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Abstract
Summary We used the RAND UCLA appropriateness meth-
od to decide appropriateness of use of osteoporosis medica-
tion after incident fracture and potential for fracture healing
and make suggestions for trial design for clinical and preclin-
ical research.
Purpose To develop appropriateness criteria to assist in the
use and study of osteoporosis medications in patients with
recent fracture and in the potential use of osteoporosis medi-
cations to enhance delayed fracture healing. To promote fur-
ther research by suggesting preclinical and clinical trial design
for studies where fracture healing is the endpoint.
Methods Design: RAND/UCLA appropriateness method
(RUAM). Participants: A panel of experts, both members
and non-members of the International Osteoporosis
Foundation Fracture Working Group, were identified
consisting of geriatricians, rheumatologists, orthopedists, en-
docrinologists, and internists. This resulted in a round 1 panel
of 15 panelists, round 2 panel of 15 members, and a round 3
panel of 14 members. Main outcome measure: Agreement on
statements and scenarios using RUAM. Three rounds of

voting by panelists took place. Agreement in a third round
was reached for 111 statements and scenarios, measured by
median panel ratings and the amount of dispersion of panel
ratings, based on the interpercentile range.
Results An expert panel validated a set of statements and sce-
narios about the use of osteoporosis medications after incident
fracture and use of these medications to enhance delayed frac-
ture healing and made recommendations for study designs to
investigate the effect of osteoporosis medications on fracture
healing.
Conclusions The result of this exercise is intended to assist in
improving patient care by identifying the appropriateness of
use of osteoporosis medications after fracture and in fracture
healing and to make suggestions for further preclinical and
clinical research.

Keywords Fracture healing . Osteoporotic fracture . Trial
design

Introduction

As the number and variety of osteoporosis medications has
grown rapidly in the recent past, we now have the option of
individualizing our treatment choices to specific patient needs
and preferences. Patients with osteoporosis with a recent frac-
ture who are at risk of further fracture should have the oppor-
tunity to be on these medications. However, we do not yet
know if it is safe to use these medications during fracture
healing or if there is a positive effect on fracture healing.

In 2013, the International Osteoporosis Foundation
Fracture Working Group (IOF FWG) convened a panel to
review existing literature and vote on appropriateness of care
for fracture healing using the RAND UCLA appropriateness
methodology (RUAM). The working group chose the RUAM
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since it is one of the most methodologically studied panel
processes in health care [1] and as it is almost as reliable and
valid as common diagnostic tests [2]. The RUAM allowed the
synthesis of the best available evidence with practice-based
insights from experts. This unique combination ensured both
clinical relevance and evidentiary support when available for
the recommendations. Unlike other group-rating methods, the
focus of the RUAM approach is not to ensure consensus but
minimize artifactual disagreement that may arise from misun-
derstanding of the statements and scenarios that were being
rated. Furthermore, because the RAND/UCLA method pairs
clear instructions with a systematic, reliable, and reproducible
rating system, the recommendations generated have high in-
ternal validity. When the panelists were voting on scenarios
and statements, if there was insufficient detail to make an
informed judgment regarding appropriateness, then the
RUAM encouraged clarification by panelists so as to make
them more relevant and precise.

The IOF FWG using the RUAM subsequently voted on
statements and scenarios using three rounds of voting ending
in 2014. This article is a summary of the panels’ findings.

The objectives of the panel included voting on the effect of
osteoporosis medications on fracture healing, risk factors for
delayed fracture healing, clinical and research goals, and
guidelines for future trial design. The panel also voted on
clinical scenarios of fracture healing to represent a spectrum
of hypothetical patients requiring a treatment decision.

Methods

Study design

We used the RUAM, a formal group judgment method devel-
oped in the 1980s that contains elements of the Delphi tech-
nique and nominal group process [1].

Panel composition

Participants in the panels were international clinical members
of the Fracture Working Group of the Council of Scientific
Advisors (CSA) of the International Osteoporosis Foundation
(IOF). Panelists included rheumatologists, endocrinologists,
orthopedists, geriatricians, and general internal medicine phy-
sicians. There were 15 panelists in the first voting, 15 panelists
in the second, and 14 panelists in the third voting. The panel-
ists were supported by a member experienced in the RUAM.

