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Evaluation of the Effects of Menopause on the Musculoskeletal
System with Experimental Rat Models

Deneysel Sican Modelleri ile Menopozun Kas-iskelet Sistemi Uzerindeki Etkilerinin
Degerlendirilmesi

® Nesime Hamali!, ® Kezban Kartlasmis2, ® Ayse Nur Cakir Glingér3

TCukurova University Faculty of Medicine, Adana, Tiirkiye
2Cukurova University Institute of Health Sciences, Adana, Turkiye
3Cukurova University Faculty of Medicine, Department of Obstetrics and Gynaecology, Adana, Ttrkiye

Abstract

In pre-menopausal women, low bone mass and trauma fractures may be due to secondary causes such as estrogen deficiency, glucocorticoid
exposure, malabsorption or hyperparathyroidism. However, during the menopausal transition and menopause, the major cause is a decrease
in the hormone estrogen. The transition to menopause begins about four years before the last menstrual period. Over time, the production
and secretion of estradiol, the potent estrogen, decreases in the ovaries. In the skeletal system, this deficiency causes loss of spongiosis
and cortical bone; in the muscular system, it reduces muscle strength through muscle mass and contractile proteins. Micro- and macro-level
losses in muscle and bone tissues, which are both endocrine and paracrine tissues, begin during perimenopause. This article discusses the
evaluation of menopause-induced musculoskeletal changes in experimental rat models and different treatment approaches. The adverse
effects of estrogen deficiency on muscle and bone have been investigated with various therapeutic strategies to address this deficiency.
Several compounds such as myostatin, irisin, lycopene, nacre, superjami rice and annatto tocotrienol have the potential to improve muscle and
bone health after menopause. Furthermore, it has been emphasized that estrogen plays important roles such as supporting muscle satellitic
cells, improving mitochondrial function and inhibiting bone destruction. In each study, efforts to reduce the effects of menopause through
different pathways and molecules were described. These findings offer significant potential for the protection of musculoskeletal health in
the postmenopausal period and the development of treatment alternatives.

Keywords: Menopause, musculoskeletal system, rat models

(0)4

Premenopozal dénemdeki kadinlarda disik kemik kutlesi ve travma kaynakli kiriklar, Ostrojen eksikligi, glukokortikoid maruziyeti,
malabsorpsiyon veya hiperparatiroidizm gibi ikincil nedenlere bagli olabilir. Ancak menopoz gegis dénemi ve menopoz sirasinda temel
neden, Ostrojen hormonundaki azalmadir. Menopoza gegis, son adet déneminden yaklasik dort yil dnce baslar. Zamanla, glgll bir dstrojen
olan estradioliin overlerdeki tretimi ve salinimi azalrr. iskelet sisteminde bu eksiklik, siingerimsi ve kortikal kemik kaybina; kas sisteminde ise
kas kutlesi ve kasilma proteinleri yoluyla kas gliclinde azalmaya neden olur. Endokrin ve parakrin dokular olan kas ve kemik dokularindaki
mikro ve makro dizeydeki kayiplar, perimenopoz déneminde baslar. Bu makalede, menopozun neden oldudu kas-iskelet degisikliklerinin
deneysel sican modellerinde degerlendirilmesi ve farkli tedavi yaklasimlari ele alinmistir. Ostrojen eksikliginin kas ve kemik tizerindeki olumsuz
etkilerinin, bu eksikligi gidermek igin cesitli terapdtik stratejilerle arastirildigr bildirilmistir. Myostatin, irisin, likopen, sedef, Superjami pirinci
ve annatto tokotrienol gibi ¢esitli bilesiklerin menopoz sonrasi kas ve kemik saghdini iyilestirme potansiyeline sahip oldugu ifade edilmistir.
Ayrica, Ostrojenin kas satelit hiicrelerini destekleme, mitokondriyal fonksiyonu iyilestirme ve kemik yikimini &nleme gibi 6nemli roller oynadigi
vurgulanmistir. Her bir calismada, menopozun etkilerini farkli yollar ve molekdller araciligyla azaltmaya yonelik cabalarin ele alindig
belirtilmistir. Bu bulgularin, postmenopozal dénemde kas-iskelet saghiginin korunmasi ve tedavi alternatiflerinin gelistirilmesi acisindan 6nemli
bir potansiyele sahip oldugu ifade edilmistir.

Anahtar kelimeler: Menopoz, kas-iskelet sistemi, sican modelleri
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Introduction

Estrogens are a group of hormones that include E1, E2, E3 and
E4 (1). They act through classical nuclear estrogen receptors (ERs)
and the membrane-type G protein-coupled ER. ERs are “nuclear
steroid receptors” in the NR3 class of the nuclear receptor
superfamily. They act through the most familiar ERa (NR3A1)
and ERB (NR3A2) receptors, which have the same structural
features but different distribution in tissues. They bind directly
to DNA and regulate gene expression like ligands that activate
transcription factors. The non-genomic effect of estrogen is to
regulate gene expression by regulating protein kinase signaling
cascades (2,3). Estrogen stimulates muscle stem cells (satellitic
cells) proliferation and differentiation, thereby increasing
muscle mass and strength to maintain muscle health. Collins
et al. (4) conducted a study to show that estrogen deficiency
negatively affects satellitic cells and impairs muscle fiber self-
renewal and differentiation. They found that estradiol and ERa
promote satellitic cells by downregulating genes associated with
mitochondrial caspase-induced apoptosis.

Osteoblasts and osteoclasts are affected by systemic and sex
hormones. ERa and ERP receptors are found in both osteoblasts
and osteoblast progenitors. Estrogen deficiency increases
osteoblast apoptosis and decreases bone formation time and
osteoclast apoptosis. Therefore, bone destruction continues for
a longer period of time and thus bone remodelling imbalance
occurs. Also during estrogen deficiency, an increase in osteocyte
apoptosis is observed in humans and animals (1).

Bone tissue secretes osteokines (osteocalcin, fibroblast growth
factor-23 and sclerostin) and muscle tissue secretes cytokines
called myokines (interleukin-6, irisin and B-aminoisobutyric acid).
These cytokines also produce autocrine and paracrine effects.
This effect causes muscle and bone tissue to communicate and
influence each other (1,2).

The subchondral bone regularly distributes the load and stress
on the bone. Alterations here cause an uneven distribution,
initiating or accelerating cartilage degeneration. Yang et al. (3)
compared osteochondral changes by studying post-traumatic
(PT) and oophorectomized (OVX) osteoarthritis (OA) models
(5). Rapid cartilage degeneration and increased bone formation
were observed in PT-OA, whereas only mild cartilage erosion,
proteoglycan and significant bone loss were observed in OVX-
OA. In addition, subchondral bone degradation in OVX-OA
occurred 6 weeks before cartilage degeneration. Transforming
growth factor (TGF)§ downregulation was observed in the
osteochondral unit of OVX rats. Estrogen supplementation
prevented subchondral bone loss, cartilage degradation and
TGF-B downregulation. TGF-B has been shown to be a regulator
of both subchondral bone and cartilage. Developing therapies
targeting TGF-B in menopause-induced OA may be considered
as a future treatment alternative by acting on both bone and
cartilage tissue.

Many experimental studies have been conducted to reduce and
stop the negative effects of menopause on the musculoskeletal

system. In each of these studies, different active substances
were used and effects were monitored through different
pathways. Whether these active substances will be a treatment
alternative in the future is a matter of debate. This article aims
to comprehensively present the studies examining the effects of
menopause on the musculoskeletal system in rats.

Active Ingredients and Potential Treatment
Alternatives Aiming to Reduce the Effects of
Menopause on the Musculoskeletal System

1.1. Exercise

Exercise-induced oxidative stress may differ between genders in
humans and animals. In a 2017 study, these differences were
evaluated in a male and female rat model that was jogged
for 6 weeks (4). Exercise was shown to improve the oxidative
capacity of mitochondrial function in both male and female
rats, but this was more pronounced in males. In sedentary
rats, oxidative stress resistance has been shown to be higher in
female rats. It has been suggested that this may be due to the
effects of estrogen. In another study, it was shown that estrogen
deficiency in rats decreased mitochondrial respiratory complex |
activity in muscle and this was corrected by estrogen treatment
(6). In these studies, we see that estrogen hormone, which also
affects mitochondria, which we know as the power plant; also
affects the energy balance.

1.2. Myostatin

Myostatin (MSTN) is one of the key factors involved in
communication between muscle and bone tissue. MSTN
signaling, a member of the TGF- superfamily, is thought to
accompany aging in musculoskeletal tissues and lead to loss of
muscle and bone mass. Tang et al. (7) established an osteoporosis
(OP) model in OVX rats. Low-intensity pulsed ultrasound (LIPUS)
application in OVX rats has been shown to have positive effects
on MSTN expression inhibition and consequently prevention
of bone loss and healing of bone damage. It has also been
suggested that these effects may be related to MSTN/Wnt/(-
catenin signaling pathways. According to the study, LIPUS
application may be effective in the treatment of OP

1.3. Irisin

The effect of exercise on the musculoskeletal system is closely
related to Irisin. Irisin is a myokine that affects thermogenesis,
energy expenditure and glucose homeostasis. It is released by
exercise and targets bone tissue. Irisin’s mechanism of action is
mediated by peroxisome y and its coactivator-1 a receptors that
regulate thermogenesis via mitochondria. Irisin increases energy
expenditure, promotes weight loss, and reduces diet-induced
insulin resistance. Nyugen et al. (8) evaluated the effect of irisin
injection on OP in OVX rats. It was suggested that intermittent
treatment with irisin has a role in bone health and may be a
valuable target for the treatment of postmenopausal OP
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1.4. Nacre

In the exoskeleton of mollusk’s, the part consisting of calcium
carbonate (CaCO,) embedded in the organic matrix is called
Nacre. The effect of Nacre on bone cells has been documented
by in vitro studies Lin et al. (9) examined the effect of a 90-
day long Nacre-supplemented diet on both bone mass and
bone strength using 16-month-old C57BL/6 mice (10). Nacre
supplementation increased bone strength by limiting gene
expression related to osteoclast activity. It also reduced cortical
bone loss by decreasing pore formation in cortical bone. It has
also been shown that bone dynamics in trabecular bone, which
decreases with aging, is preserved with Nacre diet(10).

1.5. Lycopene

Oxidative stress induced by reactive oxygen species is increased
in aging or inflammatory conditions. This may adversely
affect bone homeostasis. Carotenoids, which are antioxidant
substances, have the potential to reduce these negative
effects. Lycopene is one of the compounds in the carotenoid
group. Oliveira et al. (11) evaluated the activity of osteoblasts
cultured with lycopene from OVX rats for 8 weeks using in vitro
analyses and also evaluated the femoral epiphyseal osteocytes
and trabecular microarchitecture of 8-week-old ovectomised
rats receiving lycopene by oral gavage using microtomography
and stereological analyses. In addition to biochemical analyses,
gene expression was investigated by molecular studies. The data
obtained showed an increase in alkaline phosphatase in situ
detection and mineralization in the group receiving lycopene.
The previous report showed no difference in mineralization with
the presence of lycopene after 14 days of culture. In conclusion,
further studies are needed to clarify the issue. Quantitative
expression of genes encoding important proteins and considered
as bone markers was analysed using polymerase chain reaction.
Lycopene significantly upregulated Runx2 and Bglap expression.
Stereological analysis showed that lycopene treatment caused
a significant increase in the number of osteoblasts, but no
change in their volume, indicating that lycopene has an effect
on osteoblastogenesis. There was also a decrease in the volume
and number of osteoclasts. The number of osteocytes was
significantly increased compared to the OVX group despite the
decrease in their volume. No significant difference was found in
microtomographic analyses (12).

1.6. Superjami

Superjami is a dark purple rice variety cultivated in Korea. It is
characterized by its strong antioxidant activity as it is particularly
rich in cyanidin-3-glucoside and anthocyanins. Chung et al. (13)
evaluated the effects of ethanol extracts obtained from dark
purple Superjami rice (Oryza sativa L. Cv. Superjami) bran on
bone metabolism and antioxidant defense systems in OVX rats
in an 8-week study. Bone turnover was significantly decreased
in rats receiving Superjami rice bran extract supplementation as
evidenced by the decrease in Alkaline Phosphatase, osteocalcin
and CTx (C terminal telopeptide) amounts. The supplementation

was shown to significantly improve bone metabolism and
reduce bone loss in OVX rats. In addition, it was also found to
significantly suppress oxidative stress and increase the activity of
antioxidant enzymes. In another study conducted in 2019 and
lasting 8 weeks, the effects of germinated and non-germinated
Superjami diets were examined in OVX rats. The bioactive
components contained between the two groups were found to
be different. Both germinated and ungerminated Superjami rice
flour were found to significantly reduce body weight gain, body
fat, glucose and insulin levels and adipokine concentrations.
In addition, it has been shown to significantly improve the
antioxidant defense system and bone metabolism. In addition
to all these, germinated Superjami has been shown to reduce
body weight more than its ungerminated form and to have a
greater effect on glucose homeostasis, antioxidative activities
and bone metabolism. It has also been shown that germinated
Superjami may be more effective and may be more useful in the
treatment of menopausal hyperglycemia, oxidative stress and
bone turnover imbalance (14).

1.7. Tocotrienol

Tocotrienol, which shows vitamin E activity, acts as an
antioxidant. Since its bioavailability is low in oral administration,
it is thought that solubilisation with self-emulsifying systems
(SEDDS) facilitates its absorption by the lymphatic system
and increases its bioavailability. Assuming that annatto (Bixa
orellana) tocotrienol formulated with SEDDS has stronger
effects on the skeleton than unformulated tocotrienol, the study
was conducted in May 2021. The efficacy of SEDDS-formulated
annatto-tocotrienol on bone parameters and oxidative stress
markers was evaluated in OVX rats. In rats divided into 4 groups:
OVX, OVX +unformulated AnTT, OVX +formulated AnTT-SEDDS
and OVX +raloxifene (a selective ER modulator known to benefit
the skeletal system). After 8 weeks of oral administration, blood
levels of delta-tocotrienol and oxidative stress markers were
analyzed, and microcomputed tomography, calcium content
and biomechanical strength analyses were performed on the
femur. Plasma delta-tocotrienol level was significantly higher in
the AnTT-SEDDS group than in the AnTT group. AnTT-SEDDS
group improved bone microarchitecture in rats by increasing
trabecular thickness and trabecular number. However, these
two parameters were not found to be dramatically different
between OVX and ANnTT groups. Both forms of annatto
tocotrienol preserved femoral bone calcium content in rats.
It is noteworthy that only the AnTT-SEDDS group significantly
increased bone stiffness compared to the OVX group. The AnTT
and AnTT-SEDDS groups did not attenuate the effects of OVX
on bone mineral density (BMD). The group using raloxifene as
a positive control showed similar skeletal effects as annatto
tocotrienol. In this study, raloxifene treatment preserved bone
microarchitecture, calcium content and strength. There was
no noticeable change in BMD in this group. AnTT and AnTT-
SEDDS groups increased superoxide dismutase and glutathione
peroxidase activities in ovariectomised rats. However, it
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decreased the level of malonaldehyde, a marker of oxidative
stress, only in the AnTT-SEDDS group. In this study, the effects of
annatto tocotrienol on the skeletal system were proven and no
significant difference was observed between the SEDDS groups.
This may be due to the fact that the experiments were not long-
term experiments that would create a clear difference between
the two groups or oral diet administration (15).

1.8. Nanoparticles

One of the recent studies involving modern technology is the
experiment conducted by Guo et al. (16). Using a remote-
controlled release system with Nanoparticles (NPs) targeting bone
tissue, OP treatment was approached from a different direction.
In recent years, with the use of drugs that act systematically on
bone tissue (estrogen, calcitonin, bisphosphonates, raloxifene
and RANK ligand inhibitors, etc.), new treatment methods have
been needed due to serious side effects due to high doses and
frequent administration. The aim of this system is to achieve
a magnetically remotely controllable drug release under the
guidance of an external magnetic field. An OVX rat model was
used in a 3-month experiment to investigate the effect of NPs in
anti-OP As a result of the study, NPs showed good stability, good
biocompatibility and high encapsulation ability for E2. In addition,
the release of these NPs has a temperature-dependent effect.
The system used improved OVX-induced bone loss, increased
bone strength and enabled new bone formation in extra-skeletal
tissues with fewer side effects. The absence of significant toxic
side effects was also considered as an advantage (16,17).

1.9. Sirtuin

Many studies have been conducted on the potential role of
the Sirtuin (SIRT) gene family, known as NAD*-dependent class
Il deacetylase enzymes, in various diseases. However, little is
currently known about the effect of mammalian SIRT1 on
ageing. In a study, it was found that SIRT1 expression promotes
healthy aging but does not improve longevity. In a mouse
experiment, SIRT1 was observed to be partially protective
against the development of pathologies typically associated with
ageing, such as glucose intolerance, OP and wound healing (18).

1.10. Resveratrol

Resveratrol (R) is a phytoestrogen structurally similar to natural
and synthetic estrogens. It can bind to ERs in bone and cartilage
cells, providing chondroprotective and osteoprotective effects
(19). R, a polyphenol compound found in peanuts, blueberries,
grapes and other plants, is a natural activator of SIRT1 (20). The
effect of R on bone mass in OVX rats and the role of SIRT1
in the maintenance of bone mass during perimenopause and
early post-menopause were investigated (21). The rats were
divided into 4 groups: 1- control group; 2-OVX; 3-OVX+low dose
resveratrol; and 4-OVX + high dose resveratrol. One week after
the surgery, rats in groups 3 and 4 were given R orally for 10
weeks. As a result, positive effects on serum osteoprotegrin,
SIRTT protein, Wnt/B-catenin signaling, BMD and bone
microarchitecture in rat femurs and negative effects on RANKL

were observed. In another study, control group, OVX and OVX
groups given intravaginal R gel were formed and the experiment
lasted for about 5 weeks. Knee joint tissues (articular cartilage,
subchondral plate, subchondral bone) were evaluated by
histomorphometry. In addition, mammalian target of rapamycin
protein complex (MTOR), protein tyrosine phosphatase and
tensin homologue, caspase 3 (cysteine proteinase involved
in apoptosis) and [B-cell lymphoma/leukaemia-2 (BCL-2),
antiapopitotic agent] expression in articular cartilage and
subchondral bone were immunohistochemically evaluated.
R treatment prevented weight gain by 17%. Trabecular bone
degradation was attenuated due to upregulation of BCL-
2 and downregulation of Casp-3. mTOR expression was
downregulated. This effect prevented chondrocyte hypertrophy
and maintained cartilage homeostasis. It was also found that
intravaginal R treatment had systemic effects, decreased weight
gain and increased oestradiol levels in OVX rats. Histological
examination of joint tissues in OVX rats confirmed the protective
effect of R treatment against degenerative changes in articular
cartilage and trabecular bone resorption (19).

1.11. Edible Bird’s Nest

In recent years, numerous studies have been conducted on the
pharmacological effect and mechanism of Edible Bird's Nest
(EBN). These studies are on antiviral effect, immune regulation,
cognitive functions, neurodegenerative diseases and antioxidant
issues. EBN has also been shown to control arthritis and may
support the regeneration of chondrocytes (22). In a study
conducted in 2019, administration of estrogen and EBN in OVX
rats increased estrogen levels and ER expression in bone tissue,
causing pro-osteoplastic hormone production and increased
bone density (23). At this point, EBN can be considered as an
alternative in hormone replacement therapies.

1.12. Opuntia ficus-indica

A study was conducted in 2020 to reveal the effect of Opuntia
ficus-indica, which has been shown to have antioxidant
and anti-inflammatory effects, on calcium bioavailability. In
a 9-week period, the effect of O. ficusindica in terms of
physical, densitometric, biomechanical, microstructural and
mineral content in bones in OVX rat model was evaluated. In
rats receiving O. ficus-indica diet, calcium bioavailability and
absorption, fracture resistance of bones and BMD were found to
be high. No dose-based evaluation was performed in this study,
but O. ficus-indica may be considered as a future therapeutic
hope (24).

1.13. Parathormone (PTH) treatment

The effects of intermittent parathormone (PTH) treatment
on vertebral body, tibia, BMD in distal femoral metaphysis,
trabecular structures and femoral neck in OVX rats have been
investigated in studies. In a 12-week study by Wang et al. (20),
fracture resistance of the femoral neck was found to be highly
correlated with two parameters, CSA (cross-sectional area) and
bone strength index of the cortical bone in the femoral neck.



1 2 Hamali et al.

