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Abstract

Here, we summarize current evidence on the impact of postmenopausal osteoporosis, menopause-related hormonal
changes, and hormone therapy on dental implant outcomes. Epidemiology and pathogenesis of bone alterations are reviewed,
with particular emphasis on the role of estrogen, progesterone, calcitonin, growth hormone, and insulin-like growth factor-1
(IGF-1) deficiency. Special attention is paid to the effects of menopausal hormone therapy and bioidentical forms of estradiol
and progesterone on osteoporosis course and the effectiveness of dental implantation. The analysis highlights the risks of

implant loss and the opportunities of interdisciplinary approach in dentistry and endocrinology to optimize implant
osseointegration in postmenopausal women.
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Pestome

B cTatbe 0600LLeHbI COBPEMEHHbIE JaHHbIE O BAMSHUM NOCTMEHOMAY3albHOr0 0CTEONOP03a, FOPMOHANbHbIX N3MEHEHWIA
B MeHOMay3e U ropMOHanbHO Tepanun Ha UCXOAbl JEHTaNbHOA UMNNAHTaLUK. PacCMOTPEHbI 3NMAEMNONONNA, NATOreHe3
KOCTHbIX M3MEHEHWIA, Porb AedmumTa 3CTPOreHOB, MPOreCTEPOHa, KaNbLMTOHMHA, FOPMOHA POCTA M MHCYNMHOMOAO6HOT0
thaktopa pocta. Oco60e BHUMAHME YAENEeHO BIUSHWUIO MeHONay3anbHOW rOPMOHAbHOM Tepanui, 61MONLEHTUYHBIX (DOPM
9CTpaaMona 1 NporecTepoHa Ha Te4eHne 0CTe0nopo3a i 3heKTUBHOCTb AEHTANbHON UMINaHTauuy. NpeacTaBneH aHanms
PUCKOB NOTEPU AEHTANbHbIX MMMNAHTATOB 1 BO3MOXXHOCTI MEXANCLMNNIMHAPHOIO N0AX0Aa B CTOMATONONAM U SHAOKPUHO-
N0rumM A9 ONTUMMU3ALMM OCTEONHTErPaLMM UMNNAHTATOB Y MALMEHTOK B MOCTMEHONay3e.

Knto4eBble cnosa: MnoCTMeHONay3asbHbIA OCTEONOPO3, AeHTaNbHAA UMMIaHTaLMs, MeHoMay3anbHasa ropMoHanbHas Tepa-
nus, 6UOMLEHTUYHbIE MOMOBbIE TOPMOHbI, aHTUPE30POTUBHAA Tepanus, ocTeoaHabosnM4Yeckas Tepanus, anbBeonspHas
KOCTb

Ina uutupoBanus: Mengenesa E.B., iBaHos H.B., Bechuna A.®., Xpomosa E.A., FOcynosa LLI.K. MeHonay3a, noctmeHonay-
3a/1bHbIA OCTEONOPO3 U AeHTaNbHAA UMMNIAHTaLNA: poJSib MeHoMay3anbHOW ropMOHanbHoW| Tepanun. AkyLwepctso, [MHeko-

norua n Penpogykuums. 2025;19(6):966-975. https://doi.org/10.17749/2313-7347/0b.gyn.rep.2025.678.

What is already known about this subject?

» Postmenopausal osteoporosis is associated with an increased
risk of dental implant failure. Hypoestrogenism, secondary
hyperparathyroidism, and insulin-like growth factor-1 (IGF-1)
deficiency impair alveolar bone microarchitecture. Antiresorp-
tive therapy with bisphosphonates and denosumab increases
bone density but is associated with the risk of jaw osteonec-
rosis.

What are the new findings?

» The effects of bioidentical forms of estradiol and progesterone
on dental implant osseointegration are discussed.

» Data on the role of calcitonin, follicle-stimulating hormone, and
systemic inflammation in predicting implant outcomes are
presented.

» A concept of combined use of bioidentical estrogens and
progestogens as a part of menopausal hormone therapy in
postmenopausal women planning dental implantation is
proposed.

How might it impact on clinical practice in the foreseeable

future?

» It may allow for individualized planning of implant preparation
in postmenopausal women; justify the rationale for preliminary
hormonal correction in women planning dental implantation;
expands interdisciplinary collaboration between dentists, endo-
crinologists, and gynecologists.

Beegenue / Introduction

Menopause is a natural stage in a woman’s life,
characterized by the cessation of menstruation due to
depletion of the ovarian follicular reserve. The average
age of menopause onset in Europe and Russia is 49-51
years [1, 2]. Postmenopause is accompanied by a sharp
decline in estrogen and progesterone secretion, as well
as changes in the levels of other hormones including
parathyroid hormone, calcitonin, growth hormone,
and insulin-like growth factor-1 (IGF-1) which lead to

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToi Teme?

» ocTMeHonay3anbHbIA 0CTEONOPO3 CBA3AH C MOBbILIEHHBIM
PUCKOM HeyAay JeHTTbHOM UMNNaHTaumn. fMnoacTporexus,
BTOPWYHBINA rumnepnapaTmpeos u AeuuuT UHCYIMHONOA006-
Horo ¢hakTopa pocra (IGF-1) yxyawaioT MUKpoapxuTekTypy
aJIbBEOIAPHON KOCTW. AHTMPEe30p6TNBHAA Tepanus 6ucdoc-
(poHaTamu 1 AeHOCYMaboM MOBbILLAET MIOTHOCTb KOCTU, HO
COMPSXEHA C PUCKOM OCTEOHEKPO3a YemntoCTH.

Y10 HOBOrO faet cTaTbs?

P PaccMOTpPeHO BIMSHWE GMONLEHTUYHBIX (DOPM 3CTpaguosna u
NPOrecTepoHa Ha 0CTEOUHTErPaLMI0 JEHTaNbHbIX MMMIAHTATOB.

» [pefcTaBneHbl faHHbIE 0 PO KanbLUNTOHUHA, (PONANKYOCTI-
MyNIMPYIOLLEr0 FOPMOHA 11 CUCTEMHOrO BOCMANeHMs B MPOrHo3e
3D (HeKTUBHOCTM MMMAAAHTALNN.

» [IpeanoxeHa KOHLENUNA KOMOGMHUPOBAHHOIO NMPUMEHEHUS
61OMIEHTUYHBIX 3CTPOreHOB W MPOrecTareHoB B COCTaBE MEHO-
naysanbHOI rOPMOHANbHON Tepanui y XEHLUMH B MOCTMEHO-
nayse, NIaHNpyLUX LEHTaNbHY UMMNAHTaLNI0.

Kak aTo MOXET NOBUATb HAa KNMHUYECKYH0 NPAKTHKY

B 0603pumom 6yaywem?

» 103BONNT MHAMBUAYANN3NPOBATL MAAH NOATOTOBKM UMMMAH-
Taunn y XXeHLLMH B NOCTMEHoNay3e; 060CHOBbLIBAET LieNIeC0006-
PasHOCTb MNpefBapuUTesIbHON FOPMOHANbHON KOPPEKLUK
Y KEHLUMH, NNaHUPYIOLLMX AEHTATbHY0 UMMIAHTALMIO; pacLuin-
pAET MEXANCLMNINHAPHOE B3aMMOLENCTBIE BPadeli-CTOMATO-
N0roB, 3HAOKPUHOSIOTOB 1 TMHEKOJIOT0B.

impaired bone metabolism and the development of
postmenopausal osteoporosis [3-5].