Panel process

The process included three rounds of panel inquiry. The first
round took place in 2013 at the IOF meeting in Rome. The
panelists further added some statements and scenarios based

on their experience and published papers. The second round
took place by email prior to the 2013 American Society of
Bone and Mineral Research (ASBMR) meeting in Baltimore
with scientific discussion of the appropriateness of the state-
ments and scenarios at that meeting. Fifteen panelists partici-
pated in this round of 43 statements and four different scenar-
ios. The third round took place by email prior to the 2014 IOF
meeting in Seville, Spain with results discussed at that meet-
ing and reaching of a consensus. Fourteen panelists participat-
ed in this round of 19 new statements, seven modifications of
old statements, and two completely new scenarios. The orig-
inal statements and scenarios were written by Dr. Stuart
Silverman who was helped in the writing of the second and
third voting sheets by Drs. Susan Bukata and Eli Kupperman.
Results of the second and third voting were analyzed by Dr.
Kupperman.

Participants in the group process were asked to vote appro-
priateness on a 1 to 9 scale where 1 meant that the expected
harms greatly outweighed the expected benefits and 9 meant
that the expected benefits greatly outweighed the expected
harms.

Analysis

Each indication was then considered as follows to determine if
the statement could be deemed appropriate or inappropriate: A
median score of 7 or greater with the panel members determined
to be in agreement was termed Bappropriate^; a median score of
3 or less with the panel members determined to be in agreement
was termed Binappropriate^, and a median score of 3.5 to 6.5, or
if the panelmemberswere determined to be in disagreement, was
termed Buncertain^ [1]. To determine whether a panel was in
disagreement, we used the interpercentile range adjusted for sym-
metry (IPRAS) as proposed by the RUAM. This method has
been tested onmore than 16,000 theoretical indications andmore
than 6000 real ones and has had very few discrepancies with the
classic definition of agreement. In these cases, it has been widely
determined that the IPRAS actually leads to more logical conclu-
sions than the classic definition. We used this method not only
because of its previous success but because our panel size was
not constant throughout our three panels and we could not be
guaranteed that the voting of the panelists would be symmetrical
[1].

Results

Statements

Goals of fracture healing

Our experts agreed that the prevention of delayed fracture
healing should be a goal of providers treating patients with
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fractures. Delayed fracture healing is common. Up to a third
of femoral shaft or tibial fractures may develop delayed union
or non-union [3]. Delayed fracture healing leads to consider-
able morbidity in patients, in particular increased pain and loss
of function [3]. This, in turn, can lead to a lower quality of life
as well as an increased time prior to return to work, resulting in
a negative cost to society.

It is valuable to identify those patients at increased risk of
delayed fracture healing as early as possible in order to con-
sider intervention. Some treatments, such as BMP, are used at
the time of surgery [4], and some medications may be more
effective if administered earlier in the healing process. Earlier
identification of those at risk may lead to closer follow-up,
faster identification of slow healing, quicker intervention,
and therefore decreased social health costs [3]. Our experts
agreed with the literature that supports smoking [5, 6] and
diabetes [7] as risk factors for delayed fracture healing. In
addition, degree of soft tissue injury and vascular disease
may increase risk of healing complications [8]. NSAID use
has also been associated with delayed fracture healing [9].

Use of osteoporosis medications during bone healing

Our panelists reviewed treatment with bisphosphonates both
injectable and oral, denosumab, teriparatide, and strontium.
Treating patients with bisphosphonates during bone healing
has been controversial because osteoclasts are important for
remodeling callus into cortical bone [10]. Our panelists were
in agreement that antiresorptives such as bisphosphonates
may delay fracture healing; however, they found this risk to
be low. Multiple preclinical studies demonstrate a modifica-
tion of callus structure with bisphosphonates during fracture
healing but no difference in biomechanical strength of the
overall fracture callus due to the increased size of the callus
[11]. There are reports of delayed healing of upper limb frac-
tures [12, 13] not confirmed by others [14] and reports of
delayed healing of lower limb fractures [15]. A recent meta-
analysis of randomized controlled trials performed after our
panel voting, however, did not show delay in radiologic or
clinical fracture healing on bisphosphonates [16]. There is
data from the FREEDOM trial to suggest that denosumab,
an antiresorptive which is a RANK ligand inhibitor, does not
delay fracture healing [17].

