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Background: Systemic administration of sclerostin neutralizing antibody has led to increased bone formation in animal
models of osteoporosis. The purpose of this study was to determine if systemic administration of sclerostin neutralizing
antibody could increase the healing response in a critical-sized femoral defect in rats.

Methods: Critical-sized femoral defects were created in Lewis rats, and the rats were randomized into four groups. The
sclerostin antibody (Scl-Ab) treatment groups included the continuous Scl-Ab group (twenty-one animals), the early Scl-Ab
group (fifteen animals), and the delayed Scl-Ab group (fifteen animals), which received sclerostin antibody (25 mg/kg)
twice weekly for weeks 0 through 12; weeks 0 through 2; and weeks 2 through 4; respectively. Twenty-one animals in the
control group received vehicle from weeks 0 through 12. In a subsequent study, bone turnover markers were measured at
zero, two, six, and twelve weeks after surgery in rats receiving vehicle or sclerostin neutralizing antibody for twelve weeks
(fifteen rats per group). The quality of bone formed was evaluated with radiographs, microcomputed tomography, bio-
mechanical testing, and histologic and histomorphometric analysis.

Results: In the primary study, four of fifteen defects in the continuous (zero to twelve-week) Scl-Ab group, three of fifteen
defects in the early (zero to two-week) Scl-Ab group, and four of fifteen defects in the delayed (two to four-week) Scl-Ab
group healed at twelve weeks, while none of the defects healed in the control group. In both studies, treatment with
sclerostin antibody for twelve weeks demonstrated a significant increase in new bone formation (p < 0.05) compared with
the control group. The three treatment groups did not differ significantly with respect to the healing rates and the quality of
new bone formed in the defect. The serum markers of bone formation were significantly elevated in the animals in the
continuous Scl-Ab group (p < 0.05) compared with the controls.

Conclusions: Administration of sclerostin neutralizing antibody led to increased bone formation, resulting in complete
healing of femoral defects in a small subset of rats, with a majority of the animals not healing the defect by twelve weeks.

Clinical Relevance: Sclerostin neutralizing antibody is a systemically delivered agent that exerts an anabolic effect
during fracture repair and has the potential to be used as an adjuvant to enhance bone-healing in difficult bone-repair
scenarios.

A
pproximately fifteen million fractures occur in the United
States annually, and 5% to 10% of these fractures either
fail to unite or demonstrate a delay in healing1. Non-

unions require multiple surgical procedures to treat and lead to

considerable morbidity, lost work days, and increased health
care2. A need exists to develop new therapeutic strategies to
enhance bone repair that would either prevent or treat fracture
delayed unions or nonunions.
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Widespread interest has focused on the use of growth
factors to augment bone-healing3,4. Local delivery of recom-
binant human bone morphogenetic proteins (rhBMPs) has
demonstrated efficacy similar to autologous bone grafts in
promoting bone-healing in tibial fractures and spinal fusions
in prospective randomized controlled trials5-7. RhBMP-2 is
approved by the U.S. Food and Drug Administration for lim-
ited select indications. However, the high cost of rhBMPs, the
variability of its efficacy in humans, and recent reports of seri-
ous side effects associated with its use are important factors
limiting its clinical utility8-11.

The systemic delivery of a therapeutic agent that can
enhance bone repair in fractures and nonunions is an attractive
option because it does not involve any surgery, can be ad-
ministered to the patient in the office setting, and may allow for
prolonged and frequent dosing1. Sclerostin is a glycoprotein
that is expressed by osteocytes and is a negative regulator of
osteoblast development and bone formation12,13. Mutations in
the human gene coding for sclerostin (SOST) causes Van Bu-
chem disease and sclerosteosis, which are characterized by high
bone mass and progressive bone thickening due to increased
bone formation14-17. Although the specific molecular mecha-
nism by which sclerostin inhibits bone formation is an area of
continuing investigation, it has been postulated that sclerostin
inhibits the BMP pathway and/or the canonical Wnt signaling
pathway by modulating their receptors18-23. Preclinical studies
in models of osteoporosis and a clinical trial have demonstrated
that systemic administration of a neutralizing sclerostin anti-
body prevents bone loss and increases bone formation24-27. In
another preclinical study performed using a closed femoral
fracture model in rats and a fibular osteotomy model in cyn-
omolgus monkeys, Ominsky et al. recently demonstrated that
sclerostin antibody administration significantly increased the
bone mass at the site of a fracture or osteotomy compared with
the vehicle-treated controls28.

