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Abstract

Sclerostin antibody has demonstrated a bone-forming effect in pre-clinical models of osteogenesis 

imperfecta, where mutations in collagen or collagen-associated proteins often result in high bone 

fragility in pediatric patients. Cessation studies in osteoporotic patients have demonstrated that 

sclerostin antibody, like intermittent PTH treatment, requires sequential anti-resorptive therapy to 

preserve the anabolic effects in adult populations. However, the persistence of anabolic gains from 

either drug has not been explored clinically in OI, or in any animal model. To determine whether 

cessation of sclerostin antibody therapy in a growing OI skeleton requires sequential anti-

resorptive treatment to preserve anabolic gains in bone mass, we treated 3 week old Brtl/+ and 

wild type mice for 5 weeks with SclAb, and then withdrew treatment for an additional 6 weeks. 

Trabecular bone loss was evident following cessation, but was preserved in a dose-dependent 

manner with single administration of pamidronate at the time of cessation. In vivo longitudinal 

near-infrared optical imaging of cathepsin K activation in the proximal tibia suggests an anti-

resorptive effect of both SclAb and pamidronate which is reversed after three weeks of cessation. 

Cortical bone was considerably less susceptible to cessation effects, and showed no structural or 

functional deficits in the absence of pamidronate during this cessation period. In conclusion, while 

SclAb induces a considerable anabolic gain in the rapidly growing Brtl/+ murine model of OI, a 

single sequential dose of antiresorptive drug is required to maintain bone mass at trabecular sites 

for 6 weeks following cessation.
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1. Introduction

Osteogenesis Imperfecta (OI) is a genetic disorder resulting from mutations in type I 

collagen or collagen-related proteins [1]. The OI phenotype is characterized by low bone 

mineral density (BMD), high turnover, high bone fragility, and has major manifestations 

during growth and development [2]. Current clinical treatment strategies for OI have focused 

on resolving the low bone mass characteristic of the disease through pharmacologic 

therapies. Anti-resorptive bisphosphonates are the most commonly used pharmacologic 

treatment for OI. Recent reviews and meta-analyses have shown that bisphosphonates can 

increase bone mineral density, particularly at metaphyseal sites, but do not induce significant 

reductions in fracture rates, particularly in the appendicular skeleton [3, 4]. Bisphosphonate 

treatment of OI mouse models recapitulate many of these clinical observations, and have not 

shown strong gains in cortical bone mass at long bone sites [5–8]. Furthermore, concern for 

long-term anti-resorptive consequences in the pediatric OI skeleton [9–13] suggest prudence 

in minimizing antiresorptive intervention while exploring alternate approaches to increase 

bone mass in OI. Recent studies suggest potential for intermittent parathyroid hormone 

(PTH) to improve bone mass in some mild adult OI patients, but such use is contraindicated 

for pediatric applications [14, 15].

Sclerostin antibody (SclAb) therapy represents an emerging anabolic strategy to treat OI 

patients for their low bone mass and high fracture susceptibility [16–21]. Sclerostin is 

secreted primarily by osteocytes and inhibits canonical Wnt signaling by binding to 

LRP4/5/6 on osteoblast lineage cells (MSCs, pre-osteoblasts, osteoblasts, lining cells, 

osteocytes) to inhibit bone formation [22]. Antibodies to sclerostin can reduce this inhibitory 

signal allowing Wnt signaling to proceed and resulting in upregulation of osteoblast activity 

and new bone formation [23]. Furthermore, a reduction in osteoclast activity has been noted 

with treatment [24, 25], suggesting a decoupling of bone formation and resorption in a 

manner that is consistent with promoting increased bone mass. Antibodies to sclerostin have 

shown a positive effect in pre-clinical [23, 24, 26, 27] and clinical studies [28–31] of 

osteoporosis, suggesting that this course of treatment may be beneficial for other diseases of 

low bone mass such as OI.