Our panel agreed that there was no evidence for delay in
fracture healing when injectable bisphosphonates were given
in the first 2 weeks after fracture. One randomized clinical trial
of hip fracture showed no clinically evident effect on fracture
healing, even when given in the first 2 weeks postoperatively
[9]; however, in a closed rat fracture model, delaying the sin-
gle dose of zoledronic acid 1 or 2 weeks postfracture im-
proved mechanical strength and produced a larger and stron-
ger callus [18]. Our panelists did voice theoretical concerns
about whether a single injectable bisphosphonate would be

bound avidly to the fracture site and not be taken up at other
skeletal sites which would have benefited from the therapy.

Our panel agreed that bisphosphonates and denosumab
were safe to use after a vertebral or non-vertebral fracture,
but there were some concerns about using a bisphosphonate
in a non-healing non-vertebral fracture after 3 months.

Our panel agreed that anabolic agents such as teriparatide
which enhance osteoblastic bone formation may have a ben-
eficial effect of fracture healing. In preclinical models. inter-
mittent parathyroid hormone (1–34) treatment increased cal-
lus formation, bone mineral content and density, and mechan-
ical strength of healing rat fractures [19–21]. Human parathy-
roid hormone (1–34) also accelerated natural fracture healing
in the femoral osteotomy model of cynomologus monkeys
[22]. In patients who are at risk of delayed fracture healing,
such as the elderly, osteoporotic, postmenopausal women, and
those with malnutrition, the use of parathyroid hormone
(PTH) may improve fracture healing [23]. There have been
case reports of accelerated healing in delayed unions of type
III odontoid fractures [24]. In those with normal fracture
healing, anabolic agents have not been shown to accelerate
radial fracture healing [25] although in a post hoc analysis of
another trial, teriparatide improved early callus formation in
distal radial fractures [26]. Parathyroid hormone 1–84 did ac-
celerate fracture healing in elderly osteoporotic women with
pelvic fractures [27, 28]. Case reports have demonstrated en-
hanced healing with teriparatide treatment of lower extremity
non-union fracture [29] and unstable peritrochanteric fractures
[30].

Teriparatide (recombinant PTH) may enhance healing of
vertebral fractures as it has been shown to prevent progres-
sion of collapse [31]. Several case reports have demonstrated
enhanced healing with teriparatide treatment after the patient
experienced delayed fracture healing [30, 31]. Teriparatide
may also enhance healing of lumbar fusion [32].

The scenarios included use of strontium ranelate whose use
was restricted by the EuropeanMedicine Agency in 2013 after
the second round of our voting [33]. Strontium is incorporated
into the callus and has a positive effect on bone healing in
osteoporotic rat models [34–36]. In humans, strontium had a
positive effect on 3D microarchitecture in bone biopsies [37])
and had positive effects on fracture healing in one model of
surgically fixed tibial fractures [38] but had no effect on
healing of wrist fractures [39]. In summary, although our pan-
elists noted no solid scientific evidence to support accelera-
tion of normal fracture healing with anabolic therapy, there
were case reports to suggest improvement in fracture healing
with anabolic therapy in individuals at high risk of delayed
fracture healing which needs to be confirmed in randomized
clinical trials.

In the scenario of a non-healing non-displaced diaphyseal
non-vertebral fracture after 3 months, the panel agreed that
treatment with anabolic therapy or strontium was safe to use,
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but not bisphosphonates or RANKL inhibitors. In the scenario
of a non-healing instrumented spinal fusion after 3 months,
our panel agreed that treatment with anabolic therapy was safe
to use but was unable to come to a consensus on the safety of
treatment with other osteoporosis medication. Our panel was
in agreement that treatment with an anabolic therapy such as
teriparatide could return a patient with delayed healing of a
non-displaced non-vertebral fracture or of an instrumented
spinal fusion to a more normal rate of fracture healing.