The purpose of the present study was to determine if
systemic administration of sclerostin antibody can improve the
healing response in a critical-sized segmental femoral defect in
a rat model of bone repair.

Materials and Methods
Study Groups
Study 1

Atotal of seventy-two male Lewis rats underwent surgical procedures to
create a femoral defect and were randomized into four study groups (Table

I and Fig. 1). The sclerostin antibody (Scl-Ab) treatment groups included
the continuous Scl-Ab group (twenty-one animals), the early Scl-Ab group
(fifteen animals), and the delayed Scl-Ab group (fifteen animals), which re-
ceived subcutaneous injections of sclerostin antibody (25 mg/kg) twice weekly
for weeks 0 through 12, weeks 0 through 2, and weeks 2 through 4, respectively
(Fig. 1). The control group (twenty-one animals) received subcutaneous in-
jections of phosphate-buffered saline solution (PBS; vehicle) for a total of twelve
weeks. At four weeks, six animals in the continuous Scl-Ab group and the control
group were killed, and their femora were collected for histological analysis and
microcomputed tomography (micro-CT) to detect differences in the early defect
healing. The remaining sixty animals were killed at twelve weeks, and micro-CT
was performed on all surgically treated femora followed by either torsional testing
(eight per group) or histologic and histomorphometric analysis (seven per
group). The biomechanical torsional testing was performed on completely healed
specimens only.

TABLE I Study Design

Groups
Total No. of

Animals
Time Animals

Killed
No. Imaged with

Radiographs
No. Imaged

with Micro-CT

No. Available
for Torsional

Testing

No. Available
for Histologic

Analysis

Study 1

Control (vehicle control) 21 6 at 4 wk and 15 at 12 wk 21 6 at 4 wk and 15 at 12 wk 8 6 at 4 wk and 7 at 12 wk

Continuous (0-12 wk)
Scl-Ab treatment

21 6 at 4 wk and 15 at 12 wk 21 6 at 4 wk and 15 at 12 wk 8 6 at 4 wk and 7 at 12 wk

Early (0-2 wk) Scl-Ab
treatment

21 12 wk 15 15 8 7

Delayed (2-4 wk) Scl-Ab
treatment

21 12 wk 15 15 8 7

Study 2

Control (vehicle control) 15 12 wk 15 15 10 5

Continuous (0-12 wk)
Scl-Ab treatment

15 12 wk 15 15 10 5

Fig. 1

Study design and sclerostin antibody (Scl-Ab) treatment protocols.
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Study 2
A second study was performed to confirm adequate drug (sclerostin anti-
body) exposure and analyze serum bone turnover markers. A total of thirty
male Lewis rats underwent femoral defect surgeries and were randomized
to receive vehicle (PBS; control) or 25 mg/kg of sclerostin antibody for
twelve weeks (fifteen rats per group). Blood samples were collected to assess
the biochemical markers of bone turnover. At the time that the rats were
killed, micro-CT scans were performed on all surgically treated femora first
and then the femora were randomized to undergo torsional testing (ten
femora) or histologic and histomorphometric testing (five femora) in each
group.

The sclerostin antibody used in this study (Scl-Ab III) was generated by
ratizing a mouse antibody. Ratizing refers to the process of making a sequence
of the antibody consistent with protein sequences found in the rats in order to
make the antibody less immunogenic and less prone to clearance by the im-
mune system

29
.

Serum Levels of Sclerostin Antibody and Biochemical Markers
of Bone Turnover
To confirm continuous drug exposure, the sclerostin antibody levels were
measured at twelve-weeks in the continuous Scl-Ab group using an ELISA
(enzyme-linked immunosorbent assay) technique. Bone formation markers,
intact N-terminal propeptide of type-1 procollagen (P1NP) and osteocalcin, were
measured in serum samples prior to surgery and at two, six, and twelve weeks
by ELISA (IDS, Fountain Hills, Arizona) and Luminex-based assays (RBN-31K-
1OC; Millipore, St. Charles, Missouri), respectively. The bone resorption marker
tartrate-resistant acid phosphatase 5b (TRACP 5b) was quantified using a rat
ELISA kit.

Animal Model and Surgical Technique
A 6-mm critical-sized segmental femoral defect was created in fourteen-week-
old, male Lewis rats (Charles River Laboratories International, Wilmington,
Massachusetts) according to a previously published surgical protocol, which
was approved by the Institutional Animal Care and Use Committee

30-32
. The

animals were cared for in accordance with the Guide for the Care and Use of
Laboratory Animals

30,32
. No carrier matrix was placed in the defect. Subcuta-

neous buprenorphine (0.5 mg/kg) was used for intraoperative and postoper-
ative analgesia.

