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 Background: The aim of this study is to investigate the effects of Drynaria total flavonoids (DTF) on mandible microarchi-
tecture, serum estrogen (E2), osteoprotegerin (OPG), and receptor activator of nuclear factor kappa-B ligand 
(RANKL) levels in an ovariectomy-induced osteoporosis rat model.

 Material/Methods: Thirty female Sprague-Dawley rats were divided into 5 groups (n=6 per group): sham surgery, ovariectomy 
(OVX), and low-dose, middle-dose, and high-dose DTF. Mandibular osteoporosis was induced by ovariectomy; an 
equal amount of ovary-sized fat tissue was removed from the sham group. The DTF-treated groups were given 
DTF gavage at different doses for 12 weeks; the sham and OVX groups were given saline. After the treatment 
phase, the effects of DTF on the microarchitecture of the mandible were evaluated by measuring bone density, 
maximum load, morphometric parameters, and histopathological alterations. Serum E2, OPG, and RANKL lev-
els were measured.

 Results: The OVX group showed obvious osteoporosis in the mandible and decreased serum E2 levels and OPG/RANKL 
ratio. The low-dose group did not show significant improvement in mandibular microstructure. The middle-
dose group showed significantly ameliorated osteoporosis. The high-dose group had further improvement in 
bone microstructures and increase of OPG/RANKL over the middle-dose group. Furthermore, ovariectomy sig-
nificantly decreased serum E2, but DTF treatment failed to restore serum E2 levels.

 Conclusions: Ovariectomy can cause significant bone loss in the rat mandible and a decrease in serum E2 and OPG/RANKL. 
DTF significantly improved the mandibular microstructure and restored OPG/RANKL balance, but it did not re-
store the decreased serum E2 concentration following ovariectomy.
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Background

Osteoporosis is a systemic metabolic bone disease character-
ized by low bone mass and the degeneration of bone tissue 
microstructure. The main features of osteoporosis include re-
duced bone mineral density and bone microstructure destruc-
tion, which result in bone brittleness and an increased risk of 
fracture [1]. Recently, due to an aging population, the incidence 
of osteoporosis has increased yearly. According to epidemio-
logical studies in China, the prevalence of osteoporosis is 21% 
in people aged 50 to 60 years, 58% in people aged 60 to 70 
years, and 100% in people aged 70 to 80 years [2]. Osteoporosis 
occurs in more than 25% of women over the age of 50 [3]. 
Postmenopausal women have a much higher incidence of os-
teoporosis and pathological fracture than do men because of 
the dramatic decrease in estrogen levels during this time [4]. 
Furthermore, previous studies have shown that osteoporosis 
in postmenopausal women can significantly affect the mandi-
ble, and mandibular bone loss is a local manifestation of os-
teoporosis in the oral maxillofacial region [5]. Bone loss in the 
jaws can aggravate the bone resorption of periodontitis and in-
crease the rate of tooth loss, which affects the early bone inte-
gration of dental implants and is one of the risk factors for the 
success of dental implants [6,7]. In recent years, the effects of 
systemic anti-osteoporosis reagents on the structure and bone 
mass of the jawbones have become a hot topic of research [8,9].

The primary regimen for preventing and treating postmeno-
pausal osteoporosis, including jaw osteoporosis, is hormone 
replacement therapy (HRT), but it may cause an increased risk 
of cancer and other adverse effects [10]. Bisphosphonates are 
another type of anti-osteoporosis reagent for the prevention 
of bone loss and reduction of fracture risk; their adverse ef-
fects involve mainly esophageal complications and osteonecro-
sis of the jaw [11]. Calcitonin is a 32-amino acid peptide that 
binds to osteoclasts and inhibits bone resorption. The main 
concerns about using calcitonin are its relatively low effective-
ness and association with an increased rate for certain types 
of cancers [12]. In recent years, researchers have discovered 
phytoestrogens, a group of compounds derived from plants 
that have estrogen-like effects [13]. The chemical structure of 
this class of compounds is similar to that of estrogen and can 
exert estrogen or antihormonal effects [14]. Some commonly 
used traditional Chinese medicines have been reported to con-
tain these compounds and have been widely used to treat os-
teoporosis [15]. Davallia mariesii is one of the commonly used 
traditional Chinese medicines for the treatment of osteoporo-
sis, and although it has an obvious anti-osteoporosis effect, its 
specific mechanism of action is not clear [15]. Drynaria total 
flavonoid (DTF) is the main active ingredient extracted from 
Davallia mariesii, which has phytoestrogen activity and fewer 
adverse effects than medical treatment. Studies have shown 
that DTF can increase the bone mass of the femur and vertebrae 

