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Abstract

We evaluated the potential of sclerostin antibody (SclAb) therapy to enhance osseointegration 

of dental and orthopaedic implants in a mouse model (Brtl/+) mimicking moderate to severe 

Osteogenesis Imperfecta (OI). To address the challenges in achieving stable implant integration 

in compromised bone conditions, our aim was to determine the effectiveness of sclerostin 

antibody (SclAb) at improving bone-to-implant contact and implant fixation strength. Utilizing a 

combination of micro-computed tomography, mechanical push-in testing, immunohistochemistry, 

and Western blot analysis, we observed that SclAb treatment significantly enhances bone volume 

fraction (BV/TV) and bone-implant contact (BIC) in Brtl/+ mice, suggesting a normalization of 

bone structure toward WT levels. Despite variations in implant survival rates between the maxilla 

and tibia, SclAb treatment consistently improved implant stability and resistance to mechanical 

forces, highlighting its potential to overcome the inherent challenges of OI in dental and 

orthopaedic implant integration. These results suggest that SclAb could be a valuable therapeutic 

approach for enhancing implant success in compromised bone conditions.
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1. Introduction

In contemporary healthcare, dental implants play a crucial role in restoring oral function 

and aesthetics for individuals suffering from tooth loss [1]. These implants are typically 

made from biocompatible materials such as titanium and require surgical placement into 

the bone. A key factor in their success is osseointegration, the process through which the 

implant integrates with the surrounding bone tissue [2]. Osseointegration is facilitated by the 

implanťs stability and involves two stages: primary stability, which is mechanical and occurs 

immediately after placement, and secondary stability, a longer-term biological integration 

that ensures the implanťs lasting stability [3,4].

Excessively brittle and soft bone can compromise the primary and secondary stability 

of dental implants. Specifically, implants in the maxilla that lack primary stability often 

exhibit persistent fibrous encapsulation and mobility upon histological examination [5,6]. 

Osteogenesis imperfecta (OI) results in impaired collagen synthesis due to mutations in 

collagen (COL1A1 and COL1A2) or collagen-associated genes, leading to reduced bone 

quality and quantity [7,8]. Successfully achieving osseointegration in patients with OI is 

particularly challenging due to the complex nature of their bone condition. Although, some 

studies suggest a high success rate for dental implants in patients with OI, implying that 

implants could be a viable treatment [9,10]. However, these findings are primarily based 

on a limited number of cases, predominantly involving mild forms of OI [9,10]. The actual 

failure rates are not well documented, representing a significant gap in current research. 

These observations highlight the critical importance of achieving initial implant stability in 

OI to prevent long-term complications [11,12].

Recent studies have highlighted the potential of Sclerostin antibody (SclAb) therapy 

in enhancing bone mineral density and improving the structural integrity of OI bones 

[13–17]. Sclerostin, a protein expressed by osteocytes that regulates bone metabolism, 

acts by inhibiting Wnt signaling, thus reducing bone formation [18,19]. The inhibition 

of sclerostin by SclAb has been shown to improve bone quality and promote bone 

regeneration and osseointegration in preclinical studies involving both maxilla and long 

bones [20–25]. However, the efficacy of such treatments in OI models, which exhibit unique 

pathophysiological features affecting bone quality and biomechanics, remains unknown. 

Gaining insights from these preclinical studies could lead to a better understanding of this 

treatment and its potential applicability for OI patients.

Many SclAb-fixation studies in rat models are conducted in long bones and show increased 

osseointegration induced by SclAb [22,23,26,27]. However, these findings are not directly 

extrapolatable to the clinical conditions of dental implant placement in humans, which 

typically occur in the jawbones (maxilla and mandible). The jawbones differ significantly in 

characteristics from long bones; for example, the maxilla presents a moist, microbially rich 

environment and is more challenging to access compared to the tibia. In contrast, the tibia, 
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being easily accessible and shielded by muscle and skin, is a convenient model for studying 

implant osseointegration, yet it may not capture the full complexity of osseointegration in 

the jawbones [6,28,29].