Previously, we have demonstrated a positive anabolic effect of SclAb treatment in young 

[19, 32], adolescent [18], and mature [20] Brtl/+ mice. Brtl/+ mice are heterozygous for a 

glycine to cysteine substitution (Gly349Cys) in col1a1, replicating many phenotypic features 

of Type IV OI [33–35]. When treated between 3 and 8 weeks of age with SclAb, young 

Brtl/+ mice showed anabolic gains in distal femoral metaphyseal bone, and cortical 

thickening through conversion of resorptive surfaces to formation surfaces [19]. These 

changes in architecture were enough to significantly increase the mechanical properties of 

the femur, despite continued synthesis of mutant collagen protein in bone.
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Given that OI therapies are often administered during periods of rapid growth, an important 

consideration for the therapeutic use of SclAb is whether the anabolic effects are sustained 

following treatment cessation. In osteoporosis, adults treated with PTH, the only clinically 

available anabolic agent, demonstrate a time-dependent recovery in remodeling indices 

following PTH cessation, requiring subsequent BP to protect gains in bone mass [36, 37]. 

Clinical studies suggest that SclAb similarly results in gradual loss of bone mass gains after 

withdrawal in osteoporotic patients [38], supporting a similar need for follow-on 

administration of an anti-resorptive agent. While PTH has been studied in adults with OI, 

there is no data in the literature describing cessation effects of anabolic bone drugs such as 

PTH or SclAb in OI patients—adults or children [14, 15]—or in any mouse model of the 

disease [16–21]. In the present study, we hypothesize that cessation of SclAb would result in 

a gradual return of the OI fragility phenotype, which could be prevented by a single dose of 

bisphosphonate at the start of the SclAb cessation period.

2. Materials and Methods

2.1 Experimental Design

Three week old male Brtl/+ and WT mice were randomly assigned to control and cessation 

cohorts. Control mice (n=10–11/group) were used to establish the baseline phenotype of 

mice following 5 weeks of SclAb (25 mg/kg, twice per week [19]; SclAb VI, Amgen, 

Thousand Oaks, CA) or saline (PBS). Mice were then euthanized at 8 weeks of age. Mice 

from the cessation cohort were similarly treated with SclAb between 3 and 8 weeks of age. 

These mice were subsequently randomly divided into one of three cessation groups (n=10–

11/group) where a single injection of PBS, low dose pamidronate (1.25 mg/kg), or high dose 

pamidronate (2.5 mg/kg) was given at 8 weeks of age. Pamidronate doses were chosen based 

on prior doses that preserved bone mass following PTH cessation [39]. No additional 

treatment was provided during the 6 week cessation period. These mice were then 

euthanized at 14 weeks of age by CO2 inhalation. Femora and L5 vertebrae were dissected 

free of soft tissue, wrapped in saline-soaked gauze, and frozen at −20°C until testing. 

Animals were housed in specific pathogen free cages with standard 12 hour light/dark 

cycles, and ad lib access to food water. All studies were approved by the University of 

Michigan Committee on Use and Care of Animals.

2.2 In Vivo Near-Infrared Optical Imaging

A non-invasive molecular imaging approach was undertaken to monitor bone turnover 

following cessation of SclAb using two separate imaging strategies [40, 41]. At 8 weeks of 

age, mice in the cessation cohort were administered a single injection of a near-infrared 

tetracycline (IRDye 800CW BoneTag, 80 nmole/kg i.v., LI-COR Biosciences, Lincoln NE) 

to label newly formed bone at the growth plate. A similar strategy was previously employed 

to monitor bone loss in the presence or absence of protective bisphosphonate therapy [41]. 