Radiographs
Radiographs were made using a digital radiography system (Faxitron X-Ray,
Wheeling, Illinois), with the animals under anesthesia (1.5% to 2% iso-
flurane)

32
. Three blinded independent observers analyzed the radiographs

to assess whether the femoral defect had healed and to score the amount of
bone formed in each femoral defect using a previously established 6-point
scale

30,32,33
(Fig. 2).

Microcomputed Tomography
Whole femora were scanned with a micro-focus x-ray computed tomography
(CT) system (mCT40; Scanco Medical, Bruttisellen, Switzerland) after the an-
imals were killed as described previously

32,33
. Serial three-dimensional tomo-

graphic 16-bit grayscale images were reconstructed (isometric16-mm voxels),
and the new bone formed in the defect was identified on the basis of x-ray
attenuation signatures and was segmented from marrow and soft tissue into
discrete volumetric components. The bone volume (BV), total volume (TV),
and bone volume fraction (BV/TV) were measured in the region of the femoral
defect as described previously

32,33
.

Biomechanical Testing
Torsional testing was performed only on the healed femoral specimens using a
universal testing machine (ELF-3200 series; Bose EnduraTEC, Minnetonka,
Minnesota) as described previously

31,32
. Radiographs and micro-CT of the

fifty-two animals randomized to torsional testing were reviewed, and manual
palpation of the femoral specimens was performed (after removal of hard-
ware) to assess for complete healing. Intact nonoperatively treated femora of
six age and sex-matched Lewis rats (twenty-six-week-old males) were used as
controls.

Histologic and Histomorphometric Analysis
Histologic and histomorphometric analysis was performed on fifty femora
(Table I). The preparation of the femoral specimens and histologic sections
were performed according to a previously established protocol

30,32
. The

paraffin-embedded histologic section (5 mm thick) was stained with he-
matoxylin and eosin and Masson trichrome stain. Histomorphometric
analysis was performed using the Bioquant analysis software (Bioquant
Image Analysis, Nashville, Tennessee) according to a previously established
protocol

32
.

Fig. 2

Representative radiographic images of femoral defects at twelve weeks, showing the best (top row), intermediate (middle row), and poorest (bottom row)

outcome within each group in Study 1. The best images demonstrated that while none of the femoral defects were bridged by new bone in the control

group, bridging of the femoral defect did occur in a subset of the Scl-Ab treatment groups (the continuous [zero to twelve-week] Scl-Ab group, early [zero to

two-week] Scl-Ab group, and delayed [two to four-week] Scl-Ab group). The intermediate images also reflect the improved bone-healing with Scl-Ab

treatment.
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Statistical Analysis
The primary outcome measure in Study 1 was to compare the healing rates in
the control group and the continuous Scl-Ab group at twelve weeks. With alpha
set at 0.05 and a beta error of 0.2, thirteen animals in each group would provide
a power of 80% (G*Power version 3.1.2)

34
. However, the study was not pow-

ered for differences in healing among the different groups treated with scle-
rostin, and a potential for type-II error exists.

A chi-square test was used to compare radiographic healing rates, and
a nonparametric Kruskal-Wallis test was used to compare the radiographic
scores between the study groups. A kappa statistic was calculated as a measure
of interobserver reliability among the three independent observers with re-
spect to the radiographic grading. The results of serum markers of bone
turnover, biomechanical testing, micro-CT imaging, and histomorphometric
analysis were expressed as the mean and standard deviation. One-way
analysis of variance (ANOVA) with a post hoc (Newman-Keuls multiple
comparison) test or a Student t test was used to compare means among the
four or two treatment groups, respectively. Significance was reported to be
present when p < 0.05.

Source of Funding
Amgen Inc. (Thousand Oaks, California) provided the sclerostin anti-
body for this study. Amgen Inc. performed the assays to determine the
sclerostin antibody levels and the markers for bone turnover. All assays
were performed on blinded samples. Funding for this study was provided
by Amgen Inc., which received funding from UCB Pharma (Slough,
United Kingdom).