Our study aims to analyze the effects of SclAb treatment on osseointegration around 

maxillary implants, using the Brtl/+ mouse model that closely resembles moderate to 

severe OI in humans [30]. We used the tibia as a reference to explore SclAb effects 

on osseointegration in long bones, commonly analyzed in fixation osseointegration 

studies. We propose that the structural and environmental uniqueness of the maxilla may 

respond differently to SclAb compared to tibia, potentially causing variations in implant 

osseointegration in an OI mouse model. This study allows us to examine the effects of SclAb 

on osseointegration in these bones, with the ultimate goal of improving oral rehabilitation 

for individuals affected by this condition.

2. Material and methods

2.1. Animals

All protocols and procedures involving animals were approved by the University of 

Michigan's Committee on Use and Care of Animals (UM-IACUC PRO00011108, approved 

on 11/29/22). Wildtype (WT) and Brtl/+ mice with a mixed background of SV129/CD-1/

C57BL/6S were derived from heterozygous Brtl/+ and WT parental strains. The Brtl/+ 

mouse is a heterozygous knock-in model for OI, featuring a Gly349Cys substitution in a 

COL1A1 allele, which has also been found in subjects affected by a moderately severe form 

of OI (type IV) [31]. A total of 48 female mice (3-month-old) underwent bilateral maxillary 

and tibial implant placement under inhaled isoflurane anesthesia. Buprenorphine was 

administered pre-operatively and again 12 h later. Carprofen was administered immediately 

post-operatively and again 24 h later, covering 48 h post-surgery pain management. All 

surgical animals were housed in specific pathogen-free cages with standard 12-h light/dark 

cycles and had access to a soft diet following surgery for up to 72 h. Mice (n = 48) were 

randomly assigned to SclAb (25 mg/kg SclAb VI, Amgen, Thousand Oaks, CA) or vehicle 

injection (PBS) subcutaneously starting on the day of the implant placement, two times per 

week for 5 weeks following our previously described protocol [15]. No antibiotics were 

administered to the animals after implantation surgery. These mice were euthanized at 5 

weeks (35 days) post-implant placement by CO2 inhalation (Fig. 1).

2.1.1. Maxilla implant bed—Implants were placed transmucosally without incision or 

flap. An implant bed (0.4 mm width x 1 mm depth) was drilled with a bur at 650 rpm in the 

alveolar ridge between the upper central incisor and the first molar (Fig. 1).

2.1.2. Tibia implant bed—5 mm skin incisions were performed in the anteromedial 

of the proximal tibia without reflecting the periosteum. The implant bed (0.4 mm width × 

1 mm depth) was drilled with a bur at 650 rpm in the union of the proximal metaphysis 

with the diaphysis. Incisions were re-approximated with a 6–0 nylon suture (Ethilon 

Monofilament 6–0, BV100–3, 5 in., Johnson & Johnson Medical, USA).
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2.1.3. Implant selection—To simulate the clinical implant placement, we used 

‘Retopins’ made with a titanium-6 aluminum-4 vanadium alloy (NTI Kahla GmbH, 

Thüringen, Germany). These screws, with a diameter of 0.4 mm are the smallest 

commercially available that fit the mouse maxilla, as demonstrated in previous studies using 

CD1 and C57Bl/6 mice [6,32].

2.1.4. Implant placements—Each titanium implant, 1 mm in length, was screwed into 

the implant bed finger-tight using the integrated handle of the Retopins, which was then 

manually cut with a cutter after placement. Each mouse received bilateral maxillary and 

tibial implants (Fig. 1).

The implant survival rate is determined by the number of implants that are successfully 

placed in the implant bed and remain stable for 35 days. Any implant that is lost during this 

period is classified as a failure.