As a surrogate marker for osteoclast activity, mice were also administered a cathepsin K-

activatable fluorescence imaging probe (CatK680 FAST, Perkin Elmer) at 8 weeks. This 

technique was previously used to monitor upregulation of osteoclast activity prior to 

observation of bone loss by microCT imaging following ovariectomy [40]. 24 hours after 

injection, mice were imaged by near-infrared fluorescence reflectance imaging (Pearl 
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Impulse, LI-COR Biosciences) to quantify baseline tetracycline binding and bone resorption 

at the proximal tibial growth plate. Sequential injections of CatK680 FAST at 11 and 14 

weeks were followed by fluorescence imaging to monitor osteoclast activity during the 

entire cessation period. Percent retention of tetracycline was quantified at these time points 

as well by comparing 11 and 14 week proximal tibial fluorescence to 8 week values. All 

NIR analysis for both Cathepsin K and tetracycline was performed at the proximal tibia to 

minimize photon absorption through soft tissue and maximize signal-to-noise levels.

2.3 Ex Vivo Micro-computed Tomography

Femora and L5 vertebrae were imaged by micro-computed tomography (microCT) (eXplore 

Locus SP, GE Healthcare Pre-Clinical Imaging, London, ON, Canada). Specimens were 

immersed in water and scanned four at a time using the Parker method (180 degrees plus a 

20 degree fan angle) at 80 kVp and 80μA with added filtration in the form of both an acrylic 

beam flattener and a 0.02 inch aluminum filter. Images were reconstructed at 18 μm voxel 

size, calibrated for densitometry, and rotated into a standard vertical position aligning the 

anterior-posterior axis of the bone with the x-axis of the scan, using the distal femoral 

condyles as an anatomic landmark [42]. Femoral cortical regions of interest spanning 15% 

total femoral length were centered midway between the lateral third trochanter and the distal 

femoral growth plate. Regions were segmented using a threshold of 2000 Hounsfield units, 

and cortical area, marrow area, and bending moment of inertia about the medial-lateral axis 

(Iyy) were measured.

Femoral trabecular regions of interest were isolated proximal to the distal femoral growth 

plate spanning 10% of the overall femoral length. The entire vertebral trabecular volume was 

isolated using a splining algorithm and manual contouring. Trabecular bone from both bones 

was subject to a specimen specific local autothreshold as previously described [43]. All 

analysis was performed using commercially available software (MicroView v2.2. Advanced 

Bone Analysis Application, GE Healthcare Pre-Clinical Imaging, London, ON).

2.4 Mechanical Testing

Femora were loaded to failure in four-point bending at 0.5 mm/s in the anterior-posterior 

direction using a servohydraulic testing machine (858 Minibionix II; MTS Systems 

Corporation, Eden Prairie, MN, USA) with the posterior side in tension between upper and 

lower supports that were 2.2 mm and 6.35 mm apart, respectively. Vertebrae were loaded to 

failure in uniaxial monotonic compression at 0.05 mm/s using the same apparatus with a 

custom-built fixture as previously described [44]. All bones were tested at room temperature 

and kept hydrated with PBS. Crosshead displacement was recorded by using an external 

linear variable differential transducer (LVDT; Lucas Schavitts, Hampton, VA, USA), and 

load data were collected with a 50-lb load cell (Sensotec, Columbus, OH, USA) at a 

sampling frequency of 2048 Hz. Load-displacement curves were analyzed for whole bone 

stiffness, yield load, ultimate load, and total energy (ultimate) to failure using a custom 

script (MATLAB 7.11; Mathworks Inc., Natick, MA, USA).
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2.5 Data Analysis

MicroCT and mechanical testing data were assessed by mixed model, one-way ANOVA 

followed by Bonferroni post-hoc tests. In case of longitudinal paired in vivo data assessing 

Bonetag and CatK fluorescence imaging, a within-sample repeated measures ANOVA was 

used. Results are presented as mean ± standard deviation. All data was analyzed using IBM 

SPSS Statistics V.21 (SPSS, Inc., Chicago, IL, USA). p<0.05 was considered statistically 

significant unless stated otherwise.