in osteoporotic rats and improve the bone microstructure, and 
it has been initially applied in the auxiliary treatment of clinical 
osteoporosis [16,17]. However, the role of DTF in the jaw osteo-
porosis of postmenopausal women is not clear. Based on the 
effect of DTF on general osteoporosis, we hypothesized that 
DTP may improve the osteoporotic status of the jaw in post-
menopausal women. This is of particular significance in dental 
implantations because DTH may present an alternative thera-
py with lower adverse effects to improve mandibular osteopo-
rosis and thereby increase the chance of successful implanta-
tion in postmenopausal women with osteoporosis. Therefore, 
we investigated the effects of DTF on mandible osteoporosis 
in ovariectomized female rats to test this hypothesis.

Material and Methods

Reagents

The DTF was developed by the Xiyuan Hospital of China 
Academy of Traditional Chinese Medicine and Sichuan Institute 
of Traditional Chinese Medicine (batch number: 961214); each 
gram of the extract contained 66.67 mg of crude DTF. The stock 
solution was diluted with saline into specific concentrations 
for administration to the rats.

Construction	of	the	OVX	rat	model	and	grouping

Thirty 3-month-old female Sprague-Dawley rats (weight: 
220±30g) were obtained from the Xi’an Jiaotong University 
School of Medicine Laboratory Animal Center. Six rats were 
randomly selected as the sham surgery group; the remain-
ing rats were surgically castrated by ovariectomy. The rats 
in the castration group were anesthetized with an intraper-
itoneal injection of 2% pentobarbital sodium (40 mg/kg). To 
expose the ovaries, the skin was cut from the lumbar spine 
along the midline of the back to make a longitudinal incision 
of about 2–3 cm, and then the psoas muscles were cut along 
the scapula under the left and right sides of the ribs. T2 liga-
tions were made on the uterine horn where the ovary is close-
ly connected, and the uterine horn was cut off after the liga-
tion, the ovary removed, and the skin sutured. In the sham 
operation group, only a piece of fat tissue similar in size to 
the ovary was removed during the operation. Local antibiotics 
were administrated to the wound postoperatively to prevent 
infection and to reduce animal mortality due to surgery. One 
week after surgery, vaginal smears were performed for 5 con-
secutive days. If the estrus cycle did not occur in the ovariec-
tomized rats, it indicated that the ovary was successfully re-
moved. Three months after surgery, the rats that underwent 
sham surgery were classified into the sham group; the remain-
ing 24 animals were randomly divided into 4 groups (n=6 per 
group): ovariectomy control (OVX), low-dose DTF, middle-dose 
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DTF, and high-dose DTF groups. The low-dose, middle-dose, 
and high-dose groups of rats were given intragastric gavage 
of DTF at 54 mg/kg, 108 mg/kg, and 216 mg/kg, respectively, 
once per day for 12 weeks. The sham and OVX groups were 
given an equal volume of saline for 12 weeks. All procedures 
were approved by the Animal Care and Use Committee of Xi’an 
Medical College (#XYLS2020137), Xi’an, China.

Mandibular bone density examination

After 12 weeks of intragastric administration of DTF, the rats 
were euthanized by anesthesia. The right mandible of each 
group of rats was thoroughly cleaned of soft tissue and fixed 
with 10% neutral formaldehyde solution for bone density and 
maximum mandible load measurement. The bone density 
measurement was performed using a dual-energy X-ray bone 
densitometer (Norland XR-46). The measurement site was the 
junction of the last molar of the mandible and the mandibular 
branch (this site is parallel to the growth direction of the molar).

Measurement of the maximum load of the mandible

Before making the maximum load measurement, the 2 ends 
of the mandible (joint end and incisor end) were embedded 
with resin. The bottom of the resin block was parallel to the 
ground plane. The mandibular molar area was exposed and 
placed in the Shimadzu automatic control universal testing 
machine (model AG-IC). The loading point was the second mo-
lar of the mandible, the span was 20 mm, the loading speed 
was 0.5 N/min, and the force was gradually increased until 
the bone was completely broken. During the experiment, the 
bone surface was sprayed with normal saline to keep it moist.