Postmenopausal osteoporosis (PMO) is one of
the leading risk factors for fractures and significantly
contributes to reduced quality of life in older women.
In dental practice, however, it has additional clinical
relevance — reduced bone mineral density (BMD)
worsens conditions for dental implantation, increases
the risk of peri-implantitis, and accelerates alveolar ridge
resorption [6, 7].
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With increasing life expectancy and the rising pro-
portion of women over 50, the number of postmeno-
pausal patients requiring implant-supported prosthetic
treatment continues to grow [8]. This requires a more
thorough interdisciplinary approach involving prostho-
dontists, maxillofacial surgeons, endocrinologists, and
gynecologists.

Osteoporosis epidemiology /
DIIUIEMHOIOTHA OCTEOIIOPO3a

According to the International Osteoporosis Foun-
dation (IOF), osteoporosis is diagnosed in one out of
three women over the age of 50, and osteopenia is found
in nearly half of women in this age group [9]. Russian
epidemiological studies demonstrate that the preva-
lence of postmenopausal osteoporosis among women
of postmenopausal age ranges from 34-36 %, while
osteopenia is observed in 43-46 % [10].

Loss of bone mass in postmenopause affects not only
the axial skeleton but also the alveolar bone of the jaws.
In the first 10 years after menopause, the reduction in
alveolar ridge density may reach 25-30 %, particularly
in patients with severe osteoporosis [11]. This directly
influences the prognosis of dental implantation — primary
stability is reduced, osseointegration is delayed, and the
risk of marginal bone resorption increases.

Pathogenesis of bone changes
in postmenopause / [IaToreHe3 KOCTHBIX
H3MEHEHHH B IOCTMEHOIIay3€e

A literature review demonstrates a relationship
between osteoporosis and alveolar bone status under
conditions of inflammatory oral diseases. Systemic
reductions in bone mineral density increase the
vulnerability of alveolar bone to inflammatory resorption,
characteristic of periodontitis. Menopausal osteoporosis
contributes to accelerated trabecular breakdown, cortical
layer thinning, and reduced regenerative potential of
jawbone tissue. These changes increase susceptibility
to peri-implantitis and amplify the rate of marginal
bone loss around implants. Shared pathogenetic
mechanisms — inflammation, hormonal disturbances, and
metabolic shifts connect systemic osteoporosis with local
oral processes and create a basis for implant-related
complications [12]. The pathogenesis of postmenopausal
osteoporosis is associated with the combined effects of
hormonal, metabolic, and inflammatory factors (Fig. 1).

Estradiol deficiency / lecouumt actpaguona

Estradiol plays a key role in regulating bone remodeling
through modulation of the RANK/RANKL/OPG system
(nuclear factor activator/nuclear factor receptor activator/
osteoprotegerin). It inhibits osteoclast differentiation

and stimulates the production of osteoprotegerin, which
blocks the interaction between RANKL and RANK [13].

Estradiol deficiency leads to increased RANKL expres-
sion and reduced osteoprotegerin levels, accelerating
bone resorption. Estrogens also promote angiogenesis
in bone tissue; their decline impairs microcirculation
and nutritional supply to alveolar bone, further raising
the risk of resorption and complications during dental
implantation. Large-scale studies confirm that women
receiving estrogens-based menopausal hormone therapy
have higher bone mineral density and lower fracture
rates [14].

Progesterone deficiency / [lecouuut nporectepona

Progesterone is also an important regulator of bone
turnover that stimulates osteoblasts, activates type |
collagen synthesis, and promotes osteoid mineralization.
After menopause, progesterone deficiency leads to
decreased osteoblast activity and reduced new bone
formation [15].

Clinical observations indicate that combined estrogen—
progestin therapy results in a greater increase in
spinal bone mineral density compared with estrogen
monotherapy [14], thereby confirming that progesterone
deficiency independently worsens postmenopausal bone

Excess / N306bIToK

Deficiency / [lechuuut
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Figure 1. Factors influencing jawbone tissue in postmenopausal
women [12].

Note: PTH — parathyroid hormone; TNF-a — tumor necrosis factor-a;
IL — interleukin; C — cortisol; T4 — thyroxine; FSH — follicle-stimulating
hormone; E2 — estradiol; PRG - progesterone; T — testosterone;

CT - calcitonin; Vit D — vitamin D; IGF-1 — insulin-like growth factor-1;
TSH - thyroid-stimulating hormone.

PucyHok 1. ®akTopbl, BIUAIOLLME HA COCTOAHIE KOCTHON TKaHN
yesntocTeil B noctmeHonayae [12].

lpumeyanne: PTH — napatropmoH; TNF-a — ¢hakTop Hekpo3a

onyxonu-a; IL — nHTepnenknH-6, C — kopTu3on, T4 — TUPOKCUH;

FSH — gponnukynoctumynupytoLynii ropmon; E2 — actpagnon;

PRG — nporectepoH; T — 1ecTocTepoH,; CT — KanbyuToHuH, Vit D — ButamuH
D; IGF-1 — nHcynuHonogo6He ghaktop pocta-1; TSH — TUpeoTporHbii
[OPMOH.
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alterations and that restoring progesterone levels exerts a
protective effect on bone tissue, including alveolar bone.

Follicle-stimulating hormone excess / U36bIToK
thonnMkynocTUMynMpyLoLIEro ropmoHa

Upon menopause, follicle-stimulating hormone (FSH)
level rises sharply. Previously, FSH was viewed only as a
marker of ovarian failure, but current evidence shows that
it directly influences bone metabolism [16]. Experimental
studies demonstrate that FSH directly stimulates
osteoclast differentiation and activity, increasing bone
resorption independently of estrogen levels [17]. Thus,
the hypergonadotropic state in postmenopause per se
contributes to accelerated bone loss. In alveolar bone,
elevated FSH can enhance localized resorption and may
be associated with more profound cervical bone loss
around implants.

Elevated parathyroid hormone / MoBbileHHbINA
napaTropmMoH

Calcium deficiency and estrogen depletion in
postmenopause lead to secondary hyperparathyroidism.
Chronically elevated parathyroid hormone stimulates
osteoclast differentiation, increases resorption, and
accelerates bone loss, particularly in metabolically
active bones such as alveolar bone [18]. This results
in increased bone turnover, decreased local density at
implant sites, and a higher risk of marginal resorption.

Calcitonin deficiency / letpuumt kKanbUuToHUHA

Calcitonin, secreted by thyroid parafollicular cells,
is an endogenous inhibitor of osteoclast activity. It
normally reduces bone resorption by suppressing
osteoclastogenesis and reducing osteoclast lifespan [19].
In postmenopause, calcitonin levels decline, removing
this inhibitory effect and accelerating cortical thinning.
For alveolar bone, reduced calcitonin is particularly
detrimental, as it promotes marginal resorption and
increases peri-implantitis risk.

Somatotropin and insulin-like growth factor-1
deficiency / Jechuumut ropmona pocra
M MHCYNMHONOA06HOro (hakTopa pocTa

Growth hormone (GH) and IGF-1 are major regulators
of bone anabolism. GH stimulates osteoblast proliferation,
while IGF-1 enhances collagen synthesis and osteoid
mineralization [20, 21]. Their decline in postmenopause
reduces bone formation and slows reparative processes.
Low IGF-1 level is associated with higher fracture risk and
impaired healing after surgery.

Thyrotropin deficiency and thyroxine excess / Jethuuut
TUPEOTPONHOro ropMoHa M U36bITOK TUPOKCHHA

Thyroid hormones significantly influence bone
metabolism. Thyroid-stimulating hormone (TSH) directly

inhibits osteoclastogenesis and has a protective effect
on bone tissue. When its levels decrease, this inhibitory
effect is lost, leading to increased resorption [22].
Conversely, excess blood thyroxine (T4) accelerates
bone turnover, increases osteoclast activity, and
reduces the density of both trabecular and cortical
bone. In postmenopausal women, even subclinical
hyperthyroidism is associated with an increased fractures
risk, and for alveolar bone, this manifests itself as
accelerated marginal resorption and poorer conditions
for implant osseointegration.

