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Abstract
Summary Patients in the Health Outcomes and Reduced
Incidence with Zoledronic Acid Once Yearly (HORIZON)
Recurrent Fracture Trial were assessed for evidence of
delayed hip fracture healing. No association was observed
between zoledronic acid (ZOL) and delayed healing. We
conclude that ZOL has no clinically evident effect on
fracture healing, even when the drug is infused in the
immediate postoperative period.
Introduction Intravenous zoledronic acid 5 mg (ZOL)
given after a hip fracture reduces secondary fracture rates

and mortality. It has been postulated that bisphosphonates
may affect healing if given soon after a fracture. We sought
to determine whether the timing of ZOL infusion affected
the risk of delayed hip fracture healing.
Methods In the HORIZON Recurrent Fracture Trial,
patients were randomized within 90 days of a low-trauma
hip fracture to receive either once-yearly ZOL (n=1,065) or
placebo (n=1,062). Clinical symptoms of delayed hip
fracture healing were sought at randomization, 6 months
and 12 months after fracture; if present, a central adjudication committee blinded to treatment assignment reviewed
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radiographs and clinical records. Median follow-up was
1.9 years.
Results The overall incidence of delayed healing was 3.2%
(ZOL) and 2.7% (placebo; odds ratio [OR], 1.17; 95%
confidence interval [CI], 0.72–1.90; p=0.61). Logistic
regression models revealed no association between ZOL
and delayed healing even after adjusting for other risk
factors (OR, 1.21; 95% CI, 0.74–1.99; p=0.44). There was
no interaction by timing of infusion, and nonunion rates
were similar even when ZOL was given within 2 weeks of
hip fracture repair. NSAID use was significantly associated
with delayed fracture healing (OR, 2.55; 95% CI, 1.49–
4.39; p<0.001).
Conclusions ZOL has no clinically evident effect on
fracture healing, even when the drug is infused in the
immediate postoperative period.
Keywords Bisphosphonates . Fracture healing . Hip
fracture . Timing of infusion . Zoledronic acid

Introduction
Hip fractures are a major source of morbidity and mortality
in older adults [1, 2]. Approximately 24% of hip fracture
patients die within 1 year of the event, and 20% will suffer
an additional osteoporotic fracture in the 2 years following
the event [2, 3]. In the Health Outcomes and Reduced
Incidence with Zoledronic Acid Once Yearly Recurrent
Fracture Trial (HORIZON-RFT), intravenous zoledronic
acid 5 mg (ZOL) given within 90 days of a hip fracture has
been shown to reduce the risk of subsequent clinical
fractures by 35% and the risk of death by 28% [4].
However, there have been concerns that bisphosphonates might affect fracture healing [5, 6]. The primary
action of bisphosphonates is suppression of bone resorption by inhibiting osteoclast formation, which may
impact remodeling, bone mineral content, and tensile
strength of healing bone [7–10]. Moreover, oral and
intravenous bisphosphonates including ZOL appear to be
preferentially deposited at the site of an acute fracture,
thus increasing the possibility of a clinically significant
impact on fracture healing [11, 12]. Delayed hip fracture
healing or nonunion occurs in approximately 5% of
intertrochanteric and subtrochanteric fractures and up to
36% of femoral neck fractures treated by osteosynthesis,
with the incidence increasing with advancing age [13,
14]. Delayed hip fracture union results in substantial
excess morbidity and cost. As more hip fracture patients
are treated with ZOL or other bisphosphonates, it is
important to identify any potential adverse affects on hip
fracture healing, especially if the drug is administered
soon after the event.
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Due to these concerns, a secondary analysis of the
HORIZON-RFT trial was planned a priori to examine the
risk of delayed fracture healing in patients treated with ZOL
compared with placebo. Other preplanned analyses demonstrated that the timing of the infusion was significantly
associated with total hip and femoral neck bone mineral
density (BMD) change and anti-fracture efficacy [15].
Therefore, we also chose to study the association between
timing of ZOL infusion and delayed hip fracture healing in
HORIZON-RFT subjects as a post hoc analysis.

