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Abstract Antiosteoporotic medications are often used to con-
currently treat a patient’s fragility fractures and underlying
osteoporosis. This review evaluates the existing literature
from animal and clinical models to determine these drugs’
effects on fracture healing. The data suggest that these medi-
cations may enhance bone healing, yet more thorough pro-
spective studies are warranted. Pharmacologic agents that in-
fluence bone remodeling are an essential component of oste-
oporosis management. Because many patients are first diag-
nosed with osteoporosis when presenting with a fragility frac-
ture, it is critical to understand how osteoporotic medications
influence fracture healing. Vitamin D and its analogs are es-
sential for the mineralization of the callus and may also play a
role in callus formation and remodeling that enhances biome-
chanical strength. In animal models, antiresorptive medica-
tions, including bisphosphonates, denosumab, calcitonin, es-
trogen, and raloxifene, do not impede endochondral fracture
healing but may delay repair due to impaired remodeling.
Although bisphosphonates and denosumab delay callus re-
modeling, they increase callus volume and result in unaltered
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biomechanical properties. Calcitonin increases cartilage for-
mation and callus maturation, resulting in improved biome-
chanical properties. Parathyroid hormone, an anabolic agent,
has demonstrated promise in animal models, resulting in ac-
celerated healing with increased callus volume and density,
more rapid remodeling to mature bone, and improved biome-
chanical properties. Clinical data with parathyroid hormone
have demonstrated enhanced healing in distal radius and pel-
vic fractures as well as postoperatively following spine sur-
gery. Strontium ranelate, which may have both antiresorptive
and anabolic properties, affects fracture healing differently in
normal and osteoporotic bone. While there is no effect in
normal bone, in osteoporotic bone, strontium ranelate in-
creases callus bone formation, maturity, and mineralization;
forms greater and denser trabeculae; and improves biome-
chanical properties. Further clinical studies with these medi-
cations are needed to fully understand their effects on fracture
healing in order to simultaneously treat fragility fractures and
underlying osteoporosis.

Keywords Fracture healing - Medication - Osteoporosis -
Pharmacology

Introduction

The initial diagnosis of osteoporosis commonly occurs when a
patient presents with a fragility fracture [1, 2]. To appropriately
manage both the fracture and osteoporosis, it is essential to
understand how osteoporosis medications influence fracture
healing. In general, these agents counteract bone loss by
inhibiting bone resorption or promoting bone formation. Thus,
osteoporotic medications are split into two major categories:
the antiresorptive medications, consisting of bisphosphonates,
denosumab, calcitonin, estrogen, and selective estrogen
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receptor modulators (SERMs), and the anabolic agents, which
include parathyroid hormone (PTH) analogs and strontium
ranelate (SR). Since remodeling is crucial to fracture healing,
both classes of drugs have the potential to hinder or accelerate
this process. In addition to these agents, supplements such as
calcium and vitamin D are integral to bone health and may
impact healing. This is particularly true in osteoporosis, which
has been identified as a risk factor for impaired fracture
healing. Animal studies have shown that osteoporosis can
cause a significant reduction in fracture callus size, bone min-
eral density (BMD), and mechanical strength [3].
Histomorphologically, new bone trabeculae in osteoporotic
models are arranged in a loose and irregular fashion, demon-
strating the poor quality of the new bone formed [4].

This review will describe how these drugs alter bone me-
tabolism and will explore existing data on how they influence
fracture healing. An exhaustive literature search was under-
taken in PubMed, and English language articles were selected
that examined each chosen osteoporotic medication in the
context of fracture healing. Titles and abstracts were screened
to determine if they contained information pertaining to the
subject of the review. If so, the full article was read before
including it in the manuscript. No articles were excluded
based on their results. Despite recent interest in newer
antiosteoporosis medications such as antisclerostin antibodies
and cathepsin K inhibitors, reporting on their role in fracture
healing would be premature due to limited and incomplete
preclinical data [5-8]. Studies are ongoing, but these drugs
will not be included in this review. A list of included drugs
and summaries of animal and clinical evidence are provided in
Tables 1 and 2.