Testosterone deficiency / lechuuunt Tectoctepona

Although testosterone is considered a key male
hormone, it is also important for women, and its decline
in postmenopause exacerbates osteoporotic changes.
Testosterone can directly as well as indirectly through
aromatization to estradiol stimulate osteoblastic activity
and increase type | collagen synthesis. Androgen
deficiency in women leads to decreased bone anabolism
and lowered cortical bone density [23-25]. In the
maxillofacial region, it manifests as decreased alveolar
bone strength and delayed recovery after surgery.

Cortisol excess / U36bITOK KopTM30Na

Glucocorticoids exert a strong catabolic bone-related
effect. Chronic hypercortisolism including subclinical
states (e.g., Cushing’s syndrome or prolonged
glucocorticoid therapy) suppresses osteoblast function,
increases osteocyte apoptosis, and impairs bone matrix
formation. Cortisol also elevates RANKL expression and
enhances bone resorption [26].

In postmenopause, hypercortisolism is especially
detrimental because it acts synergistically with estrogen
deficiency, accelerating loss of bone mass, including
alveolar bone.

Catecholamines (adrenaline and norepinephrine)
excess / N36bITOK KaTexonamM1HOB (agpeHanuH
W HOpappeHanuH)

Activation of the sympathetic nervous system plays
an important role in regulating bone metabolism.
Adrenaline and norepinephrine act through B,-adrenergic
receptors on osteoblasts, suppressing their activity and
stimulating RANKL expression. This leads to enhanced
osteoclastogenesis and accelerated bone resorption [27].

In postmenopausal women, increased sympathetic
activity associated with stress and metabolic disturbances
further exacerbates the loss of mineral density and
worsens bone quality in the jaws.

Vitamin D deficiency / lepuumt Butamuqa D

Vitamin D is a key regulator of calcium—phosphorus
metabolism and bone mass maintenance. Its deficiency
leads to impaired intestinal calcium absorption,
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secondary hyperparathyroidism, and increased bone
resorption [28].

Vitamin D deficiency is particularly common in
postmenopausal women and is associated with lower
bone density, increased fracture risk, and greater
marginal resorption of alveolar bone. Low vitamin D
levels also impair healing after dental implantation and
increase the likelihood of peri-implantitis.

Sex hormone-binding globulin / Tno6ynun,
CBA3bIBALOLLHII NONOBbIE FOPMOHbI

Sex hormone-binding globulin (SHBG) level
increases in postmenopause, which lowers estradiol
and testosterone bioavailability even when their absolute
serum concentrations remain within normal range. This
exacerbates the deficiency of sex steroids for bone
tissue. High SHBG levels are associated with a higher
risk of hip and vertebral fractures in older women [29].
For dental practice, increased SHBG implies reduced
regenerative capacity of bone and poorer implant
osseointegration.

Systemic inflammation / CuctemHoe Bocnanexue

Hypoestrogenism in postmenopause is accompanied
by activation of pro-inflammatory cytokines, including
interleukin (IL) IL-1B, IL-6 and tumor necrosis factor-
alpha (TNF-a). These mediators promote RANKL
expression on osteoblasts and stromal cells, enhancing
osteoclast differentiation and disrupting bone remodeling
balance [30].

As a result, both trabecular and cortical bone loss
accelerates. IL-6 and TNF-a additionally impair osteoblast
function, reducing collagen synthesis and osteoid
mineralization. Clinical studies show that women with
elevated IL-6 levels experience faster BMD decline
regardless of age or body mass index (BMI). In the
maxillofacial region, systemic inflammation impairs
microcirculation and reduces bone regenerative potential
of bone after surgical procedures, negatively affecting
implant osseointegration.

Local inflammation / Local inflammation

Postmenopausal osteoporosis is frequently accom-
panied by inflammatory oral diseases, primarily
periodontitis. Reduced bone mineral density renders
alveolar bone more sensitive to local inflammatory
mediators. Studies show that women with PMO
exhibit more pronounced alveolar ridge resorption in
periodontitis compared with women with normal BMD
[12]. Inflammatory infiltrates in gingival and peri-
implant tissues stimulate cytokine expression (IL-18,
TNF-a), matrix metalloproteinases, and prostaglandins,
accelerating collagen matrix degradation and bone
destruction around teeth and implants. Alveolar bone,
being highly metabolically active, resorbs faster than

axial skeletal bone. This explains the higher incidence of
implant complications — primarily marginal resorption
and peri-implantitis in postmenopausal women.
Deficiencies in estradiol, progesterone, androgens,
calcitonin, vitamin D, IGF-1, and TSH level, as well as
excess FSH, parathyroid hormone, thyroxine, cortisol,
TNF-a, IL-1B, and IL-6 lead to increased alveolar
bone resorption. Additional negative influences
include medications, bacterial load, xerostomia, and
inflammation in periodontal disease, collectively
creating unfavorable conditions for dental implant
osseointegration (Fig. 1) [12].

Characteristics of alveolar bone in
postmenopause / OCOOEHHOCTH
AJIBBEOJIAPHOH KOCTH B IIOCTMEHOIIAy3€

Alveolar bone has a higher metabolic turnover than
overall skeletal system and responds faster to hormonal
changes. This explains why postmenopausal alterations
in the jaws often precede systemic declines in BMD
detected by densitometry [31].

In PMO, the following changes are typically observed:

« cortical layer thinning;

- reduced number and thickness of trabeculae;

- enlarged inter-trabecular spaces;

« impaired microcirculation.

These alterations decrease the osteointegration
potential and require modification of surgical implant
placement techniques.

Impact of pharmacological methods for osteoporosis
prevention and treatment on dental implant outcome /
Bnusinue thapmakonornyeckux METOf0B NPoUNaKTHKMN
U NEeYeHUs 0CTEONOopo3a Ha UCXOAbI AEHTaNbHON
UMNIaHTaLmMKu

Postmenopausal osteoporosis affects all stages
of osseointegration spanning from primary stability
to the long-term maintenance of the dental implant.
Under conditions of reduced bone density, the
bone-to-implant contact decreases, and the risks
of micromovements as well as fibrous integration
increase [6, 32]. Systemic inflammation typical to
hypoestrogenism further worsens conditions by
activating osteoclasts and increasing resorption around
the implant neck [18]. Clinically, this may manifest
as accelerated marginal bone loss during the first 12
months post-implantation [33].

Antiresorptive therapy: a dual role / AHTUpe30p6TUBHASA
Tepanus. BOVICTBEHHAS POJIb

Antiresorptive medications (bisphosphonates, deno-
sumab) are the standard of care in treating postmeno-
pausal osteoporosis [4, 10, 34]. On one hand, they in-
crease bone mineral density and may improve long-

https://www.gynecology.su
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term implant stability; on the other hand, long-term
use is associated with the risk of medication-related
osteonecrosis of the jaw [35].

The risk of osteonecrosis is particularly high for in-
travenous bisphosphonates and in the presence of con-
tributing factors such as traumatic oral surgery, therapy
duration > 4 years, and concurrent use of glucocorticoids
or anti-angiogenic drugs [36].

Osteoanabolic therapy / OcTeoaHabonn4eckas Tepanns

Treating postmenopausal osteoporosis is crucial for
optimizing dental implant outcomes. Antiresorptive medi-
cations reliably increase BMD and reduce fracture risk,
but long-term use is connected with drug-associated
jaw osteonecrosis, especially following oral surgery [12].