Results
Systemic Administration of Sclerostin Antibody Resulted in
Higher Radiographic Scores and Healing in the Critical-Sized
Femoral Defect After Twelve Weeks

Assessment of complete radiographic healing, defined as
osseous continuity across the femoral defect, and radio-

graphic scoring were performed for all animals. None of the
femoral defects had healed in the control group of thirty ani-
mals at twelve weeks in either study (see Appendix and Fig. 2).
Four defects healed in the continuous (zero to twelve-week)
Scl-Ab group (four of fifteen defects in Study 1, and zero of
fifteen in Study 2), three of fifteen defects healed in the early
(zero to two-week) Scl-Ab group, and four of fifteen defects
healed in the delayed (two to four-week) Scl-Ab group.

In Study 1, the radiographic scores were not significantly
different between the control (1.05 ± 0.13) and the continuous
Scl-Ab group (1.3 ± 0.63) at four weeks. However, at twelve
weeks, the radiographic scores were significantly lower (p <
0.05) in the control group compared with the continuous Scl-
Ab group. The radiographic scores were not significantly dif-
ferent among the three-sclerostin antibody treatment groups
(see Appendix). In Study 2, the radiographic scores were also
significantly lower (p = 0.0038) in the control group compared with

Fig. 3

Representative micro-CT images of the healing of the femoral defects, showing the best (top panel) and poorest (bottom panel) bone-healing outcomes

(bone volume) in each study group at twelve weeks. In each image, the boundaries of the femoral defect are delineated by two parallel red lines. The new

bone formed in the defect was significantly higher in the continuous (zero to twelve-week) Scl-Ab group (Figs. 3-B and 3-F) compared with the controls (Figs.

3-A and 3-E).
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the continuous (zero to twelve-week) Scl-Ab group, although
the healing appeared to progress better in Study 1. The differ-
ences in bone-healing noted between the two studies were re-
flected in both the radiographic scoring and in the number of
defects with complete radiographic healing in the continuous
Scl-Ab group (four of fifteen in first study and zero of fifteen in
the second study). A moderate agreement (kappa statistic, k =
0.56) was found among the three independent observers for the
radiographic scoring analysis (Study 1 and Study 2).

Systemic Administration of Sclerostin Antibody Resulted in
Greater Bone Volume in the Critical-Sized Femoral Defects as
Assessed with Micro-CT
In Study 1, the volumetric assessment of the new bone using
micro-CT demonstrated no significant difference with respect
to mean bone volume and bone volume fraction at four weeks
between the control group (2.63 ± 1.6 mm3 and 5.9% ± 3%,
respectively) and the continuous Scl-Ab group (3.04 ± 2.6 mm3

and 6.8% ± 5.4%, respectively). At twelve weeks, the bone
volume fraction was significantly higher in the continuous Scl-
Ab group (60% ± 17%; p < 0.05) compared with the control
group (39.3% ± 15.3%). However, the early (zero to two-week)
Scl-Ab and delayed (two to four-week) Scl-Ab groups were not
significantly different from the control group with respect to
the bone volume or bone volume fraction (see Appendix and
Fig. 3). In Study 2, bone volume and bone volume fraction were
significantly higher in the femoral defects in the continuous
(zero to twelve-week) Scl-Ab group (p < 0.001) compared with
the controls (see Appendix).

Torsional Biomechanical Testing
A total of six of the fifty-two femoral specimens that were
randomized to undergo torsional testing were completely
healed (Table I) and therefore considered suitable for torsional
testing (two specimens each from the three Scl-Ab treatment
groups). With the available number of specimens for torsional
testing in each experimental group (two per group), no
meaningful interpretations and statistical comparisons could
be made with respect to the biomechanical torsional testing
parameters (data not shown).

Qualitative Histologic Analysis (Fig. 4)
Histologic examination of the femoral defects that healed com-
pletely in the Scl-Ab treatment groups demonstrated abundant
intramedullary and periosteal new bone formation (Figs. 4-G,
4-H, and 4-I) without any reconstitution of the medullary
canal.

All the femoral defects in the control group and femoral
defects that did not heal completely in the Scl-Ab groups
demonstrated histologic hallmarks of nonunion (Figs. 4-A
through 4-F, 4-J, 4-K, and 4-L). Fibrous tissue and adipose
tissue were present in the center of the defect, and there was
some new bone formation at the proximal and distal ends of
the femoral defect. Furthermore, a thin layer of intramedullary
bone interrupted the medullary canal on either side of the
femoral defect.

Histomorphometric Analysis of Femoral Defects
Histomorphometric analysis of femoral defects at four weeks
demonstrated no significant difference with respect to bone
area between the control group (7.34 ± 4.8 mm2) and the
continuous Scl-Ab group (5.24 ± 4.0 mm2). At twelve weeks,
no significant differences were found between the control
group and any of the sclerostin treatment groups with respect
to the bone area or bone area as a percentage of tissue area in
Study 1 as well as Study 2 (see Appendix).