Histopathological	examination

The left mandible was fixed in a 10% formaldehyde solution 
for 24 to 48 h, rinsed with PBS, and decalcified in 10% EDTA 
(pH 8.0) at 4 °C for 21 days. The decalcified specimens were 
rinsed thoroughly with PBS, dehydrated, and then embed-
ded. The mandibular molar region was sliced along the near-
distal direction, and the anterior teeth were sliced along the 
buccal-tongue direction (in 5 μm thickness). The slices were 
stained with hematoxylin and eosin (H&E) and observed un-
der a light microscope.

Measurement	of	Bone	Tissue	Morphometric	Parameters

The image of the distal cancellous bone area of the root of 
the last mandibular molar was collected under the light micro-
scope. To follow the principle of equidistant random sampling, 
3 slices of the same specimen were selected, and 3 observa-
tion fields in each slice were selected. The images were ana-
lyzed with the Motic Med 6.0 digital medical image analysis 

system to measure the trabecular bone parameters. When 
measuring, the scale overlapped with the image, the cursor 
moved along the tissue structure to be measured to determine 
the point count, straight line or curve length, circumference, 
and area. Bone histometry software was then used to calcu-
late the measured parameters: bone tissue area (T.Ar), trabec-
ular bone area (Tb.Ar), and trabecular bone perimeter (Tb.Pm). 
Next, the following parameters were calculated based on the 
measured parameters using the corresponding formulas: tra-
becular bone area percentage (%Tb.Ar)=Tb.Ar/T.Ar; trabecular 
number thickness (Tb.Th)=(2/1.99)×(Tb.Ar/Tb.Pm); and trabec-
ular bone spacing Tb.Sp=(T.Ar-Tb.Ar)/Tb.Pm.

Mandibular cortical thickness measurement

Under the microscope, the thickness of the bone cortex of the 
root of the anterior teeth of the mandible was taken. The ante-
rior, middle, and posterior points were measured. Each location 
was measured 3 times and the average value was calculated. 
Finally, the total average value of the 3 locations was calculated.

Measurement	of	serum	E2,	OPG,	and	RANKL	levels

Rats in each group were continuously gavaged for 12 weeks. After 
intraperitoneal anesthesia, blood was collected from the abdom-
inal aorta and centrifuged at 3500 rpm for 15 min. The serum 
was collected and stored at –70°C. Before the measurement, the 
samples and the kits were thawed at room temperature for 30 
min. The serum E2 was detected by using a radioimmunoassay 
kit (Tianjin Jiuding Medical Bioengineering Co., Ltd.). The serum 
OPG and RANKL levels were detected by the corresponding ELISA 
kit (Wuhan Zhongmei Technology Co., Ltd). The measurements 
were carried out according to the manufactures’ instructions.

Statistical analysis

SPSS16.0 (IBM, Chicago, IL, USA) software was used to per-
form all statistical analyses. The means of different groups 
were compared with one-way ANOVA followed by least sig-
nificant difference t test multiple comparisons. The data were 
presented as mean±standard deviation of each group. A P val-
ue < 0.05 was considered statistically significant.

Results

High-dose	DTF	Protective	Effects	on	OVX-induced	
Mandibular	Osteoporosis

After the surgery and treatment, the right mandibles of the 
rats were compared. In the sham surgery group, the mandi-
bles were a normal shape, with a smooth surface and no bite-
like defects. However, the mandibles of the OVX group showed 
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a rough surface and many bite-like lesions. The mandibles of 
the low-dose, middle-dose, and high-dose groups showed 
obvious improvement in appearance. The surfaces were rela-
tively smooth and no obvious bite-like lesions were observed 
(Figure 1). Furthermore, the bone density of the right man-
dibles of the OVX group was significantly lower than that of 
the sham group, and the difference was statistically signifi-
cant (P<0.05), indicating that the OVX-induced osteoporosis 
model was successfully constructed (Figure 2). After the ad-
ministration of DTF for 12 weeks, the high-dose group showed 
a significantly higher mandible bone density than the OVX 

group (P<0.05), while the differences between the low-dose 
and middle-dose groups and the OVX group were not statisti-
cally significant (both P>0.05), suggesting that high-dose DTF 
treatment had protective effects on OVX-induced mandibular 
osteoporosis (Figure 2).