Effects of Menopause on the Musculoskeletal System: An Experimental Rat Model

Turk J Osteoporos
2025;31(3):124-9

Using micro-CT, it has been demonstrated that intermittent PTH
contributes to the cancellous and cortical bones of the femoral
neck in OVX rats. Thus, it was shown that this method may be
useful in the treatment of OP (22,24).

1.14. Abeliophyllum Distichum Nakai

Abeliophyllum distichum Nakai (AD), called Miseon, is one of the
endemic species in Korea. In an 8-week experiment using OVX
rat model, the effects and mechanism of orally administered
AD-ethyl acetate fraction (EA) extract were investigated. Femur
bone parameters were measured using micro-CT. AD-EA was
found to inhibit osteoclast differentiation and bone resorption
by inhibiting osteoclast-related gene expression via MAPK and
cfos/NFATc1 pathways. AD-EA also inhibited CTK and TRAcP
activation, preventing bone loss caused by estrogen deficiency
in vivo (25).

1.15. Marantodes pumilum (Blume) Kuntze

Wnt/B-catenin signaling is an important cellular pathway
involved in osteoblast activation. This pathway is crucial for
the regulation of bone formation and destruction. Marantodes
pumilum (Blume) Kuntze (MP), also known as Kacip Fatimah,
is a popular herb widely used in Southeast Asia. The protective
effect of MP on bone has been attributed to phytoestrogenic
compounds found in this plant. In the study, Marantodes
pumilum leaf aqueous extract (MPLA) (50 mg/kg/day and
100 mg/kg/day) and estrogen were treated for 28 days. The
results of the experiment showed that MPLA was able to
ameliorate bone loss by increasing the level and distribution
of osteoblastogenesis proteins in bone, and to maintain bone
mass and collagen content close to normal in DM associated
with estrogen deficiency. MPLA has also been found to prevent
osteoblast apoptosis in the presence of sex steroid deficiency
and DM. Treatment with 100 mg/kg/day MPLA had a greater
effect than estrogen, whereas treatment with 50 mg/kg/day
MPLA had less effect than estrogen (26).

1.16. Fructans

Fructans are indigestible carbohydrates found as storage
polysaccharides in many higher plants. They also have numerous
biological activities, including antioxidant, immunomodulatory,
anti-inflammatory, anticancer, anti-hyperglycemic and prebiotic
activities, providing many benefits to human health. Fructans
also increase calcium absorption to prevent bone loss and OP
(26). Estrogen deficiency during menopause as well as decreased
dietary calcium intake cause serious problems on bone tissue. In
the study by Topolska et al. (21) the effects of diet containing
only fructan or enriched with “strawberry matrix” on bone tissue
were investigated in calcium hypoalimentated OVX rats. As a
result, inulin type fructans improved bone quality. Bone density
was also increased in rats fed the given diet.

Conclusions and Future Perspective

The negative effects of menopause on the musculoskeletal
system occur through estrogen deficiency and the resulting
cellular and molecular mechanisms. Experimental studies focus
on different treatment alternatives to reduce or stop these
effects. In particular, various agents such as MSTN inhibitors,
irisin, lycopene, nacre, superjami rice, and tocotrienol stand
out as potential treatment options to improve postmenopausal
musculoskeletal health. Each of these agents acts through
different biochemical pathways targeting muscle and bone loss
caused by estrogen deficiency. However, more research is needed
before these substances can be put into clinical use. Although
the experimental studies are promising, new studies are needed
to fully understand and treat the effects of menopause on the
musculoskeletal system.
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Abstract

Obijective: This study aimed to investigate the clinical utility of the systemic immune-inflammation index (Sll) as a potential marker for disease
activity in patients with rheumatoid arthritis (RA).

Materials and Methods: A total of 104 RA patients aged between 18 and 65 years, along with 69 healthy controls, were included. RA
patients were categorised into two subgroups based on the Disease Activity Score-28-Erythrocyte Sedimentation Rate (DAS-28-ESR): remission
(DAS-28-ESR <2.6, n=51) and active disease (DAS-28-ESR >2.6, n=53). Associations between Sl and conventional inflammatory markers as
well as clinical disease activity indices were examined. Receiver operating characteristic analysis was conducted to assess the diagnostic
performance of Sll in distinguishing active RA.

Results: Sl levels were significantly elevated in both the overall RA group and particularly in the active RA subgroup (p<0.001). SlI showed
strong positive correlations with Creactive protein (r=0.627, p<0.001), ESR (r=0.383, p<0.001), DAS-28ESR (r=0.775, p<0.001), the
simplified disease activity index (r =0.796, p<0.001), and the clinical disease activity index (r.=0.798, p<0.001). The most effective SiI threshold
for identifying active RA was 479.36x10%/L, with an area under the curve of 0.968 (95% confidence interval: 0.914-0.993), yielding a
sensitivity of 92.45% and specificity of 86.27%.

Conclusion: Sl appears to be a valuable, accessible marker for assessing disease activity in patients with rheumatoid arthritis.

Keywords: Erythrocyte sedimentation rate, rheumatoid arthritis, systemic immune-inflammation index

Amac: Bu calismada, sistemik immun enflamasyon indeksinin (SII), romatoid artrit (RA) hastalarinda hastalik aktivitesini degerlendirmedeki
yararliidr arastirildi.

Gereg ve Yontem: Calismaya yaslari 18-65 arasinda deg@isen 104 RA hastasl ile 69 saglikli gonulli dahil edildi. RA hastalari, hastalik aktivite
skoru-28 (DAS-28-ESR skoru) <2,6 olan remisyon grubuna (n=51) ve >2,6 olan aktif RA grubuna (n=53) olmak Czere ikiye ayrildi. Sl ile
enflamatuvar belirtecler ve hastalik aktivite indeksleri arasindaki iliskiler analiz edildi. RA hastalik aktivitesinin degerlendiriimesinde SII'nin
tanisal gliciini belirlemek amaciyla alici calisma karakteristik edrisi analizi uygulandi.

Bulgular: SII dizeyleri, hem genel RA grubunda hem de aktif hastalik grubunda anlamli olarak yiksekti (p<0,001). SII; Creaktif protein
(r,=0,627, p<0,001), ESR (r=0,383, p<0,001), DAS28-ESR (r =0,775, p<0,001), simplifiye hastalik aktivite indeksi (r =0,796, p<0,001) ve klinik
hastalik aktivite indeksi (r =0,798, p<0,001) ile pozitif yonde anlamli korelasyon gésterdi. RA hastalik aktivitesini belirlemede SlI icin en uygun
esik degerin 479,36x10°/L oldugu belirlendi (edri altinda kalan alan: 0,968; %95 guven araligi: 0,914-0,993; duyarlilik: %92,45; 6zgullik:
%86,27).

Sonug: SlI, romatoid artritli hastalarda hastalik aktivitesini degerlendirmek icin degerli ve erisilebilir bir belirteg gibi gériinmektedir.

Anahtar kelimeler: Eritrosit sedimentasyon hizi, romatoid artrit, sistemik immun-enflamasyon indeksi
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Introduction

Patients with rheumatoid arthritis (RA) experience limits in
their physical function and everyday activities as well as a
loss of their ability to work due to the advancement of joint
destruction (1). Extra-articular involvement such as rheumatoid
nodules, vasculitis, cardiovascular disease, pulmonary disease,
neurological disease, gastrointestinal disease, renal disease
and hematological diseases can be seen in the course of RA.
Although it can occur at any age, it is most common in women in
the third to fifth decade of life (2,3). Its prevalence is expressed
as approximately 5 in every 1000 adults worldwide (1).

In addition to the existing acute phase reactants routinely used
to assess the extent of inflammation in RA, studies have also
been conducted on markers calculated from complete blood
count (CBC) results, such as platelet (PLT)-to-lymphocyte ratio
(PLR) and neutrophil-to-lymphocyte ratio (NLR) (4-9). While
there are studies demonstrating an association between disease
activity in RA and NLR and PLR (5,9), there are also studies
reporting insignificant results (6,8).

The indices for assessing disease activity in RA are recognised
and routinely used (10-12). Systemic Immune Inflammation
index (Sll) is derived by multiplying the PLT and neutrophil
counts and then dividing the result by the lymphocyte count
(13). It was evaluated in subjects with malignancies, depression
in diabetic patients, hypertension, aphthous stomatitis,
psoriasis, hidradenitis suppurativa, interstitial lung disease, non-
infectious uveitis and ulcerative colitis (14-24). Studies have
investigated its potential as an innovative biomarker for the
evaluate of disease activity in various rheumatologic diseases
such as ankylosing spondylitis, Behget's disease, Adult Still's
disease (AOSD) and antineutrophil cytoplasmic antibody-
associated vasculitis (25-29).

The relationship between RA activity and SII has not been
sufficiently investigated in the literature (30-32). A CBC is
ordered at every routine examination of patients with RA. The
SII, which is calculated based on the parameters of the CBC, can
reduce costs if it indicates disease activity without the need for
an additional inflammatory marker. Based on this information,
we wanted to evaluate the benefits of SIl in RA.

Materials and Methods

The study population consisted of patients who had received
treatment at the Outpatient Clinic for Physical Therapy and
Rehabilitation at Bursa Uludag University (ethical approval date:
February 23, 2022, protocol code: 2022-4/24). In accordance
with the classification criteria (33), 104 patients with ages
between 18 and 65 years who had been diagnosed with RA
were enrolled in the study. Patients with comorbidities were
excluded. The control group consisted of 69 healthy volunteers.
Those included in the study were interviewed face-to-face during
their application to the outpatient clinic. Data was collected on
the participants’ age, gender, level of education, occupation,
disease duration, current treatments and laboratory findings.

NLR, PLR and SII values were calculated using the CBC results.
The values of the clinical disease activity index (CDAI), the disease
activity score 28-erythrocyte sedimentation rate (DAS28-ESR),
and the simplified disease activity index (SDAI) were calculated
to assess disease activity. Patients with a DAS28-ESR <2.6 were
categorized in the remission group, whereas those with DAS28-
ESR > of 2.6 were classified in the active disease group (10).

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 26.0 (IBM Corp., Armonk, NY).
Quantitative data were presented as mean + standard deviation
or as median (minimum-maximum), depending on distribution
characteristics. The normality of continuous variables was
assessed using both the Shapiro-Wilk and Kolmogorov-Smirnov
tests. Categorical variables were reported as frequencies and
percentages (n, %). Comparisons between groups were carried
out using the chi-square test for categorical variables, and either
the independent samples t-test or the Mann-Whitney U test for
continuous variables, depending on the distribution. Correlation
analysis was performed to assess the relationships between
Sl and C-reactive protein (CRP), ESR, NLR, PLR, DAS28-ESR,
SDAI, and CDAI, and the Spearman correlation coefficient was
calculated. Receiver operating characteristic (ROC) curve analysis
was used to determine the optimal cut-off values for SlI, ESR,
CRR NLR, and PLR. A p-value of less than 0.05 was considered
statistically significant.

Sample size estimation was based on data from a prior study
on the same subject (30). Power analysis was conducted at a
99% confidence level, with an effect size of 0.84 and a Type |
error rate of 5%. This analysis indicated that a minimum of 17
participants per group was necessary.

Results

The RA group was not statistically different from the healthy
volunteers in terms of demographics (p>0.05). SllI, neutrophil
count, NLR, and PLR values were significantly elevated in the
RA group compared to healthy controls, whereas lymphocyte
levels were reduced. No statistically significant difference was
observed between the groups regarding PLT counts (p=0.067)
(Table 1).

RA patients in remission were compared to those with active
disease to evaluate group differences. No differences were
found with regard to gender, age, disease duration, occupation,
educational level, drug use and lymphocyte count (p>0.05).
SII, neutrophil, PLT, CRR ESR, NLR, PLR, DAS28, SDAI and CDAI
values were higher in the active RA group when compared with
the RA patients in remission (p<0.05) (Tables 2 and 3). Figure 1
shows the flow chart for both the healthy control group and the
patients with RA.

A positive correlation was observed between Sl and CRP
levels. (Figure 2a), ESR (Figure 2b), DAS28-ESR (Figure 2c),
SDAI (Figure 2d), and CDAI (Figure 2e) variables. Correlations
of SII with CRR ESR, DAS-28, SDAI, and CDAI in RA patients are
shown in Figure 2.
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Table 1. Clinical, laboratory and demographic parameters of healthy controls and RA

RA (n=104) Control (n=69) p
Age (year) 53 (20-68) 54 (18-64) 0.808™
Gender, n (%)
Female 79 (76) 51 (73.9) 0.760%
Male 25 (24) 18 (26.1)
Level of education, n (%)
Uneducated 2(1.9)
Primary education 66 (63.5)
High school 23 (22.1)
University 13(12.5)
Job, n (%)
Housewife 56 (53.8)
Retired 18 (17.3)
Employee 17 (16.3)
Officer 8(7.7)
Freelancer 5 (4.8)
Medications, n (%)
NSAIDs 4(2.8)
bDMARDSs 22 (15.6)
csDMARDs 86 (60.0)
JAK inhibitors (tofacitinib, baricitinib) 9 (6.3)
Glucocorticoids 22 (15.6)
Neutrophils (x10°/L) 4.32 (1.93, 8.16) 3.73(2.11, 6.67) <0.001™
Lymphocytes (x10°/L) 2.20 (£ SD: 0.58) 2.64 (£ SD: 0.57) <0.00*
PLT (x10°%/L) 259.40 (9.00, 572.00) 237 (135.00, 339.00) 0.067™
NLR 1.97 (1.03, 5.22) 1.43(0.79, 2.23) <0.001™
PLR 119.46 (11.61, 303.80) 96.70 (39.82, 160.31) <0.001™
SI (x10%/L) 500.32 (186.44, 1938.28) 355.16 (167.65, 532.23) <0.001™

bDMARDs: Biological disease-modifying anti-rheumatic drugs, csDMARDs: Conventional synthetic disease-modifying anti-rheumatic drugs, JAK inhibitors: Janus kinase
inhibitors, ™ Mann-Whitney U test, NLR: Neutrophil-to-lymphocyte ratio, NSAIDs: Non-steroidal anti inflammatory drugs, PLR: Platelet-to-lymphocyte ratio, PLT: Platelet, RA:
Rheumatoid arthritis, SD: Standard deviation, SlI: Systemic Immune-Inflammation Index, : Independent samples t-test, *: Chi-square test

Table 2. Comparisons of clinical data and demographics between the remission group and of patients with RA

Active RA - _
(n=53) Remission RA (n=51) P
Age (year) 57 (32-68) 52 (20-65) 0.251™
Gender, n (%)
Female 39 (73.6) 40 (78.4)
0.563%
Male 14 (26.4) 11(21.6)
Disease duration (year) 10 (1-38) 11 (1-40) 0.386™
Level of education, n (%)
Uneducated 2 (3.8) 0 (0.0)
Primary education 34 (64.2) 32 (62.7)
. 0.528f
High school 12 (22.6) 11(21.6)
University 5(9.4) 8 (15.7)
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Table 2. Continued

»(Anc=ti5\13e) RA Remission RA (n=51) P
Job, n (%)
Housewife 31 (58.5) 25 (49.0)
Retired 8(15.1) 10 (19.6)
Employee 9(17.0) 8(15.7) 0.648'
Officer 4 (7.5) 4(7.8)
Freelancer 1(1.9) 4(7.8)
Medications, n (%)
NSAIDs 3(3.8) 1(1.6)
bDMARDs 11 (13.8) 11 (17.5)
csDMARDs 43 (53.8) 43 (68.3)
JAK-nhibitors (tofacitinib, baricitinib) 7 (8.8) 2(3.2) 0.350'
Glucocorticoids 16 (20) 6(9.5)

bDMARDs: Biological disease-modifying anti-rheumatic drugs, csDMARDs: Conventional synthetic disease-modifying anti-rheumatic drugs, : Fisher’s exact test, JAK
inhibitors: Janus kinase inhibitors, ™ Mann-Whitney U test, NSAIDs: Non-steroidal anti inflammatory drugs, RA: Rheumatoid arthritis, #: Chi-square test

Table 3. Comparisons of laboratory parameters between the remission group and of active group patients with RA

Active RA (n=53) Remission RA (n=51) p

Neutrophils (x10%/L) 5.39 (+ SD: 1.37) 3.58 (+ SD: 0.79) <0.001*
Lymphocytes (x10°/L) 2.10 (+ SD: 0.59) 2.29 (+ SD: 0.56) 0.089¢

PLT (x10°/L) 287.00 (178.30, 572.00) 236.00 (145.00, 361.00) <0.001™
NLR 2.45 (1.31, 5.22) 1.50 (1.03, 2.60) <0.001™
PLR 135.93 (82.42, 303.80) 106.07 (56.10, 201.42) <0.001™
SII (x10°/L) 670.75 (436.60, 1938.28) 370.74 (186.44, 571.26) <0.001™
CRP (mg/L) 11.40 (2.00, 162.20) 2.00 (2.00, 9.50) <0.001™
ESR (mm/h) 25 (2, 73) 9(2,27) <0.001™
DAS28-ESR 4.90 (2.70, 6.70) 2.00 (1.10, 2.50) <0.001™
SDAI 25.20 (4.30, 79.00) 4.30(2.10, 10.80) <0.001™
CDAI 24.00 (4.00, 40.00) 4.00 (2.00, 10.00) <0.001™

t-test

CDA!I: Clinical disease activity index, CRP: C-reactive protein, csDMARDs: Conventional synthetic disease-modifying anti-rheumatic drugs, DAS28-ESR: Disease activity score
28-erythrocyte sedimentation rate, ESR: Erythrocyte sedimentation rate, ™: Mann-Whitney U test, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio,
PLT: Platelet, RA: Rheumatoid arthritis, SDAI: Simplified disease activity index, SD: Standard deviation, SlI: Systemic immune inflammation index, ' Independent samples

Areas under the ROC curve (AUC) can be listed as; 0.968 for SlI
(Figure 3) [95% confidence interval (Cl): 0.914-0.993], 0.898
for NLR (Figure 3) (95% Cl: 0.823-0.948), 0.784 for PLR (Figure
3) (95% Cl: 0.692-0.859), 0.864 for CRP (Figure 3) (95% Cl:
0.783-0.923) and 0.765 for ESR (Figure 3) (95% Cl: 0.672-
0.843). It was determined that Sl and NLR variables were better
in determining disease activity than CRP and ESR. For the SlI
to evaluate disease activity, the ideal cut-off point was 479.36
(x10%/L) (sensitivity: 92.45%, specificity: 86.27%). ROC curve
analyzes are shown in Figure 3.

Discussion

In the present study, RA patients exhibited elevated levels of
SII, neutrophils, NLR, and PLR compared to healthy controls,

while lymphocyte counts were notably reduced in the RA group.
SII, neutrophil, PLT, CRR ESR, NLR, PLR, DAS28, SDAI and CDAI
values were elevated in the active disease group. A strong
positive association was identified between Sl and the variables
CRP ESR, DAS28-ESR, SDAI, and CDAI. It was determined that
SIl and NLR variables were better in determining disease activity
than CRP and ESR with an effect size of 0.84.

ESR, CRP DAS-28, SDAI and CDA\I are valid laboratory and clinical
variables used in determining RA disease activity. Recently,
studies have been conducted on NLR, PLR and Sl values
calculated with CBC parameters, which is an easily accessible
and inexpensive method routinely requested at every control of
patients to determine RA disease activity (5-9,30-32).
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Neutrophils, lymphocytes and PLTs have an important role in
inflammation. Neutrophils play a role by activating antigen-
presenting cells and producing pro-oxidant mediators and
lytic enzymes (9). Although it is controversial in some sources
whether PLTs play a pro-inflammatory or anti-inflammatory role
in the pathogenesis of RA (9), they have recently been reported
to be active in exacerbating and maintaining inflammation (7).

While elevated PLT levels are difficult to detect in the joints
of patients with inactive RA, numerous PLT-specific proteins
can be identified in the synovial fluid and serum of those with
active disease. Furthermore, during active RA, increased T-cell
infiltration into the synovium leads to a relative depletion of
T-cells in the peripheral blood, which is reflected as a decreased
lymphocyte count in CBC measurements.

Consequently, patients with RA in the active phase should
expect an increase in neutrophil and PLT counts, while
lymphocyte counts should decrease (7). In our study, neutrophil

and PLT counts were significantly higher in the active RA group
compared to the remission group. The lymphocyte counts
decreased, although the difference observed did not reach
statistical significance.