Although there is no evidence available, our panel agreed
that treatment with an anabolic therapy such as teriparatide
may enhance fracture healing in a patient with normal rate
of fracture healing who is seen in the first 2–4 weeks after a
new non-vertebral fracture or in the first 2 weeks after a com-
pression fracture. The panel agreed that teriparatide and stron-
tium will not delay healing of an uninstrumented spinal fusion
after 3 months but was unable to agree that the other medica-
tions would not cause a healing delay.

In conclusion, our experts agreed that there was no nega-
tive effect of osteoporosis medications on fracture healing and
that it is safe to start osteoporosis medications as soon as
possible after both vertebral and non-vertebral fracture [11,
16]. The panel agreed in scenarios that treatment with any of
the listed osteoporosis medications would not delay healing
further in patients with non-healing non-vertebral fractures.
However, the panelists felt that only anabolic therapy could
return the patient to a more normal rate of healing.

We look forward to some of the newer medications that
may safely improve the rate of fracture healing.
Recombinant PTH or teriparatide has shown great success in
building bone mineral and preventing osteoporotic fractures,
and in both animal models and human clinical studies, it has
had success in accelerating fracture healing. Newer medica-
tions such as anti-sclerostin and anti-DKK antibody are still in
early stages of research. Although preclinical studies have
shown positive effects of sclerostin on fracture healing [40,
41], the potential effects of sclerostin on fracture healing in
humans are unclear and further preclinical and clinical studies
of their role in fracture healing are needed. There is no data on
the effects of abaloparatide on fracture healing. There is little
data on newer antiresorptive agents such as cathepsin K which
in one mouse model delayed callus remodeling [42].

Trial design

To facilitate further research in fracture healing, our experts
agreed on some aspects of trial design. Identification of clin-
ical markers of delayed fracture healing ought to be sought
from history and clinical exam, imaging studies, as well as
blood tests [43]. Serum TGFbeta1 levels appear to be an indi-
cator of fracture healing [43]. New functional imaging tech-
niques may also be helpful. While our panel agreed on the
statement that the duration of a fracture healing study should

be 12 months, there was disagreement on the statement that
the duration of a fracture healing study should be 24 months.

Definition of delayed healing depends on the location of
the fracture and varies among surgeons. Surveys of surgeons
have shown considerable disagreement on criteria of delayed
union (1–8 months) and non-union (2–12 months) [44].
Surveys of orthopedic surgeons have determined that a com-
mon definition of delayed healing would be beneficial to pa-
tient care [45]. Fragility fractures heal despite the remodeling
anomalies seen with osteoporosis. Multiple clinical trials have
not demonstrated a problem with the healing of fragility frac-
tures in either the treatment or placebo groups [11].

Our panel members were in agreement that fracture
healing trials should have co-primary endpoints of imaging,
pain, and function, as well as clinical endpoints such as need
for revision [46–49].

Sequential X-rays are currently used in clinical practice to
follow fracture healing, and the consensus of our panel was
that healing of three of four cortices was considered demon-
strative of fracture healing. The most common clinical criteria
use this radiographic measurement in the context of other
clinical features including tenderness at the fracture site and
pain with weight bearing to see if the fracture is healed [48]. In
the evaluation of the X-rays, qualifications such as whether
callus formation is visible and whether the fracture line is
visible help to quantify the degree of fracture healing that
has occurred at the fracture site. Scoring systems such as the
radiographic union score for hip (RUSH) [50, 51] and radio-
graphic union score for tibia (RUST) [52] are based on cortical
scores. It is from these scoring systems that the concept that
only two cortices could be completely radiographically healed
(and get a healed level score) and yet the other two cortices
could still show fracture lines and some or no callus. It is in
this context that our panel also recognized that bridging and
consolidation of two of four oppositional cortices may repre-
sent healing of a fracture site, and our panel felt that this
pattern should be considered as a secondary endpoint in frac-
ture healing studies.

Our panel felt that the primary endpoint of a fracture
healing study should be reached within the first year. Delays
in fracture healing, regardless of anatomic site, beyond 1 year
are all considered to be delayed unions or non-unions and
warrant secondary surgical intervention in many instances.
Our panel felt that a single X-ray at the end of the second
year is warranted to provide additional safety information
and confirm persistence of the healed fracture site. In standard
clinical practice, additional X-rays are rarely obtained after a
fracture is considered healed and patients are generally
discharged from care.