DTF	was	beneficial	in	restoring	the	maximum	load	of	the	
right	mandible

As shown in Figure 3, compared with the sham group, the max-
imum load of the mandible of the OVX group was significantly 
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Figure 1.  Drynaria total flavonoid (DTF) has protective effects on ovariectomy-induced mandibular osteoporosis. The representative 
images of the right mandible of the rats in each group are shown. (A) Sham group, (B) ovariectomy control (OVX) group, 
(C) low-dose group, (D) middle-dose group, and (E) high-dose group. The arrow indicates the bite-like changes in the OVX 
group.
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Figure 2.  High-dose Drynaria total flavonoid (DTF) led to 
increased bone mineral density in ovariectomy-induced 
mandibular osteoporosis. The bone mineral density of 
the right mandible of each group was measured by a 
dual-energy X-ray bone densitometry. Data represent 
the mean±SE of each group. * P<0.05, ** P<0.01, both 
compared with the ovariectomy control (OVX) group.
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Figure 3.  Drynaria total flavonoid (DTF) was beneficial in 
restoring the maximum load of the right mandible. The 
maximum load of the right mandible in each group 
was measured. Data represent the mean±SE of each 
group. * P<0.05, compared with the sham surgery 
group; # P<0.05, compared with the ovariectomy 
control (OVX) group.
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lower (P<0.05). We then investigated the effects of DTF on the 
maximum load of the mandible. The low-dose group had a 
higher mandible maximum load compared to that of the OVX 
group, although the difference was not significant (P>0.05). 
The middle-dose and high-dose groups had significantly high-
er maximum loads of the mandible compared to that of the 
OVX group (both P<0.05). Remarkably, the maximum load of 
the mandible was increased as the concentration of DTF was 
increased, indicating that DTF was beneficial in restoring the 
mandible maximum load in a dose-dependent manner. However, 
although the DTF-treated groups showed an improved max-
imum load of the mandible, this parameter in these groups 
was still lower than that of the sham group, suggesting that 
DTF did not completely restore the declined mandible maxi-
mum load following ovariectomy, and other reagents are need-
ed to completely reverse this process (Figure 3).

DTF	improved	the	morphometric	parameters	of	the	
mandibular trabecular bone

Compared to in the sham group, the%Tb.Ar and Tb.Th in the 
OVX group were significantly lower (both P<0.05), while the 
Tb.Sp in the OVX group was significantly higher compared to 
that of the sham group (P<0.05) (Table 1). The%Tb.Ar was im-
proved in the middle-dose and high-dose DTF groups com-
pared to in the OVX group (both P<0.05), and the%Tb.Ar of 
these 2 groups was not significantly lower than that of the 
sham group (both P>0.05). Although the low-dose DTF group 
showed the trend of improved%Tb.Ar, it did not show a signif-
icantly improved%Tb.Ar compared to the OVX group (P>0.05) 
(Table 1). For the Tb.Th, only the high-dose group showed sig-
nificant improvement in bone quality compared to the OVX 
group (P<0.05), and the difference in Tb.Th between the high-
dose group and the sham group was not significantly differ-
ent (P>0.05). The low-dose and middle-dose groups did not 
show significant improvement in Tb.Th (both P>0.05) (Table 1). 
Both the middle-dose and high-dose groups showed signifi-
cantly lower Tb.Sp compared to the OVX group (both P<0.05), 

and the Tb.Sp of these 2 groups was not significantly differ-
ent than that of the sham group (both P>0.05). The Tb.Sp of 
the low-dose group was not significantly improved compared 
to that of the OVX group (P>0.05) (Table 1). These results sug-
gest that DTF at middle and high doses significantly improved 
the microarchitecture of the mandibular trabecular bone in the 
OVX-induced osteoporosis model.