Calcium and vitamin D
Overview

Calcium and vitamin D management is critical for osteoporot-
ic patients, as deficiencies have been identified as a common
underlying finding in patients with fragility fractures. Calcium
is one of the major constituents of bone, and vitamin D has
been shown to play an important role in maintaining calcium
homeostasis, improving muscle function and preventing falls
[1, 9, 10]. Together they have been shown to reduce fractures
among the elderly.

Animal studies

Most animal studies examining the role of vitamin D have
shown a positive effect on fracture healing [11-14]. In animal
models, the plasma concentration of 1,25-dihydroxyvitamin
D5 (1,25(0OH),D3), one of the active vitamin D metabolites,
rapidly decreases following a fracture. This rapid reduction is
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not a result of systemic decreased synthesis or increased deg-
radation, but of increased consumption. In fact, 1,25(OH),D;
may localize to the callus and regulate the healing process [15,
16]. The other active metabolite, 24R,25-dihydroxyvitamin
D3 (24R,24(0OH),D5), may also have a key role in fracture
healing. In a chick model, tibial fractures had inferior healing
and bone mechanics when treated only with 1,25(OH),D;
compared to those treated with both 1,25(OH),D; and 24R,
24(OH),D; [17]. Furthermore, 24R,24(OH),D;-specific re-
ceptors have been identified in the healing callus and endo-
chondral chondrocytes of animal models, suggesting the me-
tabolite’s specific role in fracture healing [18-20].

Mechanistically, the active metabolites of vitamin D act to
increase new bone volume, callus volume and density, and
trabecular number at the fracture site through various means.
1,25(0OH),D; promotes osteogenic differentiation during early
osteoblastogenesis and directly stimulates mineralization of
the extracellular matrix through activation of osteoblast vita-
min D receptors [21-24]. This mineralization is also enhanced
by the catabolic products of 1,25(0OH),D3 and 25(OH)D (1,
24R,25(0H);D5 and 24R,25(OH),D;, respectively). In addi-
tion, biomechanical parameters show improvement in ulti-
mate load at failure and energy absorption. This improvement
in mechanical properties is closely associated with an increase
in the total amount of enzymatic collagen cross-links in the
callus [20]. An increase in the transformation of woven bone
into lamellar bone also takes place, resulting in improved cal-
lus remodeling compared to controls [25]. This improved re-
modeling may be attributable to a theorized role for vitamin D
as a regulator of osteoclastogenesis, based on the expression
of vitamin D receptors by osteoclasts and the fact that 1,
25(0OH),D5 stimulates osteoclast formation from bone mar-
row cells [26-29].

Clinical evidence

Clinical studies, although limited, also support the positive
effect of calcium and vitamin D supplementation on fracture
healing. In the only randomized, double-blinded, placebo-
controlled study reported in the literature, 30 previously un-
treated women with proximal humerus fractures were either
given calcium and vitamin D supplementation or placebo. The
primary outcome measure was the difference in BMD at the
fracture site. At 6 weeks, BMD was significantly higher in the
treated group, indicating a positive impact of vitamin D and
calcium supplementation on fracture healing [30]. Further
support for the role of vitamin D in fracture healing comes
from the study of nonunion by Brinker et al. After eliminating
poor instrumentation and osteomyelitis, 84 % of patients (31
out of 37) with nonunion were found to have metabolic or
endocrine abnormalities. Of these patients, 81 % (25 out of
31) had vitamin D deficiency [31]. Although controversy ex-
ists in the literature as to the true definition of vitamin D
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Table 1  Summary of animal studies
Agent Class Animal study summary
Vitamin D Supplemental — Undetermined effect on healing rate
— Increased callus volume and density
— Enhanced mechanical properties
Bisphosphonates Antiresorptive — Delayed rate of callus maturation following cartilage calcification; rate of
initial callus formation unaffected
— Increased callus volume and bone mineral content
— Enhanced mechanical properties
Denosumab Antiresorptive — Delayed callus remodeling
— Increased callus volume and bone mineral content
— Enhanced load-carrying capacity and torsional rigidity
Calcitonin Antiresorptive — Increased early endochondral ossification/cartilaginous healing

