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INTRODUCTION

Sclerostin is a 190 amino acid secreted glycoprotein with a 
molecular mass of 24kDa and is transcribed from the Sost gene 
located on chromosome 17q12-21 [1-3]. As a critical regulatory 
factor in bone homeostasis, sclerostin has a loop structure that 
competitively binds to the extracellular domain of low-density 
lipoprotein receptor-related protein 5/6 (LRP 5/6), co-receptors 
of Wnt/β-catenin signaling pathway, thus directly restrains 
osteoblastic differentiation of mesenchymal stem cells while 
causing a reduction in osteoblast proliferation, differentiation and 
survival [4-7]. Also, inactivation of Wnt/β-catenin decreases the  

 
expression of osteoprotegerin (OPG) and increases the expression 
of receptor activator nuclear factor-κB ligand (RANKL), promoting 
osteoclast differentiation through RANKL/OPG signaling [8,9]. 
Additionally, in the presence of LRP5/6, sclerostin upregulated 
the expression of carbonic anhydrase 2, cathepsin K, and tartrate-
resistant acid phosphatase form 5b in osteocyte-like cells. These 
mediators are associated with bone resorption, causing collagen 
breakdown and an increased lacunar size in bovine trabecular bone 
[10,11]. These findings indicate that sclerostin may contribute 
to osteocytic osteolysis by controlling perilacunar minerals. By 
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suppressing bone formation, promoting bone resorption, and 
contributing to osteocytic osteolysis through inhibition Wnt/β-
catenin signaling pathway, sclerostin exerts its inhibitory effect on 
bone mass accrual in both trabecular and cortical bone. In contrast, 
deficiency or impaired function of sclerostin increases bone 
mass and leads to sclerosing bone dysplasias like sclerosteosis 
(OMIM: 269500) and van Buchem disease (OMIM: 239100) [12]. 
Both conditions are distinguished by sclerosing and thickening 
of bone in patients. In addition to bone thickening, a series of 
oral manifestations including partial anodontia, delayed tooth 

eruption, and irregular tooth shape are reported in patients with 
bone disorders related to sclerostin deficiency [13,14], indicating 
that sclerostin also affects tooth and periodontium formation. 
Recent studies have confirmed that in addition to osteocytes, other 
cells including cementocytes, periodontal ligament (PDL) cells, 
odontoblasts and dental pulp cells also secrete sclerostin. The 
sclerostin produced by these cells are expressed in the pulp and 
periodontium (Figure 1); (Table 1) and participates in multiple 
physiological and pathological events in the tooth and periodontal 
environment [15-20].

Figure 1: The expressions of sclerostin in dental tissues. (a) The earliest expression of sclerostin in dental tissues of 
mouse. (b) The localization of sclerostin in dental tissues.

Table 1: Sclerostin expression in oral tissues.

Cells Sample Source References

Osteocytes Human and mouse alveolar bone [15,16,34]

Cementocytes
Human and mouse cellular cementum [14-16]

IDG-CM6 immortalized murine cementocyte cell 
line [40]

Odontoblasts

Mouse tooth germ [20,103]

Injured human teeth [17]

Human odontoblast-like cells [77]

Pulp cells Human dental pulp cells [78]

Periodontal ligament cells

Mouse periodontal ligament [15]

Human periodontal ligament under mechanical 
force [82]

Human periodontal ligament cells [15,31,33,82]
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To date, sclerostin has been considered a potential therapeutic 
target for osteoporosis and other diseases related to bone 
metabolism. Since sclerostin is also expressed in oral tissues and 
implicated in dental and periodontal tissue formation, sclerostin 
modulation could be a potential strategy for dental and periodontal 
treatments. To determine the therapeutic potential of sclerostin 
modulation for oral applications, it is imperative to fully elucidate 
the expression and functions of sclerostin in oral tissues. The 
aim of this review is to present and discuss literature data on the 
expression and functions of sclerostin in dental and periodontal 
structures, its roles in oral diseases and treatments, and the possible 
treatment applications of sclerostin and its antibody in dentistry.