DTF led to an increased mandibular cortical bone thickness

The OVX group showed significantly lower mandibular corti-
cal bone thickness than the sham group (P<0.01). DTF at the 
3 different doses significantly improved the thickness of the 
mandibular cortical bone (all P<0.05). Furthermore, the differ-
ences between the low-dose and high-dose groups and the 
sham group were significant (both P<0.05), while the differ-
ence between the middle-dose group and sham group was 
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Figure 4.  Drynaria total flavonoid (DTF) led to an increased 
mandibular cortical bone thickness. The mandibular 
cortical bone thickness of each group was measured. 
Data represent the mean±SE of each group. * P<0.05, 
** P<0.01, compared with the sham surgery group; # 
P<0.05, compared with the ovariectomy control (OVX) 
group.

Group n
Percentage	of	trabecular 

bone	area	(%Tb.Ar)
Trabecular thickness 

(Tb.Th)
Trabecular	bone	spacing 

(Tb.Sp)

Sham group 6 60.87±9.74* 91.21±8.68* 58.34±12.39*

OVX group 6 35.54±6.08# 69.33±7.21# 113.90±22.87#

Low-dose group 6 42.28±7.17# 73.69±7.89# 101.79±19.93#

Middle-dose group 6 58.38±10.22* 79.71±8.83# 77.94±12.38*

High-dose group 6 56.29±11.31* 85.37±9.65* 68.81±11.33*

Table 1. Changes of morphometric parameters of the mandibular trabecular bone of each group.

OVX – ovariectomy control group. Data represent the mean±standard deviation of each group. * P<0.05, compared with the OVX 
group; # P<0.05, compared with the sham surgery group.
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Figure 5.  Drynaria total flavonoids (DTF) improved the histopathological changes in rat mandibles after ovary removal. The 
histopathological changes of the mandible of each group were investigated by H&E staining (×100). (A) Sham group, 
(B) ovariectomy control (OVX) group, (C) low-dose group, (D) middle-dose group, and (E) high-dose group. The arrows 
indicate the osteoporotic lesions in the mandible, including abnormal bone resorption, reduced number of trabeculae, and 
bite-like changes.
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not significant (P>0.05) (Figure 4). These results suggest that 
DTF, even at a low dose, significantly improved the thickness 
of the mandibular cortical bone, but only high-dose DTF com-
pletely restored it.

DTF	improved	the	histopathological	changes	in	mandible	
after ovary removal

We then observed the histopathological changes in the man-
dibles with H&E staining. The mandibular bone trabeculae of 
the sham group was dense and neatly arranged, the thickness 
of the trabecular bone was normal, the trabecular bone spac-
ing was small, the trabecular bones were well connected, and 
no abnormal bone resorption was observed (Figure 5A). In the 
OVX group, the mandible bones were severely absorbed, the 
trabecular bones were sparse, broken, and disorderly arranged, 
with some of them showed nibbling-like changes. Also, the tra-
becular bone thickness became smaller, the spacing became 
wider, and the marrow cavity was increased (Figure 5B). In the 
low-dose DTF group, the bone marrow cavity was reduced, but 
nibbling-like changes were still seen, and the trabecular bone 
structure was not significantly improved (Figure 5C). However, 
after treatment with middle-dose and high-dose DTF, the bone 
marrow cavity of the mandible was reduced, the trabecular 
bone was slightly thinner, the arrangement was neat, the tra-
becular bone space was reduced, and the thickness was nor-
mal (Figure 5D, 5E).

DTF	treatment	increased	OPG	and	decreased	RANKL	levels

The serum E2 level in the OVX and the 3 DTF-treated groups 
was significantly lower than that of the sham group (all P<0.05). 
However, the DTF treatment at different concentrations did 
not increase the serum level of E2 (all P>0.05) (Table 2), sug-
gesting that the anti-osteoporosis effect of DTF does not oc-
cur by restoring E2 production. OPG was significantly down-
regulated in the OVX group compared to in the sham group 
(P<0.05). DTF treatment led to an increased serum OPG level, 
but only the high-dose group showed a significant difference 

compared to the OVX group (P<0.05). Notably, even the high-
dose group of DTF could not completely restore the serum OPG 
level (P<0.05, compared to the sham group) (Table 2). After 
the ovariectomy, the serum RANKL level was significantly up-
regulated in the OVX group compared to in the sham group 
(P<0.05). Treatment with DTF at all 3 concentrations led to a 
lower RANKL level compared to the OVX group (all P<0.05). 
The difference in the serum RANKL level between the high-
dose group and the sham group was not significant, while the 
level in the low-dose and middle-dose groups was significant-
ly higher than that of the sham group (both P<0.05) (Table 2). 
The OPL/RANKL ratio was decreased in the OVX group, but 
the treatment with DTF partially restored OPL/RANKL balance 
(Table 2). These results suggest that DTF treatment can restore 
the balance between OPG/RANKL after ovariectomy and there-
fore improve osteoporosis caused by ovary removal.