— Greater cartilaginous callus maturation, no effect on callus volume
— Enhanced load-carrying capacity and torsional rigidity

— Suppressed callus remodeling but no effect on overall rate of fracture repair
— Increased callus formation, trabecular density, mineralization, and
neocortical thickness

— Enhanced force to failure and stiffness

— Augments early endochondral repair

— Increased callus volume, density, and maturity
— Enhanced torsional strength and stiffness

Estrogen and selective estrogen Antiresorptive
receptor modulators

Parathyroid hormone Anabolic

Strontium ranelate Anabolic

— Increased early osteogenesis

— Increased callus volume and bone mineral density in osteoporotic bone
— Enhanced callus stiffness and ultimate load

deficiency, in this study, it was set to a D25(OH) less than
30 ng/mL or a D1,25(OH), less than 25 pg/mL.

Although there is favorable evidence of calcium’s effects on
fracture healing, there is concern about its safety. One random-
ized controlled trial and reviews of other large clinical trials
suggest an association between calcium supplementation and
cardiovascular events [32, 33]. Many of the studies involved
elderly women, a population that constitutes the majority of
osteoporotic patients. Yet other studies have shown no effect of
calcium supplementation on the rate of cardiac events, making
this observation controversial. Nevertheless, it is important to
keep in mind that calcium supplementation may not be incon-
sequential in fracture healing or osteoporosis management,
particularly in elderly women with cardiovascular comorbidi-
ties. Serum levels of intact PTH may be monitored with a target
of 2040 pg/mL to ensure sufficient calcium and vitamin D
intake, and prevent potential oversupplementation that may
lead to increased cardiac risk [34, 35].

Antiresorptive agents
Bisphosphonates

Overview

Bisphosphonates are popular antiresorptive agents used in
treating osteoporosis. They have been proven to reduce

fractures, improve BMD, and normalize elevated serum bone
markers. Bisphosphonates are specifically drawn to bone due
to their chemical structure and are taken up by local osteo-
clasts [36]. They target these cells and slow bone remodeling
by inhibiting their resorptive actions and inducing their apo-
ptosis. The antifracture efficacy of bisphosphonates has been
well documented: according to the Fracture Risk Intervention
Trial, alendronate reduced the risk of vertebral fracture and hip
fracture by over 70 and 50 %, respectively [1, 37].

Animal studies

Several studies have examined fracture healing in
bisphosphonate-treated animals. These studies show that for
fractures healing by endochondral ossification, bisphosphonates
preferentially deposit at the acute fracture site and are able to
increase callus and trabecular bone volume, as well as bone
mineral content (BMC) during the reparative phase of bone
healing [38—40]. This is offset by a delay in the callus matura-
tion to lamellar bone and remodeling to compact bone once
calcified cartilage is formed. The initiation of callus formation,
on the other hand, appears unaffected. Compared to controls,
this larger, less mature callus has superior biomechanical prop-
erties [41, 42]. Mechanical functioning is maintained despite the
inhibited bone remodeling by a compensatory modulation in
callus morphology. This is in contrast to fracture healing via
intramembranous ossification, a process in which biomechani-
cal strength is more reliant on remodeling of trabecular bone.
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Table 2 Summary of clinical evidence

Agent Class Clinical evidence Quality of evidence®

Calcium/vitamin D Supplemental May increase bone mineral density at fracture site Weak

Bisphosphonates Antiresorptive Does not delay healing Moderate
May increase BMD at fracture site when given 2 weeks after fracture