DISTRIBUTION AND BIOLOGICAL FUNCTIONS OF 
SCLEROSTIN IN ORAL TISSUES

Sclerostin and Alveolar Bone

Alveolar bone is a critical periodontal tissue which is essential 
for the development and eruption of the tooth [21]. Together 
with the attached PDL fibers, the alveolar bone maintains normal 
masticatory functions [21]. Similar to long bone, the alveolar bone 
is highly dynamic and continuously remodeled in response to 
mechanical loading, inflammation, and other kinds of stimulation 
[22]. This provides the foundation of orthodontic tooth movement, 
osseointegration, and oral diseases related to periodontium 
destruction. During development and remodeling of alveolar 
bone, the expression and functional involvement of sclerostin in 
alveolar bone and PDL has been verified [16,20,23-25]. In mice, 
sclerostin has been detected in osteocytes of alveolar bone and 
PDL cells [16,26]. Also, the deletion of Sost resulted in a significant 
increase in both volume and thickness of the alveolar bone in mice, 
indicating sclerostin plays a role in the regulation of alveolar bone 
homeostasis [26].

Mechanical force is essential for bone remodeling, during which 
osteocytes and PDL cells are the key cells in mechanotransduction 
and regulation of osteoblasts and osteoclasts [22,27,28]. 
Mechanical loading generates tension and other mechanically 
relevant stimuli on osteocytes and PDL cells in the periodontium 
which triggers bone formation leading to increased bone mass. 
Reduced mechanical loading due to disuse and other causes results 
in activation of bone resorption mediated by osteoclasts that adapts 
to the changed levels and distribution of strain [27-29]. 

As a regulator of bone homeostasis, the expression of sclerostin 
in osteocytes of alveolar bone and PDL cells is reported to be 
closely related to mechanical force. In a rat model with unilateral 
extraction, it was found that sclerostin expression was increased 
with a dramatic bone loss in the extracted side of the alveolar bone 
due to a lack of mechanical stimuli [30]. Additionally, in vivo studies 
have shown that compressive force biphasically regulate the 
expression of sclerostin in a force-dependent manner in PDL cells 
[31-33]. Regulated by mechanical force, sclerostin is a potential key 
biochemical signal in alveolar bone remodeling. In vitro, exogenous 
sclerostin abrogated the increase in trabecular bone stiffness caused 
by mechanical loading [10]. The deletion of Sost in mice eliminates 
the responses of PDL stem cells to unloading, leading to less alveolar 
bone loss [34]. Also, the inhibition of sclerostin restored alveolar 
bone loss in rats with tooth extraction [35]. These studies further 
support the critical roles of sclerostin in bone remodeling, in which 
osteocytes and PDL cells may regulate osteoblasts and osteoclasts 
by controlling the expression of sclerostin under mechanical 
stimulation. 

Sclerostin and Cementum

Cementum is a thin layer of calcified tissue formed by 
cementoblasts that lines the anatomical root of a tooth [36]. 
Depending on the inclusion or non-inclusion of cementocytes, 
cementum is classified into cellular cementum and acellular 
cementum, respectively [37,38]. Cellular cementum, which is 
usually deposited at the apical root and covers acellular cementum, 
has an adaptive role during tooth movement and attrition [38]. It 
has been found that cementocytes and osteocytes share similar 
features in morphology and biology [39]. Immunohistochemical 
evidence has revealed that sclerostin can be secreted by 
cementocytes in addition to osteocytes, which is consistent with 
the results of in vitro experiments [15,16,40]. However, in contrast 
to bone tissues where sclerostin is expressed in all developmental 
stages, sclerostin expression cannot be observed at the initial stage 
of cementum development [16], indicating that sclerostin is not 
involved in cementogenesis during the initial stage.

Hypercementosis occurs in individuals with the diseases 
associated with the absence of sclerostin expression. It was found 
that sclerostin deficiency led to a thickened cementum in mice 
[14,26]. An explanation for this phenomenon is that apoptosis 
of cementoblasts increases in the presence of sclerostin which 
is dose dependent [41]. Furthermore, sclerostin downregulates 
mineralization-related genes including the genes encoding 
runt-related transcription factor 2 (Runx2), bone sialoprotein 
(BSP), osteocalcin (OCN), and osteopontin (OPN), thus inhibiting 
cementoblast differentiation. Additionally, sclerostin promotes the 
resorption of cementum by reducing OPG expression and elevating 
RANKL expression [41].