Methods
Study design
This was an international, multicenter (148 clinical centers in
23 countries), event-driven, randomized, double-blind,
placebo-controlled, parallel-group trial involving subjects
with recent hip fractures. Randomization was blocked by
center and accomplished through a central interactive voiceresponse system. The study was registered in ClinicalTrials.
gov with the registry identifier NCT00046254. The study
was approved by the appropriate Institutional Review Board
and was performed according to Good Clinical Practice
guidelines.
Study population
Men and women (N=2,127) aged≥50 years were randomized up to 90 days following surgical procedure of a lowtrauma hip fracture to receive either once-yearly intravenous
ZOL (n=1,065) or placebo (n=1,062). All patients were
ambulatory with or without an assistive device prior to the
hip fracture, and were unwilling or unable to take an oral
bisphosphonate. Patients with previous use of bisphosphonates or teriparatide were enrolled after a washout period that
was determined based on their pre-existing usage. Patients
were excluded if they were taking oral corticosteroids, had
active malignancies, or had a prior lower extremity amputation. For the safety analysis, only the 2,111 patients who
received at least one dose of study drug were included.
Treatment
The type of surgical repair and rehabilitation were at the
discretion of the treating physician. All patients were given
a loading dose of 75,000–125,000 U of vitamin D2 or
50,000–75,000 U of vitamin D3 (intramuscular or oral) and
daily oral supplementation of 800–1,200 IU of vitamin D
and 1,000–1,500 mg elemental calcium. Concomitant
osteoporosis therapy with calcitonin, raloxifene, or hormone replacement therapy was allowed.
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Study drug
ZOL 5 mg or placebo infusion was administered within
90 days of the hip fracture repair and every 12 months for a
maximum of 3 years. Follow-up visits were conducted at
months 6, 12, 24, 36, and study closeout, and telephone
interviews were conducted every 3 months starting at
month 9.
Fracture healing assessment
All cases of delayed hip fracture healing were confirmed by
a central adjudication committee consisting of an orthopedic surgeon, a geriatrician, and a bone radiologist who were
blinded to treatment assignment. Potential cases were
identified in two ways. First, all subjects were asked if
they had continued pain or inability to bear weight on their
index hip beginning at randomization and at every study
contact throughout the first year. Second, the adverse events
and concomitant medication databases were examined
quarterly for adverse events and surgical procedures on
the index hip using Medical Dictionary for Regulatory
Activities and World Health Organization Drug Reference
List search terms related to nonunion. After any of these
triggers, pre- and postoperative radiographs and clinical
notes were examined by the adjudication committee.
Subjects who had a total hip arthroplasty as their primary
repair were excluded. Delayed hip fracture union was
defined as one or more clinical symptoms (pain, inability to
ambulate, and gait disorder) at least 6 weeks after surgical
repair plus any one of the following radiographic findings
(Fig. 1):
&
&
&
&

Persistence of fracture line without change from initial
radiograph
Appearance of a fracture line not initially seen on
radiograph in a fracture identified by magnetic resonance imaging, computerized tomography, or bone scan
Displacement of a fracture not consistent with type of
internal fixation
Lack of callus formation or consolidation of the fracture
over at least two cortices.

This clinical and radiographic definition was developed
by the adjudication committee in the absence of any
established, validated gold standard for the diagnosis of
hip fracture delayed union and was based on prior studies
[9, 14] and current clinical practice in the United States.
Because the radiographic appearance during fracture healing differs by the type of hip fracture, radiographic criteria
were chosen to include findings common in each of the
major subtypes of hip fractures; impacted femoral neck
fractures frequently do not initially have fracture lines
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visible, and therefore, the second and third criteria were
included, while lack of callus formation and persistence of
fracture line are more common in intertrochanteric
fractures. Because many cases lacked immediate postoperative films, it was not possible to determine loss of
fixation except in cases of gross failure; thus, cases were
adjudicated either as healed or delayed healing regardless
of cause. Two adjudication committee members independently examined the source documents; differences were
resolved in committee meetings by consensus. The initial
reviewer agreement in a subset of adjudicated cases was
76.5%, with kappa 0.65 (95% confidence interval, 0.26–
0.94) indicating “good” level of agreement. Although to
our knowledge there is no gold standard with which to
formally validate our definition, all patients adjudicated as
having a delayed union underwent additional surgical
procedures, suggesting agreement with the clinicians
caring for the patients.
Statistical analysis
All patients were categorized according to the time between
their hip fracture repair and the receipt of their first study
drug infusion: within 2 weeks (days 1–14), >2–4 weeks
(days 15–28), >4–6 weeks (days 29–42), and >6 weeks
(after day 42). Missing values were imputed using the mean
of non-missing values in the safety population.
Logistic regression analysis was performed adjusting the
treatment effect for the time of first study drug infusion.
Within-subgroup comparisons for delayed fracture healing
were also performed by timing of first study drug infusion
interval. Additional covariates known to be risk factors for
delayed fracture healing [16] were evaluated to adjust for
baseline imbalances; these included age, sex, race, body
mass index (BMI), fracture type (femoral neck versus all
others), geographic location (as a surrogate for potential
differences in perioperative treatment and rehabilitation),
rheumatoid arthritis, diabetes, and nonsteroidal antiinflammatory drug (NSAID) use.
Source of funding
The study was sponsored by Novartis Pharmaceuticals and
was designed in collaboration with faculty at Duke
University Medical Center and members of the
HORIZON-RFT steering committee. An independent data
and safety monitoring board met semi-annually to oversee
study conduct and safety. Primary study data analysis was
performed by the sponsor and independently confirmed by
the coordinating center at the University of California, San
Francisco. The present data analysis was performed by the
sponsor and analyzed in collaboration with the Steering
Committee members.
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a