Our study showed that active RA patients had higher values
than the remission group when the NLR and PLR variables were
taken into account. The RA group also had higher values than
the healthy controls. Since NLR and PLR are variables calculated
by a formula including neutrophils, lymphocytes, and PLT, it can
be predicted that they can reflect the active RA disease.
According to Jin et al. (5), the RA group had higher NLR and PLR
values than the other groups with rheumatic diseases and the
healthy control groups. In their ROC curve analysis (AUC: 0.831,
cut-off point: 2.13, sensitivity: 76.7%, specificity: 75.9%) they
pretended to demonstrate the effectiveness of NLR in evaluating
the disease activation, although it is less valuable than CRP but
more valuable than ESR. Consistent with the present results,

Assessed for eligibility

n=286

4 N

Excluded (n=113)
Hypertension
Coronary artery disease
Diabetes Mellitus
Metabolic syndrome
Infection
Malignancy
Anemia
Thyroid dysfunction

A4

Parathyroid diseases
Chronic obstructive pulmonary
disease
Obstructive sleep apnea syndrome
Allergic rhinitis
Asthma
Smoking
Pregnancy
Other inflammatory rheumatic
diseases

- /

Participants

n=173

|

Rheumatoid arthritis

n=104

Healthy control

n=69

I
l I

Active RA

n=33 n=51

Remission RA

Figure 1. Flow chart
RA: Rheumatoid arthritis
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both NLR and PLR values were high in our study. In the ROC curve
analysis (AUC: 0.898, cut-off point: 2.08, sensitivity: 77.36%,
specificity: 90.20%), the efficiency of NLR in determining RA
disease activity was better than ESR and CRP According to
Chen et al. (7), patients with RA showed increased NLR and
PLR values compared to controls. Analysis of the ROC curve
showed that the cut-off value for PLR was 171.92 (AUC=0.676,
sensitivity=61.28%, specificity=81.68%). A significant correlation
was also found between PLR and DAS28. In conclusion, they
noted that high PLR values are associated with an increased risk
of RA. Erre et al. (9), stated that in a meta-analysis in which they
included 13 of the studies published between 2015 and 2017,
they confirmed that NLR and PLR values are associated with the
presence of RA. Our results related to NLR and PLR values are
compatible with the current literature.

Sll variable can be more effective in demonstrating activity in RA
patients than NLR and PLR, since neutrophil, lymphocyte and
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PLT values are calculated with a method that includes all three.
SIl was investigated in patients with malignant diseases (13-16).
Apart from malignancies, studies have also been conducted
in patients with aphthous stomatitis, psoriasis, hydradenitis
suppurativa, interstitial lung disease, non-infectious uveitis and
ulcerative colitis (19-24). The SII has been shown to be a useful
index for monitoring disease activity in patients with ankylosing
spondylitis, determining the activity of Behcet's disease,
diagnosing AOSD and predicting the severity of psoriatic arthritis
(25-27,34). It has also been reported to be an effective marker in
studies on vasculitis (28,29).

There were three studies in the literature that investigated SlI
in RA patients (30-32). In one of these studies, some markers
were calculated including SII in patients with active RA, AS and
systemic lupus erythematosus. In contrast to healthy controls,
RA patients had higher Sll, which was statistically significant, but
performed poorly in predicting RA disease activity (AUC: 0.622,

(b)
— 1::0.383
= 80
g p<0.001 °
g 80 (o]
E oo © e e
I.Iw.l 40 ° ()
P o
20 )
o Oy °
0 o0 ’. o
00 500.00 100000 150000  2000.00
Sl (x10°/L)
(d) r::0.796
80.00 o
p<0.001
_ 60.00 5 A
<Qt 40.00 % °
w L/ ° ‘ ) °
)
20,00 1 e =
00
00 500.00 1000.00 1500.00 2000.00
SII (x10°/1)

Figure 2. Correlations of Sl with CRP (a), ESR (b), DAS28-ESR (c), SDAI (d) and CDAI (e)
CDAI: Clinical disease activity index, CRP: C-reactive protein, DAS28-ESR: Disease activity score 28-erythrocyte sedimentation rate, ESR: Erythrocyte sedimentation
rate, RA: Rheumatoid arthritis, SDAI: Simplified disease activity index, SlI: Systemic immune inflammation index, r; Spearmen correlation coefficient
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AUC: 0.968, 95% CI: 0.914-0.993
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AUC: 0.898, 95% CI: 0.823-0.948
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—PLR
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Figure 3. Receiver operating characteristic (ROC) curves

10 Optimal cut-off point: 22 (mm/h)
Sensitivity: 58.49%, Specificity: 98.04%

CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, Sil: Systemic immune
inflammation index, ROC: Receiver operating characteristic, AUC: Area under the curve

95% Cl: 0.449-0.794, cut-off point: 691.55, sensitivity: 54.00%,
specificity: 61.50%) (32). Compared to this study, Sll was a good
predictor of RA disease activity in our ROC curve analysis.

In another RA study on SII by Choe and Kim (31), evaluation
with janus kinase (JAK) inhibitors was performed before and
after 24 weeks of treatment. They determined that SlI, NLR
and PLR values in RA patients were higher than healthy controls
in the initial evaluation. The present results are also consistent
with our study. It was stated also that after treatment with JAK
inhibitors for 24 weeks, there was a decrease in Sl and NLR
values.

A separate investigation carried out in Tlrkiye demonstrated
elevated Sll levels in RA patients relative to healthy controls, with
even greater elevations observed in those with active disease
compared to patients in remission. (p=0.002 and p=0.030,
respectively) (30).

On the other hand, another study came to the conclusion that
Sll levels are not a reliable indicator of RA disease activity (32).
Unlike previous studies, our research holds particular value due
to the inclusion of a larger number of healthy controls and a
well-balanced distribution between patients with active RA and
those in remission and had SlI values that were highly predictive
of disease activity.

Study Limitations

The main limitation of our work is that it was a case control
study conducted in a single centre. In addition, the Sl scores

(remission) of the patients in the active RA group could not be
assessed after treatment. Future research with larger cohorts
and prospective design is warranted to evaluate the efficacy of
RA SII.

Conclusion

The Sl could be an innovative indicator for evaluating disease
activity in patients with RA.
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Abstract

Obijective: To evaluate the correlation and agreement between fracture risk assessment tool (FRAX) and the Garvan fracture risk calculator
(GFRC) in estimating the 10-year hip fracture risk in postmenopausal Turkish women with osteoporosis.

Materials and Methods: A retrospective cross-sectional study was conducted in the Uskiidar State Hospital. Medical records of 347
postmenopausal women aged between 50 and 90 were analyzed. Data on clinical risk factors were collected, and fracture probabilities were
calculated using FRAX and GFRC tools. Spearman'’s rank correlation test was used to assess correlation, Wilcoxon signed-rank test was used
to compare means, while the Interclass Correlation Coefficient (ICC) was calculated using two-way mixed effects model (ICC3) to evaluate
agreement.

Results: FRAX 10-year hip fracture risk scores were significantly higher than GFRC 10-year hip fracture scores (p<0.001). The Spearman'’s
correlation between FRAX and GFRC 10-year hip fracture risk scores was found to be strong (r=0.821, p<0.001). The ICC3 value was 0.054
[95% confidence interval (0.02, 0.11)].

Conclusion: In its current form, GFRC should be used complementarily rather than interchangeably for fracture risk prediction in
postmenopausal Turkish women and should be reserved for specific patient populations. The results underline the need for population-specific
calibrations for GFRC to improve predictive accuracy and clinical utility.

Keywords: Osteoporosis, fracture risk assessment tool (FRAX), Garvan fracture risk calculator (GFRC), postmenopausal women, hip fracture
prediction

Amac: Bu calismanin amaci postmenapozal osteoporoz tanili Tirk kadinlarinda kirik risk degerlendirme araci (FRAX) ve Garvan kirik risk
hesaplayici (GFRC) arasinda 10 yillik kalca kingi riski tahmininde korelasyon ve uyumu degerlendirmektir.

Gereg ve Yéntem: Bu calisma Uskiidar Devlet Hastanesi'nde retrospektif kesitsel bir calisma olarak gerceklestirildi. Yaslari 50 ile 90 arasinda
degisen 347 postmenopozal osteoporoz tanili kadin hastanin tibbi kayitlari analiz edildi. Klinik risk faktérlerine iliskin veriler toplandi ve FRAX ile
GFRC araglari kullanilarak 10 yillik kalca kingi olasiliklari hesaplandi. Korelasyonu degerlendirmek icin Spearman korelasyon testi, ortalamalari
karsilastirmak icin Wilcoxon testi, uyumu degerlendirmek icin ise iki yonli karisik modelin Interclass Correlation Coefficient (ICC3) hesaplandi.
Bulgular: FRAX ile hesaplanan 10 yillik kalca kirngr risk skorlari, GFRC ile hesaplanan skorlarla karsilastirildiginda istatistiksel olarak anlamli
sekilde daha ylksek bulundu (p<0,001). FRAX ve GFRC 10 yillik kalga kingi risk skorlari arasinda istatistiksel olarak anlamli bir sekilde gl
korelasyon bulundu (r=0,821, p<0,001). ICC3 degeri 0,054 [95% guven aralidi (0,02, 0,11)] olarak hesaplandi.
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Sonug: Mevcut haliyle GFRC kirik riski tahmininde tek basina FRAX yerine kullanilmamali, klinik stireclerde mevcut algoritmalar agisindan
tamamlayici ve belirli hasta poptlasyonlarina 6zel bir arag olarak degerlendirilmelidir. Calismanin sonucunda GFRC'nin daha dogru ve klinik

olarak kullanisl sonuglar verebilmesi adina poptlasyona ¢zgi kalibrasyonlara ihtiyaci oldugu ongorulebilir.
Anahtar kelimeler: Osteoporoz, kirik risk degerlendirme araci (FRAX), Garvan kirik risk hesaplayici (GFRC), postmenopozal kadin, kalca kirigi

tahmini

Introduction

Osteoporosis is a bone disorder that develops due to the loss of
bone mass and the alteration of bone structure, resulting in more
fragile and fracture-prone bones (1). The disease is a matter of
concern for more than 200 million people with this condition, as
well as health professionals and insurers, because of its clinical
consequences and economic costs (2). Moreover, the burden
of the disease extends to increased healthcare expenditures,
decline in productivity, and reduced quality of life for the affected
population, primarily the elderly (3). The issue that needs to be
addressed by policymakers is this increasing challenge that is
expected to worsen because of the demographic transitions that
occur with the population getting older (4).

Osteoporotic fractures, which are referred to as the most severe
manifestations of osteoporosis, are hip, spine, and wrist fractures,
with each of them causing considerable morbidity, mortality, and
healthcare costs (5). Among them, hip fractures, which are the
most important, usually result in long-term disability and higher
mortality rates. The assessment of fracture risk is an essential
tool in the prevention of healthcare strategies, and predictive
algorithms are of paramount importance in the early detection
of the individuals who are at risk (6).

The fracture risk assessment tool (FRAX) is one widely used
algorithm designed to estimate the 10-year probability of
fractures based on clinical risk factors and bone mineral density
(BMD) (7). FRAX's utility lies in its integration of patient-specific
risk factors with global epidemiological data, enabling clinicians
to make informed treatment decisions. However, its reliability
varies by population, emphasizing the need for validation studies
across diverse demographics (8). Although FRAXplus holds great
promise for the future, it is currently in beta testing and there
is a risk that its widespread use may be limited by its cost (9).
The Garvan fracture risk calculator (GFRC), another predictive
tool, includes additional variables such as fall history to enhance
fracture risk assessment. While it offers a broader risk profile,
the literature suggests that its clinical application requires further
validation to confirm its generalizability and accuracy across
different cultural settings (10).

Evaluating the correlation and agreement between different
fracture prediction methods, like FRAX and GFRC within cultural
contexts is essential for improving the precision of osteoporosis
management globally. Such studies have the possibility to
refine risk stratification and ensure the appropriateness of
interventions tailored to specific populations (11). In the light

of all this information, the aim of this study was to investigate
the agreement and correlation levels of FRAX and GFRC in the
Turkish population. To the best of our knowledge, this is the
first study to compare FRAX and GFRC methods among the
specific population of postmenopausal Turkish women with
osteoporosis.

Materials and Methods

This retrospective cross-sectional study was conducted between
Uskiidar State Hospital. The study was conducted in accordance
with the Declaration of Helsinki and was approved by the
University of Health Sciences Turkiye, Zeynep Kamil Women
and Children Diseases Training and Research Hospital Ethics
Committee (approval no: 11 date: 11.01.2023).

Patients under the age of 50 were not included due to the
inability to calculate the GFRC and above the age of 90 due to
inability to calculate the FRAX score. Due to potential differences
in technicians and equipment, T-score and BMD were not used
in the risk calculations. The medical records of postmenopausal
female patients diagnosed with osteoporosis and followed up
at the Agreement of FRAX and Garvan in Fracture Risk between
September 1, 2023 and September 1, 2024, were reviewed.
The data collected from the patient files included age, height,
weight, current smoking status, high alcohol consumption (=3
units/day), history of previous fragility fractures, number of
falls in the past year, parental history of hip fracture, current
or past use of glucocorticoids, presence of rheumatoid arthritis,
type 1 diabetes, untreated long-standing hyperthyroidism,
hypogonadism or premature menopause, chronic malnutrition
or malabsorption, and chronic liver disease.

Before the calculations, the browser was operated in incognito
mode to mitigate potential interference and bias. FRAX
score computations were performed using the online tool
at https://frax.shefac.uk/FRAX/tool.aspx?lang=tu, and the
10-year probability of hip scores were recorded. Similarly,
GFRC calculations were carried out via the website https://
fractureriskcalculator.com.au/calculator/ and 10-year risk of hip
fracture scores have been documented. Due to the risk of time
and the coverage of fracture locations differences adversely
impacting the analysis, the 10-year probability of major
osteoporotic fracture from FRAX and the 5-year risk scores and
the risk of any fracture from GFRC were excluded from the
study. The browser was restarted for each calculation to ensure
consistency and avoid bias.
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Statistical Analysis

The behavior of quantitative variables was assessed using
centralization and variance measurements: Mean +* standard
deviation. Wilcoxon signed-rank test was used to compare the
distribution of continuous variables between two dependent
groups that have non-normal distributed data. The Shapiro-Wilk
test was used to determine the normality of the distribution.
Spearman’srank correlation test was used to investigate a possible
correlation. A correlation between 0.10 and 0.39 is considered
weak, between 0.40 and 0.69 is considered moderate, between
0.70 and 0.89 is considered strong, and between 0.90 and 1 is
considered very strong (12). For interclass correlation coefficient
(ICC) values; values less than 0.5 are considered indicative of
poor reliability, values between 0.5 and 0.75 are indicative of
moderate reliability, values between 0.75 and 0.9 are indicative
of good reliability, and values greater than 0.90 are indicative
of excellent reliability (13). A significance level of p=0.05 was
set for all analyses. Statistical analyses were conducted using
the IBM SPSS (Statistical Package for the Social Sciences,
Version 27.0, Armonk, NY, IBM Corp.) software package and
Python version 3.11.10 (Python Software Foundation), utilizing
“pandas”, “pyreadstat” and “pingouin” librarioes for statistical
analysis. “Plotly” library was used for visualizations.

Results

A total number of 347 patients were included in this study. Table
1 and Table 2 summarize the demographic and disease specific
data of the participants.

The Saphiro-Willk test results demonstrated that FRAX 10-
year probability of hip fracture and GFRC 10-year risk of hip
osteoporotic fracture scores deviated from a normal distribution
(p<0.001, p<0.001, respectively).

Figure 1 visually compares the distribution of FRAX 10-
year probability of hip fracture and GFRC 10-year risk of hip
osteoporotic fracture scores, with corresponding kernel density
estimates providing a smoothed representation of the data. The
results of the Wilcoxon signed-rank test indicated a statistically
significant difference between the two measures, with FRAX
scores being significantly higher (p<0.001).

Figure 2 presents a scatterplot illustrating the relationship
between FRAX 10-year probability of hip fracture and GFRC

10-year risk of hip osteoporotic fracture scores, with a locally
weighted scatterplot smoothing (LOWESS) curve applied to
enhance visualization. The Spearman rank correlation analysis
demonstrated a strong positive correlation between the two risk
scores (r=0.821, p<0.001). The LOWESS curve revealed a non-
linear relationship and variation across different score ranges.

An ICC calculation using two-way mixed effects model (ICC3)
was performed to assess the agreement between the FRAX 10-
year probability of hip fracture score and GFRC 10-year risk of
hip osteoporotic fracture scores. The ICC3 value was determined
to be 0.054 [95% confidence interval (0.02, 0.11)] (p<0.001).

Discussion

The data collated from the current research revealed a strong
rank-order correlation between FRAX and GFRC instruments in
postmenopausal Turkish women with osteoporosis, while the
same instruments estimated fracture risks with moderate to low
agreement. Also, it was observed that GFRC demonstrated lower
scores than FRAX. Based on this information, it is evident that
the Garvan fracture risk score must be used with the utmost care
when determining fracture risk in this group of women and only
for those who show specific characteristics, like increased risk of
falls, and it should be taken as a supplementary measure.

The FRAX tool is an important instrument for assessing fracture
risk in the Turkish population, as it predicts the 10-year probability
of major osteoporotic and hip fractures using clinical risk factors,
with or without BMD inputs. It is beneficial for risk stratification
and cost-efficient population screening, especially in settings
where diagnostic tools like DEXA scans are not widely available
(14). A study on Turkish postmenopausal women with osteopenia
demonstrated moderate agreement between FRAX predictions
made with and without BMD, showcasing its utility even in resource-
constrained environments (15). Additionally, FRAX models are
calibrated to country-specific fracture and mortality rates, ensuring
their relevance to local populations like Turkiye (16). Globally,
FRAX is a validated and widely recognized reference tool, often
incorporated into clinical guidelines to guide treatment strategies
(17). It provides a robust framework for assessing fracture risk and
planning prevention strategies for the Turkish population.

On the other hand, the GFRC is another vital instrument in
detecting individual fracture risks since it focuses on clinical risk

Table 1. Mean, standard deviation, minimum and maximum values of age, height, weight, body mass index, FRAX 10-

year probability of hip fracture score, and GFRC 10-year risk of hip osteoporotic fracture score of the participants

Variable Mean SD Minimum Maximum
Age 67.14 8.05 51.0 83.0
Height 154.08 6.60 135.0 170.0
Weight 62.46 9.21 44.0 93.0

Body mass index 26.42 4.44 18.40 40.05
FRAX 10-year probability of hip fracture 474 7.04 0.4 38.0

GFRC 10-year risk of hip osteoporotic fracture 1.44 1.61 0.1 9.0

FRAX: Fracture risk assessment tool (FRAX), GFRC: Garvan fracture risk calculator, SD: Standard deviation
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factors such as fall history, and the number of prior fractures
compared to FRAX. Because of this, the GFRC is especially
helpful for evaluating patients who are vulnerable to falls, like
the elderly, in whom FRAX may be less accurate (18). Also,
the literature suggests that GFRC may be more advantageous
in some cases than FRAX because of its flexibility, as it offers
a single 10-year risk assessment and a 5-year risk assessment,
which can be a plus for individuals (19). GFRC has also been
observed in literature to be more sensitive in predicting future
fractures in people with a fracture history than FRAX (20). In
such cases, GFRC might be a better option for the “any fracture”
prediction, even if it is usually better for predicting hip fractures
(21). Addressing the specific limitations of FRAX, for instance,
the omission of fall risk and offering personalized fracture
predictions, GFRC stands as a valuable alternative for population
subgroups in fracture risk evaluations.

The variance in fracture risk estimates predicted by the FRAX
and GFRC tools among Turkish postmenopausal females
remains in line with earlier research results. However, contrary
to previous literature, FRAX scores were significantly higher than
GFRC. This difference may be ascribed to several variables, such
as methodological or demographic-specific factors. For example,
FRAX omits some risk factors, like a history of falls, while GFRC
adds them, which makes it more sensitive to fracture risk
prediction in populations where falls are prevalent (22). This

has been shown in a study conducted with an Australian cohort
where GFRC has been more precise in forecasting fracture
risks in patients having a history of falls (21). Conversely, FRAX,
being aligned with national fracture epidemiology, usually issues
conservative risk estimates, while GFRC might overestimate
fracture risks as it is based on generalizations that are not
accurate in certain cases, which has been observed in New
Zealand cohort (23).