2.2. Micro computed tomography (μCT)

Prior to scanning, maxilla (n = 24) and tibia (n = 24) samples (Table S1) were embedded 

in polymethyl methacrylate (PMMA). Samples were scanned at room temperature using 

an Xradia MicroXCT 520 (Zeiss, Jena, Germany) outfitted with a 0.4× objective lens. The 

X-ray source was configured to a voltage of 70 kV and a power of 10 W, with no X-ray 

prefilter utilized. Calibration phantoms were employed, and reference points for each sample 

were established using both air and implant standards. We developed a segmentation model 

using the deep learning tool in the Dragonfly 2022 software suite (Object Research Systems, 

Inc.; QC, Canada). This model was programmed to automatically segment bone, tooth, 

implant, and air within the sample. Subsequently, the model was employed to automate 

the segmentation process, enabling quantitative analysis of bone-implant contact and peri-

implant bone volume fraction.

To confirm the systemic effect of SclAb treatment observed in our previous studies [13–

15], we assessed the femoral trabecular and cortical phenotypes (without implants) of our 

samples. This evaluation served as an internal control to ascertain that the systemic action 

of SclAb is consistent with earlier findings, independent of implant-related effects. We used 

high-resolution μCT (Bruker, Skyscan 1176, Kontich, Belgium), following methodologies 

previously described [30] to ensure that any changes observed in the surgical site could be 

attributed to the SclAb effect rather than being merely implant-induced secondary effects.

2.3. Push-in testing

For the mechanical testing of the implants, we used the push-in test because it is reported 

to be more sensitive than the pull-out test to changes in the mechanical properties at 

the bone-implant interfaces [33,34]. We utilized an MTS 858 Mini-Bionix servo-hydraulic 

testing system (MTS Systems Corp., Eden Prairie, MN, USA) to administer a push-in 

force on the implants. We designed and fabricated a customized probe slightly smaller than 

the implant to facilitate proper testing of the osseointegration strength at the implant-bone 

interface. Prior to mechanical testing, each fresh specimen (n = 24) (Table S1) was held and 

stabilized, but not infiltrated, in light-cured dental acrylic and maintained in a hydrated state 
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using Phosphate-buffered Saline (PBS). Implants were subjected to a uniaxial compressive 

load until failure at a consistent displacement rate of 0.1 mm/s. During these tests, a 

10-lb load cell (Sensotec, Columbus, OH, USA) continuously recorded the applied force, 

while an external linear variable differential transducer (LVDT; Lucas Schavitts, Hampton, 

VA, USA) monitored vertical displacements. Push-in load, defined as the force required 

to dislodge an implant from the murine maxillary or tibial bone, was precisely measured 

during these mechanical tests. We employed a customized LABVIEW program (NI, v21.0, 

Austin, Tx, USA) to perform comprehensive calculations of the mechanical properties under 

examination.

2.4. Immunohistochemistry (IHC) and Western blot

Maxillae were harvested and fixed in 10 % neutral buffered formalin. Samples (n = 8) (Table 

S1) were decalcified in 20 % EDTA for eight weeks and after complete demineralization, 

the implants were gently removed from the samples. Specimens were dehydrated through an 

ascending ethanol series prior to paraffin embedding. 5 μm thick sagittal maxillary sections 

were cut and collected on Super Frost-plus slides for histology staining including Masson's 

trichrome. Sample slides were processed for immunohistochemistry (IHC). Before staining, 

slides were baked at 60° C for at least one hour, then deparaffinized with xylene and 

rehydrated through graded ethanol baths and MilliQ water. Antigen retrieval was performed 

in water bath at 65° C for 15 min using R-Universal epitope recovery buffer (EMS 

62700–20, PA, USA). Sections were stained using mouse and rabbit specific HRP/DAB 

(ABC) detection IHC kit (ab64264, Abcam, Cambridge, UK) and processed according 

to the manufacturer's instructions. Slides were incubated with primary antibody against 

Sost (ab63097, Abcam, Cambridge, UK) overnight at 4° C and used secondary anti-rabbit 

(HAF008, R&D systems, Minneapolis, MN, USA) for 1 h at room temperature.

Harvested maxillae (n = 24) (Table S1)were processed for western blot as previously 

described [30]. We used the same primary and secondary antibody for Sost as those used 

in the IHC) and the housekeeping was Gapdh (CS51724, Cell signaling technology, Boston, 

MA, USA).