Clinical symptoms of delayed fracture healing (any one)

b

Persistent pain
Inability to bear weight

AND

Radiographic criteria at least 6 weeks after surgical repair (any one)
Persistence of fracture line without change from initial radiograph
Appearance of a fracture line not initially seen on radiograph in a fracture
identified by MRI, CT, or bone scan
Displacement of a fracture not consistent with type of internal fixation
Lack of callus formation or consolidation of the fracture over at least 2 cortices.

c

Fig. 1 a (Box) Adjudication criteria for delayed fracture healing. b
AP radiograph of delayed union of intertrochanteric fracture demonstrating persistent fracture line (thin arrow) and lack of bridging callus
(thick arrow). From Wheeless’textbook of Orthopedics, http://www.
wheelessonline.com/ortho/intertrochanteric_fractures, permission

granted. c Frog leg lateral radiograph of delayed union of femoral
neck fracture demonstrating persistent fracture line (thin arrow) and
distraction (thick arrow). From Wheeless’ textbook of Orthopedics,
http://www.wheelessonline.com/ortho/femoral_neck_non_union, permission granted

Results

of delayed fracture healing between the ZOL and placebo
groups in either NSAID users (4.66% vs 4.87%; OR, 0.95;
95% CI, 0.53–1.72; p=0.88) or non-NSAID users (2.50%
vs 1.24%; OR, 2.04; 95% CI, 0.84–5.42; p=0.12).
Previous analyses demonstrated a numerically smaller
improvement in total hip BMD over 12 months when ZOL
was administered within 2 weeks of the initial fracture
repair and decreased anti-fracture efficacy when ZOL was
administered within 2 weeks [15]. Examining the incidence
of delayed healing by the time between hip fracture repair
and infusion, ZOL had a similar incidence of delayed hip
fracture healing compared with placebo when the drug was
administered early (within 2 weeks; ZOL, 1.8%; placebo,
8.7%; OR, 0.19; 95% CI, 0.01–1.35; p=0.10), between 2
and 4 weeks (ZOL, 3.1%; placebo, 4.0%; OR, 0.78; 95%
CI, 0.25–2.40; p=0.67), between 4 and 6 weeks (ZOL,
5.2%; placebo, 3.0%; OR, 1.80; 95% CI, 0.73–4.67; p>
0.20) and after 6 weeks (ZOL, 3.1%; placebo, 2.1%; OR,
1.48; 95% CI, 0.72–3.20; p>0.20) from the surgical repair

Baseline characteristics were similar between the ZOL and
placebo groups (Table 1). The overall incidence of delayed
union of hip fracture in the study population was 34 (3.2%)
in the ZOL group and 29 (2.7%) in the placebo group (odds
ratio [OR], 1.17; 95% confidence interval [CI], 0.72–1.90;
p=0.61). In the ZOL group, 62.2% of the cases of delayed
healing occurred in femoral neck fractures compared with
54.8% for the placebo group.
In logistic regression models, only NSAID use (defined
as use of any NSAID excluding cyclooxygenase-2 inhibitors after randomization) was significantly associated with
delayed fracture healing (OR, 2.55; 95% CI, 1.49–4.39; p<
0.001), and the risk associated with ZOL remained
nonsignificant (OR, 1.21; 95% CI, 0.74–1.99; p=0.44;
Table 2). The number of patients with concomitant NSAID
use was similar between the ZOL and placebo groups
(Table 1). Additionally, there was no difference in the rate
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Table 1 Baseline characteristics
for zoledronic acid- and
placebo-treated subjects