Panelists agreed that the optimal imaging modality for
evaluation of fracture healing varied by fracture site. While
CT scanning can provide detailed information regarding the
progression of healing at a fracture site [53], the significant
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increase in radiation exposure to the patient, the increased cost
of the modality, and the lack of access to the modality in some
areas of the world [54] make CT scan less desirable as the
primary imaging modality for a fracture healing study. The
panel agreed that for fractures with a known site of infection
associated with the fracture, intermediate endpoints including
exam and radiographic studies are warranted to confirm no
recurrence of the infection and no compromise of the healed
fracture site.

Preclinical models

When considering preclinical models, our experts agreed that
animal models may be appropriate for exploring mechanisms
of fracture healing, most commonly in rodent models [55].
This is often easier and safer to do than in human models.

While the panel agreed that animal models may be appro-
priate, they also agreed that they may not predict efficacy of
fracture healing in humans [55, 56]. Animal models are good
surrogates but are not perfect and therefore may not prove
highly predictive. Most animal studies use the ovariectomized
rat model and a surgically induced fracture. However, post-
menopausal OP is a complex, multifactorial disorder, and a
surgically induced fracture is not the same as a fracture which
results from bone fragility [57]. Some clinical findings are in
contrast with preclinical studies, highlighting the need to de-
velop better animal models, e.g., lack of efficacy for strontium
[39] and teriparatide [25] for radial fractures despite efficacy
in preclinical models [19–21, 34–36].

Results with different animal models of fracture healing
may be conflicting as just as they are different than human
models, different animal models can also differ in their results
[55, 56].

Animal models have demonstrated a delay in fracture
healing in older animals [55, 56]. A similar delay in fracture
healing is suspected in older patients and is often discussed,
but no evidence has clearly demonstrated this phenomenon in
patients [57]. With clear definition of a healed fracture, further
analysis of patient cohorts may be able to demonstrate a dif-
ference when stratified for age.

Atypical femoral fracture

Atypical femoral fractures have been associated with greater
duration of bisphosphonate therapy [58] and denosumab
therapy [59]. Causality is undetermined, and up to 15 % of
fractures occur without exposure to osteoporosis medications
[58, 60]. The panel agreed that after the occurrence of an
atypical femur fracture, bisphosphonate therapy should be
stopped. Atypical femoral fractures may be slow to heal. The
panel agreed that treatment with an anabolic agent such as
teriparatide should be considered to improve healing after an
atypical femur fracture [60, 61]. Strontium has also been

reported to be effective in delayed healing of atypical femur
fracture [62].

Osteogenesis imperfecta

The panel agreed that bisphosphonates may delay healing of
an osteotomy but do not delay healing of fractures in patients
with osteogenesis imperfecta [63–65].

Strengths and limitations of this study

Strengths

We used a validated consensus method involving an expert
panel of varied specialties interested in bone disease. We used
published evidence where available but also relied on expert
opinion where no evidence was available.

Limitations

Our conclusions may not be generalizable. Many of the con-
clusions are based upon expert opinion rather than based on
clinical evidence because few randomized clinical trials for
fracture healing safety or enhancement on osteoporosis med-
ications have been done. This analysis does not consider cost-
effectiveness or safety concerns of each osteoporosis medica-
tion discussed.

Conclusions

This study supported the utility of a structured expert opinion
process as an effective strategy to evaluate the appropriateness
of using osteoporosis medications in patients after fracture and
their potential use in fracture healing.
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Appendix 1

Statements voted as appropriate

In the Results section, we only show statements and scenarios
that were voted by our panels as Bappropriate^ (median cate-
gories 7–9).
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Introduction

1. An important goal in fracture healing is to reduce the
number of individuals with delayed fracture healing (me-
dian rating of 9).

2. It is valuable to identify patients at high risk of delayed
fracture healing after a fracture so that intervention can be
considered (median rating of 7).

Risk factors

1. Smoking is a marker for increased risk of delayed fracture
healing (median rating of 7).

2. Diabetes is a marker for increased risk of delayed fracture
healing (median rating of 8).

Clinical judgment

1. The occurrence of fragility fracture while on osteoporosis
treatment does not mean that the treatment was ineffec-
tive. Our current medications for osteoporosis reduce but
do not eliminate fracture (median rating of 9).