Similar to bone formation, Wnt/β-catenin signaling pathway 
is critical for cementum formation. Ablation of β-catenin leads 
to the absence of BSP, a marker for cementoblasts during tooth 
development, and severely disrupted the morphogenesis of roots. 
In contrast, activation of β-catenin leads to excessive cementum 
formation [42,43]. In vitro, Wnt3a, a major ligand of Wnt/β-
catenin signaling pathway, promotes the differentiation of human 
bone marrow-derived mesenchymal stem cells as well as dental 
follicle cells into cementoblast-like cells [44,45]. Additionally, in 
human periodontal ligament cells (hPDLCs), both overexpression 
of β-catenin or Wnt3a, and LiCl (an addition of exogenous Wnt/
β-catenin signal promotor) have been proven to increase the 
expression of cementogenic differentiation markers cementum 
attachment protein (CAP) and cementum protein 1 (CEMP1) 
[46]. These studies indicate that selective upregulation of Wnt/β-
catenin signaling may stimulate cementum formation through 
activation of cementoblastic differentiation. As an inhibitor of 
Wnt/β-catenin signaling in osteocytes and osteoblasts, sclerostin 
may also control cementogenesis through Wnt/β-catenin signaling 
during cementum formation. To confirm this hypothesis, Han 
et al. [46] injected sclerostin antibody into cementum defects 
in rats and found upregulated Wnt/β-catenin signals and newly 
formed cementum incorporated with well-organized PDL collagen 
fibers. This study provides evidence for the implication of Wnt/β-
catenin signaling pathway in the regulation of cementogenesis by 
sclerostin. In cementoblasts, exposure to Wnt3a or LiCl suppresses 
the expression of cementogenesis-related genes such as Runx2, 
alkaline phosphatase (ALP), BSP, and OCN [47], leading to the 
inhibition of cementoblast differentiation. Meanwhile, dickkopf-1 
(Dkk1), a known Wnt antagonist, showed opposite effects on gene 
expression and cell differentiation in cementoblasts [44,47]. These 
results are inconsistent with sclerostin’s effects on cementoblasts 
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as an inhibitor of Wnt signaling [41]. Thus, more studies are 
required in the future.

In summary, sclerostin negatively regulates cementum 
formation, and the application of sclerostin antibody has shown 
a therapeutic potential in cementum regeneration for periodontal 
diseases. However, the specific mechanism of sclerostin’s role in 
cementum formation still needs to be elucidated.

Sclerostin and Dentin

In addition to periodontal structures, sclerostin is also expressed 
by pulp cells and regulates the formation of dentin. Dentin is a 
calcified tissue surrounding the pulp where its formation is initiated 
by odontoblasts. As dentin formation continues throughout life, 
sclerostin is observed within odontoblasts and dental pulp cells 
during root development and reparative dentinogenesis [17-
20]. In the late bell and cytodifferentiation stages during tooth 
development, sclerostin is expressed in odontoblasts in the tooth 
germs [20]. After tooth maturation, sclerostin shows a specific 
expression pattern in pulp cells. Expression levels of sclerostin was 
dramatically higher in senescent human dental pulp than in young 
human dental pulp [19]. In the injured pulp chamber, sclerostin 
can be found in the cells adjacent to the reparative dentin. In 
contrast, there is no sclerostin in the pulp chamber of non-injured 
teeth [17]. Additionally, reduced sclerostin expression is observed 
in odontoblasts beneath mechanically induced sclerotic dentin, 
whereas sclerostin is expressed extensively in the pulp of such 
teeth [18]. Altogether, these studies indicate sclerostin has a role in 
dentin development and reparative dentinogenesis in response to 
injury and mechanical stimuli.

As reported previously, sclerostin can inhibit dental pulp cell 
proliferation and odontoblastic differentiation, leading to a negative 
effect on dentinogenesis [19]. In consistency with this finding, 
although it is not significant, deletion of Sost led to smaller pulp 
chambers which is likely because of increased dentin formation in 
mice [26]. Under mechanical strain, upregulation of odontogenic 
differentiation markers, including Runx2, OCN, OPN and dentin 
sialophosphoprotein, was found in odontoblast-like cells that were 
induced from human dental pulp cells (hDPCs) with downregulated 
sclerostin expression. When sclerostin was overexpressed, the 
expression of these differentiation markers were attenuated 
[18]. In addition, the reparative dentinogenesis was dramatically 
hastened after pulpal injury in Sost null mice [17]. Thus, sclerostin’s 
negative effects on reparative dentinogenesis were proven under 
different kinds of stimuli. Furthermore, sclerostin is believed 
to be involved in pulp senescence. In a study of senescence of 
hDPCs, overexpression of sclerostin in early-passage hDPCs 
caused increased the expression of cell-cycle regulators p16, p53 
and p21, which led to decreased proliferation and odontoblastic 
differentiation. Additionally, sclerostin knockdown reversed the 
diminished odontoblastic differentiation in late passage hDPCs. 
This implies that the decreased sclerostin expression observed 
in senescent hDPCs may contribute to the impaired ability of 
odontoblastic differentiation through p16 and p53 signaling 
pathways [19].