P value based on Fisher’s exact
test/chi-square test as applicable
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Zoledronic acid
N=1,054

Placebo
N=1,057

P value

Female (%)
Age in years (%)

810 (76.8)

796 (75.3)

0.41

<65
65–74
75–84
≥85
Race (%)
Caucasian
Others
Geographic region (%)
North America
Latin America
Western Europe
Eastern Europe
BMI (kg/m2)
<19
19–25
>25
SPMSQ score (%)
0
>0–2
>2
Missing
Femoral neck T-score
≤−2.5
>−2.5 to −1.5
>−1.5
Missing
Hip fracture type (%)
Intertrochanteric
Subtrochanteric
Femoral neck
Others
Prior residence (%)
Private home
Assisted living
Skilled nursing facility
Others
NSAID use
Hypertension (%)
Diabetes (%)
Stroke (%)
Coronary artery disease (%)
Tachyarrhythmia (%)

172
305
440
137

191
268
447
151

(18.1)
(25.3)
(42.3)
(14.3)

0.25

962 (91.3)
92 (8.7)

960 (90.8)
97 (9.2)

0.76

297
132
356
269

313
131
353
260

(29.6)
(12.4)
(33.4)
(24.6)

0.90

79 (7.5)
502 (47.6)
441 (41.8)

72 (6.8)
506 (47.9)
450 (42.6)

0.90

524
283
168
79

(49.7)
(26.9)
(15.9)
(7.5)

523
285
180
69

(49.5)
(27.0)
(17.0)
(6.5)

0.78

448
360
122
124

(42.5)
(34.2)
(11.6)
(11.8)

437
374
121
125

(41.3)
(35.4)
(11.4)
(11.8)

0.94

335
48
575
76

(31.8)
(4.5)
(54.6)
(7.2)

342
57
584
74

(32.4)
(5.4)
(55.3)
(7.0)

0.78

945
60
31
18
494
543
173
181
209
61

(89.7)
(5.7)
(2.9)
(1.7)
(46.87)
(51.5)
(16.4)
(17.2)
(19.8)
(5.8)

928
61
44
24
493
567
160
190
224
79

(87.8)
(5.8)
(4.2)
(2.3)
(46.64)
(53.6)
(15.1)
(18.0)
(21.2)
(7.5)

0.35

(Fig. 2). Logistic regression models revealed no association
between the timing of ZOL infusion and delay in fracture
healing (OR, 1.20; 95% CI, 0.74–1.95; p=0.44), even after
adjusting for other risk factors.

(16.3)
(28.9)
(41.7)
(13.0)

(28.2)
(12.5)
(33.8)
(25.5)

0.93
0.34
0.44
0.65
0.45
0.14

Discussion
It has long been debated whether bisphosphonates are
helpful or harmful in acute fracture healing. Animal
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Table 2 Risk of delayed fracture healing from a multivariable logistic regression model.
a

P values derived from logistic
regression model adjusting for
zoledronic acid treatment, gender, NSAID use, active rheumatoid arthritis (yes/no), active
diabetes (yes/no), race, age,
geographic region (North
America, South America, Western Europe, Eastern Europe),
and baseline BMI (<19, 19–25,
>25 kg/m2)

Zoledronic acid treatment
Female gender
NSAID use
Diabetes
Rheumatoid arthritis
Race
Femoral neck fracture
Age
Geographic region
BMI

experiments have shown that bisphosphonate treatment
during acute fracture results in increased callus size, higher
bone mineral content, no change in endochondral ossification, and retardation in callus remodeling [8, 17–19].
Although the suppression of osteoclast activity with
supra-therapeutic doses of alendronate was shown to result
in poor bone quality by histology in a rat model [10], most
animal experiments have demonstrated either no change or
improvement in the tensile strength of bisphosphonatetreated bone after experimental fracture [8, 11, 17, 20–22].
On the other hand, the few available studies in humans
have reported conflicting results. While oral clodronate and
i.v. pamidronate were found to be potentially beneficial in
small studies of adults with Colles’ fracture [23] and
children with osteogenesis imperfecta [24], a recent case–
control study of more than 19,000 patients with humerus
fractures demonstrated a twofold increased risk of nonunion
in those exposed to bisphosphonates postfracture [25].
However, it is likely that patients who are prescribed
bisphosphonates differ in important ways from those who
are not, and the observed risk increase may be related to