2.5. Statistical analyses

Statistical comparisons among the genotype, control, and treated groups performed using 

ANOVA, with p ≤ 0.05 considered significant. We checked the normality assumption using 

the Shapiro-Wilk test and tested the homoscedasticity assumption using Levene's Test for 

Homogeneity of Variance. Post hoc analysis was conducted with Welch's two-sample t-test 

to ensure robustness. Pairwise p-values were adjusted using the Benjamini-Hochberg (BH) 

procedure to avoid false positives. We performed linear regression to determine the effect 

of BIC and BV/TV on push-out force. Additionally, we used Fisher's exact test to assess 

the relationship between genotype and implant failure. Further analysis also included a 

comparison of Brtl/+ SclAb to the WT vehicle group, evaluating SclAb's ability to provide 

restorative anabolic gains as previously described [13–15].
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3. Results

3.1. The bilateral implant model shows good postoperative recovery

To assess the healing and response of maxillary and tibial bone in the context of injury, we 

placed 400 μm diameter implants in the maxilla and tibia of Brtl/+ and WT mice (Fig. 1). 

Given the limited height of the maxillary alveolar ridge (400 μm), all maxillary implants 

penetrated into the maxillary sinus, yet without any infections or need for antibiotics.

3.2. Implant survival rates are different in the maxilla compared with tibia

We assessed how these distinct anatomical locations, each with its unique characteristics, 

influence implant survival. The tibia, shielded by muscle, subcutaneous tissue, and skin, 

and in direct contact with bone marrow, contrasts with the maxillary environment, which 

is continuously exposed to moisture and the oral cavity's microbial load. Our findings 

reveal a significant disparity in immediate post-op implant survival rates, with the tibia 

demonstrating a superior rate of 97 % compared to 86 % in the maxilla. Notably, in 

maxilla, failures were predominantly observed in Brtl/+ mice. The estimated odds ratio 

between genotype and maxilla implants is 0.13 (95%CI: 0.014, 0.68), indicating that there 

is significant association between the genotype and failed implants (p = 0.006). In tibia, 

Brtl/+ presented higher failure, but there is no significant evidence to show that the genotype 

and tibial implants have strong association (p = 0.35). The estimated odds ratio is 0.296 

(95%CI:0.005,3.843). Table 1.

3.3. SclAb increases peri-implant bone volume fraction (BV/TV) across bone types

To assess the peri-implant BV/TV, we delineated a ROI extending 250 μm (μm) radially 

around the implant surface. Our analysis highlighted notable differences in BV/TV between 

bone sites (maxilla vs tibia) and genotypes (WT vs Brtl/+). In Brtl/+ mice treated with 

Phosphate Buffered Saline (PBS-Brtl/+), the BV/TV was significantly lower in the maxilla 

(22.4 % ± 10.6) compared to the tibia (41.8 % ± 11.0). Similar patterns were observed in 

PBS-treated WT mice (PBS-WT), which exhibited higher BV/TV in the tibia (60.7 % ± 6.5) 

compared to the maxilla (46.9 % ± 8.4). When comparing PBS-Brtl/+ with PBS-WT, the 

BV/TV was significantly higher in PBS-WT for both the maxilla (p < 0.05) and tibia (p < 

0.05). SclAb treatment markedly improved BV/TV in Brtl/+ mice, increasing to 38.3 % ± 

5.4 in the maxilla (a 71.3 % increase) and 55.1 % ± 6.4 in the tibia (a 31.9 % increase), 

suggesting that SclAb treatment effectively mitigates the BV/TV insufficiency in Brtl/+ 

mice. In WT mice, SclAb administration increased BV/TV to 55.9 % ± 3.3 in the maxilla, 

which is 19 % higher than PBS-WT mice, but not statistically significant. In the tibia of 

SclAb-WT, BV/TV increased to 68.5 % ± 7.8, representing a 12.9 % increase compared 

to the PBS-WT though this increase was not statistically significant. Notably, the maxilla 

and tibia BV/TV in the SclAb-Brtl/+ mice were comparable to that of PBS-WT mice, 

highlighting the potential of SclAb treatment to normalize bone structure in Brtl/+ mice. 