To date, the effect of sclerostin on dentin has not been studied 
thoroughly. Along with the proliferation and odontoblastic 
differentiation, Wnt/β-catenin signals are regulated when 
sclerostin expression is modulated in hDPCs [19], indicating that 
Wnt/β-catenin pathway may have a part in sclerostin-regulated 
dentinogenesis. In summary, sclerostin functions as a negative 

regulator in dentin formation during tooth development as well as 
aging and reparative dentinogenesis. This suggests that sclerostin 
modulation is a possible solution for dentin regeneration and anti-
aging although the mechanism and application of sclerostin would 
require further research.

POTENTIAL CLINICAL TRANSLATION OF 
SCLEROSTIN IN DENTISTRY

Sclerostin in Osseointegration

Initially described by Brånemark, osseointegration is defined 
as “a direct structural and functional connection between ordered, 
living bone and the surface of a load-carrying implant” [48,49]. 
On the basis of osseointegration, dental implants have developed 
into a reliable treatment option for patients with tooth loss. As 
osseointegration occurs, biological bonding between the dental 
implant and the surrounding bone tissue is ensured by activation 
of peri-implant osteogenesis, proving long-term stability for dental 
implants [50]. 

As an inhibitor for osteogenesis, sclerostin has a negative effect 
on osseointegration of the inserted implants. In animal models, 
increased sclerostin expressions were detected around implants 
with poor osseointegration and decreased bone volume. However, 
deficiency of Sost significantly enhanced osseointegration 
around the implants in ovariectomized mice [25,51]. Neutralizing 
sclerostin by systemic administration of sclerostin antibody has 
been verified to accelerate and enhance mechanical fixation of 
implants by promoting osseointegration in both long bone and 
peri-implant alveolar bone [52,53]. In ovariectomized osteoporotic 
rat models, sclerostin antibody treatment showed a significant 
effect on promoting implant fixation through enhancing bone-
implant contact as well as improving trabecular bone volume 
and architecture [54]. Additionally, sclerostin antibody treatment 
completely negated the negative effect of polyethylene particles on 
implant fixation in rats. This suggests that sclerostin antibody has 
potential treatment effects on preventing peri-implant osteolysis 
and aseptic loosening of inserted implant [55]. To sum it up, 
targeting sclerostin in the bone surrounding the inserted implant 
by sclerostin antibody injection promotes osseointegration in 
animal experiments, which is likely to be a promising alternative 
for achieving long-term stability of the dental implants.

Sclerostin in Dental and Periodontal Inflammatory 
Diseases 

Inflammation is a well-known factor associated with bone 
metabolism and leads to bone loss [56]. In the course of the 
inflammation, pro-inflammatory cytokines such as tumor necrosis 
factor-α (TNF-α), interleukin-1 (IL-1), interleukin-6 (IL-6) and 
interleukin-17 (IL-17) are activated and take part in regulation 
of bone metabolism [56]. By regulating the expression levels 
of osteocyte proteins, these pro-inflammatory cytokines affect 
biological functions of osteoblasts and osteoclasts. Sclerostin, 
as an osteocyte protein closely related to bone metabolism, is 
reported to be regulated by pro-inflammatory cytokine TNF-α in 
vivo and in vitro experiments [57-59]. Additionally, IL-1β and the 
combination of IL-1β, IL-6 and TNF-α are also reported to elevate 
sclerostin expression in osteocyte [60]. Thus, sclerostin acts as 
a critical bioactive factor to promote osteoclastogenesis during 
inflammatory bone loss.

Periodontitis is an inflammatory disease that targets the 
supporting structures around the teeth and leads to destruction 
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of these periodontal tissues [61]. Without treatment, periodontitis 
usually leads to progressive periodontal tissues loss, tooth mobility 
and subsequent tooth loss. The underlying cause of periodontitis is 
controversial, but the presence of periodontal pathogens such as 
Porphyromonas gingivalis has been verified as a necessary factor 
for periodontitis, while smoking and diabetes mellitus are regarded 
as risk factors [62].