3. Results

3.1 Retention of trabecular anabolic gains requires sequential antiresorptive treatment

Five weeks of SclAb treatment leads to significant gains in distal femoral BV/TV in both 

Brtl/+ (42%) and WT (49%) (Fig 1A). 6 weeks of untreated (PBS) cessation resulted in 

significant reductions in BV/TV in both Brtl/+ (−50%) and WT (−43%) compared to 

precessation levels (Fig. 1A). In Brtl/+, this was dominantly realized through a 44% 

reduction in trabecular number (Fig. 1B), while WT showed 18% reduction in trabecular 

thickness vs. 8 week values (Fig. 1C). A single injection of pamidronate achieved a dose-

dependent preservation of the anabolic gains, almost entirely through preservation of 

trabecular number in both Brtl/+ and WT. These changes in Brtl/+ distal femoral trabecular 

bone volume are represented in images at baseline (Fig. 1D) and following cessation (Fig. 

1E). MicroCT analysis of trabecular regions of L5 vertebrae yielded similar results to those 

of the femoral long bones. SclAb induced significant increases in trabecular number (Brtl/

+ 18%; WT 15%) and thickness (Brtl/+ 38%; WT 57%) after 5 weeks of treatment leading 

to overall improvements in lumbar spine bone volume fraction (Brtl/+ 65%; WT 78%), 

compressive ultimate load (Brtl/+ 65%; WT 120%), and compressive energy (Brtl/+ 150%; 

WT 131%) (Fig. 2). Following 6 weeks of cessation from SclAb, trabecular number, 

thickness, and volume fraction all were lower in both Brtl/+ and WT vs. post-treatment 

values. In WT, these changes translated to a significantly lower compressive ultimate load. 

Single pamidronate administration upon SclAb cessation led to dose-dependent preservation 

of trabecular number, but was insufficient to fully preserve thickness and volume fraction in 

both Brtl/+ and WT (Fig. 2). Brtl/+ showed no change in biomechanical properties after 

cessation, while WT was rescued from cessation-induced reductions in ultimate load with 

increasing doses of pamidronate.

3.2 Femoral cortical bone structure and mechanics are retained following SclAb cessation

SclAb lead to significant improvements in femoral diaphyseal cortical area (Brtl/+ 30%; WT 

54%), leading to functional improvements in yield load, ultimate load, and bending stiffness 

(Fig. 3). Following cessation of SclAb treatment, anabolic gains that had occurred in Brtl/+ 

over the prior 5 week treatment interval were sustained, with no significant differences in 

cortical area or bending moment of inertia between any of the groups (Fig. 3). No significant 

changes in yield load, ultimate load, stiffness, plastic energy, or post-yield displacement 

were observed by four-point bending following cessation of SclAb in Brtl/+. WT mice 

showed a significantly lower cortical area and anterior-posterior bending moment (Iyy) upon 

SclAb cessation, leading to reduced ultimate load. However, these values remained greater 

than untreated controls at 8 weeks of age.
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3.3 In vivo imaging reveals restoration of osteoclast activity

Loss of proximal tibial trabecular bone labeled at 8 weeks was confirmed through 

longitudinal imaging of near-infrared tetracycline deposited at the time of SclAb cessation. 

Progressive loss of tetracycline signal in untreated mice was partially prevented with 

increasing doses of pamidronate (Fig. 4). In vivo cathepsin K imaging reveals a decrease in 

cathepsin K activity between 8 and 11 weeks in all groups, followed by an apparent rebound 

of bone resorption after an additional 3 weeks of SclAb cessation (Fig. 5).

4. Discussion

We have previously demonstrated that five weeks of SclAb therapy during periods of rapid 

bone growth induces significant anabolic gains in the Brtl/+ mouse model of type IV OI 

[19]. In the present study, we verify these observations and extend our outcomes to the 

dynamics of trabecular and cortical bone turnover following cessation of SclAb. In the 6 

week cessation period, Brtl/+ cortical bone mass and biomechanical properties were not 

susceptible to cessation-induced changes, and remained at 8 week treated levels following 

the 6 weeks of cessation, independent of bisphosphonate administration. Conversely, WT 

and Brtl/+ mice were not able to sustain anabolic gains at trabecular bone sites, including the 

distal femur and lumbar vertebrae without inclusion of bisphosphonate treatment upon 

cessation.