2. In a patient on an osteoporosis medication who fractures,
one should not stop therapy but rather reassess and look
for causes of secondary osteoporosis (median rating of 9).

3. Patients who fracture on therapy may have had more frac-
tures if they had not taken the medication (median rating
of 9).

4. Patients who fracture on therapy may be poorly adherent,
and poor adherence should be considered (median rating
of 9).

Impact

1. In the absence of a systematic approach to delivery of
secondary fracture prevention, the majority of patients
will fail to receive treatment designed to reduce future
fracture risk (median rating of 9).

2. Pharmacologic intervention following fragility fracture
has the potential to halve fracture incidencewithin 3 years,
assuming good persistence and compliance (median rat-
ing of 9).

Medications

Bisphosphonates

1. There is no evidence in preclinical studies that
antiresorptive drugs impair the restoration of mechanical

integrity following fracture, despite the fact that they may
delay remodeling of the callus (median rating of 8).

2. Antiresorptive therapy may delay fracture healing in
claims data and marketing surveillance data (although
the risk is low) (median rating of 8).

3. There is no evidence for harm (median rating of 7) or
delay in fracture healing (median rating of 8) when inject-
able bisphosphonates are given in the first 2 weeks after
fracture4. Randomized clinical trials have shown no effect
of antiresorptive therapy (both bisphosphonates and
denosumab) on fracture healing (median rating of 8).

5. During the time that a fracture callus is forming, there is
increased sequestration of bisphosphonates at the fracture
site (median rating of 7).

6. When using an IV bisphosphonate after an acute fracture,
one should wait 2 weeks before starting medication (me-
dian rating of 7).

7. Bisphosphonate therapy is sequestered to callus when
bone is forming (median rating of 7).

Denosumab

1. There is some data to suggest that denosumab does not
delay (median rating of 7) or interfere with fracture
healing (median rating of 8).

Teriparatide

1. Teriparatide may enhance healing of vertebral fractures
(median rating of 8).

2. Teriparatide may help the fracture healing in a non-
vertebral fracture (median rating of 7).

3. It is expected that anabolic agents used to treat osteopo-
rosis would have a beneficial effect on fracture healing
(median rating of 8).

4. Currently known anabolic agents have not been shown to
accelerate fracture healing in patients with normal fracture
healing but may improve fracture healing in individuals at
high risk of delayed fracture healing (median rating of 7).

Bone physiology

1. The timing to assess delayed healing after fracture varies
across skeletal sites (median rating of 8).

2. Fracture repair involves different stages of tissue differen-
tiation that resemble embryological skeletal development
(median rating of 9).

2202 Osteoporos Int (2016) 27:2197–2206



3. Clinical observations suggest that fragility fractures heal
despite the abnormality of bone remodeling in osteoporo-
sis (median rating of 8).

4. Implant anchorage is impaired in bone based on biome-
chanical testing and clinical experience (median rat-
ing of 7).

Trial design

Research goals

1. An important research goal is the identification of clinical
markers of delayed fracture healing. These markers
should be simple and reliable (median rating of 9).

2. An important research goal is to develop simple, reliable
clinical measures related to fracture healing (median
rating 9).

Study design recommendations

1. The duration of a fracture healing study should be
12 months (median rating of 7).

2. Fracture healing trials should have co-primary endpoints
of imaging, pain, function, and clinical endpoints such as
need for revision (median rating of 8).

3. It is recommended that adjudicated fracture healing
should be considered as a secondary endpoint in all future
clinical trials (median rating of 8).

Imaging endpoints

1. The primary imaging endpoint for fracture healing should
be bridging and consolidation of three out of four cortices,
and the preferred imaging to technique is sequential X-
rays (median ratings of 8 and 7).

2. The primary endpoint for fracture healing should be
reached within the first year after fracture. No additional
endpoints are needed except a single follow-up X-ray at
the end of the second year (median rating of 7.5).

3. The preferred imaging endpoint for fracture healing de-
pends on the fracture site (e.g., CT for sacrum and pelvis
and plain X-rays for tibia) (median rating of 8).