Another reason for the low agreement between the two
models could be the unmeasured variables that are of
importance for the prediction of fractures. The FRAX and GFRC
both overlook the cortical bone properties that have been
shown to independently predict fractures (24). In addition to
that, comorbidities, medications, and physical activity levels
may also be factors impacting the fracture risk besides being
inconsistently considered in both models (23,25). The markers of
bone turnover may also have the potential to make predictions
more accurate; however, they have not yet been included in the
routine assessments (26).

The mismatch between FRAX and GFRC predictions can be
worked on through some possible improvements, such as
making the models more inclusive and more adaptable. For
instance, the addition of extra risk factors such as falls history,
cortical bone properties, and bone turnover markers into FRAX
and GFRC could lead to these models’ better predictive accuracy

Table 2. Marital status, occupation, alcohol consumption, smoking status, fracture history, family fracture history,

corticosteroid use, and total number of fragility fractures after age 50 of the participants

Variable Category Frequency Percentage
Married 220 63.40%
Marital status Single 38 10.95%
Widowed 89 25.65%
Unemployed 328 94.52%
) Worker 1.15%
Occupation —
Civil servant 2.31%
Freelance 2.02%
_ _ Yes 1.15%
Alcohol consumption (=3 units/day)
No 343 98.85%
) Yes 76 21.90%
Current smoking
No 271 78.10%
. Yes 90 25.94%
Fracture history
No 257 74.06%
. , Yes 80 23.05%
Family fracture history
No 267 76.95%
i _ Yes 20 5.76%
Corticosteroid use
No 327 94.24%
0 257 74.06%
N 1 46 13.26%
Total number of fragility fractures after age of 50
2 40 11.53%
3 4 1.15%
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Figure 1. Comparison of FRAX 10-year probability of hip fracture and
GFRC 10-year probability of hip fracture scores of the participants
FRAX: Fracture risk assessment tool (FRAX), GFRC: Garvan fracture
risk calculator
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Figure 2. Scatter plot showing the relationship between the FRAX
10-year probability of hip fracture and GFRC 10-year probability of hip
fracture scores of the participants

LOWESS: Locally weighted scatterplot smoothing, FRAX: Fracture risk
assessment tool (FRAX), GFRC: Garvan fracture risk calculator
[Billington et al. (18), (24,26)]. Also, calibration of the GFRC
model to the national population’s epidemiological data, similar
to the design of FRAX, could potentially minimize differences
in the risk estimations for certain communities (25) Moreover,
incorporating other imaging technologies, such as trabecular
bone score, would not only enhance the information but also
present a small-scale assessment of skeletal health alongside
using the existing models (22,27). Regular validation of these
tools via recent data, as well as the implementation of machine
learning for the dynamic improvement of algorithms, can also
be the way to cope with the discrepancies (21,28).
Implementing country-specific calibrations into osteoporotic
risk calculation tools is highly necessary since there are
different fracture risks and mortality rates among the various
populations due to different factors such as genetics, lifestyle,
and healthcare infrastructure. For example, different rates of
fracture are observed in different regions of the world, and
these differences are attributed to the levels of calcium and
vitamin D intake, physical activity, and genetic predisposition,
which can lead to problems of under/overestimation if tools

are not calibrated locally (29). In addition, mortality rates also
impact the predictive value of fracture risk calculations. For
instance, the FRAX tool incorporates competing death risks into
its model, which varies across regions based on the healthcare
available and economic factors (20). Besides that, cultural
and environmental factors, such as fall risks, smoking, alcohol
consumption, and sunlight exposure, affect fracture incidence,
too; thus, localized correction becomes necessary (23). Without
country-specific data, fracture risk tools may misclassify patients,
leading to inappropriate treatment decisions or resource
allocation. Therefore, calibrations tailored to specific populations
ensure more accurate and clinically relevant risk predictions and
interventions.

Study Limitations

This study has several limitations. The calculations might have
been error-prone due to the lack of BMD values. The research
was centered only on postmenopausal osteoporosis individuals
who were more than 50 years old, which might affect its
applicability to broader demographic groups. Moreover, the
retrospective character of this investigation might bring about
biases due to the uncertain data, reliance on records, and the
difficulty of proving causation between the exposure and the
outcome. Furthermore, the lack of utilization of FRAXplus in
this study represents an additional limitation, as its inclusion
could have contributed to more boarder results. Future studies
should try to implement prospective approaches and insert
measurements of BMD to raise the reliability of their findings.
The conduction of research utilizing larger and more assorted
populations is fundamentally necessary for the generalization
and relevance of the discoveries. Additionally, incorporating
other risk calculation tools like FRAXplus in future investigations
could play a significant role for border and more generalizable
results.

Conclusion

In conclusion, the strong correlation yet low concordance
between the FRAX and GFRC may indicate their complementary
nature rather than interchangeability Under the current
circumstances, the GFRC system must be run as an additional tool
and applied only in a limited way to specialized patient groups
within the postmenopausal Turkish patients. The results may also
hint the potential need for local calibrations to be established
to ensure the accuracy and relevance of predictive algorithms
within specific populations, such as Tirkiye. Overcoming these
limitations via specific modifications and broader studies has the
potential to improve the Garvan tool in its application to the
Turkish population, hence the development of more accurate
and culturally relevant medical interventions for osteoporosis
management strategies.
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The Relationship Between Physical Performance with Dual-task
Performance in Geriatric Individuals

Geriatrik Bireylerde Fiziksel Performans ile Ikili Gérev Performansi Arasindaki lliski
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Abstract

Objective: Maintaining functional independence in older adults requires an intricate balance between physical and cognitive abilities. While
physical performance is known to support overall health, its relationship with dual-task performance -an essential component of daily life
activities- remains a critical area of investigation. This study aimed to investigate the association between physical performance and dual-task
performance and to compare the effects of different levels of physical performance on dual-task execution in geriatric individuals.
Materials and Methods: A total of 79 geriatric individuals (mean age=68.68+4.42) were included in the study. Their physical performances
were evaluated through the Alusti test, Timed Up and Go test (TUGT), 30-Second Sit-to-Stand test (30s STST) and 10-meter Walk test. Dual-
task performance measurements were assessed using the TUGT, 30s STST and 10-meter Walk test (using motor and cognitive task) and the
dualtask questionnaire.

Results: There was a low correlation between the Alusti test and Dual-task scale (r=-0.222; p=0.048), while a moderate-level correlation
between TUGT (r=0.339; p=0.001), 30s STST (r=-0.336; p=0.002), and the 10-meter Walk test (r=0.365; p=0.001). When individuals were
divided into two groups based on Alusti test scores (good mobility and very good mobility), the mean of 30s STST motor and -cognitive tasks
were statistically significantly higher in the very good mobility group compared to good mobility (p=0.026, p=0.005; respectively).
Conclusion: The findings suggest that dual-task performance is closely linked to physical function in older adults, with higher physical
performance associated with improved dual-task execution. Given the increasing importance of maintaining cognitive-motor abilities for aging
populations, targeted physical activity interventions may help mitigate declines in dual-task performance, ultimately promoting safer mobility
and greater independence in daily life. Future research should further explore the mechanisms underlying these interactions to develop
effective strategies for cognitive-motor preservation in geriatric care.

Keywords: Physical performance, geriatrics, task performance, cognition, motor skills, balance

(0)4

Amag: Geriatrik bireylerde fonksiyonel bagimsizligin korunmasi, fiziksel ve bilissel yetilerin dengeli bir sekilde strdlrilmesini gerektirir. Fiziksel
performansin genel saglik tzerindeki olumlu etkileri bilinse de, ikili gorev performansi ile olan iliskisi -glinlik yasam aktivitelerinin 6nemli bir
bileseni- hala arastiriimasi gereken kritik bir konudur. Bu calisma, fiziksel performans ile ikili gorev performansi arasindaki iliskiyi incelemeyi ve
farkli fiziksel performans seviyelerinin ikili gorev ylritme Uzerindeki etkilerini karsilastirmayr amaglamaktadir.

Gereg ve Yontem: Calismaya toplam 79 geriatrik birey (ortalama yas=68,68+4,42) dahil edilmistir. Fiziksel performanslari Alusti testi, Zamanli
Kalk ve Yir( testi (ZKYT), 30 Saniye Otur-Kalk testi (30s OKT) ve 10 Metre Yiriime testi ile degerlendirilmistir. ikili gérev performansi dlctimleri
ZKYT, 30s OKT ve 10 metre YUrtime testi (motor ve bilissel gérev kullanilarak) ile ikili gorev 6lcedi kullanilarak degerlendirilmistir.

Bulgular: Alusti testi ile ikili Gérev 6lcedi arasinda diistik diizeyde bir korelasyon (r=-0,222; p=0,048) bulunurken, ZKYT (r=0,339; p=0,001),
30s OKT (r=-0,336; p=0,002) ve 10 metre Ylrime testi (r=0,365; p=0,001) ile orta dizeyde korelasyon gorllmustir. Alusti test skorlarina
gore bireyler iki gruba ayrildiginda (iyi mobilite ve ¢ok iyi mobilite), cok iyi mobilite grubunda 30s OKT motor ve bilissel gorev ortalamalarinin
iyi mobilite grubuna kiyasla istatistiksel olarak anlamli derecede yiiksek oldugu bulunmustur (sirasiyla p=0,026, p=0,005).
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Sonug: Bulgular, ikili gdrev performansinin yasl bireylerde fiziksel fonksiyon ile yakindan iliskili oldugunu ve daha yuksek fiziksel performansin
daha iyi ikili gorev yiritme ile baglantili oldugunu gostermektedir. Yaslanan niifus icin bilissel-motor yetilerin korunmasinin artan 6nemi géz
onlne alindiginda, hedefe yonelik fiziksel aktivite midahaleleri, ikili gorev performansindaki disusleri azaltmaya yardimci olabilir ve bdylece
daha glvenli hareketlilik ile glinlik yasamda daha buyutk bir bagimsizlik saglayabilir. Gelecekteki arastirmalar, bu etkilesimlerin altinda yatan
mekanizmalari daha ayrintili inceleyerek geriatrik bakimda bilissel-motor korunmaya yonelik etkili stratejiler gelistirmelidir.

Anahtar kelimeler: Fiziksel performans, geriatri, gérev performansi, bilis, motor beceriler, denge

Introduction

With ageing, structural and functional changes occur in many
organ systems, leading to reductions in reserves. In the case
of physical inactivity, the physiological changes associated
with the ageing process accelerate, the frequency of chronic
diseases increases, and life expectancy shortens (1). Therefore,
the decrease in physical performance with advancing age can
impact health and well-being, predicting disability and mortality
in older adults (2,3). The importance of physical performance is
emphasized in the relationship between physical disability and
cognitive impairment (4). In addition to physical performance,
cognitive impairment in the older people also diminish the
quality of life and daily life activities (5).

The identification of age-related important conditions involves
recognizing the loss of muscle strength and deterioration in
physical performance as crucial elements. In the literature,
the evaluation of these elements often includes grip strength,
speed of walking, Timed Up and Go test (TUG), and batteries
(6). Besides, the Alusti test, created by Calvo Aguirrey et al. (8)
and rooted in existing assessments, offers a quick evaluation
of physical performances in older adults with diverse functional
and cognitive level capacities without causing exhaustion to the
patient (7,8).

Dual-tasking refers to the capability of executing two or more
tasks at the same time. It is known that different age groups
exhibit varying performance outcomes for tasks that need to
be accomplished simultaneously. It has been observed that dual-
task conditions enhance both cognitive and motor performance,
improving standing and walking performance (9). Previous
studies employed various primary mobility tasks, such as balance
or walking, alongside a secondary task, which could be cognitive
(e.g., an arithmetic task) or motor-related (e.g., carrying an
object) (10). These results highlight a possible cognitive-motor
interaction that leads to a decrease in mobility performance
and/or dualtask performance in older adults compared to
younger individuals. Additionally, reduced performance in
secondary tasks (both cognitive and motor) was observed in
geriatric adults (11-13).

The literature consistently demonstrates that higher levels
of physical activity correlate with better functional status
and lower risks of cognitive decline and dementia (14).
Assessing only a single performance parameter, typically
mobility tasks, may result in misleading conclusions about the
impact of dualtask performance, particularly in the geriatric

population, where both cognitive and motor components
may be affected. For this reason, this study aims to contribute
to the growing body of evidence supporting physical activity
as a cornerstone of aging, emphasizing the necessity
for tailored assessments that address both physical and
cognitive performance in the geriatric population. Specifically,
the present study investigates the relationship between
physical performance and dual-task performance, while also
comparing the varying levels of physical performance among
older adults in relation to their ability to manage dual tasks.

Materials and Methods

Study Design

The research was designed as a cross-sectional research.

Participants

The study’s sample size was determined using the G*Power
software. Using the dual task performance values obtained from
a similar study, it was determined that the study should include
at least 55 participants, ensuring a 95% confidence interval and
an 80.3% statistical power level.

The research was carried out at a University Training and
Research Hospital, involving a total of 79 geriatric individuals.
Inclusion criteria were (1) being between the ages of 65-85,
(2) voluntary participation in the study, (3) ability to read and
write, (4) Scoring 21 points or above on the Montreal Cognitive
Assessment scale.

Exclusion criteria were (1) the presence of cardiovascular,
pulmonary, orthopedic, or neurological disorders that
significantly affect their physical condition.

The ethical approval for the study was obtained from the Local
Ethical Committee for Research in Natural, Social, and Non-
Invasive Health Sciences (decision no: 144, date: 10.11.2021). All
patients were informed about the research before they started
the study and obtained signed written and verbal consent for
participation. All protocols followed were in compliance with the
ethical standards set by the committee responsible for human
experimentation and the principles of the Helsinki Declaration.

Assessment

All evaluations were completed by the same researcher.
Demographic characteristics of geriatric individuals were
recorded. Their physical performances were assessed using the
Alusti test, timed up and go, the 30-second sit-to-stand tests and
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10-meter walk test; and dualtask performance measurements
were assessed by adding both motor and cognitive tasks to the
tests used to evaluate physical performance, and using the dual
Task scale.

Physical Performance Assessment

Alusti Test: This test is commonly used to assess physical
performance in geriatric individuals. Comprising 10 items, the
total score of the test was evaluated on a scale of 0 to 100.
The assessment began with the individual lying supine in bed,
evaluating the range of joint motion in four extremities (item 1),
muscle strength of extremities (item 2), ability to transition from
lying down to sitting position (item 3), and sitting balance in the
sitting position (item 4). Additionally, the ability to stand up from
a sitting position (item 5), standing (item 6), walking (item 7),
walking distance (item 8), eyes closed tandem stance (item 9),
and eyes closed single-leg stance (item 10) were assessed. The
total score provides information about the individual’s level of
mobility. Based on the total score, the evaluation is as follows:
0-30: Completely dependent mobility, 31-40: Severely dependent
mobility, 41-50: Moderately dependent mobility, 51-60: Mildly
dependent mobility, 61-75: Good level of mobility, 76-90: Very
good level of mobility, 91-100: Excellent level of mobility (8).
The Timed Up and Go Test (TUGT): It is used to assess an
individual’s dynamic balance, walking speed, and mobility. In the
test, the individual is instructed to stand up from a standard
chair with back support upon the starting command, walk a
distance of 3 meters at their normal pace, return, and then sit
back down in the chair. The time is measured with a stopwatch
and recorded in seconds. During the test, the use of walking
aids is allowed if the individual normally uses them. Completing
the TUGT in 14 seconds or more is identified as a risk of falling
(15).

The 30-Second Chair Stand Test: This test is utilized to assess
individuals” physical performance levels. This test evaluates
lower extremity muscle function, muscle endurance, sit-to-stand
activity, lower extremity strength, and dynamic balance. During
the test, the person’s ability to stand up from and sit back
down on a chair within 30 seconds is recorded. If the individual
records a score of 10 or fewer sit-to-stand repetitions within
the 30-second timeframe, it indicates lower extremity weakness
(16).

The 10-Meter Walk Test: It evaluates an individual’s normal
walking speed. In this test, the person is asked to walk in a
predefined 10-meter area at their usual walking pace in daily
life. If the individual use a walking aid, it is allowed. The timing
is initiated when the person’s foot crossed the starting line and
stopped when they crossed the finish line, with the total time
recorded. Two measurements are taken, and the best result is
recorded in seconds (17).

Dual-Task Assessment

Dual Task Questionnaire: It assesses the difficulties individuals
face when performing dual-task activities encountered in their
daily lives. It consists of 10 questions, each scored on a scale of

very often (4), often (3), occasionally (2), rarely (1), and never
(0). Responses to all questions are summed up to calculate
a total score, which is then divided by 10. An increase score
indicates greater difficulty in behaviors that require dual-task
performance (18).

Motor-Motor Tasks: To evaluate the dualtask motor-motor
performance of the participants, during the TUGT, 30-second
sit-to-stand test, and 10-meter walk test, they were given the
task of carrying a 0.5iter bottle full of water in their hands.
For motor-motor assessments something was carried in previous
studies (19).

Motor-Cognitive Tasks: To assess cognitive performance, tasks
involving the sequential recitation of months (from January
to December) were assigned during the TUGT, 30-second sit-
to-stand test, and 10-meter walking test. Studies showed that
tasks requiring verbal processing, such as counting or reciting
sequences, can impose varying levels of cognitive load that
affect gait parameters, including speed and stability (20).

Mean time was recorded in seconds in TUGT and 10-meter walk
test and number of repetitions in The 30-Second Chair Stand
test. In order to minimize the effects of fatigue, rest intervals
were given. Patients’ failed attempts were repeated (inaccuracy
in the order of months).

The dualtask performances were calculated separately for
motor and cognitive-added tasks.

The dualtask effect (DTE) was calculated according to the
following formula (20):

DTE = [(dualtask performance- single task performance)/single
task performance]x100.

A higher DTE indicates a greater decline in performance under
dualtask conditions.

Statistical Analysis

The data analysis was conducted using IBM SPSS Statistics 25
software (IBM Corp., Armonk, NY, USA). Descriptive statistics
were calculated for both categorical and continuous variables
in the study. The homogeneity of variances, required for
parametric tests, was assessed using the Levene test. The
normality assumption was evaluated with the Shapiro-Wilk
test. For comparing two groups, the Student’s t-test was used
when parametric test assumptions were met; otherwise, the
Mann-Whitney U test was applied. The relationship between
continuous variables was examined using the Pearson Correlation
Coefficient when parametric assumptions were satisfied, and
the Spearman correlation coefficient when they were not.
A p-value of <0.05 was considered statistically significant.

Results

At the beginning, a total of 84 geriatric individuals who
voluntarily participated in the study for treatment at the clinic
were assessed. Five individuals were excluded from the study
as they did not meet the inclusion criteria. The study was
completed with a total of 79 individuals (40 male, 39 female),
with an average age of 68.68+4.42. Demographic data and the
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mean scores of individuals on the scales and tests are presented
in Table 1.

When comparing dualtask questionnaire and physical
performance, The dualtask questionnaire showed a low
correlation with the Alusti test (r=-0.290, p=0.009) and
30-second sit-to-stand test (r=-0.267, p=0.017), while it showed
a moderate correlation with the 10-meter walk test (r=0.359,
p=0.001) and TUGT (r=0.454, p<0.001) (Table 2).

When comparing physical performance and dualtask
performances (both motor and cognitive tasks for each test),
a moderate correlation was found between the Alusti test and
the 30-second sit-to-stand test (r=-0.381, p=0.001; r=-0.407,
p<0.001, respectively). Additionally, TUGT-motor/cognitive tasks
had a low to moderate correlations with both 10-meter walk
test (motor/cognitive) (r=-0.340, p=0.002; r=-0.232, p=0.039,
respectively) and 30-second sit-to-stand test (motor /cognitive)
(r=0.411, p<0.001; r=0.232, p=0.040, respectively) (Table 3).
When individuals were grouped into Alusti test categories as
good mobility and very good mobility, the mean of 30-second
the sit-to-stand test- motor and -cognitive tasks were statistically
significantly higher in the very good mobility group compared

Table 1. Demographic data and the mean scores of

measurements of individuals (n=79)

to good mobility (p=0.026, p=0.005; respectively). No
differences were observed among the groups for other dual-task
performance parameters (p>0.05) (Table 4).

Discussion

This cross-sectional study showed that the physical performances
in geriatric individuals are associated with their dualtask
performance. Additionally, individuals with very good mobility
observed to exhibit better performance in sit-to-stand tasks with
added motor and cognitive tasks.