(Fig. 2).

To confirm the effectiveness of SclAb in systemic gains, we analyzed the trabecular and 

cortical response in femur of our samples without implant placement. SclAb treatment 

significantly increased distal femoral trabecular BV/TV and mid-diaphyseal cortical 
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thickness (Ct. Th.) in Brtl/+ mice (8.6 % ± 2.8 and 0.21 mm ± 0.01, respectively) compared 

to the PBS-Brtl/+ mice (5.1 % ± 2.0 and 0.19 mm ± 0.008, respectively). In wild-type mice, 

SclAb treatment also significantly improved trabecular BV/TV and Ct.Th (14.0 % ± 3.7 and 

0.23 mm ± 0.01, respectively), demonstrating SclAb's positive impact systemically on bone 

structure and density (Fig. 3).

3.4. SclAb increases bone-implant contact (BIC) in WT and Brtl/+ mice

To assess osseointegration, we evaluated the bone-implant contact (BIC) in both the maxilla 

and tibia. In the maxilla, BIC for PBS-Brtl/+ mice were significantly lower at 3.4 % ± 2.0 

compared to PBS-WT mice, which had a BIC of 18.5 % ± 1.3 (p < 0.05), indicating that 

BIC in WT mice was 444 % higher than in Brtl/+ mice. Following SclAb treatment, BIC 

in Brtl/+ mice increased to 15.9 % ± 3.0, a significant enhancement of 373 % (p < 0.05), 

compared to PBS-Brtl/+. SclAb-WT mice exhibited a BIC of 25.3 % ± 6.8, slightly, but not 

significantly, surpassing PBS-WT mice.

In the tibia, PBS-Brtl/+ mice demonstrated a BIC of 58.9 % ± 2.9, substantially lower than 

PBS-WT mice, which had a BIC of 81.8 % ± 5.1 (p < 0.05). Similar to the maxillary 

findings, SclAb treatment in Brtl/+ mice improved tibial BIC to 77.1 % ± 8.1 (p < 0.05), 

corresponding to a 30.9 % increase. The highest tibial BIC was observed in SclAb-WT 

mice, reaching 84.6 % ± 5.3, marking a slight but non-significant improvement from PBS-

WT mice (81.8 % ± 5.1).

The BIC for both maxillary and tibial bone in SclAb-Brtl/+ mice reached the same levels as 

those observed in PBS-WT mice (Fig. 4).

3.5. SclAb increases the implant resistance to push-in forces in Brtl/+

In our comparative study of mechanical resistance to push-in forces in implants, we noted 

distinct responses among our experimental groups. SclAb-Brtl/+ mice demonstrated a push-

in force in the tibia that was nearly 150 % higher (17.5 N ± 7.5) compared to the PBS-Brtl/+ 

(7.1 N ± 4.4, p < 0.05). In the maxilla as well, these mice showed a 160 % increased 

resistance (13.4 N ± 3.2) versus the PBS-Brtl/+ (5.1 N ± 3.4, p < 0.05).

Both PBS-WT and SclAb-WT mice demonstrated high push-in resistance, with PBS-WT 

mice showing values of 14.7 N ± 2.9 in the maxilla and 26.2 N ± 6.1 in the tibia, and 

SclAb-WT mice showing a slight but non-significant increase in the resistance (17.1 N ± 5.1 

and 31.7 N ± 3.4, respectively). The increase in push-in resistance induced by SclAb in WT 

mice did not reach statistical significance when compared with the PBS-WT, exhibiting only 

marginal improvements.

Further assessment revealed that the implant push-in resistance of the maxilla and tibia in 

SclAb-Brtl/+ mice was comparable to the PBS-WT, implying a restoration of mechanical 

properties toward normal WT levels. (Fig. 5).