There is precedent for anabolic osteoporosis therapies requiring antiresorptive treatment 

upon cessation to preserve anabolic gains in bone mass. Post-menopausal osteoporotic 

women required continuous alendronate therapy to preserve bone mineral density in the 

spine following 1 year of PTH (1-84) [36]. Similarly, despite large BMD gains during 1 year 

of blosozumab anti-sclerostin treatment, anabolic gains were not fully sustained in the year 

following blosozumab cessation [38]. Our current study extends these observations to a 

pediatric model of OI, where low bone mass and quality contribute to a need for anabolic 

stimulus during growth to improve resistance to fracture.

Clinically, in post-menopausal women with low bone mineral density, sclerostin antibodies 

induce a rapid increase in biochemical markers for bone formation that gradually return to 

baseline levels over the course of 1 year of treatment [28, 31]. Rapid decreases in resorption 

markers are also evident, but are more modest and variable [28, 31]. In the year following 

cessation of sclerostin antibody, a moderate increase in serum CTX corresponded with drug 

clearance and gradual return of bone mass toward pre-treatment levels [38]. These findings 

suggest an upregulation of bone resorption following SclAb cessation.

To gain insight into the trabecular bone loss following SclAb cessation in Brtl/+, we used 

longitudinal near-infrared optical imaging tools to quantify bone loss and osteoclast activity 

in the proximal tibia. In vivo imaging of molecular probes sensitive to cathepsin K-cleavage 

has previously been shown to demonstrate site-specific upregulation of osteoclast activity in 

mice following ovariectomy [40]. Here, we used a similar approach to monitor bone 

turnover in animals after cessation of SclAb. Over the first three weeks of cessation, Brtl/+ 

mice showed 10–20% decrease in cathepsin K-sensitive fluorescence, with an indication 

toward a dose-response with increasing pamidronate given at 8 weeks. We have previously 
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indicated a modest anti-resorptive effect of SclAb through serum biomarkers and 

histomorphometric analysis in 8 week [19], 10 week [18], and 6 month Brtl/+ mice [20]. 

Aged rats subject to ovariectomy for 8 weeks and treated with SclAb showed a dose-

dependent suppression of lumbar vertebral osteoclast surface that was removed upon 

cessation of drug [25]. As a result, trabecular bone volume fraction increased dose-

dependently during the treatment period, but gains were reversed following cessation. 

Changes in expression of osteoclast-related genes indicated an increase of the RANKL/OPG 

ratio in osteoblasts following 18 weeks of cessation [25]. Findings in the current study may 

suggest a prolonged antiresorptive effect from 8 to 11 weeks followed by osteoclast rebound 

as the drug is cleared, resulting in the observed reductions in trabecular bone by 14 weeks of 

age. Bone turnover activity in the proximal tibia was further confirmed by monitoring loss of 

a near-infrared tetracycline administered at the time cessation. Here, deposition of BoneTag 

800 at 8 weeks was visualized, and progressive loss of signal was observed between 3–6 

weeks of cessation, with more retention evident in pamidronate treated bone. Although the 

relative magnitude of bone loss vs. fluorescent signal loss differed between NIR imaging 

and microCT, these differences are explained due to the tetracycline only incorporating in a 

focal region of newly forming bone near the proximal tibial growth plate rather than the full 

trabecular region of interest measured by microCT in the distal femur.

In contrast to the trabecular data, femoral cortical bone mass and strength remained at SclAb 

treatment levels following cessation in Brtl/+, with sustained treatment values of bending 

load and stiffness. Clinically, 1 year of blosozumab cessation resulted in more severe loss of 

BMD in the lumbar spine, while total hip and femoral neck BMD showed a more gradual 

reduction following cessation [38]. Together, these data suggest that in both young and aged 

skeletons, the cortical compartment appears to be less susceptible to cessation-induced loss 

of anabolic gains, however longer-term studies may indicate a more gradual return of the 

cortical fragility phenotype.