Odds ratio

95% confidence interval

1.21
1.65
2.55
1.19
1.33
1.42
1.21
NA
NA
NA

(0.74,
(0.97,
(1.49,
(0.63,
(0.30,
(0.26,
(0.73,
NA
NA
NA

P valuea

1.99)
2.81)
4.39)
2.22)
5.64)
7.79)
2.00)

0.44
0.07
<0.01
0.60
0.72
0.68
0.47
0.59
0.47
0.19

these unmeasured confounders, such as BMD or corticosteroid use rather than the bisphosphonate itself. Additional
concerns about a bisphosphonate effect on fracture healing
have been raised by case series of atypical non-spine
fractures seen in patients on long-term bisphosphonate
therapy [6, 26–28]. Many of these patients exhibited
delayed or absent fracture healing for 3 months to 2 years
during therapy. Histomorphometric analysis of the cancellous bone showed markedly suppressed bone formation,
with reduced or absent osteoblastic surface. Matrix synthesis was markedly diminished, with absence of doubletetracycline label and absent or reduced single-tetracycline
label. The same trend was seen in the intracortical and
endocortical surfaces. These cases suggest the possibility
that severe suppression of bone turnover may develop
during long-term bisphosphonate therapy, resulting in
increased susceptibility to and delayed healing of nonspine fractures. However, these case series lack an
appropriate comparison group and shed no light on the
impact of bisphosphonates on fracture healing in patients
without extensive prior use.

Fig. 2 Delayed hip fracture
healing by time between hip
fracture surgery and first study
drug infusion

Odds ratio

0.19 (0.01, 1.35)

0.78 (0.25, 2.40)

1.80 (0.73, 4.67)

1.48 (0.72, 3.20)

0.10

0.67

0.20

0.29

(95% CI)
P-value
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In the HORIZON-RFT trial, 2,127 hip fracture patients
were randomized to i.v. ZOL or placebo and therefore
provided an opportunity to examine the impact of ZOL on
the incidence of delayed hip fracture healing in a controlled
setting. As subjects received their medication within a 90day period after the fracture repair, we were also able to
study the effect of the timing of infusion on fracture healing
outcomes. Other study strengths include the prospective,
blinded adjudication of fracture healing. We found no
increased risk of delayed fracture healing with ZOL, even
when the drug was infused within 2 weeks of the index hip
fracture. While the upper 95% CI of our estimate includes
the possibility of a clinically important increased risk of
delayed healing with ZOL (OR, 1.17; 95% CI, 0.72–1.90),
the large and significant benefit of ZOL in both secondary
fracture reduction and mortality likely outweighs this
smaller possibility of harm. On the other hand, the logistic
regression model showed that delayed fracture healing is
significantly increased in patients treated with non-selective
NSAIDs, adding new information to this controversial
issue.
Our study has several limitations. First, case report
forms were not designed to capture the type of initial
surgical repair performed on the index hip fracture, and
thus, we were unable to exclude those who had a hip
arthroplasty from the analysis. This likely explains the
lower incidence of delayed healing we observed compared
with previous reports [9, 14]. Second, there are no
universally accepted criteria for diagnosing delayed hip
fracture healing, and there is considerable variation in how
fracture healing is assessed and managed by orthopedic
surgeons [29–31]. Therefore, we used a combination of
clinical symptoms and radiographic evidence to adjudicate
delayed healing in an effort to standardize the diagnosis
across the diverse investigational sites. Third, we did not
grade the quality of the initial surgical repair because of
the lack of a validated rating system [30]. However,
differences in surgical repair are unlikely to have influenced our results since the study was block-randomized by
site such that a single surgeon would have equal number
of patients in the intervention and control arms, and we
corrected for geographical region to mitigate any systematic differences in perioperative management. Similarly,
the type of surgical repair was decided by the operating
surgeon who was unaware of treatment assignment.
Fourth, our data do not allow us to comment on the
impact of previous, long-term bisphosphonate use on
fracture healing since subjects had limited or no prior
exposure to these agents.
In summary, treatment with ZOL following hip fracture
repair does not significantly delay fracture healing, even
when the drug is infused in the immediate postoperative
period. Patients can be treated for osteoporosis with an
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annual infusion of ZOL 5 mg following hip fracture repair
without resulting in the additional morbidity and cost of
delayed fracture healing.
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