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Abstract

Background One of the radiographic hallmarks in

patients with atypical femoral insufficiency fractures after

prolonged bisphosphonate treatment is generalized cortical

hypertrophy. Whether cortical thickening in the proximal

femur is caused by long-term alendronate therapy, how-

ever, remains unknown.

Questions/purposes We asked whether long-term alen-

dronate use of 5 years or more results in progressive

thickening of the subtrochanteric femoral cortices.

Patients and Methods We retrospectively evaluated

changes in cortical thickness and cortical thickness ratio

(ratio of cortical to femoral shaft diameter) at the subtro-

chanteric region of the proximal femur in baseline and

latest hip dual-energy xray absorptiometry (DXA) scans of

131 patients. The mean followup was 7.3 years. Patients

were divided into two groups: control (no history of

alendronate, 45 patients) and alendronate (history of alen-

dronate C 5 years, 86 patients). We determined cortical

thickness and cortical thickness ratio at 3.5 and 4.0 cm

below the tip of the greater trochanter, representing the

subtrochanteric region.

Results After a minimum of 5 years followup, mean

cortical thickness decreased approximately 3% in the

alendronate and control groups. The cortical thickness at

the subtrochanteric femoral region changed less than 1 mm

in greater than 90% of the patients with long-term alen-

dronate treatment. We observed no differences in mean

changes of cortical thickness and percent changes of cor-

tical thickness between the two groups.

Conclusions Long-term alendronate treatment did not

appear to cause thickened femoral cortices within the

detection limits of our method. This finding contrasts with

the notion that long-term alendronate treatment leads to

generalized cortical thickening.

Level of Evidence Level III, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Alendronate is a bisphosphonate agent that has been widely

used for the treatment of osteoporosis [21, 24]. Two ran-

domized controlled studies showed that alendronate

increases bone mineral density (BMD) and reduces the risk

of osteoporotic fractures [3, 4]. The mechanism of this

medication involves the induction of osteoclast apoptosis,

thus reducing bone resorption [28]. Several reports have

raised a concern of the association between long-term

use of alendronate and the occurrence of low-energy
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subtrochanteric/femoral shaft fractures [8, 9, 16, 17].

Although the pathogenesis of these fractures is not fully

understood, it has been suggested the low-energy femoral

fracture is related to profound osteoclast inhibition and the

resulting suppression of bone turnover and bone remodel-

ing, leading to an atypical femoral insufficiency fracture

[11, 12, 16, 23].

As a large number of patients receive long-term bis-

phosphonate treatment, recognizing and distinguishing this

type of fracture is important. The American Society for

Bone and Mineral Research Atypical Femoral Fractures

Task Force recently described several radiographic features

to define an atypical femoral insufficiency fracture,

including noncomminuted, transverse, or short oblique

fractures with medial spiking of the femoral cortex; a local

periosteal reaction; and generalized increases in cortical

thickness of the femur [23]. The local periosteal reaction is

consistent with chronic healing of stress fractures. The

generalized thickening of the femoral cortex is believed to

be a result of impaired ability of bone to remodel, leading

to an accumulation of microdamage and compromised

bone strength [1, 10, 26]. By using high-resolution

peripheral quantitative CT (HR-pQCT), Seeman et al. [22]

found the cortical thickness at the distal radius and distal

tibia were increased after 12 months of alendronate treat-

ment. In addition, a study by Lenart et al. [9] showed that

the normalized cortical thickness (defined as a ratio

between cortical thickness and femoral shaft diameter) of

patients with atypical femoral insufficiency fractures was

approximately 80% thicker than that of patients with

osteoporotic femoral fractures. The question of a potential

predisposition to cortical thickening in the subtrochanteric

region of patients with long-term alendronate therapy,

however, remains unknown.

To address this question, we (1) asked whether long-

term alendronate treatment leads to a change in cortical

thickness at the subtrochanteric area of the proximal femur

and (2) compared the differences in change of cortical

thickness between patients with or without alendronate

therapy.