3.6. BIC contributes significantly to the fixation push-in resistance

We performed a regression analysis to determine if BIC or BV/TV influences the 

osseointegration resistance to push-in testing. For the maxilla, the BIC contributes more 
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to the push-in resistance compared to BV/TV. The estimated BIC coefficient is 0.492 (95 

% CI: 0.214, 0.770, p < 0.002), while the estimated BV/TV coefficient is 0.015 (95 % 

CI: −0.156, 0.186, p <0.864). Also for the tibia, the BIC contributes more to the push-in 

resistance compared to BV/TV. The estimated BIC coefficient is 0.510 (95 % CI: 0.115, 

0.905, p < 0.02), while the estimated BV/TV coefficient is 0.182 (95 % CI: −0.181, 0.545, p 
< 0.33).

3.7. SclAb induces compensatory production of sclerostin

In a previous study examining the effects of SclAb treatment on alveolar bone regeneration 

in rats, an increase in sclerostin levels within the alveolar bone was observed [35]. Motivated 

by these findings, we aimed to determine if a similar response occurred in our implant 

samples. Enhanced sclerostin immunostaining was observed in the osteocyte-containing 

lacunae and throughout the network of connecting canaliculi in the alveolar bone (Fig. S1).

Quantification by Western blot, normalized against a housekeeping protein (GapdH), 

revealed that SclAb treatment significantly increased sclerostin levels in both Brtl/+ and WT 

samples compared to their respective controls. Specifically, the SclAb-WT group showed a 

relative sclerostin level increase to 1.72 times that of the control level (p < 0.05), while the 

SclAb-Brtl/+ exhibited a relative increase to 1.82 times the control level (p < 0.05).

4. Discussion

Successful osseointegration is critical to long-term health of patients receiving implants 

in compromised bone conditions, particularly in osteogenesis imperfecta, where impaired 

bone quality necessitates additional strategies for peri-implant osseointegration. Achieving 

optimal bone quantity and quality at the implant site is a crucial clinical goal before 

implant placement. However, understanding the effect of the sclerostin antibody during 

osseointegration is equally important. Our study investigated whether the sclerostin antibody 

can rescue osseointegration and implant stability to wild-type (WT) levels in osteogenesis 

imperfecta (OI) maxilla with poor bone quantity and quality. We found that systemic 

treatment with SclAb significantly improved implant fixation strength in Brtl/+ mice, as 

demonstrated by enhanced push-in test results and increased BIC after five weeks therapy. 

Notably, these improvements were significant in both the maxilla and tibia, indicating 

SclAb's effectiveness in enhancing osseointegration across different bone sites. In WT mice, 

however, the increase in BIC from SclAb treatment was modest, suggesting a potential 

saturation effect in unaffected bone. The increase in SclAb-induced osseointegration 

observed in this study not only aligns with previous research on osteoporotic rat models 

[21,36] but also highlights SclAb's potential to improve both the quantity and quality of 

osseointegration in collagen-compromised bone. Thus, SclAb could enhance the stability 

and longevity of dental implants, particularly for OI clinical applications.

SclAb therapy effectively mitigated BV/TV deficits in the maxilla and tibia of Brtl/+ mice, 

demonstrating its efficacy in addressing bone structural alterations associated with OI. The 

increases in maxillary and tibial peri-implant BV/TV in Brtl/+ mice align with findings 

from studies on ovariectomized rats [22,23], showcasing SclAb's broad utility in enhancing 

bone quantity, even in the presence of genetically altered collagen and under injury stimuli 
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like implant placement. Moreover, the SclAb-induced increase in BV/TV elevated the 

phenotypic characteristics of Brtl/+ mice to levels comparable to those in PBS-WT mice 

across bone types, underscoring SclAb's clinical relevance in restoring bone quantity under 

pathological conditions.

In WT mice, there is a response to SclAb in the tibia and maxilla, yet the effects are milder 

compared to the femoral BV/TV. This non-significant enhancement in peri-implant BV/TV 

for SclAb-WT mice is likely due to the restricted ROI analyzed (250 μm) and the nature 

of new bone, in comparison to the femoral BV/TV, which ROI represents 10 % of the total 

femur. The enhancements in BV/TV observed in SclAb-Brtl/+ mice in both the maxilla 

and tibia are consistent with systemic gains in the femur (without implant placement). 