With ageing, loss of muscle strength and decreased balance
cause older adults to be less able to automatically adapt their
balance and movement abilities to environmental stimuli.
They need to be more cautious to maintain their balance.
Consequently, walking speed decreases, and the risk of falls
increases (21). The decline in physical performance adversely
affects individuals" daily life activities. Decreased balance,
inactivity, and increased fear of falling are associated with this
decline. Diminished physical performance in older individuals has
led to serious issues, particularly deterioration in physical and
cognitive functions, progressing with age and contributing to
falls (5). Therefore, when assessing physical performance in older
individuals, their cognitive capacities should also be evaluated.

Variables Mean * SD The physmal.performancg of the parﬂapants in our. study was
evaluated with the Alusti test, which has been previously used
Ageliyeats) SEEE in this population. When the participants were divided into two
MOCA 23.91+2.27 groups based on their scores on this test, it was observed that
Alusti test 79.39+6.09 the participants had good or very good levels of mobility. This
TUG 11.67+1.86 may explain the low-moderate correlations we obtained.
30s STST 112942 72 In a study examining the dual-task performance in older adults,
it was noted that the performance of the TUG test, slowing
10-meter Walk test 20.77+2.88 . . . . L
down particularly during the returning to the chair and sitting,
n (%) was affected when performed concurrently with an additional
Gender cognitive task. The study was recorded that the performance
Male 40 (51) of the TUG test with an added cognitive task was worse
Female 39 (49) compared to performing the TUG test alone (22). Sertel et
Dominant side al. (2.3.)' in their study investigating the impact of additional
- cognitive and motor tasks on balance in older adults, reported
Hg it S (E1) increased performance times in the one-leg standing test, TUG,
Left 15(19) and sitto-stand test when performed with additional tasks.
History of fall Therefore, they concluded that task addition impairs balance
None 23 (29) performance in older adults. Similarly, our study revealed a
1-2 times 41(52) Table 2. Correlation between physical performance tests
More than 2 15 (19) and dual-task questionnaire
Smoking Dual-task questionnaire
Yes 16 (20) r p*
No 63 (80) Alusti test -0.290 0.009
Assistive device usage TUG 0.454 <0.001
Yes 0 30s STST 0.267 0.017
No 70 (100) 10-meter Walk test 0.359 0.001
TUG: Timed up and go test, 30s STST: 30-second sit-to-stand test, SD: Standard TUG: Timed up and go test, 30s STST: 30-second sit-tostand test
deviation, MOCA: Montreal cognitive assessment *: Pearson correlation
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Table 3. Correlation between physical performance and dual task performances in motor and cognitive tasks

Alusti test TUG 10-meter Walk test | 30s STST
r p r p r p r p
e Cognitive -0.033 | 0.770 | 0.228 0.043 -0.340 0.002 0.411 <0.001
Motor -0.033 | 0.770 |0.333 0.003 -0.232 0.039 0.232 0.040
Cognitive -0.037 | 0.747 -0.108 0.343 0.189 0.096 0.077 0.500
10-meter Walk test
Motor -0.125 | 0.272 -0.133 0.243 0.119 0.295 -0.051 0.658
305 STST Cognitive -0.381 | 0.001 -0.125 0.271 -0.099 0.384 0.217 0.055
S
Motor -0.407 | <0.001 | -0.024 0.833 -0.072 0.526 0.105 0.358
TUG: Timed up and go test, 30s STST: 30-second sit-to-stand test
*: Pearson correlation

Table 4. Comparison of cognitive and motor measurements of physical performance tests according to Alusti test

categories
Alusti test
Mean £ SD p*
Median (min-max)
Good mobility Very good mobility
TUG -10.07£24.11 -7.99+17.21 0.659
Cognitive -7.1 (-100-22.2) -7.1 (-87.5-10) ’
TUG -7.42+20.88 -5.31+16.89 0670
Motor 0(-87.5-7.7) 0(-87.5-18.2) ’
10-meter Walk test -2.14+6.77 -3.04+5.15 0476
Cognitive 0(-14.3-12.5) -4.2 (-25-5.6) ’
10-meter Walk test -0.28+4.75 -1.52+3.7 0.243
Motor 0 (-9.5-10) 0(-9.5-6.3) ’
30s STST 0.40£6.99 -2.88+8.01 0.026 *
Cognitive 0(-22.2-10.5) 0(-27.3-18.8) :
30s STST 5.51+£12.66 -0.9249.64 0.005 *
Motor 10 (-33.3-30) 0(-27.3-18.8) :
TUG: Timed up and go test, 30s STST: 30-second sit-to-stand test, SD: Standard deviation, min-max: Minimum-maximum
*: Mann-Whitney U test

correlation between dual-task performances assessed through
both questionnaire and performance tests with the TUG test.
As dualtask performance deteriorates, physical performance
may be affected or performing the second task to prevent
performance impairment may become more challenging.

The 30-second sit-to-stand test explained as a suitable method
to assess physical function and screen the risk of falls in older
individuals due to the recurrent falls being a risk factor for
lower extremity weakness (24). Our study also demonstrated
a correlation between the dualtask questionnaire and the
30-second sit-to-stand test. The decrease in muscle strength may
be associated with dual-task performance deficits. Additionally,
in this test where motor and cognitive dual tasks are added,
individuals with good mobility performed better.

In the study conducted by Soumaré et al. (25), it was stated that
there is a relationship between cognitive function and walking
speed in geriatric individuals. The assessed cognitive function
was specifically associated with psychomotor speed and verbal
fluency, correlating with a decrease in walking speed over

time. Another study found that individuals with faster walking
speeds exhibited better cognitive performance across various
domains, including executive function, memory, and processing
speed (26). A systematic review and meta-analysis revealed
that adding a dual task significantly reduces walking speed in
community-dwelling older adults. Furthermore, it highlighted
that the assessment of walking with a dual task is essential
as part of the standard clinical evaluation for older individuals
(27). In our study, a positive correlation was observed between
single-task 10-meter walking test and dual-task questionnaire
scores; however, no relationship was observed in dualtask
performances. This may be attributed to the participants
included in the study having good physical performance.

There are also studies in the literature where dual-task
experiments were conducted using laboratory and clinical
measurements. Coelho et al. (28) investigated the standing
balance of older adults living in the community under both
single and dualtask conditions through sway analysis [center
of pressure (COP) sway parameters]. Generally, it was found
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that older adults have poorer standing balance compared to
younger individuals. Performing a secondary task had increased
swaying and had an impact on the standing balance of older
adults. Older adults required more attention to maintain
postural stability compared to young individuals. Similarly, in
another study, it was reported that dual-tasking may increase
the amount of sway activity assessed by the COP and impede
balance control (29).

Various cognitive tasks, such as serial subtraction, word
production, and responding to stimuli, have been used in dual-
task gait research (20). Beauchet et al. (30) found that older
adults exhibited a significant increase in gait variability during
dual-task walking with an arithmetic task, but not with a verbal
fluency task. Different attentional resources may have varying
levels of sensitivity to brain damage or aging, which can lead
to task-specific dual-task interference in different populations
(31). The motor and cognitive tasks included in our study were
limited. Future research should explore the effects of a broader
range of tasks, including attention, inhibitory control, working
memory, and cognitive flexibility.

The strength of this research lies in its integration of both
mobility and cognitive aspects, providing a more comprehensive
evaluation of dualtask performance, unlike many studies that
focus solely on mobility or cognitive function. By including
both motor-motor and motor-cognitive dual-task conditions,
the study offers a nuanced understanding of how different
types of secondary tasks impact mobility in geriatric individuals.
Furthermore, the use of the Alusti test, a novel and efficient
assessment tool designed for older adults, enhances the
practicality of the study in clinical settings. These findings
contribute to the growing body of evidence supporting
the inclusion of dualtask assessments in standard geriatric
evaluations, encouraging a more holistic approach to fall
prevention and the promotion of functional independence.

Study Limitations

There are several limitations to this study. One limitation is the
inability to assess physical performance measures, such as balance
and muscle strength, using computerized systems, which could
have provided more precise data. Additionally, since the study
included only one group, cutoff values could not be established.
Another limitation is that the participants generally had good
physical performance, which may have resulted in weaker
correlations in some tests. Furthermore, the variety of cognitive
and motor tasks used in dualtask performance assessments
was limited, potentially restricting the scope of the findings.
Future studies should utilize computerized systems for more
precise physical performance assessments and include a more
diverse sample to establish cutoff values. Additionally, expanding
dual-task conditions, conducting longitudinal research, and
considering gender differences, realworld environments, and
multiple assessors would enhance the reliability and applicability
of findings.

Conclusion

The dual-task capabilities of older people individuals correlate
with their physical performance. Enhancements in the physical
performance of geriatric individuals could potentially result in
improved dual-task performances, attributed to variations in
cognitive skills observed as part of the natural ageing process.
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Abstract

Objective: Rheumatoid arthritis (RA) is a chronic autoimmune disease that primarily affects the joints and frequently leads to bone loss.
Glucocorticoids (GCs), widely prescribed for their anti-inflammatory properties in RA, have a controversial impact on bone health when used in
low doses. This study evaluates the effect of low-dose GC use on bone mineral density (BMD) and the risk of osteoporosis (OP) in RA patients.
Materials and Methods: This study was conducted at the Rheumatology Outpatient Clinic of Erciyes University Faculty of Medicine. A total
of 74 RA patients and 39 healthy controls (=18 years) were included. Demographic data [age, gender, body mass index (BMI)] and clinical
assessments (disease activity score-28), RA quality of life questionnaire was recorded using a standardized form.

Results: RA patients had significantly lower BMD and T-scores at the lumbar spine and femur compared to healthy controls (p<0.001).
Among RA patients, those taking corticosteroids had lower BMI (p=0.012) and femur T-scores (p=0.011); however, no significant differences
were observed in other clinical or laboratory parameters. Logistic regression analysis determined that age is an independent risk factor for OP
[odds ratio (OR)=1.13, 95% confidence interval (Cl): 1.04-1.24, p=0.005] and the use of low-dose GC was negatively associated with the risk
of OP (OR=0.36, 95% Cl: 0.11-0.99, p=0.048).

Conclusion: This study hypothesizes that low-dose GC therapy does not increase OP risk in RA patients and may even reduce it in some cases,
with age being a key predictor, highlighting the importance of personalized treatment strategies for bone health.

Keywords: Rheumatoid arthritis, glucocorticoids, low-dose corticosteroids, bone mineral density, osteoporosis

Amac: Romatoid artrit (RA), dncelikli olarak eklemleri etkileyen kronik bir otoimmiin hastalik olup siklikla kemik kaybina yol acar. RA
tedavisinde anti-enflamatuvar 6zellikleri nedeniyle yaygin olarak recete edilen glukokortikoidlerin (GK), dustk dozda kullanildiklarinda kemik
saglig Uzerindeki etkileri tartismalidir. Bu calisma, RA hastalarinda diisik doz GK kullaniminin kemik mineral yogunlugu (KMY) ve osteoporoz
(OP) riski tzerindeki etkilerini degerlendirmeyi amaglamaktadir.

Gereg ve Yéntem: Bu calisma, Erciyes Universitesi Tip Fakdiltesi Romatoloji Poliklinigi’'nde yiritildi. Calismaya 74 RA hastasi ve 39 saglikli
kontrol bireyi (=18 yas) dahil edildi. Katilimailarin demografik verileri [yas, cinsiyet, viicut kitle indeksi (VKi)] ve klinik degerlendirmeleri (hastalik
aktivite skoru, RA yasam kalitesi lcedi) standart bir form araciligiyla kaydedildi.

Bulgular: RA hastalarinin, saglikli kontrollere kiyasla lomber omurga ve femur bolgelerinde anlamli derecede daha disiik KMY ve T-skorlarina
sahip oldugu saptandi (p<0,001). RA hastalari arasinda kortikosteroid kullananlarda VKi (p=0,012) ve femur T-=skorlari (p=0,011) daha diistik
bulunurken, diger klinik veya laboratuvar parametrelerde anlamli bir fark gézlenmedi. Lojistik regresyon analizine gore yas, OP icin bagimsiz
bir risk faktort olarak belirlendi [risk orani (RO)=1,13, %95 given araligi (GA): 1,04-1,24, p=0,005] ve disik doz GK kullanimi OP riskiyle
negatif yonde iliskili bulundu (RO=0,36, %95 GA: 0,11-0,99, p=0,048).

Sonug: Bu calisma, distk doz GK tedavisinin RA hastalarinda OP riskini artirmadigi ve bazi durumlarda bu riski azaltabilecegini gostermektedir.
Yas, OP agisindan temel belirleyicilerden biri olarak 6ne ¢ikmakta ve kemik saghigini korumada kisisellestirilmis tedavi stratejilerinin dnemini
vurgulamaktadir.

Anahtar Kelimeler: Romatoid artrit, glukokortikoidler, diisiik doz kortikosteroidler, kemik mineral yogunlugu, osteoporoz

Sorumlu Yazar/Corresponding Author: Sinem Kiibra Beke MD, Erciyes University Faculty of Medicine, Department of Physical Medicine and Rehabilitation, Division of
Rheumatology, Kayseri, Ttrkiye
E-posta: drsinemkubrabeke@gmail.com ORCID ID: orcid.org/0000-0002-4445-0551
Gelis Tarihi/Received: 24.03.2025 Kabul Tarihi/Accepted: 29.05.2025 Epub: 14.07.2025 Yayinlanma Tarihi/Publication Date: 05.12.2025

Atif/Cite this article as: Beke SK, Kaplan H, Cakir TE Cengiz G, Sas S, Clice I. Effects of low-dose corticosteroids on clinical outcomes and bone mineral density parameters in
rheumatoid arthritis patients. Turk J Osteoporos. 2025;31(3):152-61

@@@@ °Copyright 2025 The Author. Published by Galenos Publishing House on behalf of the Turkish Osteoporosis Society.
L L e This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.


https://orcid.org/0000-0002-4445-0551
https://orcid.org/0000-0002-3292-0907
https://orcid.org/0000-0002-3987-6531
https://orcid.org/0000-0002-0021-7002
https://orcid.org/0000-0002-5616-5723
https://orcid.org/0000-0002-1290-9540

Turk J Osteoporos
2025;31(3):152-61

Beke et al.
Low-dose Steroids in RA: Outcomes and BMD

153

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease
that predominantly targets the joints. It is characterized by a
progressive symmetric inflammation of affected joints causing
cartilage destruction, bone erosion, and disability (1). The
worldwide prevalence of RA is estimated to be between 0.4%
and 1.3%, depending on demographic and regional factors such
as sex and age. The occurrence of RA is significantly higher in
women, approximately two to three times that in men, and
peaks during the sixth decade of life (2).

Osteoporosis (OP) is considered a significant extra-articular
complication of RA, contributing to increased morbidity and
fracture risk. OP is characterized as a progressive metabolic bone
disease, leading to diminished bone mass and compromised
microarchitecture of bone tissue. This results in elevated bone
fragility and an increased fracture propensity (3). OP is more
prevalentin RA patients thanin the general population, contributing
to increased morbidity and fracture risk (4,5). Bone loss due to RA
is associated with some factors. Firstly, it has been demonstrated
that this is associated with OP mechanisms. Secondly, it has been
shown that the disease is associated with additional disease-specific
factors. These additional factors include systemic inflammation,
reduced physical activity, and inadequacies in disease management
(6). Furthermore, the risk of fracture is higher in patients suffering
from RA than in the general population, even in cases where bone
density is preserved. The following general risk factors for OP have
been identified: advanced age, low body mass index (BMI), female
gender, previous history of fracture, menopause, hypogonadism
or low vitamin D level, smoking, and alcohol use (7). However, in
RA patients, factors such as chronic inflammation due to disease
activity, long disease duration, presence of erosive disease, anti-
citrullinated protein antibody (ACPA) positivity and physical activity
limitation stemming from joint damage further accelerate bone
loss (8).

Disease-modifying  anti-rheumatic  drugs (DMARDs) and
glucocorticoids (GCs) utilized in the management of the disease
also exert direct or indirect effects on bone metabolism. GCs
are widely used in the management of RA and provide rapid
symptomatic relief through their anti-inflammatory effects. GCs
are utilized as bridge therapy in RA treatment or until the effect
of DMARDs occurs, and they are effective in slowing disease
progression and increasing the number of patients reaching
remission. They are included in guidelines for the management of
RA. Long-term or high-dose use of GCs has been associated with
osteoporotic bone loss (9,10). However, the use of low-dose GCs
may suppress osteoclast activity by controlling inflammation and
thus partially offset bone loss (11). The stabilizing effect of GCs
has been shown to depend on factors such as disease activity,
dose of GCs administered, and duration of treatment. In addition,
increasing the cumulative dose of GCs may double the risk of OP
Continuous oral GC use has been linked to dose-dependent bone
loss and a higher risk of fractures, particularly within the first 3-6
months of treatment (12). Consequently, it is recommended that
GCs be tapered as soon as clinically feasible (13).

The findings on the effects of low-dose GC use on bone health
in RA patients have been inconclusive. Some studies have found
a direct association between low-dose GC use and low bone
mass (14-16). While others have not found this link (17,18). The
observed variations may be attributed to factors such as the
study population, the duration of GC use, dosage discrepancies,
and additional variables impacting bone health. The present
study was undertaken to conduct a comprehensive evaluation
of bone health among individuals with RA receiving low-dose
GC treatment. In this regard, the study’s primary aim was to
enhance the existing body of knowledge concerning the impact
of these pharmaceutical agents on bone health. This objective
was pursued through a meticulous analysis of bone density, the
risk of OF and the interplay of associated clinical factors.

Materials and Methods

Study Participants and Design

This prospective observational study was conducted in the
Rheumatology Outpatient Clinic of Erciyes University Faculty of
Medicine, Department of Physical Medicine and Rehabilitation.
Participants aged 18 years or older who met the RA classification
criteria proposed by American College of Rheumatology/
European League Against Rheumatism (EULAR) in 2010 (19),
and who agreed to participate in the study were included in
the study after written informed consent was obtained. The
clinical and demographic data of the patients were analyzed
prospectively, while the results of the blood and imaging studies
were evaluated retrospectively. In this study, a certain threshold
was set for the evaluation of patients using GCs. Patients using 5
mg prednisolone or an equivalent dose of GCs for at least three
months were classified as the low-dose corticosteroid group (20).
Also demographic characteristics such as gender, age, and BMI,
clinical data such as disease duration, comorbidities (diabetes,
hypertension, cardiovascular diseases), smoking, drugs used in
RA treatment, GC use and fracture history were evaluated with
a standardized form.

Assessment of disease activity was performed using the disease
activity score-28 (DAS-28), which is a tool designed to assess
disease activity in RA across 28 joints. The DAS-28 score is
calculated based on the count of tender and swollen joints, levels
of erythrocyte sedimentation rate or C-reactive protein value,
and the patient’s global visual analog scale (VAS) assessment
(21). The assessment of fatigue levels was conducted utilizing
a VAS, wherein participants were invited to indicate their level
of fatigue on a scale ranging from 0-10, with O representing no
fatigue and 10 representing unbearable fatigue. The evaluation
of quality of life was facilitated by the rheumatoid arthritis
quality of life scale (RAQoL). The RAQoL has been meticulously
developed to assess how RA influences daily life activities,
individual skills, coping mechanisms and social relationships.
The total score obtained from the scale ranges from 0-30, with
higher scores indicating deterioration in quality of life (22). There
is a Turkish validity and reliability study of the RAQoL scale (23).
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Assessment of Bone Mineral Density

An investigation into body composition and bone mineral density
(BMD) assessment was conducted, with BMD measurements
being evaluated in the lumbar spine (L1-L4) and femur
using dualenergy X-ray absorptiometry (DEXA). The DEXA
measurements were performed at Erciyes University Faculty
of Medicine, Department of Nuclear Medicine, with the data
obtained using the Hologic QDR series X-ray bone densitometer
(USA) being analyzed from the system. The diagnosis of OP was
made according to the World Health Organization criteria, with
a T-score =-2.5 being indicative of the condition (24).

The Erciyes University Faculty of Medicine Clinical Research Ethics
Committee reviewed and approved the study protocol (approval
no: 2021/613, date: 22.09.2021). The study was conducted
following the tenets of the Declaration of Helsinki.