Patients and Methods

After institutional review board approval, we retrospec-

tively reviewed medical records from the Osteoporosis

Prevention Center, New York, NY, for eligible patients

who were diagnosed with postmenopausal osteoporosis or

osteopenia and who received osteoporosis treatment with

alendronate (alendronate group). The indications for oral

bisphosphonates in postmenopausal osteoporosis/osteope-

nia included: (1) a vertebral or hip fracture, (2) hip or

lumbar spine bone mineral density T-score less than �2.5,

(3) low bone mass (T-score between �1 to �2.5) and a

US-adapted WHO 10-year probability of a hip fracture of 3%

or greater or 10-year probability of any major osteoporosis-

related fracture of 20% or greater [13, 25]. The contrain-

dications were: (1) women who are pregnant or planning a

pregnancy, and (2) patients with chronic kidney disease

Stages 4 or 5, (3) low serum calcium, (4) severe esophageal

diseases, or (5) unable to stay upright for an hour [13]. To

compare the results of this study group, we also collected

data from patients who fit the criteria for osteoporosis

treatment yet declined to take medication (control group).

Data were collected in a prospective fashion. Only patients

who had serial DXA scans performed with an interval of

5 years or more between baseline and latest followup were

enrolled in the study. We excluded patients with secondary

causes of osteoporosis, such as rheumatoid arthritis or

glucocorticoid use; other metabolic bone diseases, such as

Paget’s disease of bone or osteomalacia; any significant

history of hip osteoarthritis; and a history of treatment with

any osteoporosis medications other than alendronate. Of

the 131 postmenopausal women eligible for this study,

86 had a history of alendronate therapy of greater than

5 years (alendronate group), whereas 45 fit the treatment

criteria but declined medication (control group).

We collected baseline demographic data of the patients

from registry records. The mean ages of patients in the

alendronate and control groups were 62 and 63 years,

respectively. The mean intervals between DXA in the

alendronate and control groups were 87 and 88 months,

respectively. There were no differences in age, race,

interval between DXA tests, and baseline BMD and

T score at the hip between the two groups. Body mass

index and baseline BMD and T score at the lumbar spine

were higher in the control group (Table 1). The minimum

followup was 5 years (mean, 7.3 years; range, 5–12 years).

After a minimum of 5 years followup, the mean total hip

BMD remained stable (an accepted minimal clinically

significant difference of BMD change = 3% [14]) in the

alendronate group whereas it decreased approximately

3.7% in the control group suggesting a difference (p \
0.001) between the two groups. For lumbar spine BMD, the

mean percent change between baseline and latest DXA

differed (p \ 0.001) between the two groups: it increased

approximately 6.1% for the alendronate group but it was

stable for the control group (Table 1). No patients were lost

to followup. No patients were recalled specifically for this

study; all data were obtained from medical records and

imaging. All patients provided informed consent and were

enrolled in an osteoporosis registry at the time of initial

evaluation.

All patients were positioned and scanned by an experi-

enced technician using a standardized protocol. The DXA

machine (Hologic Software Version 12.7.4.2, Bedford,
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MA, USA) was calibrated and tested on site daily, with

limits for precision before use of 1.5% for BMD and dis-

tance measurements. Measurements were obtained from

DXA images. The images from patients’ DXA scans were

uploaded using a computerized imaging system to a picture

archiving and communication system (PACS; Philips

Medical Systems EasyVision DX/CL/RG with core soft-

ware by Sectra Imtec AB v. 11.1, Linköping, Sweden).

Baseline and latest hip DXAs were used to determine the

cortical thickness and the cortical thickness ratio at levels

of 3.5 and 4.0 cm below the tip of the greater trochanter,

representing the subtrochanteric region of the proximal

femur. To standardize the measurements in each DXA

image, a scale bar of 45 mm was included digitally by the

DXA machine at the time the image was created. This scale

bar was measured in PACS and used as a calibration tool

for our measurements. Each image was uploaded at a

resolution of 115 pixels/inch and thus had a minimum

measurable distance of 0.22 mm.

