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ABSTRACT

INTRODUCTION  Bisphosphonate therapy (BT) is used commonly in the management of osteoporosis. A systematic review was
conducted investigating delayed union of lower limb, long bone fractures in patients on BT. We specifically assessed whether
BT increases the risk of delayed union or non-union in lower limb, long bone fractures.

METHODS A literature search was conducted in the PubMed and Embase™ on 4 November 2014. Articles that investigated
lower limb fractures, history of BT and fracture union were included in the review.

RESULTS A total of 9,809 papers were retrieved and 14 were deemed suitable for this review. The mean time to union in
patients on BT was 8.5 months. A longer time to union was reported in a study investigating BT users versus controls (6.5 vs
4.8 months respectively). The mean rate of delayed or non-union for BT associated atypical fractures was 20% per fracture.
Specifically in one study, delayed union was more common in the cohort with more than three years of BT (67%) than in the
group with less than three years of BT (26%). Surgical fixation was associated with improved outcomes compared with non-
operative management.

CONCLUSIONS BT has been described to be associated with multiple adverse outcomes related to atypical fractures. Current
evidence recommends operative management for this patient group. Further investigation is required to evaluate the exact

effects of BT on lower limb fractures, in particular typical femoral fractures.
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Bisphosphonates or diphosphonates are the most commonly
prescribed medication in the management of osteoporosis.’
Placebo controlled randomised trials of bisphosphonate
therapy (BT) have demonstrated evidence of this medication
in preventing bone loss and osteoporotic fractures.””

The mechanism of action of bisphosphonates involves
inhibition of osteoclast activity and reduction in the size of
resorption cavities that form, with a resulting increase in
bone mineral density.® However, there have been concerns
that BT may lead to oversuppression of bone turnover and
impairment of bone healing; bone histomorphometric
analysis in patients receiving long-term alendronate ther-
apy showed changes consistent with severely suppressed
bone turnover similar to adynamic bone disorder.” There
have been case reports of atypical femoral fractures associ-
ated with BT.%?

A systematic review was conducted on all existing litera-
ture that described delayed or non-union of lower limb,
long bone fractures among human adults on BT. The aim
of this review was to investigate whether BT increases the
risk of delayed or non-union in lower limb, long bone
fractures.

Methods

Our screening and bias assessment strategy, illustrated in
Figure 1, was based on the PRSIMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) standards
and checklist. A literature search was performed in
PubMed (1950 — present) and Embase™ (1947 - present)
on 4 November 2014 with the following search criteria:
“fractures, bone OR fracture healing OR osteoporotic frac-
tures AND diphosphonates OR alendronate OR pamidro-
nate” for PubMed and “fracture OR non-union OR delayed
union OR bone healing OR bone union AND bisphospho-
nate OR bisphosphonate acid derivative” for Embase™.
Search terminology was based on the MeSH (Medical Sub-
ject Headings) database provided. Our search was limited
to studies carried out in humans and reported in the Eng-
lish language. Print journals, online journals and meeting
or conference abstracts were considered for inclusion.
Review articles were excluded. This initial search strategy
identified 9,809 articles of interest.

The included articles were assessed for quantitative esti-
mates of our key parameters of interest, namely time to
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> Review articles (n=1)
Non-lower limb articles (n = 261)

Figure 1 Study flow diagram

fracture union and rate of delayed or non-union per frac-
ture, specifically comparing between BT and non-BT cases.
Outcomes following operative versus non-operative man-
agement of fractures were also assessed. Articles that
described patients with fractures of the lower limb and a
history of bisphosphonate use were included. Case reports
were excluded. The following information was identified:
author, study design, sample size, sex distribution, age,
duration of BT, type of BT, fracture site, type of fractures
described (assessed specifically using American Society for
Bone and Mineral Research [ASBMR]| definition of atypical
femoral fractures),'®!! definitions of union, time to union,
type of fracture management and other factors that may
modify healing outcomes.

Results

Fourteen papers were included in this review.”'>* A sum-
mary of the design characteristics of each paper is pro-
vided in Table 1. A detailed meta-analysis of the articles
was not possible owing to heterogeneity with regard to
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parameters of interest and types of populations sampled.
Rough cumulative estimates, weighted by sample sizes,
were calculated for all key parameters of interest.

Fractures investigated were described primarily as atypi-
cal femoral fractures associated with BT, with two excep-
tions: Armamento-Villareal et al included a patient with a
fibular fracture” and Odvina et al included a case of a tibial
fracture that experienced delayed union.'? The included
studies investigated a total of 420 patients: 387 patients on
BT and 35 controls (401 female and 16 male). The cumula-
tive mean age of the patients was 68.5 years (5.6 years,
range: 38-91 years).