Discussion

Systemic osteoporosis is common in postmenopausal women. 
In some women with general osteoporosis, the mandible is also 
significantly affected. Therefore, many studies have investigat-
ed the relationship between systemic osteoporosis and osteo-
porosis of the jaw bone. In the 1960s, Groen et al. were the 
first to report a correlation between jaw bone loss and gener-
al osteoporosis [18]. Sindeaux et al. showed that female pa-
tients with osteoporosis have a significantly increased risk of 
decreased oral bone density and cortical bone thickness [19]. 
In recent years, studies found that the mandibular bone is the 
bone tissue with the fastest turnover rate, and mandibular bone 
loss may represent the first sign of osteoporosis [20–22]. Thus, 
it is accepted that mandibular osteoporosis is a local mani-
festation of general osteoporosis in the oral and maxillofacial 
regions. Jaw bone loss can increase bone resorption in peri-
odontitis and the rate of tooth loss and affect the early osseo-
integration of dental implants [6,7]. Therefore, the correction 
of mandibular osteoporosis is of great value in the treatment 
of periodontitis and the success of dental implantation.

Group n E2 OPG RANKL OPG/RANKL

Sham group 6 21.23±4.87* 1351.28±41.37* 38.92±2.31* 34.72

OVX group 6 4.12±0.32# 967.42±45.86# 81.37±4.62# 11.89

Low-dose group 6 4.78±0.56# 1032.08±29.37# 56.99±4.03*# 18.11

Middle-dose group 6 4.69±0.88# 1111.71±8.83# 53.94±12.38*# 20.61

High-dose group 6 4.91±1.01# 1205.92±33.61*# 45.38±3.97* 26.57

Table 2. The serum levels of several factors.

OVX – ovariectomy control group; OPG – osteoprotegerin; E2 – estrogen 2; RANKL – nuclear factor kB receptor activating factor ligand. 
Data represent the mean±standard deviation of each group. * P<0.05, compared with the OVX group; # P<0.05, compared with the 
sham surgery group.
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The ovariectomy rat model has been shown to represent some 
of the most important clinical features of osteoporosis caused 
by estrogen deficiency (or postmenopause) in older women [23]. 
Decreased estrogen levels in ovariectomized rats can lead to 
decreased bone density, loss of bone mass, and damage to 
the trabecular bone structure of the mandible. The model has 
been widely used as a reliable method for inducing bone loss 
in the mandible [23,24]. In the present study, the OVX group 
had typical osteoporosis-like changes, including significant-
ly lower serum E2 levels, decreased mandibular bone densi-
ty, sparse trabecular bone, and a large bone marrow cavity. 
Histomorphometric results showed that, compared with the 
sham group, the OVX group had lower Tb.Th,%Tb.Ar, and cor-
tical bone thickness and higher Tb.Sp. Therefore, in the pres-
ent study, the rat mandible osteoporosis animal model was 
successfully constructed by ovariectomy.