Two of us (JPK, KA), blinded to the groups, measured

cortical thickness in the following way. First, a line per-

pendicular to the femoral shaft axis was drawn at the level

of the greater trochanter. Thereafter, two pairs of four

points were plotted on the femoral shaft at the levels of 3.5

and 4.0 cm below the tip of the greater trochanter (Fig. 1).

Two points were placed on the outer surfaces of the

femoral cortices; the other two were placed on the inner

or medullary surfaces of the femoral cortices. By using

the distance tool in the PACS software, the femoral shaft

and medullary diameters were obtained. Femoral shaft

diameter was defined as the distance between the outer

surfaces of the femoral cortices (Fig. 1, Line AD). Med-

ullary diameter was defined as the distance between the

medullary surfaces of the femoral cortices (Fig. 1, Line

BC). All measurements were recorded in millimeters.

Cortical thickness was calculated by subtracting the

medullary diameter from the femoral shaft diameter. The

cortical thickness ratio was defined as the percentage of

the cortical thickness to its femoral shaft diameter. End-

osteal widening was calculated by subtracting baseline

medullary canal diameter from end medullary canal

diameter. Periosteal apposition was calculated by sub-

tracting baseline femoral shaft diameter from end femoral

shaft diameter. All distances were measured four times,

twice independently with a 1-week gap between first and

second measurements by each observer. The mean value

of each measurement then was tabulated. Intraclass cor-

relation coefficients were calculated to assess intrarater

and interrater reliabilities of the DXA measurements. The

intraclass correlation coefficients (r) for intraobserver and

interobserver reliability were more than 0.96 and 0.76,

respectively. The mean absolute difference and SD

Table 1. Demographic characteristics

Variable Alendronate

(n = 86)

Control

(n = 45)

p Value

Age at baseline (years)* 62.4 ± 8.5 63.1 ± 8.9 0.639

Race (number of patients) 0.416

Caucasian 44 (97.8%) 85 (96.5%)

Asian 0 (0.0%) 2 (2.3%)

Hispanic 1 (2.2%) 0 (0.0%)

African American 0 (0.0%) 1 (1.2%)

BMI (kg/m2)* 22.9 ± 4.0 24.7 ± 3.7 0.011

Time between DXA

(months)*

87.1 ± 21.9 88.1 ± 22.6 0.797

Baseline total hip BMD

(g/cm2)*

0.614 ± 0.073 0.629 ± 0.048 0.156

Baseline total hip T score* �2.1 ± 0.7 �2.0 ± 0.4 0.153

Baseline LS BMD

(g/cm2)*,�
0.797 ± 0.124 0.870 ± 0.097 0.001

Baseline LS T score*,� �2.2 ± 1.1 �1.6 ± 0.9 \ 0.001

Percent change

in total hip BMD*,$
0.0 ± 5.9 �3.7 ± 4.4 \ 0.001

Percent change in

LS BMD*,�,$
6.1 ± 8.5 �1.4 ± 7.0 \ 0.001

* Data are expressed as mean ± SD; � number of patients for alen-

dronate group is 75; � number of patients for alendronate group is 78;

BMI = body mass index; DXA = dual-energy xray absorptiometry;

BMD = bone mineral density; LS = lumbar spine; $ BMD is con-

sidered to be stable if the percent change is less than 3% between

baseline and latest followup.

Fig. 1 A DXA scan that was uploaded to a PACS is shown.

Measurements were obtained at 3.5 cm and 4.0 cm from the tip of the

greater trochanter. Cortical thickness was calculated by subtracting

the medullary diameter from the femoral shaft diameter (AD � BC).

The cortical thickness ratio was defined as the percentage of the

cortical thickness to its femoral shaft diameter [(AD � BC)/AD].
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between the first and second measurements of each

observer was 0.2 ± 0.2 mm.