Current clinical treatment strategies for OI involve continuous bisphosphonate treatment 

through skeletal maturity. In the present study, we treated mice with a classic OI-causing 

mutation with anabolic SclAb during periods of rapid bone growth through a period in 

which body mass increases plateau [19]. Single-dose bisphosphonate therapy was sufficient 

to maintain trabecular bone mass for a period of time surpassing the treatment duration. 

Repeated dosing intervals will likely be necessary, as indicated by NIR imaging which 

suggests a rebound of osteoclast activity in treatment groups. In this study, we chose a dose 

of pamidronate at, and double, the dose that preserved trabecular bone in ovariectomized rats 

following PTH cessation [39]. This dosing preserved the biomechanical advantage of 

trabecular bone in the lumbar vertebrae, and had no further effect on the sustained cortical 

biomechanics induced by SclAb. Therefore, these data suggest that an antiresorptive strategy 

involving periodic dosing may be sufficient to retain anabolic effects of SclAb gained during 

growth.

There are several limitations to this study. To assess bone turnover, cathepsin K imaging was 

performed in cessation-only animals in which all animals received SclAb. Therefore we 

were unable to directly monitor the antiresorptive effect of SclAb at 8 weeks compared to 

untreated controls using this modality, however prior results in Brtl/+ [18–20] and other OI 
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models [16, 17, 21], as well as pre-clinical [45, 46] and clinical osteoporosis studies [28, 47] 

all confirm an anti-resorptive component to SclAb therapy. MicroCT imaging was not 

performed in a longitudinal manner, requiring separate groups for baseline and cessation 

groups. However, these groups were assessed in parallel, minimizing the potential for 

between-cohort variation that could bias the results. We did not include a separate group of 

animals left untreated for the entire experiment. Continued long bone growth between 8 and 

14 weeks of age may shift the trabecular region of interest slightly to include new bone not 

formed under the influence of SclAb. Between 8 and 14 weeks, femoral length increased 8% 

in Brtl/+ and 3% in WT cessation groups. These small changes represent differences in 

trabecular ROI length on the order of 3–7 slices, and such differences are not expected to 

contribute significantly to the overall results. Lastly, we cannot account for any continued 

cortical bone apposition or trabecular bone remodeling that may occur between 8 and 14 

weeks of age due to growth alone. Of course, these results were assessed in a single mouse 

model of osteogenesis imperfecta with a structural type I collagen mutation in col1a1, and 

represent a single cessation time point. The restoration of phenotype following SclAb 

cessation likely depends on the underlying bone turnover phenotype of the animal, as well as 

the overall treatment effect, which is likely dependent on the type of genetic mutation and 

severity of disease. Furthermore, longer-term follow-up would likely require additional 

bouts of anti-resorptive therapy to continue to preserve anabolic gains.

In summary, following 5 weeks of SclAb therapy during a period of rapid bone growth in an 

OI mouse model, single administration of anti-resorptive bisphosphonate was sufficient to 

preserve anabolic gains at trabecular sites, but was not required to preserve cortical bone 

effects following 6 weeks of treatment cessation. These results are similar to clinical 

cessation results in post-menopausal osteoporosis, suggesting a need for sequential anabolic 

and anti-resorptive therapy in treatment of both growing and aged OI skeletons.
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Highlights

• Sclerostin antibody induces a significant anabolic bone response in 

Brtl/+ mouse model for osteogenesis imperfecta.

• 6 weeks after cessation of sclerostin antibody, femoral cortical bone 

was resistant to cessation-induced loss of bone structure and function.

• Anabolic gains in trabecular bone were not sustained following 

sclerostin antibody cessation in the absence of anti-resorptive therapy.