4. The preferred imaging endpoint for spinal fusions is CT
scanning (median rating of 8).

5. CT scanning may be used as an endpoint for studies of
fracture healing but is expensive, has high radiation bur-
den, and is not accessible everywhere in the world (medi-
an rating of 8).

6. Intermediate endpoints (e.g., month 18) should be obtain-
ed in the second year after a fracture is considered healing

in the setting of a known fracture site infection (median
rating of 7).

7. Secondary imaging endpoints should be bridging and
consolidation of two out of four oppositional cortices
(median rating of 7).

Preclinical models

1. Animal models may be appropriate for exploring mecha-
nisms of fracture healing pathophysiology (median rating
of 7).

2. Whole animal models may not predict efficacy of fracture
healing in humans (median rating of 8).

3. Results with different animal models of fracture healing
may be conflicting (median rating of 8).

4. It is recommended for a new agent which may influence
fracture healing that both a rodent and a non-rodent large
animal model be done (median rating of 8).

5. In animal models, there is an effect of age on fracture
healing. Fracture healing takes longer in older animals
(median rating of 8).

Specialty statements

Atypical femur fractures

1. When a patient has an atypical femoral fracture, one
should stop the bisphosphonate (median rating of 8).

2. When a patient has an atypical femoral fracture, after
stopping the bisphosphonate, one should consider
teriparatide (median rating of 8).

Osteogenesis imperfecta

1. In osteogenesis imperfecta, bisphosphonates may delay
healing of osteotomies (median rating of 8).

2. In osteogenesis imperfecta, bisphosphonates do not delay
healing of fractures (median rating of 8).

Scenarios

1. In scenarios of

(a) Non-healing non-displaced metaphyseal non-
vertebral fractures after 3 months.

(b) First 2 weeks after a new non-vertebral fracture with-
out significant displacement.
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(c) First 2 weeks after a new vertebral compression frac-
ture.

Our panel agreed that treatment with any of the
antiosteoporosis medications (bisphosphonates,
RANKL inhibitors, anabolic therapy or strontium)
was safe to use (median ratings 7 to 8).

2. In the scenario of a non-healing non-displaced diaphyseal
non-vertebral fracture after 3 months, the panel agreed
that treatment with anabolic therapy or strontium were
safe to use, but not bisphosphonates or RANKL inhibitors
(median rating of 7).

3. In the scenario of a non-healing instrumented spinal
fusion after 3 months, our panel agreed that treat-
ment with anabolic therapy was safe to use but was
unable to come to a consensus on the safety of
treatment with other osteoporosis medications (me-
dian rating of 7).

4. Our panel was in agreement that treatment with an
anabolic therapy such as teriparatide could return a
patient with delayed healing of a non-displaced non-
vertebral fracture or of an instrumented spinal fusion
to a more normal rate of fracture healing (median
rating of 7).

5. Our panel agreed that only treatment with an anabolic
therapy such as teriparatide may enhance fracture healing
in a patient with normal rate of fracture healing who is
seen in the first 2–4 weeks after a new non-vertebral frac-
ture or in the first 2 weeks after a compression fracture
(median rating of 7).

6. Treatment with any of the listed osteoporosis medi-
cations (bisphosphonates, RANKL inhibitors, ana-
bolics, or strontium) would not delay fracture
healing in patients with non-healing non-vertebral
fractures without significant displacement after 3 months
(median ratings 7 to 8). An example would be a femur
fracture that is healing but is not completely healed but is
showing progression to healing radiographically at
3 months.

7. The panel agreed that teriparatide and strontium will not
delay healing of an uninstrumented spinal fusion after
3 months (median rating of 8) but was unable to agree
that the other medications would not cause a healing de-
lay.

Comment: These statements were approved by our
panel prior to the recent actions of the European
Medical Evaluation Agency (EMEA) with regards to
strontium (3).

8. For patients with delayed healing of a non-displaced
non-vertebral fracture after 3 months, only anabolic
therapy will return them to a normal rate of healing
(median rating of 8), a claim deemed untrue for
bisphosphonate therapy and RANKL inhibitors (me-
dian rating of 3).
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