Baseline proximal femoral measurements were com-

pared between alendronate and control groups using the

unpaired t-test (Table 2). There were no differences in

baseline femoral shaft diameter between the alendronate

and control groups (p = 0.707 and p = 0.744 at 3.5 and

4.0 cm below the greater trochanter, respectively); how-

ever, the mean medullary diameter was larger in the

alendronate group (p = 0.010 and p = 0.016 at 3.5 and

4.0 cm below the greater trochanter, respectively). There-

fore, the mean baseline cortical thicknesses and cortical

thickness ratios were higher (p \ 0.001) in the control

group than in the alendronate group at 3.5 and 4.0 cm

below the greater trochanter (Table 2). The baseline cor-

tical thickness in both groups was approximately 5 mm at

3.5 and 4.0 cm below the greater trochanter. As a minimum

measurable distance of PACS was 0.22 mm, our method of

measuring cortical thickness therefore can only detect

changes in cortical thickness when it is changed greater

than 4.4% [(0.22/5) 9 100]. This value is a detection limit

or systematic error of our measurement method.

As there are no data on an accepted minimal clinically

significant difference in percent changes of cortical thick-

ness after long-term bisphosphonate treatment, we

arbitrarily selected 1 mm or a 20% change from a cortical

thickness of 5 mm as our minimal clinically significant

difference. Our proposed minimal clinically significant

difference is much smaller than an 80% difference of the

cortical thickness between osteoporotic and atypical fem-

oral insufficiency fractures, which was reported in a

previous study [9]. In addition, this 1-mm range covers the

entire area of an ill-defined cortical margin. Thus, we can

accurately measure changes in cortical thickness greater

than this 1-mm or 20%-difference range.

The cortical thickness, cortical thickness ratio, and

percent change in cortical thickness were assessed for

normality with the Kolmogorov-Smirnov test. Descriptive

analyses were performed on the change in cortical thick-

ness and percent change in cortical thickness. These two

measurements were presented as mean ± SD and number

of patients in each interval. The intervals were stratified

based on our detection limit (approximately 5%) and our

proposed minimal clinical significance of 1 mm or 20%

change in cortical thickness. Subsequently, the change in

cortical thickness and percent change in cortical thickness

between the alendronate and control groups were compared

using the unpaired t-test (two-sided). Analyses were per-

formed using SPSS1 Software Version 14.0 (SPSS Inc,

Chicago, IL, USA).

Results

The cortical thickness at 3.5 and 4.0 cm below the greater

trochanter remained stable (defined as change less than

1 mm from baseline) in greater than 90% of the patients

who received alendronate treatment for 5 years or greater

(Table 3). The mean percent changes in cortical thickness

decreased 3.3% and 2.9% at levels of 3.5 and 4.0 cm

below the greater trochanter, respectively. When calcu-

lating for the percent change of cortical thickness based

on our detection limit of 5%, approximately 40% of the

patients had no change in cortical thickness whereas

39.5% and 46.5% of the patients had decreased cortical

thickness greater than our detection limit at 3.5 and

4.0 cm below the greater trochanter, respectively. Only

1% to 2% of the patients had increased cortical thickness

greater than 1 mm or 20% change compared with baseline

(Table 3).

Table 2. Baseline and end measurements

Measurement Baseline End

Alendronate Control p Value Alendronate Control p Value

3.5 cm below GT

Femoral shaft diameter (mm) 13.4 ± 1.2 13.4 ± 1.2 0.707 13.2 ± 1.3 13.4 ± 1.2 0.517

Medullary canal diameter (mm) 8.2 ± 1.3 7.7 ± 1.0 0.010 8.3 ± 1.3 7.8 ± 0.9 0.008

Cortical thickness (mm)* 5.2 ± 0.7 5.8 ± 0.9 \ 0.001 4.9 ± 0.7 5.6 ± 1.1 \ 0.001

Cortical thickness ratio (%)� 38.8 ± 5.9 42.8 ± 5.3 \ 0.001 37.2 ± 5.8 41.6 ± 6.0 \ 0.001

4.0 cm below greater trochanter

Femoral shaft diameter (mm) 12.7 ± 1.1 12.7 ± 1.0 0.744 12.7 ± 1.1 12.7 ± 1.0 0.957

Medullary canal diameter (mm) 7.1 ± 1.2 6.6 ± 1.0 0.016 7.2 ± 1.2 6.7 ± 1.0 0.016