The mean duration of BT in all the studies was 6.3 years
(x1.9 years, range: 0.04-20 years). Alendronate was the
most common type of BT prescribed but use of other BT
(risedronate, zoledronate, etidronate, pamidronate and
ibandronate) was also included.

Three studies employed non-BT controls. A retrospective
review conducted by Das De et al examined 20 patients
with subtrochanteric femur fractures, of whom 12 were
receiving long-term alendronate, and 8 served as a control
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group.'® Prasarn et al conducted a retrospective review of
patients who had sustained femoral shaft fractures, who had
been on BT for at least one year; a control population was
created retrospectively with similar preoperative parame-
ters as the BT cohort.!” Finally, a retrospective review by
Thompson et al looked at 27 insufficiency fractures of the
subtrochanteric femoral shaft, from which patients on BT
were identified retrospectively.!” Two studies performed
comparisons that showed no significant differences between
BT and control groups with regard to preoperative and
patient characteristics.'>!”

Important findings for each reviewed paper, pertaining to
the questions posed in this review, are shown in Table 2.

Does BT increase the risk of delayed or non-union in lower
limb, long bone fractures?
Our literature review demonstrates that BT is associated
with poor healing of lower limb, long bone fractures. Four
studies measured time to union in patients on BT.!7:19:25:24
The mean time to union for BT users was 8.5 months
across all four studies. In particular, Prasarn et al reported
that the BT group had a longer time to union than the con-
trol group (6.5 vs 4.8 months).'” The mean rate of delayed
or non-union for BT associated atypical fractures was 20%
per fracture, with a range of 2-63%.7!2716:18-22 Notably,
there were comparisons between BT and non-BT groups
with regard to rate of delayed or non-union; Das De et al
stated that, compared with controls, the BT group had a
higher proportion of patients experiencing non-union that
necessitated further surgery (25% vs 15%).'3

Kang et al investigated the correlation between duration
of BT and delayed union, demonstrating that delayed union
was more common in the cohort with more than three
years of BT (67%) than in the group with less than three
years of BT (26%).>> Furthermore, Schneider et al found
that 45% of patients who continued BT after the first frac-
ture went on to develop a second fracture more than 12
months later, compared with 17% of those who stopped BT
after the first fracture.'®

Does operative management improve the outcomes of
these fractures?
Compared with non-operative management, intramedul-
lary nailing of atypical BT related fractures was associated
with a lower risk of non-union than for non-operative
management.'*'>2° Banffy et al reported that 5 of 6 frac-
tures (85%) managed initially non-operatively resulted in
non-union (completion and displacement of fracture) by 18
months.'” In addition, Teo et al described a high rate of
implant failure (7/30, 23%) in the BT group.®* In contrast,
0 of 6 fractures managed initially with prophylactic nailing
in the study by Banffy ef al resulted in non-union at 12
months (ie all fractures demonstrated radiological union)
and overall, only 1 of 34 fractures (2%) that were managed
operatively (whether initially or after failure of conserva-
tive management) experienced delayed union.'®

Ha et al found that 4 of 4 patients who refused operative
management continued to have radiological non-union dur-
ing their follow-up period.'* By comparison, 0 of 10 patients

whose fractures were managed operatively had continued
non-union; instead, all of these cases had achieved bony
union by the end of their follow-up period. Both operative and
non-operative groups had similar follow-up periods except
for a single outlier in the operative group (60 months).

Discussion

Risk of poor healing in lower limb, long bone fractures
There is evidence supporting prolonged bone healing in
patients with atypical fractures after BT (Australian
National Health and Medical Research Council level of evi-
dence III-2 and III-3). Our systematic review identified
clinically significant rates of delayed or non-union associ-
ated with BT. Two studies specifically measured time to
union in patients on BT; the mean time to union in the BT
group was quoted as 6-6.5 months.'”!'® This falls into the
time range for delayed union.'*?! Furthermore, Prasarn et
al suggested that BT was associated with longer healing
times (1.7 months) compared with non-BT.!'” Overall in
our review, approximately a third of all BT related frac-
tures resulted in delayed or non-union.

A number of case reports and case series in the litera-
ture suggest a similar trend to that seen in our review.
Sayed-Noor and Sjodén reported two patients with femoral
insufficiency fractures after long-term alendronate therapy
and one of these had delayed union after internal fixation.®
Visekruna et al reported three patients with subtrochan-
teric insufficiency fractures, one of whom had no radio-
graphic evidence of union at 22 months.??