• One-time bisphosphonate administration upon cessation was sufficient 

to retain trabecular bone for 6 weeks after sclerostin antibody 

withdrawal.
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Figure 1. 
MicroCT analysis of distal femoral trabecular bone following treatment (8 weeks) and 

cessation (14 weeks) A) BV/TV and B) Trabecular number of the distal femur show a 

decrease in bone mass following the cessation of SclAb treatment in both Brtl/+ and WT 

animals. However, when administered a single dose of PAM the anabolic gains from SclAb 

treatment are preserved. There is also a decrease in C) Trabecular thickness following 

treatment cessation in Brtl/+ mice and anabolic gains are preserved with a single injection of 

PAM. Within genotype significant differences: * vs. 8 wk SclAb; + vs. 8 wk PBS; # vs. 14 

wk PBS. All symbols indicate p < 0.05. D) MicroCT isosurfaces of Brtl/+ mice administered 

SclAb from 3–8 weeks of age show an increase trabecular BV/TV following treatment. E) 
These gains are lost following a 6 week cessation period; however, gains are preserved when 

mice are given a single injection of PAM. WT mice (not shown) also show the same trend.
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Figure 2. 
MicroCT analysis (A–C) and compression testing (D–E) of the lumbar spine show similar 

effects to femoral anabolic and cessation outcomes. A) BV/TV is reduced following 

cessation through a reduction in both trabecular number (B) and thickness (C). Single dose 

PAM preserves trabecular number dose-dependently, but trabecular thickness remains 

reduced during cessation. Biomechanically, Brtl/+ mice show modest, non-significant 

reductions in ultimate load and energy at ultimate load, while WT mice retain a treatment 

effect over 8 Wk PBS with PAM, despite a small reduction compared to 8 week treatment 

groups. Within genotype significant differences: * vs. 8 wk SclAb; + vs. 8 wk PBS; # vs. 14 

wk PBS. All symbols indicate p < 0.05.
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Figure 3. 
MicroCT analysis (A–C) and 4-point bending (D–E) assessment of the femoral midshaft 

following treatment (8 weeks) and cessation (14 weeks). MicroCT reveals a preservation of 

bone cortical area (A), bending moment of inertia (B), and marrow area (C) in Brtl/+ 

without additional effects of pamidronate. Similarly, no biomechanical effects of cessation 

were observed in Brtl/+ yield load (D), ultimate load (E) stiffness (F), plastic energy (G) or 

post-yield displacement (H). WT mice showed modest decrements in cortical area and 

bending moment of inertia, but bone size and strength remained elevated over 8 week 

control mice. * vs. 8 wk SclAb; + vs. 8 wk PBS; # vs. 14 wk PBS. All symbols indicate p < 

0.05.
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Figure 4. 
Longitudinal in vivo imaging of proximal tibial bone loss with near-infrared tetracycline 

label. Bonetag 800 was administered at 8 weeks, and proximal tibial fluorescence was 

quantified at 8, 11, and 14 weeks and expressed as percentage of 8 week signal. A) 

Progressive bone loss is observed in untreated mice during SclAb cessation, which was 

partially prevented with increasing doses of pamidronate. B) Representative fluorescent 

images show probe focused at the proximal tibial growth plate is retained with increasing 

doses of pamidronate in mice treated with SclAb. Inset shows limb orientation with site of 

fluorescence encompassing distal femur/proximal tibia highlighted by yellow box. * p<0.05 

within sample repeated measure ANOVA for Brtl/+ (red bars) and WT (blue bars).
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Figure 5. 
Near infrared optical imaging of cathepsin K activatable substrate was visualized at 8 weeks. 

Subsequent imaging of probe administered at 11 and 14 weeks reveals transient reductions 

(11 wk) and restoration (14 wk) of osteoclast activity, particularly in Brtl/+ mice. Despite 

large variability, a general dose-dependent trend was noted across doses of pamidronate. + 

p<0.05 within sample repeated measure ANOVA showing effect of time following cessation.
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