Cortical thickness (mm)* 5.6 ± 0.8 6.2 ± 0.8 \ 0.001 5.4 ± 0.8 6.0 ± 0.8 \ 0.001

Cortical thickness ratio (%)� 44.4 ± 6.1 48.4 ± 5.4 \ 0.001 43.1 ± 6.1 47.0 ± 5.8 \ 0.001

Data are expressed as mean ± SD; * cortical thickness was calculated as follows: femoral shaft diameter – medullary canal diameter; � cortical

thickness ratio was calculated as follows: (cortical thickness/femoral shaft diameter) 9 100.
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We observed no differences in the mean changes of

cortical thickness and cortical thickness ratio between the

alendronate and control groups. At the latest followup after

a minimum interval of 5 years between DXAs, the mean

femoral cortical thickness at the subtrochanteric area was

thinner (p \ 0.001) in the alendronate group than in the

control group at 3.5 and 4.0 cm below the greater tro-

chanter (4.9 versus 5.6 mm and 5.4 versus 6.0 mm,

respectively) (Table 2). When comparing the followup

parameters with baseline values, the mean cortical thick-

ness at 3.5 cm below the greater trochanter decreased

approximately 0.2 mm for the alendronate and control

groups (p = 0.838) (Table 4). Similarly, the mean cortical

thickness at 4.0 cm below the greater trochanter decreased

approximately 0.2 mm for both groups (p = 0.572). When

calculating percent changes in cortical thickness over a

minimum of 5 years followup, the mean percent change of

cortical thickness decreased approximately 3% in both

groups (p = 0.931 and p = 0.709 at 3.5 and 4.0 cm below

the greater trochanter, respectively) (Table 4). Post hoc

analysis showed that our study has 58% and 98% power to

detect percent changes of 5% and 20% in cortical thick-

ness, respectively. There were also no differences between

the alendronate and control groups regarding the degree of

endosteal widening and periosteal apposition over a mini-

mum of 5 years’ followup (Table 4).

Discussion

Several reports have suggested an association between

long-term treatment with bisphosphonates, especially

alendronate, and the development of atypical low-energy

subtrochanteric/femoral shaft fractures [9, 15, 16]. It is

hypothesized that long-term bisphosphonate therapy results

in oversuppression of bone turnover, leading to an accu-

mulation of microdamage and increased susceptibility of

bone to fracture from low-energy injury [1, 10, 26]. These

atypical femoral insufficiency fractures are rare and usually

are associated with a few months of prodromal pain at the

fracture site, no history of acute trauma, and characteristic

radiographic findings [28], including generalized cortical

thickening, a transverse fracture line, and medial cortical

beaking (Fig. 2) [23]. In this study, we evaluated the long-

term effect of alendronate on cortical thickness of the

proximal femur and compared the differences in cortical

thickness change between patients with or without alen-

dronate therapy.

Table 3. Change in cortical thickness at the subtrochanteric area in

patients with prolonged bisphosphonates treatment

Measurements compared

with baseline

3.5 cm below

greater

trochanter

4.0 cm below

greater

trochanter

Change in cortical thickness

Mean ± SD (mm) �0.2 ± 0.5 �0.2 ± 0.5

Range (mm) �1.8 to 0.9 �1.1 to 1.3

Increase (C 1 mm) 0 (0%) 2 (2.3%)

No change* 80 (93.0%) 83 (96.5%)

Decrease (B �1 mm) 6 (7.0%) 1 (1.2%)

Percent change of cortical

thickness�

Mean ± SD (%) �3.3 ± 9.2 �2.9 ± 8.0

Range (%) �26.7 to 17.5 �20.5 to 24.1

Increase in cortical

thickness [ 20%

0 (0%) 1 (1.2%)

Increase between 5%

to 20%

15 (17.4%) 9 (10.5%)

No change** 37 (43.0%) 36 (41.9%)

Decrease between

�5% to �20%

29 (33.7%) 39 (45.3%)

Decrease in cortical

thickness [ 20%

5 (5.8%) 1 (1.2%)

Values are expressed as number of patients; � percent change of

cortical thickness = (change of cortical thickness/baseline cortical

thickness) 9 100; * no change is designated as the absolute difference

between baseline and end cortical thickness less than 1 mm; ** no

change is designated as the absolute percent change in cortical

thickness less than 5%.