In recent years, the effect of drugs that improve systemic os-
teoporosis on the structure and bone mass of the jaw bone has 
become a hot topic of research. HRT is one of the most popular 
and effective regimens for preventing and treating postmeno-
pausal osteoporosis [25]. Furthermore, HRT has been used in 
the treatment of mandible osteoporosis in postmenopausal 
women. However, although HRT can reduce bone turnover and 
maintain bone mass, it significantly increases the risk of breast 
and endometrial cancer [25]. Bisphosphonates are another type 
of drug widely used for the prevention and treatment of post-
menopausal osteoporosis, which inhibit bone resorption with 
relatively few adverse effects. Oral bisphosphonates are con-
sidered the initial therapy for most postmenopausal women at 
high risk for fracture because they have high efficacy, favorable 
cost, and long-term safety data [11, 26]. Although bisphospho-
nates are generally safe, oral bisphosphonates are not used 
as initial therapy in patients with esophageal disorders. Long-
term use of bisphosphonates is also associated with osteone-
crosis of the jaw; although this occurs most often in cancer pa-
tients, it has been observed in postmenopausal women with 
osteoporosis. This raised the concern that use of bisphospho-
nates may decrease the survival of dental implants. Although 
Koka et al. showed that dental implants placed in postmeno-
pausal women have the same survival whether or not the pa-
tients received bisphosphonate treatment [27], the outcome 
of using of bisphosphonates in the treatment of jaw osteopo-
rosis in postmenopausal women is still uncertain. Calcitonin 
is a short peptide composed of 32 amino acids, which inhib-
its osteoclast activity [28]. After menopause, because of a lack 
of calcitonin, bone resorption is not appropriately regulated, 
which contributes to a decline in bone matrix formation [29]. 
Some studies have shown that calcitonin can stimulate the 
growth of bone tissue [30]. However, it is less commonly used 
to treat postmenopausal osteoporosis due to low efficacy and 
an increased risk of adverse effects [31]. Arisawa et al. report-
ed that synthetic salmon calcitonin accelerated regeneration 

of bone defects in the mandibles of ovariectomized rats [32]. 
Notably, the role of calcitonin in jaw osteoporosis in postmeno-
pausal women is still unclear. Some researchers thus turn to 
traditional herbal medicines to search for effective ingredients 
with fewer adverse effects. Drynaria has been widely used to 
treat bone diseases such as bone fracture, osteoporosis, and 
arthritis [33]. DTF is the sum of flavonoids contained in Rhizoma 
 drynariae. In vitro experiments have indicated that DTF can pro-
mote the proliferation of human bone marrow mesenchymal 
stem cells and increase bone formation [34,35]. Animal exper-
iments have shown that DTF can increase the bone density 
of the tibias of castrated rats and improve bone quality [36]. 
DTF can also increase the bone mineral density of the femur 
and lumbar spine in osteoporosis patients and reduce bone 
pain [37]. Furthermore, DTF alone or in combination with con-
ventional therapies has been shown to be beneficial in treat-
ing osteoporotic fractures in patients through increasing bone 
mineral density [16]. However, the role of DTF in postmeno-
pausal jaw osteoporosis is not clear. Therefore, we performed 
this study to evaluate the effects of DTF on jaw bone loss in 
an ovariectomy-induced mandibular osteoporosis rat model.

Bone mass (bone density) and sclerotin (fine bone structure) 
are 2 important indicators of bone quality. Bone density re-
duction is a characteristic of bone changes in osteoporosis, 
and the use of dual-energy X-ray detection of bone density is 
the criterion standard for the diagnosis of osteoporosis [38]. 
In the present study, the dual-energy X-ray bone densitome-
ter was thus used to measure the mandibular bone density 
of the rats. The results showed that compared with the OVX 
group, the bone density of mandibular bone was increased 
after the intervention of DTF, and the difference between the 
high-dose group and OVX group was statistically significant 
(P<0.05). Bone is composed of cancellous bone and cortical 
bone. The cancellous bone is a continuous 3-dimensional net-
work structure composed of plate-like and rod-like trabecu-
lar bones. In postmenopausal osteoporosis, the mandible can 
show trabecular bone thinning, reduction in number, increased 
spacing, and destruction of the mesh structure. The trabecu-
lar bone structure becomes rod-shaped or perforated, and the 
cortical bone can show reduced thickness, thereby reducing 
bone quality. The results of our experiment showed that DTF 
improved the mandible cancellous bone structure in ovariec-
tomized rats. It effectively reduced the trabecular bone gap 
and increased the trabecular bone thickness,%Tb.Ar, and the 
thickness of cortical bone. The high-dose group showed the 
greatest therapeutic effect. Bone biomechanics studies the me-
chanical properties and biological effects of bone tissue un-
der the action of external force, and it is also a comprehensive 
manifestation of bone quality [39]. In postmenopausal osteo-
porosis, bone mass decreases, and bone tissue structure de-
generates, directly leading to a reduction in bone biomechan-
ical properties and making the bones prone to fractures [40]. 
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Therefore, changes in bone biomechanical properties can be 
used as a key parameter for evaluating postmenopausal os-
teoporosis. The results of our experiment showed that the 
maximum load of the mandible in the OVX group was signifi-
cantly lower than that in the sham group (P<0.05). The medi-
um-dose and high-dose DTF significantly increased the maxi-
mum load of the mandible in ovariectomized rats. The above 
results indicate that DTF can improve the destruction of man-
dibular cancellous bone microstructure caused by low estrogen 
secretion, increase the thickness of cortical bone, bone density, 
and bone strength, and thus improve the quality of the man-
dible bone. However, serum E2 levels in the high-dose, medi-
um-dose, and low-dose groups were not significantly differ-
ent than those of the OVX group (all P>0.05), suggesting that 
DTF cannot increase the serum E2 level in ovariectomized rats, 
and its bone protective effect is not through regulating the E2 
level. Remarkably, the mechanism of DTF’s anti-osteoporot-
ic effect has rarely been reported. Gan et al. showed that the 
PI3k-Akt signaling pathway is involved in the anti-osteoporo-
sis effect of Rhizoma drynariae [33]. Yao et al. found that the 
total flavonoids of Rhizoma drynariae can improve the tibial 
dyschondroplasia in chickens by downregulating BMP-2 and 
Runx2 expression [41]. Therefore, the mechanisms underly-
ing the effect of DTF will be a focus of our future research.