Denosumab Antiresorptive Does not delay healing Weak
Does not contribute to other complications

Calcitonin Antiresorptive May accelerate fusion Weak
May shorten time to mobilization (mixed results)

Estrogen/selective estrogen Antiresorptive No clinical evidence Weak

receptor modulators
Parathyroid hormone Anabolic May accelerate healing in hip, distal radius, and spine fractures Moderate
Strontium ranelate Anabolic May facilitate fusion after delayed union or nonunion Weak

# Quality of clinical evidence was classified as weak, moderate, or strong based on the level of evidence of existing literature. A “weak” rating consisted
of mainly level 3—4 studies or a single level 2. “Moderate” indicated multiple level 2 studies or conflicting level 1 data. “Strong” evidence consisted of

multiple level 1 studies with generally consistent findings

The literature on the use of bisphosphonates to improve im-
plant fixation also has important implications for their effect on
the healing of cancellous bone. Animal studies on the systemic
delivery of bisphosphonates have shown improved bone-
implant contact, peri-implant bone volume, and implant fixation
strength, all of which are important endpoints that are indicative
of increased implant stability [43—50]. Local delivery through
binding the bisphosphonate to coatings on the implant surface
has also shown improved implant stability, although local de-
livery has been shown to be less effective in a direct comparison
[48, 51-53]. The effectiveness of bisphosphonates in improving
implant stability is likely due to an antiresorptive effect similar
to the effect on shaft callus: bone volume and, consequently,
bone-implant contact and fixation strength are increased, but
remodeling into mature lamellar bone is inhibited.

The effect of bisphosphonates on endochondral ossifica-
tion suggests that the size and strength of the callus can be
controlled by regulating bone remodeling during the healing
process. Consequently, the timing and dosing regimen of bis-
phosphonate administration postfracture may have a signifi-
cant impact on callus properties. In a rat model, bolus single-
dose zoledronic acid was administered either at the time of,
1 week after, or 2 weeks after a fracture and compared with a
saline control. Evaluation at 6 weeks postfracture showed that
the delayed 2-week administration yielded the callus with the
greatest size and strength [40, 54]. Furthermore, this single-
dose bolus method yielded superior mechanical properties
compared to weekly dosing [38]. Therefore, delayed admin-
istration of bolus-dosed bisphosphonates may be optimal to
target the fracture site after the initial anabolic fracture re-
sponse and generate a larger, stronger callus.

Clinical evidence

Clinical studies evaluating the effect of bisphosphonates on
fracture healing have shown that these agents yield no
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clinically significant difference in healing times through en-
dochondral fracture repair [55, 56]. Several studies have eval-
uated the effect of bisphosphonate therapy on osteoporotic
women with distal radius fractures. Two such studies showed
that postfracture bisphosphonate treatment led to increased
BMD at the fracture site compared to placebo [57-59]. Two
other studies evaluating the time to radiographic union report-
ed no delay in healing with bisphosphonates versus control
[60, 61]. Furthermore, analogous to animal studies, a meta-
analysis of 14 randomized controlled trials has shown that
bisphosphonates significantly reduce periprosthetic bone loss
after total joint arthroplasty [62]. This effect is most pro-
nounced in the first 3 months and more than 12 months after
surgery. These two time points are thought to correspond to
the two stages with the most active bone resorption: the first
stage caused by the early iatrogenic damage of implant inser-
tion during the surgery itself and the second due to late stress
shielding and debris-induced osteolysis. Administration of zo-
ledronic acid at least 2 weeks after surgical repair of a hip
fracture has also been shown to increase hip BMD, as well
as reduce clinical vertebral fractures, nonvertebral fractures,
and all-cause mortality [63]. Interestingly, treatment before
2 weeks negates this reduction in mortality and fracture risk,
although it does not affect time to fracture healing [1, 64—66].
This has prompted the treatment recommendation that bolus-
dosed bisphosphonates be started between 2 and 12 weeks
after a fragility fracture.