Fig. 4

Histologic healing in a critical-sized bone defect in a rat model after twelve

weeks. Masson trichrome-stained sections representing the best (top

panel) and poorest (bottom panel) healing outcomes in the control group

(Figs. 4-A through 4-F) and the continuous (zero to twelve-week) Scl-Ab

group (Figs. 4-G through 4-L) are shown. Within each panel, the left image

is a transverse section through the middle of the defect, the center image is

a longitudinal section on one side of the defect, and the image on the right

is a 10· magnification of the center of the defect from the longitudinal

section (black rectangle). Femora that did not heal in the control group

(Figs. 4-A through 4-F) had fibrous tissue (red arrow), cartilage (arrow-

heads), adipose tissue (blue arrows) mixed with moderate to no bone in

the center of the defect. Femora that demonstrated complete healing in

the Scl-Ab (zero to twelve-week) treatment group (Figs. 4-G, 4-H, and

4-I) had abundant bone formation (asterisks in Figs. 4-H and 4-I) in

the center of the femoral defect and at the host-defect interface.

The defects that did not heal in the Sci-Ab treatment groups (Figs. 4-J,

4-K, and 4-L) had a variable amount of bone formation at the defect

interface mixed with fibrous tissue (red arrow) and adipose tissue (blue

arrows.
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Treatment with Sclerostin Antibody Increases Systemic Bone
Formation Markers in a Critical-Sized Femoral Defect in a
Rat Model of Bone Repair
The serum levels of sclerostin antibody were measured in the
serum samples from the continuous Scl-Ab group of animals
to determine adequate exposure to sclerostin antibody (>20
mg/mL). The mean sclerostin antibody level was 461.3 ± 143.3
mg/mL (range, 22 to 629 mg/mL). There was no significant
correlation or dose response relationship (data not shown)
between the serum levels of sclerostin antibody and the amount
of bone formed (micro-CT or radiographic grading) in the
femoral defect.

The serum levels of markers of bone formation (osteocalcin
and P1NP) and bone resorption (TRACP 5b) were not signifi-
cantly different between the control and the continuous Scl-Ab
group of animals before surgery (Fig. 5). The bone formation
marker response to treatment with sclerostin antibody peaked at
week 2 and remained significantly greater than that in the controls
(p < 0.05) through week 12 for osteocalcin and through week 6 for
P1NP. There were no significant differences between the two
groups with respect to serum TRACP 5b levels at any time point.

Discussion

The results of this preclinical animal study demonstrate that
sclerostin antibody exerts an anabolic effect on bone repair

in a 6-mm critical-sized femoral defect in a rat model. Con-
tinuous treatment with sclerostin antibody led to a significant
increase in new bone formation in the femoral defect as dem-
onstrated by the higher radiographic scores and increased bone
volume compared with the control group. Treatment with scle-
rostin antibody induced complete healing in a subset of femora,
but the defects in a majority of the animals did not heal by twelve
weeks. We performed a second study to confirm that the animals
received appropriate exposure to the systemic sclerostin anti-
body. The serum markers of bone formation were significantly
higher in the animals treated with sclerostin antibody (contin-
uous [zero to twelve-week] Scl-Ab; p < 0.05) compared with the
controls.

Systemic treatment with sclerostin antibody is associ-
ated with increased bone formation, bone strength, and bone
mineral density in preclinical models of osteoporosis24-26,35,36.
Two previously published preclinical studies investigated
the role of this therapy in bone repair28,29. Agholme et al.
studied the influence of sclerostin antibody on metaphyseal
bone-healing by measuring the pull-out strength of a screw
inserted into the proximal part of the tibia of a Sprague-
Dawley rat29. Animals treated with sclerostin antibody dem-
onstrated increased bone volume fraction around the screw
and a 50% higher pull-out strength of the screw compared
with the saline solution-treated controls. Using a closed

Fig. 5

The response of serum markers of bone turnover to sclerostin antibody (Scl-Ab) treatment. The bone formation marker response to Scl-Ab treatment peaked

at week 2 and remained significantly greater than that of the controls through week 12 for osteocalcin (Fig. 5-A) and through week 6 for P1NP (Fig. 5-B).