Statistical Analyses

IBM SPSS 23.0 software was used for data analysis. The Shapiro-
Wilk test was employed to assess the normal distribution of
data. To assess differences in categorical variables across
groups, chissquare and Fisher's exact tests were applied.
Normally distributed variables were compared using the
independent samples t-test, whereas the Mann-Whitney U test
was applied for data that did not follow a normal distribution.
Logistic regression analysis (univariate and multiple models)
was performed to identify independent predictors of OP in RA
patients. Of the 74 patients included in the study, 39 who were
diagnosed with OP were included in the regression analysis.
Potential and statistically significant predictor variables in simple
comparison or univariate analysis were included in the model.
Adjusted odds ratios (ORs) with 95% confidence intervals (Cls)

were calculated for each. Statistical significance was set at
p<0.05 unless otherwise stated.

Results

The present study comprised a total of 74 patients and 39
healthy control subjects. The mean age of the patients was
56.81+7 years and 54.07+7.44 years in the control group. There
was no statistically significant difference in age between the two
groups (p=0.070). The study found that 97.3% (n=72) of the
patients and 94.9% (n=37) of the control group were female,
and no significant difference was found between the groups in
terms of gender distribution (p=0.607). Similarly, no significant
difference was found between the two groups in terms of BMI
(p=0.146). The mean disease duration in the patient group
was 14.02+6.20 years, with rheumatoid factor (RF) positivity
detected in 74.3% and ACPA positivity in 81.7% of the patients.
The prevalence of comorbidities among the patient population
was found to be 66.7%, with the most prevalent being
hypertension (34.6%) and neuropathic pain (21.0%). Regarding
treatment modalities, 44.4% of patients were administered
GGs, while 43.2% were undergoing biological DMARD therapy.
Furthermore, 48.8% of the patient group were undergoing
treatment for OP The mean vitamin D levels were 22.95 ng/mL
(17.55-32) in the patient group and 24.2 ng/mL (15.50-31.3) in
the control group, and no significant difference was observed
between the two groups (p=0.914).

Concerning BMD, the patient group exhibited statistically
significantly lower T-scores. Notably, the T-scores in the L1-L4
vertebrae and femur regions demonstrated a marked decrease
compared to the control group (p<0.001). Comprehensive data
are delineated in Table 1.

Table 1. Demographic, clinical, and bone mineral density characteristics of patients with rheumatoid arthritis and healthy controls

Patients (n=74) Controls (n=39) p
Age, year 56.81+7 54.07+7.44 0.070°
Female gender, n (%) 72 (97.3) 37 (94.9) 0.607
BMI (kg/m?) 31.845.6 334453 0.146*
Disease duration, years 14.02+6.20
RF positivity, n (%) 55 (74.3)
RF titer 31.75 (12.88-77.40)
ACPA positivity, n (%) 60 (81.7)
ACPA titer 241.5 (33.12-500)
Comorbidities
Yes, n % 66.7)

Cardiac disease, n (%)

16)

Pulmonary disease, n (%)

Hypertension (HT), n (%)

34.6)

Neuropathy, n (%)

54 (
13 (
16 (19.8)
28 (
17 (

21.0)

Diabetes mellitus (DM), n (%)

9(11.1)

Hypothyroidism, n (%)

9(11.1)

Current steroid dose (mg)

0 (05)
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Table 1. Continued

Patients (n=74) Controls (n=39) P
Total steroid duration (months) 12 (3.75-30)
Tender joint count 4.10£4.32
Swollen joint count 0.45+1.02
Patient global score 5.04+1.90
Physician global score 4.36+1.86
CRP (mg/L) 3.67 (1.57.71)
ESR (mm/h) 23 (15:32.5)
DAS28-ESR 3.43+1.04
DAS28-CRP 3.02 (2-3.61)
VAS Fatigue 5 (4-7)
RAQoL 15.36+7
Treatments
Steroid use, n (%) 36 (44.4)
MTX use, n (%) 61(75.3)
HCQ use, n (%) 57 (77)
SSZ use, n (%) 34 (45.9)
LEF use, n (%) 31(41.9)
bDMARD use, n (%) 32 (43.2)
ANti-TNF use, n (%) 14 (18.9)
JAK inhibitors use, n (%) 5(6.8)
Abatacept use, n (%) 3(4.1)
IL-6 inhibitor use, n (%) 4 (5.4)
OP treatment, n (%) 39 (48.8)
OP diagnosis duration (months) 18.5 (0-89)
OP medications used
Bisphosphonates use, n (%) 24 (29.6)
Denosumab use, n (%) 16 (19.8)
Vitamin D (ng/mL) 22.95 (17.55-32) 24.2 (15.50-31.3) 0.914
L1 BMD (g/cm?2) 0.860+0.15 0.96+0.12 0.000*
L2 BMD (g/cm?2) 0.90+0.16 1.01£0.12 0.000"
L3 BMD (g/cm?) 1.2242.33 1.0240.21 0.005"
L4 BMD (g/cm?) 0.92+0.14 1.0£0.21 0.001°
L1-L4 BMD (g/cm2) 0.89+0.15 1.010.12 0.000°
L1 T-score -1.34+1.31 -0.27+£1.02 0.000*
L2 T-score -1.18+1.43 -0.21+£1.11 0.000°
L3 T-score -1.3+£1.19 -0.35+1.28 0.000
L4 T-score -1.4+-1.28 -0.20£1.12 0.000°
L1-L4 T-score -1.3+1.20 -0.31£1.11 0.000°
Femoral neck BMD (g/cm2) 0.73+0.11 0.80+0.27 0.000°
Total femur BMD (g/cm2) 0.84+0.168 0.95+0.17 0.000°
Femoral neck T-score -0.99+1.06 -0.22+1.05 0.000
Total femur T-score -0.79+0.98 0.26+0.96 0.000*

n: Number of patients, RF: Rheumatoid factor, ACPA: Anticitrullinated protein antibody, BMI: Body mass index, CRP: C-reactive protein, ESR: Erythrocyte sedimentation
rate, DAS28: Disease activity score in 28 joints, VAS: Visual analog scale, RAQoL: Rheumatoid arthritis quality of life, MTX: Methotrexate, HCQ: Hydroxychloroquine, SSZ:
Sulfasalazine, LEF: Leflunomide, bDMARD: Biologic disease-modifying antirheumatic drug, TNF: Tumor necrosis factor, JAK: Janus kinase, IL-6: Interleukin-6, BMD: Bone
mineral density, Tscore: Standard deviation score used to assess bone density, OP: Osteoporosis, *: Independent Samples t-test, P: Mann-Whitney U test
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A comparison was made between individuals who used
corticosteroids (n=36) and those who did not use corticosteroids
(n=38). The results revealed that BMI (p=0.012) and total femur
T-score (p=0.011) were significantly lower in the corticosteroid
group. However, no significant differences were observed
between the two groups for other demographic, clinical and
laboratory parameters. A comprehensive overview of the
findings is provided in Table 2.

In the present study, a comparison was made between RA
patients diagnosed with OP who used corticosteroids (n=24)
and those who did not use corticosteroids (n=15). No significant
difference was found in terms of demographic, clinical and
laboratory characteristics, and DEXA results (Table 3).

Logistic regression analysis was performed to evaluate the
factors affecting the presence of OP in both univariate and
multivariate models. Univariate analysis revealed a significant

Table 2. Comparison of bone mineral density and t-scores in rheumatoid arthritis patients with and without corticosteroid use

Patients without corticosteroid Patients with low-dose corticosteroid
(n=38) (n=36) P

Age (years) 55.7+7.4 57.9+6.4 0.197"
Female gender, n (%) 37 (97.4) 35(97.2) 0.969
BMI (kg/m2) 33.35+5.20 30.13+5.52 0.012*
Disease duration (years) 14.23+6 13.4+6.60 0.564*
CRP (mg/L) 5.16+7.17 7.48+8.08 0.241°
ESR (mm/h) 26.27+12.9 23.9+15 0.390°
DAS28-ESR 3.39+£1.02 3.5£1.08 0.567*
DAS28-CRP 2.89+1.22 2.98+1 0.364#
VAS fatigue 5.35+2 5.5%1.72 0.542*
RAQOL 14.21+6.46 16.57+7.40 0.132*
Vitamin D level (ng/mL) 24.83+9.38 24.7+11.05 0.491*
Fracture presence, n (%) 3(8.3) 4(12.1) 0.603
Hip fracture presence, n (%) 0 (0) 1(3) 0.293
Smoking status

Never 28 (77.8) 24 (72.7)

Former smoker 5(13.9) 6(18.2) 0.874
Current smoker 3(8.3) 3(9.1)

Exercise frequency

None 14 (38.9) 20 (60.06)

1-5 days per week 20 (55.6) 10 (30.3) 0.107
=5 days per week 2 (5.6) 3(9.1)

L1 BMD (g/cm?) 0.86+0.14 0.85£0.16 0.777*
L2 BMD (g/cm?) 0.91£0.16 0.90+0.16 0.461*
L3 BMD (g/cm?) 0.95+0.13 0.98+0.23 0.737"
L4 BMD (g/cm?) 0.93+0.15 0.90£0.14 0.363*
L1-L4 BMD (g/cm?) 0.90£0.16 0.90£0.14 0.830*
L1 T-score -1.25£1.25 -1.43+1.4 0.478*
L2 T-score -1.05+1.5 -1.31+1.41 0.392*
L3 T-score -1.23+1.19 -1.33+1.21 0.651*
L4 T-score -1.20+1.31 -1.4+1.25 0.388*
L1-L4 T-score -1.21+1.21 -1.40+1.22 0.429*
Femoral neck BMD (g/cm2) 0.75+0.115 0.70£0.09 0.33*
Total femur BMD (g/cm2) 0.87+0.12 0.79+0.19 0.069¢
Femoral neck T-score 0.88+0.13 0.81+0.12 0.13*
Total femur T-score -0.5£0.94 -1.09+0.94 0.011*
n: Number of patients, BMI: Body mass index, CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, DAS28: Disease activity score in 28 joints, VAS: Visual analog
scale, RAQoL: Rheumatoid arthritis quality of life, BMD: Bone mineral density, *: Independent samples t-test, *: Mann-Whitney U test
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association between the risk of OP and age and corticosteroid
treatment. The risk of OP increased significantly with increasing
age (OR=1.15, 95% Cl: 1.06-1.25, p=0.001). Conversely, patients
receiving corticosteroid therapy exhibited a significantly lower
risk of OP (OR=0.34, 95% Cl: 0.13-0.88, p=0.027). The analysis
revealed that factors such as gender, BMI, disease duration,
vitamin D levels, and fracture history did not attain statistical
significance in their association with OP (p>0.05). However, no
significant association between ACPA and RF and BMD was
found in our study (data not shown).

Multivariate analysis indicated that age and corticosteroid
treatment were independent risk factors for OR The risk of OP
increased with age (OR=1.13, 95% Cl: 1.04-1.24, p=0.005),
while the risk remained significantly lower in patients receiving
corticosteroid therapy (OR=0.36, 95% Cl: 0.11-0.99, p=0.048).
The remaining variables exhibited no statistically significant
impact on OP (Table 4).

Discussion

The present study evaluated the effects of low-dose corticosteroid
use on BMD, OP risk, and clinical parameters in patients with RA.
A comparison was made between the BMD values measured
by DEXA in RA patients and those in a healthy control group.
It was found that BMD values were significantly lower and
T-scores decreased in the L1-L4 vertebrae and femur regions
in RA patients. Furthermore, in the RA patient group, BMI and
total femur T-score were lower in patients using corticosteroids.
However, no significant differences were observed between
the two groups concerning other demographic, clinical, and
laboratory variables. Logistic regression analysis revealed
that age emerged as an independent risk factor for OR while
corticosteroid use was not found to increase the risk of OP but
was inversely associated with the likelihood of its development.
The risk of OP is elevated in patients suffering from RA in
comparison to the general population, and this increase can

Table 3. Comparison of clinical and bone mineral density parameters between rheumatoid arthritis patients with

osteoporosis using and not using corticosteroids

GC users (n=24) Non-GC users (n=15) p
Age (years) 59+6.46 60+3.83 0.618°
Female gender, n (%) 23 (95.8) 15 (100) 0.423
BMI (kg/m2) 30.6£5.5 33.615.6 0.064*
Disease duration (years) 14.14+6.48 15.06+5.20 0.857*
RF positivity, n (%) 16 (66.7) 10 (66.7) 1
ACPA positivity, n (%) 20 (83.3) 10 (66.7) 0.229
Vitamin D level (ng/mL) 27.39+£11.15 24.86+9.80 0.467°
Fracture presence, n (%) 3(13.6) 1(6.7) 0.503
Hip fracture presence, n (%) 1(4.5) 0(0) 0.403
L1 BMD (g/cm?) 0.76+0.10 0.73+0.09 0.282*
L2 BMD (g/cm?) 0.805+0.105 0.781+0.104 0.377*
L3 BMD (g/cm?) 1.814+4.32 0.828+0.089 0.172°
L4 BMD (g/cm?) 0.856+0.109 0.819+0.109 0.336*
L1-L4 BMD (g/cm?) 0.822+0.81 0.794+0.085 0.248*
L1 T-score -2.17+£0.91 -2.3+0.88 0.540*
L2 T-score -2.05+1.01 -2.25+0.97 0.424*
L3 T-score -2.02+0.78 -2.32+0.80 0.206*
L4 T-score -1.86+1 -2.2+0.99 0.330*
L1-L4 T-score -2.05+0.76 -2.3+0.77 0.280*
Femoral neck BMD (g/cm?) 0.67+0.07 0.71£0.11 0.279*
Total femur BMD (g/cm2) 0.77£0.11 0.82+0.09 0.156*
Femoral neck T-score -1.38+1.13 -0.95+1.17 0.133"
Total femur T-score -1.4+0.92 -0.1£0.75 0.165*
n: Number of patients, BMI: Body mass index, RF: Rheumatoid factor, ACPA: Anti-citrullinated protein antibody, BMD: Bone mineral density, GC: Glucocorticoid, *:
Independent samples t-test, B: Mann-Whitney U test
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Table 4. Univariate and multivariate logistic regression analysis of factors associated with osteoporosis

Osteoporosis

Univariate Multivariate

OR (95% ClI) p OR (95% ClI) p
Age (years) 1.15 (1.06-1.25) 0.001 1.13 (1.04-1.24) 0.005
Gender (female) 1.15 (0.07-19) 0.922
BMI (kg/m2) 0.97 (0.89-1.06) 0.574
Disease duration (years) 1.03 (0.97-1.10) 0.252 1.04 (0.95-1.13) 0.393
Vitamin D level (ng/mL) 1.03 (0.98-1.08) 0.208 1.03 (0.97-1.09) 0.294
Fracture presence, n (%) 0.85 (0.17-4.13) 0.844
Steroid use, n (%) 0.34 (0.13-0.88) 0.027 0.36 (0.11-0.99) 0.048

OR: Odds ratio, Cl: Confidence interval, BMI: Body mass index

be attributed to several interconnected mechanisms. Immune-
mediated processes and inflammatory cytokines contribute to
the development of OP by directly affecting bone metabolism.
Chronic inflammation in RA causes bone loss by increasing
osteoclast activity driven by synovial fibroblasts, macrophages,
and Th17 cells. This process promotes osteoclastogenesis
through increased expression of RANKL and suppression of OPG.
Furthermore, the Wnt pathway, which is critical for osteoblast
activity, is inhibited by increased DKK-1 and sclerostin levels (25).
This results in a reduction in the activity of osteoblasts, leading
to insufficient bone formation.

Pro-inflammatory cytokines (e.g., tumor necrosis factor-alpha,
interleukin-6, and interleukin-1) play a key role in RA-related
bone loss. These cytokines enhance osteoclast activity through
increased RANKL expression while concurrently suppressing
osteoblast function by inhibiting the Wnt signaling pathway. This
imbalance causes reduced bone formation and increased bone
resorption, contributing to OP in RA patients (26). A Mendelian
randomization study has indicated that the association
between RA and OP/BMD may be predominantly attributable
to secondary factors. These factors encompass the utilization
of antirheumatic therapy and diminished physical activity. It
is conceivable that prior observational studies may have been
influenced by these variables (27).

GCs cause bone loss by promoting osteoblast and osteocyte
apoptosis, inhibiting osteoblast formation, and increasing
osteoclast activity. GCs impair osteoblast function and negatively
affect bone turnover by suppressing the WNT and RANK-
RANKL-osteoprotegerin pathways. Increased levels of RANKL
lead to bone destruction by increasing osteoclast activity, while
inhibition of the WNT pathway reduces osteoblast activity
(26,28). GCs inhibit osteoblast function by suppressing IGF-1
transcription. They also affect bone mineralization by reducing
intestinal calcium absorption and causing loss of muscle mass.
These mechanisms play a central role in the development of
GCinduced OP (29,30). The impact of low-dose corticosteroids
on bone health
evidence in the literature (31). While some studies suggest that
corticosteroids may increase bone loss, other studies show that

remains controversial, with conflicting

this effect is not evident with low-dose and short-term use (32).
In addition, corticosteroid use is generally associated with a more
severe disease course and poorer functional status, suggesting
an association between the degree of systemic inflammation
and fracture risk. Some recent studies have suggested that low-
dose, short-term systemic GC use may stabilize bone metabolism
by controlling inflammation rather than increasing the risk of
bone loss (5).

Previous studies have reported that the use of corticosteroids
causes a loss of BMD, particularly in the hip. A meta-analysis
showed that RA patients treated with GC had decreased BMD at
the femoral neck and spine and higher fracture rates compared
with non-GC or healthy controls (33). Hall et al. (34) observed a
decrease in BMD at the spine and hip in RA patients using steroids,
but this decrease was more pronounced in the hip region. Martin
et al. (14) demonstrated a decrease in appendicular (hip region)
bone mass in RA patients receiving low-dose corticosteroids. In
addition, another study suggested that the most adverse effect
of corticosteroids was seen in the hip rather than the spine,
and that the reliability of spinal BMD measurements may be
reduced by comorbidities such as osteoarthritis (35). Our study
also supports these findings because the total femur T-score
was significantly lower in patients using GCs compared to
the RA group. This suggests that GCs may increase bone loss,
particularly in the hip, and bone health in the femur may be
more at risk. However, it should be noted that in the multivariate
regression analysis of our study, the use of GCs was found to be
a protective factor against OP This finding suggests that the anti-
inflammatory effects of GCs may have a potential protective role
against bone loss. Chronic inflammation itself is an important
factor that can cause bone loss in RA, and GCs may indirectly
limit bone loss by suppressing this inflammation. In addition,
patients on corticosteroids are more frequently screened for OP
and may be more likely to receive OP treatment, which may also
explain the protective effect.

One study showed that RA patients had lower BMD compared
with an age-matched non-RA control group. BMD values in
the RA control group were found to be higher than those in
the RA group on steroids, despite longer disease duration. In



Turk J Osteoporos
2025;31(3):152-61

Beke et al.
Low-dose Steroids in RA: Outcomes and BMD

159

particular, it has been reported that the synergistic effect of
methotrexate and low-dose GCs may contribute to bone loss,
but GCs combined with DMARDs may have beneficial effects in
terms of preserving bone mass (36). Significant BMD loss at the
femoral neck and lumbar spine was found in RA patients with
and without low-dose prednisolone in a study of 84 RA patients
(33). Another study found no significant difference in BMD
loss between the two groups during a mean follow-up of 89.6
months and concluded that low-dose oral GCs do not increase
the overall risk of OP in RA patients (17). Similarly, another study
found that low-dose GCs were not directly associated with BMD
(37) but cumulative prednisone levels were higher in osteopenic
women (38).