 During periodontitis, sclerostin is clearly related to periodontal 
bone resorption induced by inflammation. As a key factor in 
the development of periodontitis, Porphyromonas gingivalis 
lipopolysaccharide stimulates the release of pro-inflammatory 
cytokines including TNF-α, IL-1β, and IL-6, thus promotes 
sclerostin expression in periodontium and leads to periodontal 
bone resorption [63,64]. Experimental periodontitis in rats and 
mice confirmed that bone resorption occurred with increased 
osteocytic expression of sclerostin, while Sost deficiency resulted 
in decreased alveolar bone loss [24,65]. Clinical studies have also 
confirmed the results obtained in animals regarding sclerostin’s 
involvement in alveolar bone resorption during periodontitis. In 
patients with chronic periodontitis, the mRNA and protein levels 
of Sost and pro-inflammatory cytokine TNF-α in periodontal 
tissues, as well as the circulating level of sclerostin and TNF-α in 
serum were increased when compared to healthy people [66]. 
Moreover, chronic periodontitis patients with smoking habit and/
or diabetes mellitus showed higher expression of sclerostin and 
TNF-α in periodontal tissues than patients without these two risk 
factors [67]. While the association between sclerostin and smoking 
requires further investigation, the involvement of sclerostin in the 
development of diabetes mellitus-associated periodontitis have 
been confirmed by previous studies. Along with the up-regelation 
of sclerostin, patients with diabetes mellitus and periodontitis have 
an accumulation of advanced glycation end-products(AGEs, a major 
pathogenic factor in diabetes mellitus) in periodontal tissues which 
plays an important role in the occurrence of periodontitis [68,69]. 
In vivo studies have shown that AGEs elevated the expression level 
of sclerostin in osteocytes [63,70]. Altogether, AGEs accumulate 
in periodontal tissues and promotes the expression of sclerostin, 
leading to inflammatory bone resorption in periodontal tissues.

Above all, the involvement of sclerostin expressed in alveolar 
bone resorption during periodontitis and diabetes mellitus-
associated periodontitis has been illustrated. For clinic application, 
sclerostin has been suggested as a reliable marker in diagnosis 
and clinical evaluation of periodontitis as sclerostin concentration 
in gingival crevicular fluid is significantly higher during chronic 
periodontitis and lower after treatment [71,72]. Also, researchers 
have applied anti-sclerostin therapy in mouse and rat models of 
periodontitis and have achieved positive results. Subcutaneous 
injection of sclerostin antibody significantly restored vertical 
alveolar bone mass and alveolar crest height following ligature-
induced periodontitis in rats [73,74]. Also, blocking sclerostin 
function by intraperitoneally injecting sclerostin antibody in the 
periodontitis model of periostin-knockout (PKO) mice restored 
bone and PDL defects [75]. Pathologic changes were observed in 
the PKO mice within osteocytes. This might be closely linked to 
bone loss. Deletion of Sost or blocking Sost function by sclerostin 
antibody treatment attempts to prevent and restore osteocyte 
morphologies, which may be associated with improvement of bone 
loss in the PKO mice [75]. To sum it up, treatment with sclerostin 
antibody could restore alveolar bone loss during periodontitis in 
animals. Clinical trials are required to further confirm the effect of 
sclerostin antibody on periodontitis patients.

In the pulp, inflammation often happens due to the invasion 
of pathogens into mineralized dental tissues during dental caries 
or trauma [76]. Subsequently, odontoblasts and dental pulp cells 
produce numerous pro-inflammatory cytokines in pulp and activate 
inflammatory immune responses which is followed by reparative 
dentin formation. As mentioned before, sclerostin is secreted by 
odontoblasts and pulp cells and acts as a negative regulator of 
reparative dentin formation, making it a possible factor involved in 
reparative dentinogenesis during pulp inflammation. In vivo, it has 
been shown that lipopolysaccharide, a key factor in pulp infections, 
promotes the expression of sclerostin in odontoblasts [77]. 
Exogenous sclerostin increases LPS-induced productions of pro-
inflammatory cytokines like IL-6, IL-8, and IL-1β in odontoblasts, 
while inhibits LPS-induced odontoblastic differentiation of dental 
pulp cells. This confirms the role of sclerostin in reparative 
dentinogenesis during pulp inflammation. Additionally, the mRNA 
level of Sost in dental pulp cells was decreased in the treatment 
with pro-inflammatory cytokine IL-1β [78], indicating sclerostin 
may act as a mediator between odontoblasts and dental pulp cells 
to coordinate pulpal inflammatory processes. 