This supports the findings from our previous research on the SclAb-induced systemic 

bone gain [13–15]. Enhancements were noted across all examined bone sites, indicating 

SclAb's widespread efficacy. However, anatomical and structural differences likely affect the 

magnitude of SclAb's response, a factor that is also relevant to new bone formation induced 

by implants.

Our study highlighted the distinct processes of peri-implant osseointegration in the maxilla 

and tibia, corroborating previous research that demonstrated higher osseointegration in the 

tibia of healthy mouse models [6,37]. Despite the collagen mutation in our Brtl/+ mice, 

we observed a pattern of osseointegration akin to that in healthy bone. The differences 

we observed can be attributed to the unique compositions and remodeling mechanisms of 

these bones. The maxilla, predominantly composed of trabecular bone, remodels through 

the periosteum, leading to less dense bone formation [37–39]. In contrast, the tibia, with 

its dense cortical structure, remodels via both the periosteum and bone marrow, facilitating 

stronger and more stable bone repair [6,29]. This distinction is crucial for osseointegration, 

as the tibia's bone marrow and mechanical loading enhance osteoprogenitor cell availability 

and new bone formation [40]. Additionally, the differences in osseointegration between the 

tibia and maxilla could be influenced by the oral environment. The maxilla, exposed to a 

moist environment, faces additional challenges for implant integration, such as a higher 

risk of inflammation and infection [41,42], compared to the tibia, which is protected 

by muscle and skin. All these factors may collectively contribute to the differences in 

osseointegration observed in these bones. In our Brtl/+ mice, SclAb treatment was more 

effective in enhancing osseointegration in the maxilla than in the tibia. This is likely due to 

the maxilla's lower baseline bone density, which provides greater potential for growth and 

improvement.

In this study, we observed an increased presence of sclerostin in the peri-implant alveolar 

bone of both WT and Brtl/+ mice following SclAb treatment. Western blot analysis 

confirmed a significant increase in sclerostin levels in both SclAb treated WT and Brtl/+ 

mice. This elevation was primarily localized within the osteocyte-containing lacunae and 

the extensive network of canaliculi in the alveolar bone. Previous research suggests that 

this increase of local sclerostin could be the accumulation of inactive, neutralized sclerostin 

protein trapped within the bone matrix [35]. Alternatively, the presence of sclerostin could 

counteract the enhanced bone formation induced by SclAb treatment, potentially through 

negative feedback regulation, where SclAb binding disrupts normal protein degradation 
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or clearance, leading to sclerostin accumulation. Furthermore, SclAb treatment may 

alter cellular signaling, causing increased sclerostin synthesis via activated compensatory 

pathways. This explanation is supported by previous studies showing that SclAb treatment 

increases both gene expression and circulating levels of sclerostin [43], possibly due to the 

combined detection of unbound and antibody-bound sclerostin and the stabilization of the 

bound form by SclAb.

Our study encountered some limitations, with one notable challenge being the difficulty in 

standardizing the implant insertion process and achieving precise placement. This issue was 

exacerbated by the limited mouth opening and the fragility of the surgical site, particularly 

in Brtl/+ mice, where extreme care is necessary to prevent bone damage. Although the small 

diameter of the implant and its handle aids in insertion, sectioning of the implant handle 

after the positioning of the implant may disturb the bone at the implant bed, a concern 

that is especially relevant in the Brtl/+ mouse model as it could potentially compromise 

the implanťs primary stability. We were not able to measure the implant insertion torque 

due to the small size of the implants, the restricted sites chosen for placement, and the 

design of the Retopin. As a result, we used finger-tight torque as an alternative measure. 

Previous study has shown that the finger-tight torque for female participants averaged 19 

Ncm [44]. Additional studies support that lower insertion torques (< 20 Ncm) not only 

achieve comparable success rates for osseointegration with favorable gains in stability 

over the osseointegration phase but also reduce damage to the surrounding tissues [45,46]. 

Based on these studies, the torque range achieved with finger-tight insertion is within the 

acceptable range for primary stability and osseointegration. All dental implants in our study 

were placed extending into the maxillary sinus due to the limited height of the alveolar bone. 

