthop 86:100–107. https://doi.org/10.3109/17453674.2015.
1004149

20. Adams AL, Adams JL, Raebel MA, Tang BT, Kuntz JL,
Vi jayadeva V, McGlynn EA, Gozansky WS (2018)
Bisphosphonate drug holiday and fracture risk: a population-
based cohort study. J Bone Miner Res 33:1252–1259. https://doi.
org/10.1002/jbmr.3420

21. Zanchetta MB, Diehl M, Buttazzoni M, Galich A, Silveira F,
Bogado CE, Zanchetta JR (2014) Assessment of bone
microarchitecture in postmenopausal women on long-term bisphos-
phonate therapy with atypical fractures of the femur. J Bone Miner
Res 29:999–1004. https://doi.org/10.1002/jbmr.2107

22. Watts NB, Diab DL (2010) Long-term use of bisphosphonates in
osteoporosis. J Clin Endocrinol Metab 95:1555–1565. https://doi.
org/10.1210/jc.2009-1947

23. Watts N, Bilezikian J, Camacho P, Greenspan S, Harris S, Hodgson
S, Kleerekoper M, Luckey M, McClung M, Pollack R, Petak S
(2010) American Association of Clinical Endocrinologists
Medical Guidelines for Clinical Practice for the diagnosis and treat-
ment of postmenopausal osteoporosis. Endocr Pract 16:1–37.
https://doi.org/10.4158/ep.16.s3.1

24. Compston JE, Bilezikian JP (2012) Bisphosphonate therapy
for osteoporosis: the long and short of it. J Bone Miner Res
27:240–242. https://doi.org/10.1002/jbmr.1494

25. Bindon B, Adams W, Balasubramanian N, Sandhu J, Camacho P
(2018) Osteoporotic fractures during bisphosphonate drug holiday.
Endocr Pract 24:163–169. https://doi.org/10.4158/EP171975.OR

26. Banffy MB, Vrahas MS, Ready JE, Abraham JA (2011)
Nonoperative versus prophylactic treatment of bisphosphonate-
associated femoral stress fractures. Clin Orthop Relat Res 469:
2028–2034. https://doi.org/10.1007/s11999-011-1828-8

27. Egol KA, Park JH, Prensky C, Rosenberg ZS, Peck V,
Tejwani NC (2013) Surgical treatment improves clinical
and functional outcomes for patients who sustain incomplete
bisphosphonate-related femur fractures. J Orthop Trauma 27:
331–335

28. Oh C-W, Oh J-K, Park K-C, Kim J-W, Yoon Y-C (2013)
Prophylactic nailing of incomplete atypical femoral fractures.
SciWorld J 2013:450148. https://doi.org/10.1155/2013/450148

29. Weil YA, Rivkin G, Safran O, Liebergall MFA (2011) The outcome
of surgically treated femur fractures associated. J Trauma 71:186–
190. https://doi.org/10.1097/TA.0b013e31821957e3

30. Teo BJX, Koh JSB, Goh SK, Png MA, Chua DTC, Howe TS (2014)
Post-operative outcomes of atypical femoral subtrochanteric fracture in
patients on bisphosphonate therapy. Bone Jt J 96 B:658–664

31. Prasarn ML, Ahn J, Helfet DL, Lane JM, Lorich DG (2012)
Bisphosphonate-associated femur fractures have high complication
rates with operative fixation trauma. Clin Orthop Relat Res 470:
2295–2301. https://doi.org/10.1007/s11999-012-2412-6

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.?

Osteoporos Int (2019) 30:2417–24282428

https://doi.org/10.1097/BOT.0b013e318172841c
https://doi.org/10.1097/BOT.0b013e318172841c
https://doi.org/10.1002/jbmr.1998
https://doi.org/10.1007/s11999-010-1535-x
https://doi.org/10.1007/s11999-010-1535-x
https://doi.org/10.2106/JBJS.K.01181
https://doi.org/10.1097/BOT.0b013e3181b6499b
https://doi.org/10.2214/AJR.11.6794
https://doi.org/10.1007/s11420-012-9275-y
https://doi.org/10.1210/jc.2016-2787
https://doi.org/10.1210/jc.2016-2787
https://doi.org/10.1016/j.jacr.2017.03.005
https://doi.org/10.1007/s00330-012-2587-y
https://doi.org/10.1007/s00330-012-2587-y
https://doi.org/10.1210/jc.2012-4322
https://doi.org/10.1210/jc.2012-4322
https://doi.org/10.1302/0301-620X.99B3.BJJ-2016-0276.R2
https://doi.org/10.1007/s11999-013-2963-1
https://doi.org/10.1007/s11999-013-2963-1
https://doi.org/10.1007/s11999-010-1583-2
https://doi.org/10.1210/jc.2010-2520
https://doi.org/10.1210/jc.2010-2520
https://doi.org/10.3109/17453674.2015.1004149
https://doi.org/10.3109/17453674.2015.1004149
https://doi.org/10.1002/jbmr.3420
https://doi.org/10.1002/jbmr.3420
https://doi.org/10.1002/jbmr.2107
https://doi.org/10.1210/jc.2009-1947
https://doi.org/10.1210/jc.2009-1947
https://doi.org/10.4158/ep.16.s3.1
https://doi.org/10.1002/jbmr.1494
https://doi.org/10.4158/EP171975.OR
https://doi.org/10.1007/s11999-011-1828-8
https://doi.org/10.1155/2013/450148
https://doi.org/10.1097/TA.0b013e31821957e3
https://doi.org/10.1007/s11999-012-2412-6

	Natural...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Selection criteria
	Review technique
	Results and statistical analysis

	Results
	Natural history
	FSF progression sequence
	FSF lesion change during the follow-up period (calculated from Table�2)
	FSF lesion group change over time (Table�3)

	Progression to displaced fracture (refer to Tables�2 and 3)
	Effect of stopping bisphosphonate
	Effect on lesion change over time based on original group
	Effect on healing of DBL
	Effect on fracture risk


	Discussion
	Conclusions
	References