By contrast, osteoanabolic therapy with teriparatide
is considered promising for improving osseointegration.
Clinical studies show that short-term teriparatide therapy
improves bone—implant contact and enhances primary
stability [37].

Teriparatide (rhPTH 1-34), a recombinant fragment of
parathyroid hormone (first 34 amino acids) with anabolic
effects when administered intermittently, is the first
osteoanabolic medication approved for the treatment of
postmenopausal osteoporosis.

Mechanisms of action include:

- stimulation of osteoblast proliferation and
differentiation;

« enhanced type | collagen synthesis;

« increased alkaline phosphatase activity;

« improved osteoid mineralization;

« upregulation of IGF-1, further enhancing bone
formation.

Teriparatide enhances bone regeneration in the maxilla
in osteoporotic women and accelerates osseointegration
of dental implants [38]. A pilot study showed that a short
6-week teriparatide course following implant placement
increased the bone-to-implant contact area and improved
implant stability [37].

Thus, teriparatide is the most extensively studied
osteoanabolic therapy in dentistry and may improve
implant outcomes in women with postmenopausal
osteoporosis.

Abaloparatide is a synthetic analog of parathyroid
hormone-related peptide (PTHrP 1-34) developed as
an alternative to teriparatide. Its mechanism is similar
but offers several advantages: more selective binding to
the PTH receptor in its “anabolic conformation”; strong
anabolic effect with less stimulated resorption.

In the ACTIVE trial, abaloparatide vs. placebo increased
lumbar spine BMD by 11 % over 18 months and reduced
new vertebral fractures by 86 % versus placebo [39].

The VERO trial found comparable efficacy between
abaloparatide and teriparatide, with abaloparatide related
to fewer cases of hypercalcemia [40].

Although direct implantology studies are limited,
experimental data show that abaloparatide enhances
osteoblast proliferation and bone matrix formation around
implants, suggesting potential relevance in dentistry.

Romosozumab is a monoclonal antibody that inhibits
sclerostin, an endogenous inhibitor of the Wnt/B-catenin
signaling pathway, which is central to osteoblast activity.

Uniquely, romosozumab combines two mechanisms:
stimulation of osteoanabolic activity (activation of
osteoblasts); suppression of bone resorption (reduction
of RANKL expression).

In the FRAME trial, 12 month-romosozumab treatment
increased lumbar spine and hip BMD by 13 % and
6 %, respectively, significantly exceeding antiresorptive
therapy effects [41].

In the ARCH trial, romosozumab reduced new vertebral
fractures incidence by 73 % compared with alendronate
[42].

For dental implantology, romosozumab is particularly
promising because it simultaneously enhances bone
formation and reduces resorption potentially lowering
marginal bone loss around implants and improving long-
term stability.

Impact of menopausal hormone therapy on osteoporosis
and the effectiveness of dental implantation / Bnusnue
MeHonay3anbHoW ropMOHaNbLHOW Tepanuun Ha
ocTeonopos 1 3hhekTUBHOCTb AEHTANbHON
MMNAAHTaLMK

Menopausal hormone therapy (MHT) with estrogens
and progesterone has been shown to retard bone loss,
reduce fracture risk, and improve bone microarchitecture
[1,4,12]. In alveolar bone, this translates into increased
mineralization, thicker trabeculae, and improved
vascularization.

Clinical studies show that women receiving MHT
exhibit significantly less marginal bone loss around
implants compared with controls during 5-year follow-
up [43].

Use of bioidentical 17p-estradiol (gel) and micronized
progesterone (gel or capsules) maintains stable hormone
levels without significant impact on liver metabolism or
coagulation [44].

Estradiol increases osteoprotegerin expression,
reduces RANKL, and improves microcirculation, that
is critical for early osseointegration [12]. Progesterone
stimulates osteoblasts, enhances mineralization, and
increases mechanical strength of newly formed bone [13].

In postmenopausal implant patients, combining
estradiol and progesterone may improve primary stability
and reduce early implant loss, although large-scale
randomized trials are needed for conclusive evidence [44].

A systematic review of the role of reproductive
hormones in bone metabolism has shown that bone
remodeling is regulated not only by estrogens and
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androgens. Follicle-stimulating hormone, luteinizing
hormone (LH), prolactin, inhibin, activin, and several
other peptide factors also play crucial roles. In
postmenopause, FSH levels increase and directly
stimulate osteoclastic activity, accelerating bone
resorption. At the same time, the decline in IGF-1 and
growth hormone limits de novo bone formation and
slows reparative processes. Disrupting the balance
among such hormones lead to trabecular bone loss,
impaired microcirculation, and increased fragility of
the alveolar ridge. Thus, the spectrum of endocrine
changes in menopause extends far beyond estrogen
deficiency and encompasses multifactorial influences on
bone, collectively determining the risk of osteoporotic
changes [16].

Current evidence suggests that optimizing hormonal
status in postmenopause particularly through the use
of bioidentical forms of estradiol and progesterone may
improve dental implant outcomes by:

1. increasing bone mineral density and maintaining
microarchitectural integrity;

2. improving microcirculation in the implant site;

3. dampening systemic inflammation;

4. supporting osteoblastic activity.

However, definitive conclusions require large-scale
multicenter randomized clinical trials with sufficient
follow-up duration (> 5 years) and standardized methods
for evaluating dental implant osseointegration.

A meta-analysis of randomized clinical trials demon-
strated that combined estrogen—progestin thera-
py exerts a more pronounced effect on bone mineral
density than estrogen monotherapy. The analysis

assessed more than 1,000 postmenopausal women
and compared changes in spinal BMD across various
MHT regimens. It was found that adding a progestin to
estrogen provided a significant additional increase in
bone mass — on average +0.68 % per year. This effect
was observed across different therapeutic regimens,
including low-dose estrogen therapy. The findings
confirm the synergistic action of the two hormones:
estrogens reduce bone resorption, while progestins
stimulate osteoblast activity and osteoid mineralization.
This combined mechanism helps preserve trabecular
structure and reduces the risk of cortical bone
resorption [14].

Conclusion / 3akIroueHue

Postmenopausal osteoporosis is a significant risk fac-
tor for dental implant failure due to complex alterations
in bone metabolism, microcirculation, and inflamma-
tory status. Menopausal hormone therapy using bio-
identical forms of estrogens and progestogens, when
appropriately selected and used in the absence of
contraindications, may serve as an effective adjunct in
osteoporosis prevention and management for women
planning dental implantation. In select cases, combining
MHT with osteoanabolic therapy may further enhance the
effectiveness of dental treatment.

An interdisciplinary approach involving an endo-
crinologist, gynecologist, and dentist is essential for
individualized treatment planning, hormonal profile
optimization, and selection of the optimal timing for
implantation.

ARTICLE INFORMATION

NH®OPMALMA 0 CTATBE

Received: 31.08.2025.
Revision received: 29.09.2025.
Accepted: 21.10.2025.
Published online: 27.10.2025.

Moctynuna: 31.08.2025.
B popa6otanHom Bupe: 29.09.2025.
MpunsaTa k nevatn: 21.10.2025.
Ony6nukoBaHa oHnaiiH: 27.10.2025.

Author’s contribution

Bknap aBTOpOB

All authors contributed equally to the article.

Bce aBTOpbI BHEC/I PaBHbI BKNAA B HANMUCAHWE W MOAMOTOBKY PYKOMMCHU.

All authors have read and approved the final version of the manuscript.

Bce aBTOpbI NPOYMTANM U YTBEPANIM OKOHYATENbHbIA BAPUAHT PYKOMHUCH.