Table 4. Change in measurement parameters after a minimum

5 years’ followup

Measurements compared

with baseline

Alendronate

(n = 86)

Control

(n = 45)

p Value

3.5 cm below greater trochanter

Endosteal widening

(mm)*

0.1 ± 0.6 0.1 ± 0.5 0.904

Periosteal apposition

(mm)�
�0.1 ± 0.7 0.0 ± 0.5 0.562

Change of cortical

thickness (mm)

�0.2 ± 0.5 �0.2 ± 0.6 0.838

Percent change of cortical

thickness (%)#
�3.3 ± 9.2 �2.6 ± 10.3 0.931

4.0 cm below greater trochanter

Endosteal widening

(mm)*

0.2 ± 0.6 0.2 ± 0.5 0.972

Periosteal apposition

(mm)�
0.0 ± 0.6 0.0 ± 0.8 0.602

Change of cortical

thickness (mm)

�0.2 ± 0.5 �0.2 ± 0.6 0.572

Percent change of cortical

thickness (%)#
�2.9 ± 8.0 �3.0 ± 8.5 0.709

Data are expressed as mean ± SD; * endosteal widening was cal-

culated by subtracting baseline medullary canal diameter from end

medullary canal diameter; � periosteal apposition was calculated by

subtracting baseline femoral shaft diameter from end femoral shaft

diameter; # percent change of cortical thickness = (change of cortical

thickness/baseline cortical thickness) 9 100.
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There are some limitations to this study. The first, and

perhaps the main, limitation relates to our measurements

from two-dimensional DXA scans. Although the minimum

measurable distance in PACS was 0.22 mm, the cortical

margin of the DXA image was not well defined and may

have affected the selection of measurement points. In this

study, we proposed a value of 1 mm or approximately a

20% change in cortical thickness as our minimal clinically

significant difference. This value is based on the fact that

we are interested only in a major change of cortical

thickness, and we can accurately measure changes greater

than this 1 mm or 20% difference. In addition, this 1 mm

range covers the entire area of blurred cortical margin.

Advanced imaging technologies such as HR-pQCT would

give a more accurate and more detailed view of the prox-

imal femoral geometry; however, these tools have not been

used routinely in clinical practices. Second, the scans did

not include the femoral shaft region. A systematic review

revealed that of 141 cases with atypical femoral insuffi-

ciency fractures, 58 (40%) occurred at the femoral shaft

and 41 (30%) at the subtrochanteric area, whereas the

precise fracture site was not specified in 42 cases [7]. Such

subtrochanteric fractures are located at the site measured in

our study (Fig. 2). Nevertheless, we acknowledge our

results cannot be generalized to the change of cortical

thickness at the femoral shaft area. Third, although the

DXA images covered the subtrochanteric region in all

patients, we did not have data on patients’ heights. It is

possible that the measured points we used in each patient

may represent different locations of the subtrochanteric

region unique for each individual. However, our outcome

of interest is the within-patient change of the cortical

thickness from baseline to latest DXA. Thus, we believe

that measuring potentially different points of the subtro-

chanteric region would not change the conclusion of the

study. Finally, because data on prior alendronate treatment

were obtained retrospectively, we do not have accurate

details on adherence and compliance to those treatments.

Nonetheless, the BMD responses in our patients with long-

term alendronate treatment are consistent with a compliant

population based on previous reports [6, 19].

We found the majority of patients treated with alen-

dronate at a minimum of 5 years had stable or decreased

cortical thickness. Although there is substantial evidence

that shows the effect of alendronate on the change in BMD,

few studies have shown its influence on cortical thickness.

Two recent studies evaluated change in cortical thickness

and found that alendronate increased the mean percent

change in cortical thickness when compared with placebo

[5, 22]. Both studies, however, investigated the treatment

effect of alendronate for only 1 to 2 years. In addition, they

determined change in cortical thickness at the distal tibia

and radius, which are not sites of concern for atypical

femoral insufficiency fractures. Beck et al. [2] conducted a

post hoc analysis of subjects treated with alendronate

(38 patients) and placebo (39 patients) for up to 24 months.