Denosumab

Overview

Denosumab is a fully recombinant monoclonal antibody that
binds to receptor activator of nuclear factor kB ligand

(RANKL), and is a potent antiresorptive treatment for osteo-
porosis. The antibody prevents osteoblast-produced RANKL
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from reaching RANK receptors on the surface of osteoclasts
and osteoclast precursors. This results in an inhibition of os-
teoclast recruitment, formation, activity, and survival, thereby
decreasing bone resorption [67, 68]. In fact, while
bisphosphonates primarily act by inhibiting mature osteoclast
function, denosumab is able to virtually abolish osteoclasto-
genesis [69]. The antifracture efficacy of denosumab has been
documented in the FREEDOM trial, which showed that
denosumab reduced the risk of vertebral fracture by over
68 % [70, 71].

Animal studies

Similar to bisphosphonates, denosumab does not appear to
impair healing in animal fracture models. Fractures healing
by endochondral ossification in animals treated with
denosumab also demonstrate increased callus volume and de-
layed remodeling. Unlike with bisphosphonates, which only
increased callus tissue BMC, denosumab yielded increases in
both BMC and BMD. The reason for this finding is unclear,
and it may just be a chance phenomenon. Biomechanically,
denosumab has been shown to increase torsional rigidity of
the fractured bone. Interestingly, when healing mouse femurs
underwent mechanical testing at 42 days postfracture, only
29 % of the denosumab-treated group had a refracture through
the callus, compared to 57 % of alendronate-treated mice and
87 % of control mice. This suggests that despite its inhibitory
effect on remodeling, denosumab does not impair bone for-
mation or healing and may enhance the restoration of mechan-
ical properties [69].

Clinical evidence

To date, there has been little published clinical data regarding
fracture healing in denosumab-treated patients. The strongest
evidence is provided by the FREEDOM trial, a large, multi-
institutional double-blind placebo-controlled study. In this
study, 667 postmenopausal women were randomly assigned
to denosumab or control, and fracture healing was evaluated
in those who sustained a nonvertebral fracture during the
study period. Denosumab did not delay fracture healing nor
contribute to other complications, even when administered
around the time of the fracture [68, 71]. These results suggest
that denosumab therapy can be continued in the presence of a
fracture without concern for impaired healing.

Calcitonin
Overview
Calcitonin is a calciotropic hormone that primarily inhibits

bone resorption by decreasing the number and activity of os-
teoclasts [72]. Bone formation is also transiently increased,

potentially due to osteoblast stimulation. Calcitonin has been
shown to be beneficial in treating osteoporosis by stabilizing
or increasing BMD and reducing the risk of vertebral fracture
by 33 % [73]. Although it is a controversial observation not
well studied in relation to recovery from fracture, calcitonin
has been seen to exert an analgesic effect, possibly by elevat-
ing endorphin levels or inhibiting neuropeptide release [74].

Animal studies

Many animal studies have examined the effect of calcitonin on
fracture healing. The majority of studies demonstrate en-
hanced callus formation with calcitonin treatment, although
this finding may be attributed to publication bias as mixed
results have been reported. These studies conclude that calci-
tonin stimulates early endochondral ossification, causing in-
creased cartilage formation and earlier callus maturation. In
addition, calcitonin enhances the biomechanical properties of
the healing bone, such as fracture load and stiffness, which
may contribute to earlier weight-bearing and mobilization
[75, 76].

Clinical evidence

Few clinical studies have evaluated the role of calcitonin in
human fractures. One randomized, double-blind, placebo-
controlled study on calcitonin in elderly hip fracture patients
showed no significant difference in mortality, length of hospi-
tal stay, or functional recovery between the two groups. How-
ever, after 3 months of treatment, X-rays showed a statistically
significant difference in fracture fusion, with 84 % in the cal-
citonin group compared to 63 % in the placebo group [72]. In
another double-blind, placebo-controlled trial, calcitonin led
to reduced pain, earlier mobilization, and faster restoration of
locomotor function in patients with osteoporotic vertebral
crush fractures [74, 77]. The limited evidence suggests a po-
tential benefit of calcitonin in fracture healing, but further
studies are needed.