The OPG/RANKL/RANK signaling pathway is critical in regu-
lating the activity of osteoclasts [42]. OPG is an inhibitory fac-
tor of osteoclastogenesis whose main function is to maintain 
normal mineralization of bone. RANKL induces osteoclast dif-
ferentiation, enhances the viability of mature osteoclasts, and 
prevents osteoclast apoptosis. RANK is the only target recep-
tor of RANKL, and OPG can compete with RANKL to bind this 
receptor [42]. Therefore, the balance of OPG and RANKL is im-
portant in regulating the activity of osteoclasts. An increased 
OPG/RANKL ratio indicates increased bone formation and re-
duced bone destruction, while a decreased OPG/RANKL ra-
tio suggests decreased bone formation and increased bone 
reabsorption [42]. Studies have shown that postmenopaus-
al osteoporosis patients have elevated serum RANKL levels 
and low OPG levels [43]. Inhibiting the expression of RANKL 
may become a new therapeutic strategy for osteoporosis [44]. 
The results of the present study showed that the serum OPG 

level of the OVX group was significantly lower than that of the 
sham group (P<0.05), while the RANKL level was significant-
ly higher (P<0.05). High-dose DTF treatment led to a signifi-
cantly decreased serum RANKL level and increased serum OPG 
level (both P<0.05), suggesting that DTF may inhibit bone re-
sorption and promote bone formation by regulating the OPG/
RANKL/RANK signaling pathway.

Because this study aims to evaluate the efficacy of DTF in treat-
ing jaw osteoporosis in ovariectomized rats, and we need to 
identify an optimal dose of DTF, we did not design a head-
to-head comparison of DTF with other commonly used thera-
peutic drugs for osteoporosis, such as HRT, bisphosphonates, 
and calcitonin. This is a limitation of this study; the inclusion 
of a group treated with HRT would represent a better design. 
In our future studies, we will compare the efficacy of DTF with 
that of widely used treatments and investigate the potential 
of combining DTF with these therapies to further improve 
the outcome of jaw osteoporosis in postmenopausal women.

Conclusions

In summary, ovariectomy can induce bone loss and osteoporo-
sis-like changes in the mandible of rats. DTF significantly im-
proved the mandible osteoporosis in the OVX rats. It inhibited 
the destruction and reabsorption of the mandible, increased 
bone density, maximum load, and cortical bone thickness and 
improved the microstructure of the mandible, indicating that 
it has a good phytoestrogen effect. The high-dose group had 
a stronger effect than the medium-dose and low-dose groups. 
Furthermore, DTF does not improve mandible osteoporosis 
through regulating E2, since DTF cannot increase serum E2 
concentration in ovariectomized rats. However, DTF may in-
hibit bone resorption and promote bone formation by regu-
lating the OPG/RANKL ratio. The mechanism of DTF-induced 
bone protection and the optimal dosage and schedule of DTF 
treatment needs to be evaluated in future studies.
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