Hip structure analysis software was used to examine bone

geometry including cortical thickness of the proximal

femur from DXA scans. The authors found, after

24 months of alendronate treatment, that the mean percent

change in cortical thickness at the femoral shaft increased

1.82%, whereas it decreased approximately 0.31% with

placebo. In contrast, we found no differences in percent

changes of cortical thickness between the alendronate and

control groups. Our study, however, investigated the long-

term effect of alendronate at a minimum of 5 years. It is

postulated the protective effect of alendronate was over-

come by progressive bone loss from the aging process;

therefore, the overall cortical thickness at the proximal

femur was reduced. In addition, based on the figure

included in the study by Beck et al., they measured cortical

thickness at the femoral shaft level (lower than levels that

we measured). We, therefore, propose that our results were

different than theirs because of different location and

duration of bisphosphonate treatment.

Our data suggest long-term alendronate therapy does not

alter the cortical thickness of the proximal femur compared

with untreated controls. The effect size of this study (less

than 1% difference) was much lower than our detection

limit (5%) and proposed minimally clinically significant

Fig. 2 A radiograph of a patient with an atypical subtrochanteric

femoral insufficiency fracture is shown. The asterisks indicate cortical

hypertrophy of the femoral cortices at the proximal and distal

fragments.

296 Unnanuntana et al. Clinical Orthopaedics and Related Research1

123



change (20%). When performing post hoc analysis based

on a 5% to 20% range of percent changes in cortical

thickness, our sample size was adequately powered

([ 80%) to detect a difference in this range. Thus, we

believe that there is no real difference of percent change in

cortical thickness at the subtrochanteric femoral region

between patients with long-term alendronate therapy and

untreated controls. Instead, we suggest patients with atyp-

ical femoral insufficiency fractures may have had

preexisting thickened femoral cortices before initiation of

alendronate treatment. Thickening may not be a result of the

suppression of bone attributable to alendronate. Another

possibility is that patients with atypical femoral insuffi-

ciency fractures may respond to alendronate differently as

compared with those without fractures. Among all types of

bisphosphonates associated with atypical femoral insuffi-

ciency fractures, alendronate remains the most commonly

reported in the current literature. A recent systematic review

of case reports and case series studies revealed 119 of

141 patients (84.4%) with atypical femoral insufficiency

fractures had a history of long-term alendronate therapy [7].

As most bisphosphonates have long half-lives, once

administered they accumulate in the bone and continue to

be released for months or years after treatment is stopped

[18, 20]. Evidence shows there is some residual benefit to

antifracture efficacy even after bisphosphonates are dis-

continued [27]. Therefore, it is recommended osteoporosis

treatment with bisphosphonates may be reassessed or

stopped for a drug holiday after a course of some years. The

duration of a drug holiday depends on the patient’s fracture

risk and the pharmacokinetics of the bisphosphonates used

[28]. For example, patients with mild risk for fragility

fractures might stop the medication after 5 years of alen-

dronate treatment and remain off as long as BMD is stable

and no fracture occurs. Conversely, patients with high risk

for fragility fractures should be considered for an alternative

medication such as raloxifene, denosumab, or teriparatide

during the holiday period from bisphosphonates.

Long-term alendronate treatment does not cause thick-

ened femoral cortices at the subtrochanteric region in the

detection limits of our method. Percent changes in cortical

thickness were similar in patients with or without a history

of long-term alendronate use. As alendronate reduces

fracture risk, concerns regarding the association between

bisphosphonates and femoral insufficiency fractures should

not preclude the use of these agents in the treatment of

osteoporosis. Nevertheless, we believe these drugs should

not be used for a long duration. Biochemical bone markers

can be used to help monitor when to stop and resume

bisphosphonate treatment. Further investigation will be

required to determine the pathogenesis of atypical femoral

insufficiency fractures in patients receiving long-term

bisphosphonates.
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