Estrogen and selective estrogen receptor modulators
Overview

The endogenous estrogen hormone, 17[3-estradiol (estradiol),
has a protective effect on bone. Its production decreases dur-
ing menopause, which contributes to postmenopausal osteo-
porosis. Although estradiol supplementation has been useful
in preventing postmenopausal osteoporotic bone loss, long-
term estrogen replacement therapy (ERT) is associated with
adverse effects including cardiovascular events and an in-
creased risk of uterine and breast cancer [78-81]. This led to
the development of SERMs, which provide the beneficial ef-
fects of estrogen on skeletal tissue without the negative effects
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on reproductive tissue [82]. Raloxifene, the main SERM used
in osteoporosis, exerts estrogenic effects on bone to decrease
the rate of remodeling, attenuate osteoclast activity, and main-
tain osteoblastic activity [83]. In large treatment studies, ral-
oxifene reduced the occurrence of vertebral fracture by 30—
50 %, although it did not protect against hip fractures [84, 85].

Animal studies

In ovariectomized rats supplemented with either estrogen or
raloxifene, both agents mildly suppressed callus remodeling
but did not impede progression of fracture repair [86]. Al-
though both drugs increased trabecular density and enhanced
callus biomechanics, raloxifene increased total callus forma-
tion, while estrogen specifically increased endosteal bone for-
mation [87]. In the same mouse model, estrogen and raloxi-
fene yielded calluses with larger chondrocyte areas, greater
mineralization, increased trabecular and neocortical thickness,
and decreased time to fracture healing compared to controls
[88, 89]. The treated calluses also had significantly increased
force to failure and increased stiffness. Animal models thus
demonstrate that estrogen and raloxifene not only increase
chondrogenesis in the early phase of fracture healing but also
enhance periosteal callus remodeling in later stages of the
healing.

Clinical evidence

There has been little published clinical data regarding fracture
healing in estrogen or raloxifene-treated patients.

Anabolic agents
Parathyroid hormone
Overview

PTH is a key regulator of calcium and phosphate metabolism.
Clinically, it is used as an anabolic agent to treat severely
osteoporotic patients at high risk for fragility fractures. Two
different forms of the drug exist, PTH 1-34 and PTH 1-84.
Both are approved for osteoporosis in Europe, while only
PTH 1-34 (teriparatide) is approved in the USA. Teriparatide
consists of the first 34 amino acids of PTH, which is consid-
ered the “active” part of the hormone, while PTH 1-84 also
includes the remaining 50 amino acids, which is considered
the “inactive” segment [90]. The two compounds are consid-
ered equivalent in terms of bone activity.

PTH exerts its anabolic effect by inhibiting the apoptosis of
preosteoblasts, increasing their proliferation, and transforming
bone lining cells into active osteoblasts, thus increasing oste-
oblast function and lifespan [91, 92]. This results in increased
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bone formation on all bone surfaces including endosteal bone,
periosteal bone, and trabeculae [93]. It also increases trabecu-
lar connectivity and cortical bone thickness, which enhances
the bone’s microarchitecture and biomechanical properties. In
fact, teriparatide can cause up to a 13 % increase in BMD at
the lumbar spine after 2 years of therapy and reduce the risk of
fracture by 65 and 53 % for vertebral and nonvertebral frac-
tures, respectively [94].