Conflict of interests

KoHchiuKT nHTEpEcoB

The authors declare no conflict of interest.

ABTOpr 3aABNSOT 06 OTCYTCTBMM KOH(PANKTA NHTEpPecos.

Funding

®uHaHCUPOBaHue

The study did not receive any external funding.

VccnenoBaHie He UMENo COHCOPCKOM MOAAEPXKKIA.

Publisher’s note

KommeHTapuit usparens

The statements, opinions, and data contained in this publication were
generated by the authors and not by IRBIS Publishing (IRBIS LLC). IRBIS
Publishing disclaims any responsibility for any injury to peoples or property
resulting from any ideas, methods, instructions, or products referred in the
content.

Copepxalumecs B 3TON Ny6nMKauMM yTBEPXAEHUS, MHEHWUS W JaHHble
6b1n1 c03aaHbI e aBTOpamu, a He usgarensctsom PBIIC (000 «APBIC»).
M3patensctBo PBUC cHumaeT ¢ cebs 0TBETCTBEHHOCTL 3a M0G0 yLepo,
HaHECEHHbI NIOAAM U UMYLLIECTBY B PE3Y/bTATe UCMOMb30BaHUS JIH0ObIX
Uaei, MeTO/I0B, MHCTPYKLMIA UNW NPEenapaTos, yNoMAHYThIX B Ny6iMKaLN.

Rights and permissions

MpaBa n nonHomouus

IRBIS LLC holds exclusive rights to this paper under a publishing agreement
with the author(s) or other rightsholder(s). Usage of this paper is solely
governed by the terms of such publishing agreement and applicable law.

000 «MPBC» obnagfaet UCKKYNTENbHBIMU NPaBaMn Ha 3Ty CTaTbl MO
[orosopy c aBTopom (aBTopamu) Unu Apyrum npasoobnazgarenem (npaso-
obnagarenamu). lcnonb3osaHne 3TOW CTaTb PErynupyeTcs MCKHYK-
TeNbHO YCNoBMAMM 3TOro [loroBopa n AenCTBYHOLMM 3aKOHOLATESIbCTBOM.

https://www.gynecology.su




Medvedeva E.V., Ivanov N.V., Vesnina A.F., Khromova E.A., Yusupova Sh.K.

20.

21.

References:

Baber R., Panay N., Fenton A. IMS Recommendations on women’s midlife
health and menopause hormone therapy. Climacteric. 2016;19(2):109-50.
https://doi.org/10.3109/13697137.2015.1129166.

Simonova G.I., Lila A.M., Toroptsova N.V., Benevolenskaya L.I.
Osteoporosis: current state of the problem. [Osteoporoz: sovremennoe
sostoyanie problemy]. Nauchno-prakticheskaya revmatologiya.
2019;57(6):653-60. (In Russ.). https:/doi.org/10.17116/
terarkh201789590-97.

Eastell R., Rosen C.J., Black D.M. et al. Pharmacological management

of osteoporosis in postmenopausal women: an Endocrine Society
guideline update. J Clin Endocrinol Metab. 2019;104(5):1595-622. https://
doi.org/10.1210/jc.2019-00221.

Reginster J.-Y., Burlet N. Osteoporosis: a still increasing prevalence.
Bone. 2006;38(2):4-9. https://doi.org/10.1016/j.bone.2005.11.024.

Lane N.E. Epidemiology, etiology, and diagnosis of osteoporosis.

Am J Obstet Gynecol. 2006;194(2 Suppl):S3-11. https://doi.org/10.1016/j.
2j0g.2005.08.047.

Temmerman A., Rasmusson L., Kubler A., Thor A. A prospective,
randomized, controlled clinical trial on the long-term effect of
osteoporosis on implant treatment. Clin Oral Implants Res.
2017;28(2):171-80. https://doi.org/10.1177/0022034518798804.

Alsaadi G., Quirynen M., Komarek A., van Steenberghe D. Impact of local
and systemic factors on the incidence of oral implant failures, up to
abutment connection. J Clin Periodontol. 2007;34(7):610-7. https://doi.
org/10.1111/j.1600-051x.2007.01077 .x.

Hernlund E., Svedbom A., Ivergard M. et al. Osteoporosis in the European
Union: medical management, epidemiology and economic burden. Arch
Osteoporos. 2013;8:136. https://doi.org/10.1007/s11657-013-0136-1.
International Osteoporosis Foundation. Facts and statistics. Available at:
https://www.osteoporosis.foundation/facts-statistics. [Accessed:
28.08.2025].

. Toroptsova N.V., Benevolenskaya L.I., Lila A.M. Prevalence of

osteoporosis and fractures in the Russian Federation: data from

a multicenter epidemiological study. [Rasprostranennost’ osteoporoza
i perelomov v Rossiyskoy Federatsii: dannye mnogotsentrovogo
epidemiologicheskogo issledovaniya). Nauchno-prakticheskaya
revmatologiya. 2018;56(1):15-23. (In Russ.).

. Dervis E. Oral implications of osteoporosis. Oral Surg Oral Med Oral

Pathol Oral Radiol Endod. 2005;100(3):349-56. https://doi.org/10.1016/j.
triple0.2005.04.010.

. Zhu L., Zhou C., Chen S. et al. Osteoporosis and alveolar bone health

in periodontitis niche: a predisposing factors-centered review. Cells.
2022;11(21):3380. https://doi.org/10.3390/cells11213380.

. Khosla S., Oursler M.J., Monroe D.G. Estrogen and the skeleton. Trends

Endocrinol Metab. 2012;23(11):576-81. https://doi.org/10.1016/j.
tem.2012.03.008.

. Prior J.C., Seifert-Klauss V.R., Giustini D. et al. Estrogen-progestin therapy

causes a greater increase in spinal bone mineral density than estrogen
therapy — a systematic review and meta-analysis of controlled trials
with direct randomization. J Musculoskelet Neuronal Interact.
20171;17(3):146-54.

. Prior J.C. Progesterone for the prevention and treatment of osteoporosis

in women. Climacteric. 2018;21(4):366-74. https://doi.org/10.1080/13697
137.2018.1467400.

. Mills E.G., Yang L., Nielsen M.F. et al. The relationship between bone and

reproductive hormones beyond estrogens and androgens. Endocr Rev.
2021;42(6):691-719. https://doi.org/10.1210/endrev/bnab015.

. Sun L., Peng Y., Sharrow A.C. et al. FSH directly regulates bone mass.

Cell. 2006;125(2):247-60. https://doi.org/10.1016/j.cell.2006.01.051.

. Grey A.B. The skeletal effects of primary hyperparathyroidism. Baillieres

Clin Endocrinol Metab. 1997;11(1):101-16. https://doi.org/10.1016/
50950-351x(97)80537-x.

. Zaidi M., Moonga B.S., Huang C.L. Calcitonin and bone formation:

a knockout full of surprises. J Clin Invest. 2002;110(12):1769-71. https://
doi.org/10.1172/jci17425.

Giustina A., Mazziotti G., Canalis E. Growth hormone, insulin-like growth
factors, and the skeleton. Endocr Rev. 2008;29(5):535-59. https://doi.
org/10.1210/er.2007-0036.

Rosen C.J. Insulin-like growth factors and bone: the osteoporosis

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

connection. Proc Soc Exp Biol Med. 1999;222(2):103-11. https:/doi.
0rg/10.3181/00379727-206-43726.

Zaidi M., Davies T.F., Zallone A. et al. Thyroid-stimulating hormone,
thyroid hormones, and bone loss. Curr Osteoporos Rep. 2009;7(2):47-52.
https://doi.org/10.1007/s11914-009-0009-0.