Sclerostin in Orthodontic Tooth Movement 

Orthodontic tooth movement is a mechanical-biological coupling 
process which depends on the remodeling of periodontium. 
When an appropriate orthodontic force loads on the tooth, the 
tooth initially shifts within the PDL space. On the side receiving 
pressure, the PDL is compressed which causes a disturbance in 
the blood flow and local hypoxia. On the other side, the PDL is 
stretched, leading to an increase in blood flow [79-81]. The change 
of blood flow rapidly leads to an alteration of the oxygen tension 
and chemical environments in PDL by releasing inflammatory 
factors like prostaglandins and cytokines. The changes in PDL 
homeostasis affect cellular activities in the periodontium, resulting 
in different responses of the alveolar bone on different sides. Due to 
the differences in the activation of osteoblasts and osteoclasts, the 
tensile side mainly shows bone formation, while the compressed 
side displays bone resorption. Macroscopically, the tooth is moved 
in the alveolar bone after application of orthodontic force.

As mentioned before, sclerostin secreted by PDL cells and 
osteocytes is involved in alveolar bone remodeling induced by 
mechanical stimulation, which indicates sclerostin is likely a key 
factor during the orthodontic tooth movement processes. As the 
tooth shifts under orthodontic force, sclerostin expression in 
PDL cells is increased on both the compressed and tensile sides 
with no significant difference [82,83]. The increase in sclerostin 
in PDL cells in response to compressed force contributes to the 
Sost upregulation in osteocytes, as shown in an osteocyte-PDL 
coculture system [83]. In contrast, a different expression pattern 
has been shown in osteocytes of the compression and tension 
sides during orthodontic tooth movement. In rats, sclerostin 
expression in osteocytes rapidly decreased under orthodontic 
force and remained low during tooth movement on the tension 
side while increased and maintained high levels after orthodontic 
force application on the compression side [23]. Other studies have 
reported similar results with respect to this expression pattern of 
sclerostin [82-84]. The upregulation of sclerostin on compression 
side and downregulation on tension side are consistent with the 
pattern of bone remodeling during orthodontic tooth movement, in 
which bone is resorbed on the compression side but deposited on 
the tension side. In Sost KO mice, osteoclast activity in compression 
side was significantly reduced [23], strongly supporting the 
hypothesis that sclerostin is essential in osteocyte-controlled bone 
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remodeling during orthodontic tooth movement. Thus, it could 
be inferred that during orthodontic tooth movement, sclerostin 
expression is regulated differently in compression and tension side, 
leading to the occurrence of different bone remodeling patterns.

The mechanism why the expression of sclerostin in osteocytes 
is different between compression and tension sides is still 
controversial. In vitro experiments have shown that there was no 
difference in the effect of uniaxial tension and compression on 
sclerostin expression in murine long bone osteocyte Y4 (MLO-Y4) 
cells [23], eliminating the possibility that the types of forces are 
directly involved in sclerostin expression in osteocytes. In previous 
studies, osteoblasts cultured in a hypoxic environment showed a 
substantial decline in the levels of sclerostin transcription and 
expression [23,85]. Deficiency of von Hippel-Lindau (VHL) or 
proline hydroxylase-domain proteins (PHDs), regulatory factors of 
hypoxia-inducible factor, led to a decrease of sclerostin expression 
as well as promoted bone formation in mice [86,87], confirming the 
role of sclerostin in hypoxia-induced osteogenesis. This may be the 
reason for the upregulation of Sost in osteocytes and osteoblasts on 
the compression side during orthodontic tooth movement.