However, a study using the Clinical Practice Research Datalink
found no difference in the risk of osteoporotic fractures between
current low-dose oral GC use (<7.5 mg PED/day) and past GC
use in RA patients. However, low-dose GC use was associated
with an increased risk of clinical vertebral fracture (39). In
another study, no increased risk of OP fracture was found in
RA patients with an average daily dose <5.0 mg. However, an
increased risk of OP fracture was reported for doses >5.0 mg
(40). In addition, a review conducted by the EULAR showed
that reviews of the harms of long-term GC therapy (including
OP and OP fractures) in RA patients could not reach a definitive
conclusion for the dose range of 5-10 mg PED daily (41). These
conflicting results suggest that the effects of GCs on bone health
should be assessed not only by BMD measurements, but also
by fracture risk and bone turnover markers. Findings suggest
that osteoporotic fractures may occur early in women with RA,
independent of GC use (42). A previous study reported that the
risk of osteoporotic fracture was higher in patients using GCs,
even in the presence of osteopenia, compared with the control
group. It was emphasized that this increased risk was also seen in
patients using low doses of GCs and that the adverse effects of
GCs on bone were not only due to high-dose use (20). There are
studies suggesting that bone quality, which cannot be assessed
with current techniques, may be more affected by GCs than BMD.
Van Everdingen et al. (43) reported an increased rate of vertebral
fractures despite no significant difference in BMD. Various
methods such as magnetic resonance imaging, quantitative
computed tomography, and nuclear magnetic resonance have
been proposed to measure bone quality (44). However, because
BMD measurement is inexpensive and widely available, it is the
most commonly used method in clinical practice. Therefore,
almost all diagnostic criteria for OP and osteopenia are based
on BMD (24). This suggests that although BMD is an important
indirect measure of fracture risk, the risk of fracture from
corticosteroid use may be high, especially in postmenopausal
patients. Therefore, a more comprehensive assessment of the
effects of GCs on bone must take into account the incidence
of fractures and structural changes in bone microstructure. It
has been suggested that patients on GCs have a higher risk
of osteoporotic fractures than controls, despite having higher
BMD (45). A meta-analysis of observational studies showed

that the incidence of hip and vertebral fractures after GC use
was higher than estimates based on BMD reduction alone
(46). The fact that GCs induces micro-architectural changes in
certain active bone zones may explain this (47). However, these
changes are not directly reflected by a decrease in BMD. In our
study, although we evaluated the incidence of fractures, we did
not find a significant difference between the groups in terms
of hip fractures. However, the limited number of participants
makes it difficult to make a definitive judgment on this issue.
Larger studies with longer follow-ups are needed to better
understand the changes in bone microstructure, especially in
patients using GCs. In the future, analyses based not only on
BMD measurements but also on advanced techniques to assess
bone microarchitecture may help to predict fracture risk more
accurately.

Body composition and age are closely related to BMD. Previous
studies have shown that lean body mass and fat mass have
beneficial effects on bone mass. In particular, it has been
reported that lean body mass may support bone mass through
mechanical loading forces on bone, whereas fat mass may
influence osteoblast/osteoclast function by increasing BMD
through hormonal metabolism of adipocytes (37). In the present
study, there was no significant difference in BMI between the
healthy control group and the RA patients, while it was observed
that the BMI of RA patients using GCs was lower. Previous studies
have shown that fat and lean body mass are significantly lower in
osteoporotic women (37). The metabolic effects of GC use and
loss of lean mass through increased muscle protein breakdown
may be one of the mechanisms that explain the lower BMI. In
addition, the low levels of physical activity commonly observed
in RA patients may contribute to both bone loss and loss of lean
mass.

The relationship between age and the loss of bone mass in
people with RA has been shown in previous studies (31). This
association is expected because older people have a longer
exposure to risk factors that can lead to bone loss. These factors
include GC use, low estrogen levels, prolonged immobility, and
increased inflammation. Similarly, in our study, we used logistic
regression analysis to show that older age is an independent risk
factor for OP This finding highlights the determinant effect of
age on bone health and supports the importance of early OP
screening in RA patients.

Previous studies have suggested that RF may exert a titration-
dependent effect on BMD, and that the effect may be more
pronounced in combination with ACPA by creating a subclinical
inflammatory environment due to increased immune complex
activity. Furthermore, low BMD, particularly in the femoral neck,
has been reported to be associated with the presence of ACPA
and RFE Therefore, careful monitoring of OP in seropositive
RA patients is recommended (48). However, no significant
association between ACPA and RF and BMD was found in our
study.

A multifaceted approach, including lifestyle changes, optimal
nutrition, and structured exercise programs, is essential to
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reduce the risk of OP and fractures in people with RA. Studies
have shown that regular weightbearing and resistance
exercise improves bone and muscle health and reduces the
risk of fractures. These non-pharmacological strategies, when
combined with appropriate medical treatment, can help people
with RA maintain bone strength and overall musculoskeletal
health (49). However, our study observed that approximately
half of the RA patients did not engage in regular exercise. This
finding highlights that physical inactivity remains a significant
issue among RA patients and represents a contributing factor
to the increased risk of OR Lack of exercise can lead to a
reduction in lean body mass, decreased muscle strength, and
accelerated bone loss, thereby increasing the risk of falls and
fractures through a critical pathophysiological mechanism.
Therefore, strategies for OP management in RA patients should
not be limited to pharmacological treatment alone but should
also incorporate structured exercise programs and lifestyle
modifications.

The study used a prospective design and analyzed the patients’
clinical and laboratory data in detail. Factors that may influence
the risk of OR such as vitamin D levels, smoking, and exercise
frequency, were recorded, and the groups were directly
compared with regard to GC use. In addition, OP risk factors
were evaluated using both univariate and multivariate models,
and new data were presented that may contribute to studies in
this area, which have so far produced conflicting results.

Study Limitations

Our study has some limitations. The relatively small number
of patients may limit the generalizability of the results, so
studies with larger cohorts are needed. In addition, as this is
an observational study, it is not possible to establish a causal
relationship with certainty. The long-term effects of the duration
and dose of corticosteroid use could not be fully assessed in
this study, so this effect should be investigated in more detail
in future long-term follow-up studies. In addition, dietary intake
and dietary characteristics were not assessed, so these factors
should be investigated in future studies for their possible effects
on OP risk.

Conclusion

Our findings suggest that low-dose GC use does not elevate
OP risk in RA patients and may, in some cases, be linked to a
lower risk. However, further large-scale longitudinal studies
are needed to confirm this association. Age stands out as
one of the strongest predictors of OR Adopting individualized
treatment approaches to effectively manage OP in RA patients is
considered an important strategy for maintaining bone health.
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Abstract

Objective: This study aimed to evaluate and compare the quality and readability of osteoporosis-related information generated by three
artificial intelligence (Al) chatbots: ChatGPT-4, BingAl, and Gemini.

Materials and Methods: 25 frequently asked questions about osteoporosis (obtained via Google Trends through Gemini) were submitted
to each chatbot on December 23, 2024. The first responses were evaluated for readability [Flesch-Kincaid Reading Ease (FKRE) and Flesch-
Kincaid Grade Level (FKGL)] and quality (EQIP tool). Two experienced clinicians assessed the accuracy and completeness using Likert scales.
Results: The mean FKRE scores were 34.5+12.9 (ChatGPT-4), 33.8+14.3 (BingAl), and 36.1+10.9 (Gemini), indicating difficulty in reading the
texts. The FKGL scores ranged from 11.2 to 12.5, suggesting that college-level reading ability was required. However, BingAl (EQIP: 55.4+7.9)
and Gemini (54.4+8.8) outperformed ChatGPT-4 (48.6+6.3) in terms of quality (p=0.005). Accuracy and completeness were high across all
models, with mean scores exceeding 4.3/5 for each.

Conclusion: While all three Al chatbots delivered accurate and complete answers on osteoporosis, their content readability remained
suboptimal. BingAl and Gemini provide higher-quality information, possibly due to real-time web integration. Future chatbot development
should focus on enhancing readability and real-time data access to support effective health communication, particularly in conditions such as
osteoporosis, where patient understanding is crucial.

Keywords: Osteoporosis, artificial intelligence, chatbot, ChatGPT, readability, health communication

Amac: Bu calismanin amaci, yapay zeka (Al) destekli sohbet robotlarinin (ChatGPT-4, BingAl ve Gemini) osteoporoz ile ilgili verdigi bilgilerin
kalitesini ve okunabilirligini degerlendirmek ve karsilagtirmaktir.

Gereg ve Yontem: Google Trends Uzerinden osteoporoz hakkinda en sik sorulan 25 soru belirlendi ve her bir sohbet robotuna ayri ayri
soruldu. ilk verilen yantlar okunabilirlik [Flesch-Kincaid Okuma Kolayligi (FKRE) ve Flesch-Kincaid Sinif Diizeyi (FKGL)] ve bilgi ve yazim kalitesi
(EQIP araci) agisindan degerlendirildi. Yanitlarin dogrulugu ve yeterliligi iki deneyimli klinisyen tarafindan Likert 6lcegiyle degerlendirdi.
Bulgular: Ortalama FKRE skorlari ChatGPT-4, BingAl ve Gemini icin sirasiyla 34,5, 33,8 ve 36,1 idi. FKGL puanlari 11,2 ile 12,5 arasinda
degismekteydi. Bu skorlar metinlerin okunmasinin zor oldugunu ve Universite dizeyinde okuma becerisi gerektirdigini ortaya koydu. Kalite
agisindan BingAl (EQIP: 55,4+7,9) ve Gemini (54,4+8,8), ChatGPT-4'ten (48,6+6,3) anlamli sekilde daha iyi performans gosterdi (p=0,005).
Tdm modellerde dogruluk ve yeterlilik ylksek olup, ortalama puanlar 5 Gzerinden 4,3'tn Gzerindeydi.

Sonug: Uc yapay zeka sohbet robotu da osteoporoz hakkinda dogru ve yeterli yanitlar Gretse de iceriklerinin okunabilirligi hala istenilen
seviyede degildir. BingAl ve Gemini, muhtemelen anlik veri kullandigindan daha yuksek kaliteli bilgiler sunmaktadir. Sohbet robotlarinin
guincellemelerinde okunabilirligin artiriimasi ve giincel veri erisiminin saglanmasi, osteoporoz gibi anlasiimasi dnem arzeden konularda saglik
iletisimini glglendirebilir.

Anahtar kelimeler: Osteoporoz, yapay zeka, sohbet robotu, ChatGPT, okunabilirlik, saglik iletisimi
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Introduction

Osteoporosis is a widespread metabolic bone disorder that
has a profound impact on the health burden of the aging
population and affects millions of individuals globally. This
disease is characterized by a decrease in the mineral density of
bone tissue, leading to brittle bones (1). This means that there
is a risk of more serious fractures, particularly in the spine, hip
and wrists (2). In the US, approximately 2 million osteoporotic
fractures occur annually, impairing individuals” quality of life and
imposing a high economic burden on the healthcare system (3).
Osteoporosis is often under-recognized or diagnosed late (4). As
a result, asignificant majority of patients remain undiagnosed
and do not receive treatment until a fracture develops. Research
has revealed that only 25% of patients with osteoporosis even
know that they have it (1). This lack of awareness is especially
evident in areas with limited healthcare access and among
populations with limited health literacy (5).

Today, digital health solutions, particularly innovative technologies
such as artificial intelligence (Al)}-powered chatbots, have begun
to play a crucial role in the management of chronic diseases, such
as osteoporosis. There are different types of Al, such as machine
learning and natural language processing, large language models
(LLMs) (6). These technologies facilitate health management by
offering services such as information dissemination, symptom
tracking, and treatment recommendations. However, online
health information often lacks adequate moderation, leading to
significant variability in the quality and reliability of information
(7).

In particular, LLMs have become a major focus of research and
development because their ability to process and generate
human-like text, given their training on large datasets, has
generated significant interest. Among them are ChatGPT-4,
BingAl, and Gemini, to name a few, each boasting particular
characteristics and capabilities (8).

OpenAl’'s ChatGPT4 is one of the Generative Pre-trained
Transformer series and is recognized for its advanced natural
language understanding and generation capabilities. To create a
more well-behaved model, it was fine-tuned with both supervised
learning and reinforcement learning, resulting in highly fluid and
contextually appropriate answers on a wider array of subjects
(9). For instance, BingAl, an LLM integrated with the Microsoft
Bing Search Engine, supports a variant of the GPT model and
provides a version optimized for real-time information retrieval
along with research benefits, which improves the accuracy and
relevance of the result segments. BingAl's integration with
a search engine allows it to provide up-to-date information,
making it a valuable tool for accessing current medical guidelines
and studies (9). Gemini, developed by Google, is based on the
Language Model for Dialogue Applications and is designed to
create informative and conversational content, continuously
updating its knowledge base with the latest web information

to ensure that its responses are both current and contextually
relevant (10).

The quality of health-related information on osteoporosis found
through Al chatbots has been examined in the literature (11).
Previous comparative studies of different chatbots have assessed
the differences in readability and quality between responses
to the same theme generated by different chatbots, but not
for osteoporosis. The present study aimed to evaluate and
compare the quality and readability of information provided by
three different Al chatbots for the most common questions on
osteoporosis.

Materials and Methods

The study was conducted on December 23, 2024, at the Clinic of
Physical Therapy and Rehabilitation at Viransehir State Hospital.
This study did not involve any processes with live animals or
human participants; therefore, institutional ethical approval was
not required. To avoid any potential bias, all personal data from
the browser were cleared before the searches. Additionally,
all chat sessions were initiated in clean browsers with cleared
cookies and no previous prompt history to eliminate prior
interaction effects.

Three separate chatbots (ChatGPT-4, BingAl and Gemini)
were posed 25 of the most frequently asked questions about
osteoporosis on 23.12.2024. A prompt was submitted to
Gemini to retrieve the 25 most frequently asked questions
about osteoporosis based on Google Trends data. Gemini served
solely as an interface to access publicly available search query
data, without generating or altering the content. This approach
was chosen to reflect real-world public interest in a neutral and
reproducible manner and has been validated by similar studies
in the literature (7,8,11). The prompt given to Gemini was,
“Can you write the 25 most frequently asked questions about
osteoporosis according to Google Trends?” Since LLMs can
produce different answers to the same question, only the first
answers were considered for each question. This is because the
first answers tend to reflect what LLMs consider to be the most
likely and correct responses. The word count was not limited,
which allowed for extensive explanations. Each question was
entered into the chatbots individually on a separate page.

The answers obtained from the chatbots about osteoporosis were
obtained by a researcher. The responses were then evaluated by
2 different clinicians, each with at least 5 years of experience in
the diagnosis and management of OP If there were differences
between the clinicians’ evaluations, they were evaluated by a
third independent clinician and a joint decision was made. If a
response included a reference or DOI, it was manually verified
via academic databases such as PubMed and CrossRef. Inter-
rater agreement for the 5-point accuracy ratings was calculated
using Cohen’s kappa (k=0.92), indicating excellent reliability.
The clinicians were blind to which LLM the texts belonged to.
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The accuracy and adequacy of the texts obtained from the LLMs
were evaluated according to the Likert scale, based on previous
studies (12). The accuracy of the texts was assessed according
to a 5-point Likert scale (1: very poor accuracy or unacceptable
inaccuracies with high risk of harm; 2: poor accuracy or
potentially harmful errors; 3: negligible moderate inaccuracies;
4: good level of accuracy with minor inaccuracies; 5: very good
level of accuracy, no risk of harm). The adequacy of the texts
was assessed according to a 3-point Likert scale (1: incomplete
presentation of important parts of information addressing some
aspects of the problem; 2: adequate presentation of information
addressing all aspects of the problem; 3: more information than
expected addressing all aspects of the problem).

To evaluate the quality of the text generated by large language
models, we used the ensuring quality information for patients
(EQIP) tool. This assessment tool evaluates the content in
thirty-two different ways, including whether the information is
consistent and whether the writing is appropriate (13). The tool
consists of 20 questions answered “yes,” “somewhat,
“not applicable.” The scoring is done by multiplying the number
of “yes” by 1 (so the more of these you have, the better), the
number of “partially” by 0.5 and the number of “no” by 0.
These are summed, with the total number of “does not apply”
responses subtracted from 20 total items, then divided by the
new total number of items. The final value is multiplied by 100,
to obtain the EQIP score which is expressed as a percentage.
EQIP are classified as follows: 76-100%: Well-written, great
quality; 51-75%: Good quality, minor issues; 26-50%: Serious
quality issues; 0-25%: Severe quality issues.

Flesch-Kincaid Reading Ease (FKRE) and Flesch-Kincaid Grade
Level (FKGL) scores were used to evaluate the readability of the
texts from the LLMs. The FKRE score, which ranges from 0 to
100, is a widely used readability score tool, and a higher score
corresponds to improved readability. FKRE score =206.835-
1.015 x (average sentence length) + 84.6 x (average word
length) The FKGL score is a modified version of the FKRE score,
which denotes the average US school grade level that is capable
of understanding the text, with a lower score signifying an
increase in readability (14).

"o

no” or

Statistical Analysis

All statistical analyses were conducted with IBM SPSS version
22.0 software (IBM Corp., Armonk, NY, USA). Normality of
the data distribution was assessed by Kurtosis-Skewness
values and the Kolmogorov-Smirnov/Shapiro-Wilk test. Mean,
standard deviation and median were calculated to describe the
study variables. Group differences were evaluated by ANOVA or,
as appropriate, the Kruskal-Wallis test. If significant differences
were found, pairwise comparisons were performed using the
ttest or Mann-Whitney U test. Statistical significance was
defined as p<0.05.

Results

In this study, Gemini was used to retrieve a cumulative total
of 25 frequently asked questions relating to osteoporosis
based on Google Trends data. The questions cover various
aspects of osteoporosis, including its meaning, its warning
signs, prevention, risks, and treatment. The top five questions
looked to learn more about the condition itself (“What is
osteoporosis?”), determining its symptoms (“What are the
symptoms of osteoporosis?”), and ways to prevent the disease
("What are the best ways to prevent osteoporosis?”) (Table 1).
Geographic analysis showed higher search interest in
osteoporosis in Puerto Rico, Ecuador, and Bolivia (Figure 1). The
popularity of osteoporosis over time (the analysis was conducted
on a time range starting from 2004) is presented according to
the Google Trends analysis (Figure 2). Responses generated
by all three Al chatbots—ChatGPT-4, BingAl and Gemini—were
subjected to readability analysis using the FKRE and FKGL
metrics. The readability scores for all models suggested that
the outputted information was hard for the average population
to read (all models p>0.05). Mean FKRE scores obtained with
ChatGPT-4, BingAl, and Gemini were 34.5, 33.8, and 36.1,
respectively, all classified as “difficult” (FKRE) scoring. In a similar
manner, FKGL scores from 11.2 to 12.5 were noted, suggesting
aneed for a college-level education to comprehend the content
(Table 2).

Responses were analyzed for quality using the EQIP tool.
Chatbots  produced significantly  different quality scores
(p=0.005). The mean EQIP score for ChatGPT-4 was a mere
48.6 points, significantly lower than that of either BingAl (55.4)
or Gemini (54.4).

For both the completeness and correctness of responses, all three
models performed similarly without any statistically significant
differences among them (p>0.05). On a 5-point Likert scale of
accuracy, the mean accuracy scores were 4.3, 4.4, and 4.3 for
ChatGPT-4, BingAl, and Gemini, respectively, indicating that the
model-generated responses were generally accurate but less so
in some instances. All answers from the models had no major
mistakes (1 or 2 points).