In particular, Kang et al identified that a high rate (56.5%)
of patients on long-term BT who developed delayed union.”>
In addition, there was a significantly higher incidence of
delayed union in the group with long-term therapy.

From a pathological perspective, the prolonged times to
fracture union and the greater rates of failed union observed
in our review are consistent with existing claims of aberrant
bone growth with BT.”'? Armamento-Villareal et al con-
ducted histomorphometric analyses in 14 bisphosphonate
users and reported that the number of trabecular osteoclasts
was reduced in all patients regardless of the bone turnover
rate.” They hypothesised that decreased osteoclast function
translates to dampening of remodelling. Allen and Burr also
noted that initiation of osteoclast activity is suppressed by
BT, which reduces the number of active bone remodelling
sites and the size of resorption cavities that form.°

Odvina et al performed transiliac bone biopsy with dou-
ble tetracycline labelling in six bisphosphonate users and
identified low bone turnover in all six; five of these were
severely suppressed.'?> They suggested that low bone turn-
over could impair the bone’s ability to repair strain related
microdamage, leading to accumulation of microcracks.

Operative management of atypical fractures

There is a consensus among three publications in this
review that operative management of atypical fractures
offers superior outcomes compared with conservative non-
operative management. Specifically, internal fixation has a
higher likelihood of achieving bone union than non-
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operative management.'*'> Other clinical outcomes such
as length of hospital stay and pain relief are also improved
with operative management. Furthermore, prophylactic
operative management in the contralateral femur (or in
any femur that demonstrates a stress pattern on radiogra-
phy) is associated with lower risk of subsequent fracture
and healing complications.'>%°

Interestingly, Prasarn et al identified that BT was associ-
ated with a higher complication rate from operative man-
agement (71% vs 10%) despite the use of additional medical
and surgical adjuvants.'” Moreover, there is an increased
rate of bilateral and secondary contralateral fractures.'>!® It
is postulated that the higher incidence of bilateral fractures
in BT groups may be secondary to generalised aberrant
bone growth with BT."3

Other factors involved in operative management includ-
ing bone grafting, revision plate fixation and renailing
have been described in very few cases in papers reviewed
in this study but there has been no long-term follow-up of
these rare cases. In one article, these were excluded from
statistical analysis.??

In the wider literature, there has been medical and non-
operative management of BT related lower limb fractures.
Of note, patients who sustained bisphosphonate related
lower limb fractures that were managed non-operatively
had a higher incidence of teriparatide use (64% vs 5%).%°
Moreover, recent evidence suggests that teriparatide use
accelerates healing in the postoperative setting in BP
related atypical femoral fractures.?® Despite this, there has
been no identified benefit of teriparatide use on rates of
healing found in papers included in this review.?°

Limitations
Assessing for delayed and non-union was complicated by
variability in existing definitions of fracture union. For
example, Ha et al and Weil et al defined delayed union as
longer than twice the expected healing time for specific
regions of bones (ie longer than 12 weeks for fractures in
the upper limb and feet, and 6 months in the femur or
tibia).'*1® Failure of union was defined by Thompson et al
as 1.5 times the expected duration for fracture union."?

The most accepted criteria for atypical subtrochanteric
and diaphyseal femoral fractures were described in ASBMR
report.'®"! However, these criteria were used in only three
papers reviewed in this study to define atypical femoral
fractures.'8232

Patients on BT may have existing risk factors that pre-
dispose to delayed bone healing, such as age, steroid use
and osteoporosis. This potential source of bias was
addressed by three of the reviewed studies, which identi-
fied no significant difference between BT and control
groups in terms of existing risk factors.'>'73

While BT is often used in patients with both typical and
atypical fractures,>” most studies in the literature described
atypical fractures. Our analysis may therefore not necessa-
rily reflect bone healing in bisphosphonate users who sus-
tain typical traumatic fractures.

Notably, the role of operative management in bisphosph-
onate users discussed in this review is an incidental

finding of the initial literature review. Consequently, papers
included in the current study may not be a comprehensive
review of current evidence of operative management of
fractures in bisphosphonate users.

For these reasons, it is suggested that further investiga-
tions to evaluate the exact effects of BT on lower limb frac-
tures are carried out.

Conclusions

Overall, BT appears to be associated with poor healing of
atypical fractures, including longer duration to complete
union and higher incidence of non-union. Operative man-
agement of atypical fractures and prophylactic treatment of
incomplete stress fractures may help ameliorate some of
these risks. Further high level studies are required to clar-
ify the fracture risks associated with BT, in particular typi-
cal femoral fractures.
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