While this raises concerns about potential complications [47], clinical research supports the 

viability of such placements. Studies have shown that dental implants protruding into the 

maxillary sinus cavity by 4 mm or less have a survival rate of 99.5 %, suggesting that sinus 

penetration does not negatively impact implant success [48]. Our study corroborated these 

findings, with no instances of infection or the need for antibiotics observed.

In the general population, the dental implant survival rate is reported to be around 96 % 

[49–53]. In contrast, for OI patients, this rate ranges between 80 % to 94 %, with those 

experiencing more severe OI exhibiting lower survival rates [9,10]. Interestingly, in our 

study, the maxillary implant survival rates closely match these findings (WT:96 %, Brtl/+: 

76 %). This similarity further supports our conclusions that the increase in osseointegration 

observed with the SclAb treatment in our model may have relevant implications for clinical 

application in OI patients.

5. Conclusion

Our research demonstrates that systemic administration of SclAb significantly enhances 

peri-implant osseointegration, highlighting its potential to improve implant success in 

conditions like OI, both anatomically and functionally. Dental implants in OI patients 

tend to have higher failure rates, particularly in severe forms of the disease. However, 

SclAb presents a promising solution for implant-supported dental rehabilitation, potentially 

reducing the risk of implant failure. This finding not only offers a new avenue of hope for 
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OI patients but also suggests that targeted therapies can effectively address the challenges 

of dental implantation in the presence of compromised bone quality, thereby improving 

treatment outcomes and enhancing patients' quality of life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Experimental design. A. 3-month-old WT and Brtl/+ mice underwent bilateral maxillary 

and tibial implant with concomitant SclAb/PBS injections. B. 400 μm diameter titanium 

implants. C and D. Maxillary implant placement and localization. E and F. Tibial implant 

placement and localization. G. Dissected specimens with the implants.
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Fig. 2. 
Bone volume fraction (BV/TV) of the peri-implant bone (within 250um of the implant). A. 

Figure shows the peri-implant bone in the PBS and SclAb treated groups in the maxilla and 

tibia of both genotypes. Red represents the region of interest (ROI). B. Graph represents 

the BV/TV of the red area in the maxilla and tibia. Asterisk represents P < 0.05. (For 

interpretation of the references to colour in this figure legend, the reader is referred to the 

web version of this article.)
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Fig. 3. 
Micro computed tomography of the distal femur metaphysis. A. The cortical ROI defined as 

15 % of the total femur length situated equidistantly between the distal femur and the third 

trochanter, the trabecular ROI was defined as 10 % of the total femur, located immediately 

proximal to the distal femoral end. Representative median BV/TV images reveal reduction 

in Brtl/+ bone mass and the anabolic effect of SclAb therapy. B. Graphs showing the 

increase in BV/TV and cortical thickness (ct.th) induced by SclAb for trabecular bone.
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Fig. 4. 
Bone-implant contact (BIC). A. Representative illustration of the BIC in the maxilla and 

tibia. B. Graph showing the percentage of bone -implant contact in the maxilla and tibia for 

both PBS and SclAb treated WT and Brtl/+ groups. Asterisk represents P < 0.05.

Sung et al. Page 18

Bone. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 5. 
Push-in mechanical testing. A. Customized fixture aligned with the maxillary and tibial 

implants with the samples stabilized in light-cured acrylic to allow implant positioning 

directly beneath the probe. B. Graph showing maximum load measured in maxilla and tibia. 

Asterisk represents P < 0.05.
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Table 1

Numbers of implants placed by genotypes.

Location Genotype Total implants By genotype 
Number (%)

Failed Implants Number 
(%)

Survived Implants

by genotype Number 
(%)

by bone location 
Number (%)

Maxilla
WT 50 (100 %) 2 (4 %) 48 (96 %)

83 (86 %)
Brtl/+ 46 (100 %) 11 (24 %)** 35 (76 %)

Tibia
WT 50 (100 %) 1 (2 %) 49 (98 %)

92 (97 %)
Brtl/+ 46 (100 %) 3 (7 %) 43 (93 %)

**
p value ≤ 0.05.
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