There were no significant differences between the continuous (zero to twelve-week) Scl-Ab group and the control group with respect to the serum levels of

tartrate-resistant acid phosphatase 5b (TRACP 5b) (Fig. 5-C), which is a biochemical marker for bone resorption. The values are given as the mean and the

standard deviation. *Denotes significant difference from control (p < 0.05).
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femoral fracture in a rat model and a fibular osteotomy in a
primate model, Ominsky et al. demonstrated that in both
models sclerostin antibody significantly increased the bone
mass at the site of fracture or osteotomy28. Furthermore, a
significant improvement in the biomechanical strength of
the callus compared with the vehicle-treated controls was ob-
served. However, the critical-sized bone defect model used
in the present study represents a more challenging environ-
ment to test sclerostin antibody. In addition, the two prior
studies did not investigate the effect of treatment duration on
healing rates.

Modest differences in healing were observed between
the two studies, with Study 2 resulting in lower radiographic
scoring and a lack of complete healing of femoral defects.
Although the source of this variation is unclear, it could be
secondary to the biological variability in the rat litters. Nev-
ertheless, the positive effect of sclerostin antibody treatment
on new bone formation in the defect was consistent across
both studies.

In the present study, there was no significant difference
in the amount of bone repair among the three protocols of
sclerostin antibody treatment, although a trend toward in-
creased new bone formation was seen in the continuous and
the delayed treatment groups compared with the early treat-
ment group. Also, the delayed treatment group demonstrated
similar healing on radiographs, micro-CT, and histologic and
histomorphometric analysis compared with the continuous
treatment group, which suggests that a longer duration of
treatment may not be needed to promote bone repair in this
model.

Systemic administration of sclerostin antibody led to
occasional complete bridging of the bone defect, but was not
potent enough to consistently produce complete healing. In
prior experiments in our laboratory using the same animal
model, rhBMP-2 on a collagen sponge consistently healed the
critical-sized femoral defects30,33. The bone formation in the
defect associated with the sclerostin antibody treatment oc-
curred primarily from the ends of the defect. The ability of
sclerostin antibody to increase bone formation on existing
bone surfaces is consistent with the location of the osteocyte
source of sclerostin at either end of the defect. The results
of this study suggest that sclerostin antibody is not an os-
teoinductive agent like BMP. We theorize that sclerostin an-
tibody may be associated with a more consistent and robust
healing response if used to treat fractures with small bone
defects. In this study, the femoral defect was left empty and
was not bridged with a carrier matrix30,31,33. The healing rates
may have been improved in our study if sclerostin antibody
treatment was combined with a cell-based therapy, autoge-
nous graft, allograft, or osteoconductive scaffold to provide
surfaces on which osteoblasts could adhere and more bone
could be formed.

Orthopaedic surgeons may encounter a spectrum of
bone repair scenarios in clinical practice, and there is no single
strategy that can be used to successfully manage every case,
as the biologic requirements to induce bone formation are

substantially different. The clinical indications for sclerostin
antibody to promote bone repair have not been defined yet,
but on the basis of the results from this animal study, we
propose that sclerostin antibody may be useful as an adjunct
to promote bone-healing in clinical situations characterized
by nonunions and fractures with limited comminution and
small gaps. Furthermore, sclerostin antibody is a systemically
delivered therapy (via subcutaneous injection) and therefore
can be administered in an outpatient setting and has the
potential advantage of being administered for weeks after a
surgical procedure.

There is also interest in using parathyroid hormone
(PTH) to promote bone repair. However, mixed results have
been reported with the use of recombinant human PTH
(rhPTH) to promote fracture-healing. In a number of case
reports and a randomized clinical trial, intermittent rhPTH
enhanced fracture repair37-40. However, in a recent random-
ized clinical trial, rhPTH did not enhance the healing of distal
radial fractures41. Another systemic agent with clinical poten-
tial is 5-lipoxygenase inhibitor (an oral agent), which needs
to be assessed in prospective, randomized clinical studies in
humans42.

In conclusion, systemic administration of sclerostin
antibody leads to enhanced bone formation in a critical-
sized femoral defect in a rat model. The ease of systemic
administration and the presence of an anabolic effect on
bone formation makes sclerostin antibody a potential ad-
juvant in human clinical scenarios, in which enhanced bone
repair is necessary.

Appendix
Tables showing the radiographic scores and healing rates
as well as data on the micro-CT and histomorphometric

analyses are available with the online version of this article as a
data supplement at jbjs.org. n

NOTE: The authors thank Marina Stolina and Denise Dwyer (Amgen Inc.) for their expertise in
generating the serum biomarker data.
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