Arpaci D., Saglam F., Cuhaci F.N. et al. Serum testosterone does not affect
bone mineral density in postmenopausal women. Arch Endocrinol Metab.
2015;59(4):292-6. https://doi.org/10.1590/2359-3997000000085.

Tao M.F., Sun D.M., Shao H.F. Low serum testosterone is associated with
osteoporosis in postmenopausal women. Gynecol Endocrinol.
2022;38(5):409-13. https://doi.org/10.1080/09513590.2021.1930977.
Zhang H., Ma K., Li R.M. et al. Association between testosterone levels
and bone mineral density in females aged 40-60 years from NHANES
2011-2016. Sci Rep. 2022;12(1):16426. https://doi.org/10.1038/s41598-
022-21008-7.

Weinstein R.S. Glucocorticoid-induced osteoporosis and osteonecrosis.
Endocrinol Metab Clin North Am. 2012;41(3):595-611. https://doi.
0rg/10.1016/j.ecl.2012.04.004.

Takeda S., Elefteriou F., Levasseur R. et al. Leptin regulates bone
formation via the sympathetic nervous system. Cell. 2002;111(3):305-17.
https://doi.org/10.1016/s0092-8674(02)01049-8.

Holick M.F. Vitamin D deficiency. N Engl J Med. 2007;357(3):266-81.
https://doi.org/10.1056/NEJMra070553.

Hoppé E., Bouvard B., Royer M. et al. Sex hormone-binding globulin

in osteoporosis. Joint Bone Spine. 2010;77(4):306-12. https:/doi.
0rg/10.1016/j.jbspin.2010.03.011.

Weitzmann M.N. The role of inflammatory cytokines, the RANKL/OPG axis,
and the immunoskeletal interface in physiological bone turnover and
osteoporosis. Scientifica (Cairo). 2013;2013:125705. https://doi.
org/10.1155/2013/125705.

Jeffcoat M.K. Osteoporosis: a possible modifying factor in oral bone loss.
Ann Periodontol. 1998;3(1):312-21. https://doi.org/10.1902/
annals.1998.3.1.312.

Dvorak G., Arnhart C., Heuberer S. et al. Peri-implantitis and late implant
failures in postmenopausal women: a cross-sectional study.

J Clin Periodontol. 2011;38(10):950-5. https://doi.org/10.1111/j.
1600-051X.2011.01772.x.

Karoussis .K., Muller S., Salvi G.E. et al. Association between periodontal
and peri-implant conditions: a 10-year prospective study. Clin Oral Implants
Res. 2004;15(1):1-7. https://doi.org/10.1111/.1600-0501.2004.00982.x.
Black D.M., Rosen C.J. Postmenopausal osteoporosis. N Engl J Med.
2016;374(3):254-62. https://doi.org/10.1056/nejmc1602599.

Ruggiero S.L., Dodson T.B., Fantasia J. et al. Medication-related
osteonecrosis of the jaw — 2014 update. J Oral Maxillofac Surg.
2014;72(10):1938-56. https://doi.org/10.1016/j.joms.2014.04.031.

Khan A.A., Morrison A., Hanley D.A. et al. Diagnosis and management

of osteonecrosis of the jaw: a systematic review and international
consensus. J Bone Miner Res. 2015;30(1):3-23. https://doi.org/10.1002/
jbmr.2405.

Kuchler U., Luvizuto E.R., Tangl S. et al. Short-term teriparatide delivery
and osseointegration: a clinical feasibility study. J Dent Res.
2011;90(8):1001-6. https://doi.org/10.1177/0022034511407920.
Bashutski J.D., Eber R.M., Kinney J.S. et al. Teriparatide and osseous
regeneration in the oral cavity. N Engl J Med. 2010;363(25):2396-405.
https://doi.org/10.1056/NEJMoa1005361.

Miller P.D., Hattersley G., Riis B.J. et al. Effect of abaloparatide vs placebo
on new vertebral fractures in postmenopausal women with osteoporosis:
the ACTIVE randomized clinical trial. JAMA. 2016;316(7):722-33. https:/
doi.org/10.1001/jama.2016.11136.

Tabatabai L., Cosman F., Curtis J.R. et al. Comparative effectiveness of
abaloparatide and teriparatide in women 50 years of age and older: update
of a real-world retrospective. Analysis. Endocr Pract. 2025;31(2):159-68.
https://doi.org/10.1016/j.eprac.2024.10.017.

Cosman F., Crittenden D.B., Adachi J.D. et al. Romosozumab treatment in
postmenopausal women with osteoporosis. N Engl J Med.
2016;375(16):1532-43. https://doi.org/10.1056/NEJMoa1607948.
McClung M.R., Grauer A., Boonen S. et al. Romosozumab in
postmenopausal women with low bone mineral density. N Engl J Med.
2014;370(5):412-20. https://doi.org/10.1056/NEJMoa1305224.

poxdoy pue A307000uAx) ‘so111915sq() [EENEEI M X 14it4

uonoNn

973



https://doi.org/10.17116/terarkh201789590-97
https://doi.org/10.17116/terarkh201789590-97
https://doi.org/10.1210/jc.2019-00221
https://doi.org/10.1210/jc.2019-00221
https://doi.org/10.1016/j.ajog.2005.08.047
https://doi.org/10.1016/j.ajog.2005.08.047
https://doi.org/10.1111/j.1600-051x.2007.01077.x
https://doi.org/10.1111/j.1600-051x.2007.01077.x
https://doi.org/10.1016/j.tripleo.2005.04.010
https://doi.org/10.1016/j.tripleo.2005.04.010
https://doi.org/10.1016/j.tem.2012.03.008
https://doi.org/10.1016/j.tem.2012.03.008
https://doi.org/10.1080/13697137.2018.1467400
https://doi.org/10.1080/13697137.2018.1467400
https://doi.org/10.1016/s0950-351x(97)80537-x
https://doi.org/10.1016/s0950-351x(97)80537-x
https://doi.org/10.1172/jci17425
https://doi.org/10.1172/jci17425
https://doi.org/10.1210/er.2007-0036
https://doi.org/10.1210/er.2007-0036
https://doi.org/10.3181/00379727-206-43726
https://doi.org/10.3181/00379727-206-43726
https://doi.org/10.1038/s41598-022-21008-7
https://doi.org/10.1038/s41598-022-21008-7
https://doi.org/10.1016/j.ecl.2012.04.004
https://doi.org/10.1016/j.ecl.2012.04.004
https://doi.org/10.1016/j.jbspin.2010.03.011
https://doi.org/10.1016/j.jbspin.2010.03.011
https://doi.org/10.1155/2013/125705
https://doi.org/10.1155/2013/125705
https://doi.org/10.1902/annals.1998.3.1.312
https://doi.org/10.1902/annals.1998.3.1.312
https://doi.org/10.1111/j.1600-051X.2011.01772.x
https://doi.org/10.1111/j.1600-051X.2011.01772.x
https://doi.org/10.1002/jbmr.2405
https://doi.org/10.1002/jbmr.2405
https://doi.org/10.1001/jama.2016.11136
https://doi.org/10.1001/jama.2016.11136

26

Menopause, postmenopausal osteoporosis, and dental implantation: the role of menopausal hormone therapy

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PAPEEE VS X

974

43.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Giro G., Chambrone L., Goldstein A. et al. Impact of menopause hormone
therapy on dental implant outcomes: a 5-year prospective study. Clin
Implant Dent Relat Res. 2019;21(5):936-44. https://doi.org/10.1111/
cid.12779.

JInreparypa:

Baber R., Panay N., Fenton A. IMS Recommendations on women’s midlife
health and menopause hormone therapy. Climacteric. 2016;19(2):109-50.
https://doi.org/10.3109/13697137.2015.1129166.