Animal studies

Animal studies using supraphysiologic doses of PTH have
demonstrated increased strength and callus quantity in the
fracture site. Relative to controls, PTH-treated animals form
a larger, denser, and more mature callus. The callus also min-
eralizes faster and has markedly improved biomechanical
properties such as stiffness and torsional strength [95-99].
Teriparatide has even been shown to enhance the earliest
stages of endochondral bone repair by increasing chondrocyte
recruitment and rate of differentiation [ 100]. This suggests that
PTH’s effects extend beyond osteogenesis to influence
chondrogenic proliferation and differentiation. Consequently,
both cartilaginous and mineralized callus formations are in-
creased during fracture healing [43, 101, 102]. The timing of
PTH administration is important, with optimal healing ob-
served with early treatment within 1 week of fracture
[98, 103].

Clinical evidence

Although effective in treating osteoporosis, there are concerns
that those doses (2040 mcg total/dose) may not have the
same effect on fracture healing as the supraphysiologic doses
used in animal models (5-200 mcg/kg/dose) [43]. However,
several clinical case reports, case series, and randomized, con-
trolled studies have indicated that PTH may enhance bone
healing, particularly in the distal radius, pelvis, and spine
[104-111].

Two prospective randomized controlled studies investigat-
ed the role of PTH in fractures of the distal radius and pelvis.
The first study evaluated teriparatide in postmenopausal wom-
en with distal radial fractures. Healing was assessed based on
cortical bridging on plain radiographs, and significantly accel-
erated healing was noted in the 20-mcg dose group compared
to controls (7.4 vs. 9.1 weeks). No effect was seen with the
higher 40-mcg dose, which may have been due to the low
sensitivity of using radiographic cortical bridging alone to
detect healing of distal radius fractures [107]. Follow-up post
hoc analysis evaluating callus robustness showed a dose-
dependent improvement in early callus formation with PTH
treatment [108].

A similar improvement was noted in the second study,
which was conducted in Austria using PTH 1-84. This study
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involved pelvic fractures of the ischial and pubic rami in el-
derly, osteoporotic women. Healing was also determined ra-
diographically by the presence of cortical bridging, and the
treatment group had shortened time to healing (7.8 vs.
12.6 weeks) and improved functional outcomes, as measured
by a visual analog scale score for pain and a Timed “Up and
Go” test [109]. However, the design of this study does result
in some concern about the quality of the results. The lack of
patient randomization, as every third patient was chronologi-
cally assigned to the treatment group, while the other two were
assigned to the control group, is a limitation of the study. This
resulted in unbalanced patient allocation and sample sizes of
the treatment and control groups. In addition, the treatment
patients were from a single institution, while the control pa-
tients were recruited from multiple institutions.

PTH’s effect on bone healing has also been demon-
strated in spine fusion studies. These studies evaluated
fusion rate and pedicle screw loosening in osteoporotic
women undergoing instrumented posterolateral lumbar
fusion. Patients were started on either bisphosphonate
or teriparatide 2 months prior to surgery and continued
treatment for 8 months postoperatively. Based on peri-
odic follow-up radiographs, accelerated fusion was not-
ed with teriparatide compared to bisphosphonate, and
compared to both bisphosphonates and unmedicated
controls, the teriparatide group had decreased screw
loosening and increased bone mass [110, 111].

More recently, several studies have evaluated the use of
teriparatide in complications from long-term bisphosphonate
bone suppression. Histological analysis of bisphosphonate-
associated incomplete atypical femoral fractures has shown
that there are no signs of callus formation or remodeling with-
in the fracture gap itself, in spite of the fact that the bone
adjacent to the fracture site has remodeling activity. This has
been explained by the fact that in these patients, normal gait
produces strains in the fracture gap that are too large for cell
survival. Without fracture surface resorption, remodeling units
cannot bridge the fracture gap and healing cannot occur [112].
In this patient population, PTH treatment resulted in a signif-
icant improvement in remodeling intensity, as evidenced by
elevations of bone turnover markers, increased deposition of
newly formed less mineralized bone, and increased removal of
older densely mineralized bone [113]. In a retrospective co-
hort study examining patients surgically treated for both com-
plete and incomplete atypical femoral fractures, time to frac-
ture healing and frequency of delayed healing or nonunion
were significantly reduced in the group treated with
teriparatide compared to the group that was not [114]. Smaller
studies have also demonstrated a potential role for teriparatide
in reversing bisphosphonate-related osteonecrosis of the jaw,
further suggesting that PTH may enhance bone activity and
counteract bone remodeling suppression associated with
prolonged bisphosphonate use [115]. These findings add to

the existing body of clinical data supporting the use of PTH
in fracture healing.