On the other hand, inflammatory factors also regulate 
periodontium remodeling during orthodontic tooth movement. 
TNF-α and IL-1β significantly increased on the compression side 
after orthodontic force was applied [57,58,81,88,89]. As shown in 
several studies, inflammatory factors induce osteoclastogenesis by 
increasing sclerostin expression in osteocytes [57-60], which may 
contribute to the high level of sclerostin in the compression side. 
A recent in vivo study showed that sclerostin-positive osteocytes 
on the compression side showed a significant reduction in TNF 
receptor-deficient mice after 6 days of orthodontic loading [90], 
indicating TNF-α plays a role in sclerostin regulation during 
orthodontic tooth movement. Further studies are required to 
illustrate the implication of TNF-α and other inflammatory factors 
in sclerostin regulation during this process.

Given the fact that mechanical forces regulate bone remodeling 
via regulation of sclerostin expression in PDL cells and osteocytes 
during orthodontic tooth movement, sclerostin is a potential 
target for modulating orthodontic treatment. One of the potential 
applications of sclerostin in orthodontics is to accelerate tooth 
movement, which is a long-term research hotspot for orthodontists. 
In orthodontic tooth movement, osteoclast-mediated bone 
resorption has a decisive role in increasing the efficiency of 
tooth movement. While surgical interventions have been studied 
extensively, nonsurgical interventions is easier to be accepted in 
clinical application [91]. In a recent study, sclerostin administration 
on the compression side promoted osteoclastogenesis without 
affecting the osteoblastic activity on the tension side in orthodontic 
tooth movement on rat [92], indicating sclerostin is promising to 
be a modulator for non-surgical acceleration of orthodontic tooth 
movement.

In addition, root resorption is a severe side effect of orthodontic 
treatment [93,94], which may cause tooth loss and exfoliation. 
During orthodontic tooth movement, the hyalinized tissues caused 
by a complete absence of the blood vessel in the PDL are removed 
by osteoclasts and odontoclasts, which are likely contributing to 
root resorption simultaneously [95]. Similar to osteoclastic bone 
resorption, root resorption is regulated by RANKL/OPG signaling. 
In response to mechanical forces, RANKL expression is enhanced 
in PDL cells and cementoblasts which activates odontoclastic 
differentiation and leads to root resorption [96-100]. As a key 

factor regulating biological behaviors of osteocyte-like cells, 
sclerostin was found to reinforce the resorption of cementum 
through elevating RANKL but inhibiting OPG expression [41,101]. 
Injection of sclerostin antibody significantly increased new 
cementum formation in rat models with periodontal defects, while 
no cementum formation was found in the control groups [46], 
showing the therapeutic potential of sclerostin in root resorption.

Summary and Perspectives

It has been shown that sclerostin is secreted by osteocytes, 
cementocytes, PDL cells, odontoblasts, and dental pulp cells. 
Sclerostin regulates the homeostasis of dental and periodontal 
hard tissue including alveolar bone, cementum and dentin. Based 
on the understanding of the functions of sclerostin in these oral 
tissues, extensive research has investigated the therapeutic effects 
of sclerostin modulation in formation and regeneration of oral 
tissues. In animal models, sclerostin modulation has been shown to 
be effective on recovering alveolar bone loss in periodontitis while 
promoting osseointegration in implant dentistry. In orthodontic 
tooth movement, sclerostin modulation is also an inspiration for 
clinical strategies to prevent and reverse root resorption, as well 
as accelerate tooth movement. Yet, there are several limitations 
for the application of sclerostin in oral diseases. First, the 
sclerostin antibody was injected subcutaneously in most animal 
studies. However, the effects of sclerostin antibody on global bone 
homeostasis were barely mentioned in these studies. It has been 
reported that local injection of sclerostin antibody showed limited 
regenerative effects on alveolar bone regeneration in experimental 
periodontitis when compared to subcutaneous injection [74]. Thus, 
the therapeutic effect of local application of sclerostin antibody is 
not clear yet, which limits its clinical application in oral diseases. 
Second, the potential side effects of sclerostin antibody cannot 
be ignored. Subcutaneous administration of Romosozumab, 
a humanized monoclonal sclerostin antibody approved by 
Food and Drug Administration (FDA) for clinical treatment of 
osteoporosis, has been reported to cause adverse events including 
hypersensitivity reactions and osteonecrosis in jawbone in clinical 
trials [102,103]. Thus, more studies are required to address the side 
effects of sclerostin antibody in clinical therapy for oral diseases.

To conclude, targeting on sclerostin is an emerging strategy for 
the treatment of dentin and periodontium-related diseases. Future 
studies are needed to investigate the therapeutic effects of local 
application of sclerostin and the potential side effects.
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