Cumonosa I'.1., Jluna A.M., ToponuoBsa H.B., benesoneHckas J1.11. Octeo-
nopo3: COBPEMEHHOE COCTOSIHME NPO6NeMbl. HayyHO-npakTuyeckas
pesmarosnorus. 2019;57(6):653-60. https://doi.org/10.17116/
terarkh201789590-97.

Eastell R., Rosen C.J., Black D.M. et al. Pharmacological management

of osteoporosis in postmenopausal women: an Endocrine Society
guideline update. J Clin Endocrinol Metab. 2019;104(5):1595-622. https://
doi.org/10.1210/jc.2019-00221.

Reginster J.-Y., Burlet N. Osteoporosis: a still increasing prevalence.
Bone. 2006;38(2):4-9. https://doi.org/10.1016/j.bone.2005.11.024.

Lane N.E. Epidemiology, etiology, and diagnosis of osteoporosis.

Am J Obstet Gynecol. 2006;194(2 Suppl):S3-11. https://doi.org/10.1016/j.
2j0g.2005.08.047.

Temmerman A., Rasmusson L., Kubler A., Thor A. A prospective,
randomized, controlled clinical trial on the long-term effect of
osteoporosis on implant treatment. Clin Oral Implants Res.
2017;28(2):171-80. https://doi.org/10.1177/0022034518798804.

Alsaadi G., Quirynen M., Komarek A., van Steenberghe D. Impact of local
and systemic factors on the incidence of oral implant failures, up to
abutment connection. J Clin Periodontol. 2007;34(7):610—7. https://doi.
0rg/10.1111/j.1600-051x.2007.01077 ..

Hernlund E., Svedbom A., Ivergard M. et al. Osteoporosis in the European
Union: medical management, epidemiology and economic burden. Arch
Osteoporos. 2013;8:136. https://doi.org/10.1007/s11657-013-0136-1.
International Osteoporosis Foundation. Facts and statistics. Pexwum
noctyna: https://www.osteoporosis.foundation/facts-statistics. [[ata
o6pateHus: 28.08.2025].

Toponuosa H.B., beHesosneHckas J1.11., Jluna A.M. PacnpocTpaHeHHOCTb
0CTeonoposa 1 nepenomos B Poccuitckorn Gefepauni: JaHHbIE MHOMO-
LIEHTPOBOr0 3NNAEMUONOTMYECKOr0 UCCNEA0BAHNS. HayYHO-MpaKTuye-
ckas pesmaronoruns. 2018;56(1):15-23.

Dervis E. Oral implications of osteoporosis. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2005;100(3):349-56. https://doi.org/10.1016/j.
tripleo.2005.04.010.

Zhu L., Zhou C., Chen S. et al. Osteoporosis and alveolar bone health in
periodontitis niche: a predisposing factors-centered review. Cells.
2022;11(21):3380. https://doi.org/10.3390/cells11213380.

Khosla S., Oursler M.J., Monroe D.G. Estrogen and the skeleton. Trends
Endocrinol Metab. 2012;23(11):576-81. https://doi.org/10.1016/j.
tem.2012.03.008.

Prior J.C., Seifert-Klauss V.R., Giustini D. et al. Estrogen-progestin therapy
causes a greater increase in spinal bone mineral density than estrogen
therapy — a systematic review and meta-analysis of controlled trials

with direct randomization. J Musculoskelet Neuronal Interact.
20171;17(3):146-54.

Prior J.C. Progesterone for the prevention and treatment of osteoporosis
in women. Climacteric. 2018;21(4):366-74. https://doi.org/10.1080/13697
137.2018.1467400.

Mills E.G., Yang L., Nielsen M.F. et al. The relationship between bone and
reproductive hormones beyond estrogens and androgens. Endocr Rev.
2021;42(6):691-719. https://doi.org/10.1210/endrev/bnab015.

Sun L., Peng Y., Sharrow A.C. et al. FSH directly regulates bone mass.
Cell. 2006;125(2):247-60. https://doi.org/10.1016/j.cell.2006.01.051.
Grey A.B. The skeletal effects of primary hyperparathyroidism. Baillieres
Clin Endocrinol Metab. 1997;11(1):101-16. https://doi.org/10.1016/
$0950-351x(97)80537-x.

Zaidi M., Moonga B.S., Huang C.L. Calcitonin and bone formation:

a knockout full of surprises. J Clin Invest. 2002;110(12):1769-71. https://
doi.org/10.1172/jci17425.

Giustina A., Mazziotti G., Canalis E. Growth hormone, insulin-like growth

44.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

puird

32.

33.

34.

35.

36.

37.

38.

39.

40.

Stanczyk F.Z., Archer D.F., Bhavnani B.R. Ethinyl estradiol and
17B-estradiol in contraceptives: pharmacokinetics, pharmacodynamics
and risk assessment. Contraception. 2013;87(6):706-27. https://doi.
org/10.1016/j.contraception.2012.12.011.

factors, and the skeleton. Endocr Rev. 2008;29(5):535-59. https://doi.
0rg/10.1210/er.2007-0036.

Rosen C.J. Insulin-like growth factors and bone: the osteoporosis
connection. Proc Soc Exp Biol Med. 1999;222(2):103-11. https:/doi.
0rg/10.3181/00379727-206-43726.

Zaidi M., Davies T.F., Zallone A. et al. Thyroid-stimulating hormone,
thyroid hormones, and bone loss. Curr Osteoporos Rep. 2009;7(2):47-52.
https://doi.org/10.1007/s11914-009-0009-0.

Arpaci D., Saglam F., Cuhaci F.N. et al. Serum testosterone does not
affect bone mineral density in postmenopausal women. Arch Endocrinol
Metab. 2015;59(4):292—6. https://doi.org/10.1590/2359-3997000000085.
Tao M.F., Sun D.M., Shao H.F. Low serum testosterone is associated with
osteoporosis in postmenopausal women. Gynecol Endocrinol.
2022;38(5):409-13. https://doi.org/10.1080/09513590.2021.1930977.
Zhang H., Ma K., Li R.M. et al. Association between testosterone levels
and bone mineral density in females aged 40-60 years from NHANES
2011-2016. Sci Rep. 2022;12(1):16426. https://doi.org/10.1038/s41598-
022-21008-7.

Weinstein R.S. Glucocorticoid-induced osteoporosis and osteonecrosis.
Endocrinol Metab Clin North Am. 2012;41(3):595-611. https://doi.
0rg/10.1016/j.ecl.2012.04.004.

Takeda S., Elefteriou F., Levasseur R. et al. Leptin regulates bone
formation via the sympathetic nervous system. Cell. 2002;111(3):305-17.
https://doi.org/10.1016/s0092-8674(02)01049-8.

Holick M.F. Vitamin D deficiency. N Engl J Med. 2007;357(3):266-81.
https://doi.org/10.1056/NEJMra070553.

Hoppé E., Bouvard B., Royer M. et al. Sex hormone-binding globulin in
osteoporosis. Joint Bone Spine. 2010;77(4):306-12. https:/doi.
0rg/10.1016/j.jbspin.2010.03.011.

Weitzmann M.N. The role of inflammatory cytokines, the RANKL/OPG axis,
and the immunoskeletal interface in physiological bone turnover and
osteoporosis. Scientifica (Cairo). 2013;2013:125705. https://doi.
0rg/10.1155/2013/125705.

. Jeffcoat M.K. Osteoporosis: a possible modifying factor in oral bone loss.

Ann Periodontol. 1998;3(1):312-21. https://doi.org/10.1902/
annals.1998.3.1.312.