Strontium ranelate
Overview

SR is a unique antiresorptive drug that may have anabolic
properties. As an antiresorptive agent, it targets osteo-
clasts to inhibit their differentiation and promote their ap-
optosis. The anabolic effects are more controversial but
are thought to be via enhanced proliferation, differentia-
tion, and activation of preosteoblasts [116]. Consisting of
two strontium atoms coupled to ranelic acid, SR incorpo-
rates into bone and replaces some calcium with strontium,
which leads to an increase in BMD [90]. It also improves
bone quality by increasing mineral apposition rate, im-
proving trabecular microarchitecture, and enhancing cor-
tical thickness [117]. The increased robustness is support-
ed by clinical trials of SR therapy in osteoporotic women,
which show increased lumbar spine BMD by 14.4 % and
reduced vertebral and nonvertebral fractures by 41 and
16 %, respectively [118, 119]. Although approved in Eu-
rope by the European Medicines Agency (EMA), SR was
never submitted to the Food and Drug Administration
(FDA) for approval to treat postmenopausal osteoporosis
in the USA.

Animal studies

Animal models have shown SR incorporates into newly
formed callus tissue, but the effect on fracture healing is de-
pendent on bone quality. In rat studies, SR had no effect on
fractures in normal bone but improved healing in osteoporotic
bone [120]. In ovariectomized rats, SR significantly increased
callus bone formation, maturity, and mineralization, resulting
in greater callus volume and BMD. The microstructural prop-
erties of the callus were also enhanced via increased trabecular
quantity and density, translating to greater mechanical strength
and fracture stiffness [121, 122].

Clinical evidence

At this time, there is little published data regarding
fracture healing in SR-treated patients. Two small case
series of two and four patients with delayed union or
nonunion of long bone fractures reported radiographic
signs of healing and clinical improvement following
SR therapy [123, 124]. Yet due to the low level of
evidence, more rigorous studies are required to evaluate
SR’s effect on fracture healing in humans.
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Conclusion

Understanding how various osteoporosis medications influ-
ence fracture healing is critical in the management of osteo-
porotic patients. This review summarizes the currently pub-
lished literature on how these medications influence the frac-
ture healing process. The review is limited by the study de-
signs of the included articles as well as publication bias. It is
possible that there are a significant number of unpublished,
withdrawn, or uncompleted studies that have been performed
which had negative results. In fact, a search of both the Na-
tional Institutes of Health and European Union clinical trial
registries shows that there are currently 14 listed clinical trials
evaluating osteoporotic medications in fracture healing, 8 of
which are active, 3 of which have been completed, and 3 of
which were prematurely terminated [125, 126]. Of the 6 clin-
ical trials listed as completed or prematurely terminated, 2
have presented published data, both concerning PTH’s role
in fracture healing. In addition, many of the clinical studies
in this review evaluated shaft fracture healing by endochon-
dral ossification and external callus formation, which may
involve different mechanisms of healing than more commonly
seen metaphyseal fractures. Nonetheless, considerable work
has been done with animal models characterizing the behavior
of these medications on the fracture healing process. These
studies have shown that neither antiresorptive nor anabolic
medications interfere with fracture healing and may even lead
to more robust mechanical properties. Although clinical stud-
ies are limited, early research has demonstrated positive ef-
fects, particularly with PTH. Further clinical trials are required
to determine the optimal use of these systemic agents to en-
hance bone repair and decrease future fracture risk.
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