Dvorak G., Arnhart C., Heuberer S. et al. Peri-implantitis and late implant
failures in postmenopausal women: a cross-sectional study.

J Clin Periodontol. 2011;38(10):950-5. https://doi.org/10.1111/.
1600-051X.2011.01772.x.

Karoussis I.K., Muller S., Salvi G.E. et al. Association between periodontal
and peri-implant conditions: a 10-year prospective study. Clin Oral
Implants Res. 2004;15(1):1-7. https://doi.org/10.1111/j.1600-0501.
2004.00982.x.

Black D.M., Rosen C.J. Postmenopausal osteoporosis. N Engl J Med.
2016;374(3):254-62. https://doi.org/10.1056/nejmc1602599.

Ruggiero S.L., Dodson T.B., Fantasia J. et al. Medication-related
osteonecrosis of the jaw — 2014 update. J Oral Maxillofac Surg.
2014;72(10):1938-56. https://doi.org/10.1016/j.joms.2014.04.031.

Khan A.A., Morrison A., Hanley D.A. et al. Diagnosis and management of
osteonecrosis of the jaw: a systematic review and international consensus.
J Bone Miner Res. 2015;30(1):3-23. https://doi.org/10.1002/jbmr.2405.
Kuchler U., Luvizuto E.R., Tangl S. et al. Short-term teriparatide delivery
and osseointegration: a clinical feasibility study. J Dent Res.
2011;90(8):1001-6. https://doi.org/10.1177/0022034511407920.
Bashutski J.D., Eber R.M., Kinney J.S. et al. Teriparatide and osseous
regeneration in the oral cavity. N Engl J Med. 2010;363(25):2396-405.
https://doi.org/10.1056/NEJMoa1005361.

Miller P.D., Hattersley G., Riis B.J. et al. Effect of abaloparatide vs placebo
on new vertebral fractures in postmenopausal women with osteoporosis:
the ACTIVE randomized clinical trial. JAMA. 2016;316(7):722-33. https:/
doi.org/10.1001/jama.2016.11136.

Tabatabai L., Cosman F., Curtis J.R. et al. Comparative effectiveness of

https://www.gynecology.su


https://doi.org/10.17116/terarkh201789590-97
https://doi.org/10.17116/terarkh201789590-97
https://doi.org/10.1210/jc.2019-00221
https://doi.org/10.1210/jc.2019-00221
https://doi.org/10.1016/j.ajog.2005.08.047
https://doi.org/10.1016/j.ajog.2005.08.047
https://doi.org/10.1111/j.1600-051x.2007.01077.x
https://doi.org/10.1111/j.1600-051x.2007.01077.x
https://doi.org/10.1016/j.tripleo.2005.04.010
https://doi.org/10.1016/j.tripleo.2005.04.010
https://doi.org/10.1016/j.tem.2012.03.008
https://doi.org/10.1016/j.tem.2012.03.008
https://doi.org/10.1080/13697137.2018.1467400
https://doi.org/10.1080/13697137.2018.1467400
https://doi.org/10.1210/endrev/bnab015
https://doi.org/10.1016/s0950-351x(97)80537-x
https://doi.org/10.1016/s0950-351x(97)80537-x
https://doi.org/10.1172/jci17425
https://doi.org/10.1172/jci17425
https://doi.org/10.1210/er.2007-0036
https://doi.org/10.1210/er.2007-0036
https://doi.org/10.3181/00379727-206-43726
https://doi.org/10.3181/00379727-206-43726
https://doi.org/10.1038/s41598-022-21008-7
https://doi.org/10.1038/s41598-022-21008-7
https://doi.org/10.1016/j.ecl.2012.04.004
https://doi.org/10.1016/j.ecl.2012.04.004
https://doi.org/10.1016/j.jbspin.2010.03.011
https://doi.org/10.1016/j.jbspin.2010.03.011
https://doi.org/10.1155/2013/125705
https://doi.org/10.1155/2013/125705
https://doi.org/10.1902/annals.1998.3.1.312
https://doi.org/10.1902/annals.1998.3.1.312
https://doi.org/10.1111/j.1600-051X.2011.01772.x
https://doi.org/10.1111/j.1600-051X.2011.01772.x
https://doi.org/10.1111/j.1600-0501.2004.00982.x
https://doi.org/10.1111/j.1600-0501.2004.00982.x
https://doi.org/10.1001/jama.2016.11136
https://doi.org/10.1001/jama.2016.11136
https://doi.org/10.1111/cid.12779
https://doi.org/10.1111/cid.12779
https://doi.org/10.1016/j.contraception.2012.12.011
https://doi.org/10.1016/j.contraception.2012.12.011

Medvedeva E.V., Ivanov N.V., Vesnina A.F., Khromova E.A., Yusupova Sh.K.

[\®)
S
[\®)
)}
[ ]
S5
—
p—
(=)
[ ]
Z
(=)

abaloparatide and teriparatide in women 50 years of age and older: update 2014;370(5):412-20. https://doi.org/10.1056/NEJMoa1305224.

of a real-world retrospective. Analysis. Endocr Pract. 2025;31(2):159-68. 43. Giro G., Chambrone L., Goldstein A. et al. Impact of menopause hormone

https://doi.org/10.1016/j.eprac.2024.10.017. therapy on dental implant outcomes: a 5-year prospective study. Clin Implant
41. Cosman F., Crittenden D.B., Adachi J.D. et al. Romosozumab treatment in Dent Relat Res. 2019;21(5):936-44. https://doi.org/10.1111/cid.12779.

postmenopausal women with osteoporosis. N Engl J Med. 44. Stanczyk F.Z., Archer D.F., Bhavnani B.R. Ethinyl estradiol and

2016;375(16):1532-43. https://doi.org/10.1056/NEJMoa1607948. 178-estradiol in contraceptives: pharmacokinetics, pharmacodynamics
42. McClung M.R., Grauer A., Boonen S. et al. Romosozumab in and risk assessment. Contraception. 2013;87(6):706-27. https://doi.

postmenopausal women with low bone mineral density. N Engl J Med. org/10.1016/j.contraception.2012.12.011.

About the authors / CBenenus 06 asTopax:

Ekaterina V. Medvedeva, MD. / Mensepnesa Exatepuia BnagumuposHa. E-mail: katya-110@mail.ru. ORCID: https://orcid.org/0009-0006-0315-922X.

Nikita V. Ivanov, MD, PhD. / WsaHoB Hukuta Bnapgumuposuy, k.m.H. ORCID: https://orcid.org/0000-0003-4696-9290. Scopus Author ID: 57221190481.
WoS ResearcherlD: JRZ-0207-2023. eLibrary SPIN-code: 8349-4097.

Anna F. Vesnina, MD, PhD. / Bechuna AnHa ®epopoBHa, K.M.H. ORCID: https://orcid.org/0009-0008-5688-7700. eLibrary SPIN-code: 4108-9201.

Elena A. Khromova, MD, PhD. / XpomoBa Enexa AnekceesHa, K.M.H. ORCID: https://orcid.org/0000-0002-8215-6898. eLibrary SPIN-code: 1761-0486.
Shakhnoza K. Yusupova, MD, Dr Sci Med. / HOcynoBa LlaxHo3a KagupxaHoBHa, a.M.H. ORCID: https://orcid.org/0000-0001-5641-9239. Scopus Author ID:
59418272100. WoS ResearcherlD: AEX-6726-2022. eLibrary SPIN-code: 4274-9204.

poxdoy pue A301000uAix) ‘so111918qQ)

uoron

973



https://doi.org/10.1016/j.contraception.2012.12.011
https://doi.org/10.1016/j.contraception.2012.12.011