Discussion

In this study, we assessed the responses of three distinct Big
Language Models: ChatGPT-4, BingAl, and Gemini. Responses
were examined with regard to multiple dimensions, including
readability, information quality, completeness and accuracy.
Although no statistically significant differences were observed
between the models for most parameters, statistically significant
differences were observed between the models for the EQIP
scores. These results show that although the general performance
of the models was similar, the quality of information provided
by ChatGPT was worse than that of the other models.
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Table 1. Top 25 questions searched about osteoporosis across countries: 2004-2024 (based on Google Trends data)

Rank Question Category of the topic based on EQIP
1 What is osteoporosis? Condition or illness
2 What are the symptoms of osteoporosis? Condition or illness
3 What are the most effective methods to prevent osteoporosis? Prevention or after care
4 Which age groups are at risk of osteoporosis? Condition or illness
5 Which drugs are used in the treatment of osteoporosis? Medication or product
6 What is the relationship between osteoporosis and nutrition? Condition or illness
7 What is the role of physical activity in osteoporosis? Miscellaneous
8 How is osteoporosis diagnosed? Test, operation, investigation, or procedure
9 What are the genetic factors of osteoporosis? Condition or illness
10 What factors increase the risk of osteoporosis in women? Condition or illness
1 What are the best dietary recommendations for people with Miscellaneous
osteoporosis?
12 Which vitamins and minerals are effective in preventing osteoporosis? Prevention or after care
13 What is the relationship between osteoporosis and menopause? Condition or illness
14 What kind of exercise should be done to reduce the risk of osteoporosis? | Prevention or after care
15 What are the psychological effects of osteoporosis? Miscellaneous
16 What is the relationship between osteoporosis and fractures? Condition or illness
17 Are there natural methods to treat osteoporosis? Prevention or after care
18 What are the most common misconceptions about osteoporosis? Condition or illness
19 What are the latest technologies in the treatment of osteoporosis? Medication or product
20 What is the impact of regular screenings on osteoporosis? Miscellaneous
21 What are the differences between osteoporosis and other bone diseases? | Condition or illness
22 What role does physical therapy play in the treatment of osteoporosis? Services
23 What tests should be done for osteoporosis? Test, operation, investigation, or procedure
24 What should people with osteoporosis pay attention to in their daily life? | Prevention or after care
25 Common myths about osteoporosis Miscellaneous
EQIP: Ensuring quality information for patients

Figure 1. World map showing the relative search interest for the
term “osteoporosis” by country based on Google Trends data.
Darker shades of blue indicate higher levels of interest, whereas grey
indicates regions with insufficient data

Google Search Interest Over Time: Osteoporosis (Worldwide)
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Figure 2. Timeline of global Google search interest for the term

"osteoporosis” from January 2004 onwards. The color intensity of
the data points corresponds to the level of search interest, with
brighter colors indicating greater public attention. This trend reflects
temporal changes in public awareness and potential influences such
as awareness campaigns, research publications, or media coverage
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Table 2. Comparison of large language models in terms of readability, quality, completeness, and accuracy

ChatGPT BingAl Gemini p
FKRE
Mean + SD 34.5+12.9 33.8£14.3 36.1£10.9 0789
Median (min-max) 36.5(16.0-61.2) 34.8 (11.2-66.7) 33.7 (23.0-67.3) ‘
FKGL
Mean + SD 11.3+2.3 12.5£2.7 11.2£1.8 0.127
Median (min-max) 11.0 (7.1-15.6) 12.1(7.1-17.1) 11.1 (8.1-15.0) ‘
EQIP
Mean + SD 48.6+6.3*+ 55.4+7.9 54.4+8.8 0.005
Medain (min-max) 50.0 (34.2-60.0) 55.6 (40.7-69.4) 55.5 (36.5-68.7) ’
Completeness
Mean + SD 2.1£0.2 2.0+0.7 2.0+0.2 0,553
Median (min-max) 2.0 (2.0-3.0) 2.0 (1.0-3.0) 2.0 (2.0-3.0) ‘
Accuracy
Mean + SD 4.3+0.5 4.4+0.5 4.3+0.6 0.907
Median (min-max) 4.0 (3.0-5.0) 4.0 (4.0-5.0) 4.0 (3.0-5.0) ’
FKRE: Flesch-Kincaid Reading Ease, SD: Standard deviation, EQIP: Ensuring quality information for patients

There was no statistically significant difference between all
three models in terms of FKRE and FKGL scores with all models
producing content that required a higher education level to
understand. These findings are consistent with previous studies
reviewing Al-driven chatbots in health, for instance, those
concerning retinopathy of prematurity or erectile dysfunction,
which noted similar readability issues (9,15). Despite its long-
established theory, the limited spread between the FKRE and
FKGL scores invites novel questions about the generative
mechanisms that govern these metrics across varying models.
Another possible reason for the consistency in readability is the
common use of large-scale datasets with a lot of technical and
specialty medical information. These models are trained on large
corpora of text, many of which are sourced from academic
texts, clinical guidelines, and research papers, producing outputs
that naturally mirror the complexity of their sources. This may
lead to high and consistent FKGL scores, as rewriting complex
medical acronyms in a simple manner while maintaining the
same level of information is a complex task for LLMs.
Additionally, the small differences in readability scores could
imply that current Al models prioritize writing accurate and
complete information over writing accessible information. This
is consistent with earlier research finding that LLMs can provide
purportedly detailed and contextually accurate information
without presenting it in an easily understandable manner for the
general population. A study comparing the readability of online
health information on stuttering has shown that even widely
utilized resources frequently fall short of the recommended
readability levels for medical literature (16). Therefore, it appears
that readability, especially for medical information, remains a
wider problem not limited to Al models.

Even if the FKRE and FKGL scores were similar, it might be worth
speculating about the lack of a model that outperformed the
others in terms of readability. Therefore, a possible explanation

could be the training methodologies used in different LLMs.
ChatGPT-4, BingAl, and Gemini are all from different companies,
yet they may share similar pre-processing methods for medical
terminology that normalize language complexity. Alternatively,
all of the models may be limited by the trade-offs that come with
readability versus accuracy—using basic language risks sacrificing
the impact of the medical content, but the more detail you give,
the more complicated it becomes.

Notably, despite no major differences in readability scores, the
EQIP tool noted clear differences in the quality of information
between the two models. ChatGPT-4 was greatly outperformed
in quality by the production versions of BingAl and Gemini, both
of which are powered by real-time information retrieval systems.
This means that while all models might have difficulty with
readability, having up-to-date information might result in more
relevant and higher-quality content. In contrast, ChatGPT4,
which is more reliant on its pre-trained dataset with no real-time
data, might be slower in providing the most up-to-date health
information, which may negatively affect its EQIP score.

This finding contrasts with studies that reported more consistent
EQIP scores across different Al models in other medical contexts,
such as a study evaluating responses to spinal cord injury-related
questions (17). One possible reason for this discrepancy is the
nature of the conditions being discussed. Osteoporosis, as a
chronic and evolving disease, requires up-to-date knowledge of
recent clinical guidelines, medications, and prevention strategies.
In conditions where real-time information plays a critical role,
the advantages of models with real-time data retrieval, such as
BingAl and Gemini, become more pronounced. This raises the
possibility that the performance gap observed in this study could
widen further in rapidly evolving fields of medicine, where new
treatments and guidelines frequently emerge.

The other aspect of the question is how much their responses
depend on the user interaction. BingAl and Gemini are likely



Turk J Osteoporos
2025;31(3):162-8

Glleg et al.
Al Talks About Osteoporosis

167

to be related to search engines and are trained on real-time
data; therefore, there is a high chance that they were fine-tuned
on real user queries and data. This real-time feedback loop may
help improve response quality over time, unlike ChatGPT-4's
static model, which would not see such incremental learning
adaptively.

From a completeness and accuracy standpoint, there were
no noteworthy differences between the models, which all
performed well in answering the questions. This finding
indicates that LLMs of all types and training data have
comparable proficiency in processing all core medical concepts
relevant to osteoporosis. Some responses contained small
inaccuracies, highlighting the need for improvements, especially
in more nuanced medical topics. The results are consistent with
the existing literature, in that Al models have shown very high
accuracy whenever presented with general medical knowledge
but not with more specialized or context-driven information (18).
Future advancements in LLMs may include improving both
content readability and quality by implementing intelligent
algorithms that adjust the complexity of the language to suit
the individual reader’s capacity to understand. Such technology
could tailor the content in real time according to the user's
previous encounters with content or health literacy. At the
moment, human supervision is required for maintaining the
readability and accuracy of Al-generated health information (19).
Until now, Al and human experts have been working together
in such a way that people can more easily get Al-driven health
information in a hybrid style.

One limitation of this study is the relatively small number
of questions used to evaluate the models. A larger and
more diverse dataset could provide a more comprehensive
comparison. Additionally, while readability and quality were
measured, user satisfaction and engagement were not, which
could be important metrics for evaluating the practical utility of
these models.

Conclusion

This study underlines the strengths and weaknesses of
ChatGPT-4, BingAl and Gemini for osteoporosis-related health
information. While the output was similar in terms of readability
levels across the models, BingAl and Gemini produced superior
responses, in part due to their access to real-time data. As these
Al tools become more prominent in health communication,
future use should also focus on accessibility, the provision of real-
time updates, and human oversight to mitigate their inaccurate
use.
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ViYoXyir-1a3

Objective: Chronic low back pain (CLBP) represents one of the most challenging and costly musculoskeletal conditions to manage. A variety
of therapeutic approaches, including exercise training, pain management strategies, and spinal manipulation and mobilization, are employed
in its treatment. Among these, clinical spinal manipulation and mobilization techniques are widely regarded as one of the most effective
interventions for reducing pain and disability, offering both short- and long-term benefits. High-velocity spinal manipulation is commonly
adopted for treating CLBP and has been associated with changes in muscle activity, but the evidence is controversial. The aim of this study
was to analyze the immediate effects of two manual spinal techniques (MST) on pain, flexibility, and muscle mechanical properties in CLBP
Materials and Methods: This single-blinded, randomized comparative trial used a pre- and post-test design. Participants were randomly
assigned to two groups: Group 1 received Maitland’s posterior-anterior central vertebral pressure mobilization technique, and group 2
underwent the lumbar roll technique. Assessments were conducted at baseline and immediately after the interventions. Muscle mechanical
properties were measured using MyotonPro, pain intensity was evaluated using a visual analog scale (VAS), and flexibility was assessed
through the sit and reach test and the modified Schober test.

Results: Following the interventions, significant improvements were observed in VAS scores and sit-and-reach test results in both groups.
Analysis of Schober test data revealed a significant improvement in group 2 (p<0.001). Mechanical properties of the paravertebral muscles at
the L3-L4 vertebral level were assessed using MyotonPro, showing statistically significant enhancements in elasticity (Hz) and dynamic stiffness
(N/m) in both groups post-intervention. However, no statistically significant differences were identified between the groups.

Conclusion: Both MSTs demonstrated efficacy in alleviating pain, reducing muscle stiffness, and enhancing flexibility. In this study,
manipulations were applied to the symptomatic side, which yielded positive outcomes in pain reduction and muscle properties. However,
further research is needed to determine whether the symptomatic side is superior in terms of therapeutic efficacy.

Keywords: Chronic low back pain, spinal manipulation, mobilization, muscle mechanical properties, MyotonPro

(0)4

Amac: Kronik bel agrisi (KBA), yonetimi en zorlayici ve en maliyetli kas-iskelet sistemi rahatsizliklarindan biri olarak kabul edilmektedir.
Egzersiz egitimi, agri yonetim stratejileri ve spinal manipdlasyon gibi cesitli terapotik yaklasimlar bu durumun tedavisinde kullaniimaktadir. Bu
yontemler arasinda klinik spinal manipUlasyon, hem kisa hem de uzun vadeli faydalar saglayarak agri ve fiziksel kisithhidr azaltmada en etkili
midahalelerden biri olarak yaygin sekilde kabul gdrmektedir. Yiksek hizda uygulanan spinal manipdlasyon teknikleri, KBA tedavisinde yaygin
olarak tercih edilmekte ve kas aktivitesinde degisikliklerle iliskilendiriimektedir; ancak bu konuda mevcut kanitlar celiskilidir. Bu ¢alismanin
amaci, KBA'll bireylerde iki farkli spinal manipulasyon tekniginin klinik sonuglar ve kas mekanik 6zellikleri tGzerindeki anlik etkilerini analiz
etmektir.

Gereg ve Yontem: Bu tek-korlemeli, randomize karsilastirmali calisma, 6n test-son test desenine sahiptir. Katiimcilar rastgele iki gruba
ayrilmistir: Grup 1, Maitland'in postero-anterior merkezi vertebral basi teknigini alirken, Grup 2 ise lumbal roll teknigine tabi tutulmustur.
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Degerlendirmeler, midahale dncesi ve hemen sonrasinda gergeklestiriimistir. Kas mekanik 6zellikleri MyotonPro cihazi ile 6l¢tlmus; agr dizeyi
gorsel analog skala (VAS) ile degerlendirilmis; esneklik ise otur-uzan testi ve modifiye Schober testi kullanilarak belirlenmistir.

Bulgular: Uygulamalar sonrasinda her iki grupta da VAS skorlari ile otur-uzan testi sonuglarinda anlamli iyilesmeler gézlenmistir. Schober testi
analizinde, yalnizca Grup 2'de istatistiksel olarak anlamli bir gelisme saptanmistir (p<0,001). L3-L4 vertebral diizeyindeki paravertebral kaslarin
mekanik ¢zellikleri, MyotonPro cihazi ile degerlendirilmis olup, her iki grupta da elastisite (Hz) ve dinamik sertlik (N/m) parametrelerinde
anlamli artislar gorilmastir. Bununla birlikte, gruplar arasinda istatistiksel olarak anlamli bir fark bulunmamistir.

Sonug: Her iki spinal manipllasyon teknigi de, agrinin hafifletiimesi, kas sertliginin azaltimasi ve esnekligin artirimasi agisindan etkili
bulunmustur. Elde edilen bulgular dogrultusunda, terapdtik etkinligin en Ust diizeye ¢ikarilmasi icin manipUlasyonlarin semptomatik tarafa

uygulanmasi 6nerilmektedir.

Anahtar kelimeler: Kronik bel agrisi, spinal manipdlasyon, mobilizasyon, kas mekanik 6ézellikleri, MyotonPro

Introduction

Worldwide, low back pain (LBP) has become the leading cause
of disability (1). In most cases, a specific patho-anatomic cause
of back pain cannot be identified (2). A range of treatment
approaches, including exercise therapy, pain management
strategies, and spinal manipulation, are commonly employed in
the management of chronic LBP (3,4).

Stochkendahl et al. (1) proposed an evidence-based, stepped-
care clinical guideline for the diagnosis and management of LBP
emphasizing non-pharmacologic and patient-centered strategies.
Their approach highlights the importance of patient education,
encouragement of physical activity, and, where appropriate,
the use of manual therapies such as spinal manipulation.
Advanced imaging and invasive interventions are reserved for
cases presenting with “red flag” symptoms. Within the scope
of such guidelines, spinal manipulative therapy (SMT) is widely
recognized as a valuable tool for reducing pain and disability
(5). Nevertheless, uncertainty remains regarding which SMT
techniques are most effective, the ideal treatment frequency,
and which patient profiles are likely to benefit. A central debate
persists on whether SMT should be applied to regions with
the most pronounced biomechanical dysfunction or to areas
exhibiting the highest pain sensitivity (6).

Reduced spinal mobility is one of the causes of back pain.
Specifically, the decrease in the isometric resistance and
strength of the spinal extensor muscles leads to greater loading
on passive structures (6). This can result in plastic deformation,
possible strain, and consequently, a loss of flexibility in these
structures. When flexibility is reduced, the mechanical efficiency
of the joint is limited, and energy consumption increases (6).
When spinal mobility is reduced, the likelihood of LBP increases.
In 90% of patients with LBR movement restrictions are observed
in at least one of the following tests: fingertip-to-floor distance,
trunk flexion/extension, lateral flexion, modified Schober test,
and knee extension (6). Therefore, the use of SMT is necessary
to increase the mobility of the lumbar region.

SMT, which encompasses both mobilization and manipulation
techniques, exerts its therapeutic effects on pain and movement
restriction through distinct yet complementary mechanisms (7-
9). Mobilization involves the application of low-velocity, rhythmic

passive forces targeting joint capsules and surrounding soft
tissues to improve tissue flexibility and enhance range of motion.
This technique also contributes to pain modulation by reducing
muscle spindle hyperexcitability and activating endogenous
inhibitory pathways within the central nervous system (10). In
contrast, manipulation involves a high-velocity, low-amplitude
(HVLA) thrust that often produces joint cavitation, leading
to changes in intradiscal pressure and mechanical mobility,
while simultaneously triggering a cascade of neurophysiologic
responses that inhibit nociceptive transmission (8). Recent
evidence indicates that SMT is particularly effective in managing
acute and subacute musculoskeletal disorders, primarily due to its
ability to rapidly induce peripheral and central neurophysiological
responses (11-13). Activation of type | and Il mechanoreceptors
during SMT suppresses nociceptive input at the level of the
spinal dorsal horn, resulting in localized hypoalgesia (11).
Concurrently, descending pain modulatory systems such as
the periaqueductal gray matter in the brainstem are engaged,
producing widespread analgesic effects beyond the site of
application. This bidirectional neurophysiologic mechanism
also induces transient changes in corticospinal excitability and
sensorimotor integration, potentially affecting not only pain
perception but also motor outputs such as postural control and
muscle tone (11-13). These effects typically emerge within 5 to
30 minutes post-intervention and diminish within a few hours,
positioning SMT as a clinically relevant and effective option for
short-term symptom relief, particularly in acute care settings
(12).

Techniques such as the Maitland spinal mobilization used in this
study involve central posteroanterior (PA) pressure applications
to reduce muscle spasm and alleviate LBP It has been reported to
be particularly effective when pain is of equal intensity on both
sides (14). On the other hand, the literature frequently mentions
the use of side-lying manipulation technique in cases of chronic
low back pain (CLBP) (15). However, studies evaluating the
acute effects of mobilization and manipulation techniques on
muscle mechanical properties are rare in the literature (6,16,17).
The primary objective of this study was to investigate the
immediate effects of Maitland's PA central vertebral pressure
mobilization technique and the side-lying lumbar manipulation
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technique on muscle mechanical properties, pressure pain
threshold, and joint range of motion in patients with CLBP A
secondary objective was to compare the relative effectiveness
of these two manual therapy techniques in improving the
measured outcomes.

Materials and Methods

Study design and setting: This randomized, assessor-blinded
comparative study aimed to evaluate the effects of the lateral
lumbar spinal manipulation technique and Maitland’s PA
central vertebral mobilization technique (18) on the mechanical
properties of muscles and their impact on the pressure-pain
threshold.

Sample size: A power analysis was conducted to determine
the required sample size for this study. To achieve 80% statistical
power at a 5% level of significance, it was estimated that
detecting a clinically meaningful difference of approximately 64
N/m (equivalent to 15%) in lumbar extensor muscle stiffness
would require at least 10 participants per group. This calculation
was based on an assumed baseline stiffness of 320 N/m and a
standard deviation (SD) of 74 N/m. (19).

Ethics approval and consent to participate: This study was
approved by the Non-Interventional Ethics Committee of Alanya
Alaaddin Keykubat University (approval no: 10354421, date:
14/03/2021) and was conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki (1964) and its
subsequent revisions. The trial was registered on ClinicalTrials.
gov (ID: NCT05057091; last verified: 09/2024). All procedures
were performed in compliance with relevant institutional
guidelines and regulatory standards. Written informed consent
was obtained from all participants prior to their inclusion in the
studly.

Eligibility criteria and search strategy: The data were collected
in the Department of Physical Medicine and Rehabilitation at
Alanya Alaaddin Keykubat University Faculty of Medicine in
between June 2021 and September 2021. The diagnosis of
CLBP was made by a physiatrist. Volunteers aged between 18
and 65 years who were diagnosed as having CLBP by a physician
were included in the study. Participants were excluded (1) if they
had a risk of pregnancy, (2) were using pacemakers or had metal
implants in their body, (3) had vertebral fractures, (4) cancer,
(5) osteoporosis, (6) body mass index (BMI) above 30 kg/m?,
(7) neurologic diseases that might lead to muscle weakness
and spasticity, and (8) primary or/and secondary degenerative
vertebral diseases (18)

All interventions were administered by a physiotherapist (A.A)
who had 15 years of clinical experience, specialized training
in spinal manipulation therapy, and was a certifed osteopathic
practioner. This practitioner was responsible for obtaining
medical histories and conducting clinical assessments for all
participants. Pre- and post-intervention measurements were
performed by a second physiotherapist (S.T) who was blinded to
group allocation to minimize assessment bias.

Randomization: Covariate adaptive randomization was
performed using a computer program for the optimal allocation

of patients to two groups (covariates: age, sex, and BMI).

Intervention

Group 1 - Maitland’s posterior-anterior central vertebral
pressure mobilization technique: Participants in this group
were positioned in the prone position. The therapist identified
the vertebral segments associated with the highest pain
sensitivity through palpation. Using the pisiform bones of the
hands, the therapist applied PA central vertebral mobilization
directly to the spinous processes of the identified vertebrae (20).
For the unilateral PA mobilization, both thumbs were positioned
one over the other on the spinous process of the targeted
vertebra, and an average discrete pressure of approximately 4
kg was applied (20).

lllustration of the PA central vertebral mobilization technique,
where the therapist applies pressure on the spinous process of
the identified painful vertebrae (Figure 1).

Group 2 - Side-lying lumbar spinal manipulation: Participants
in this group were positioned in the side-lying posture with the
painful side facing upward, while the therapist stood in front
of them. Initially, the upper leg was flexed until movement was
detected in the vertebral segment corresponding to the pain
site. The interspinous space was then palpated, and the foot of
the flexed leg was placed into the popliteal fossa of the lower leg
for stabilization. In the second phase of positioning, the therapist
grasped the lower shoulder to induce contralateral trunk rotation
and hyperextension. This was done by pulling the shoulder
until movement was again perceived at the interspinous level,
thereby isolating the symptomatic vertebra between adjacent
segments. With this alignment maintained, the patient was
gently rolled toward the therapist. Finally, a HVLA thrust was
delivered using the therapist’s arm and body. The thrust was
applied simultaneously in two opposing directions: anteriorly to
the pelvis and posteriorly to the shoulder (21).

Demonstration of the side-llying lumbar spinal manipulation

Figure 1. Maitland’s PA central vertebral mobilization technique
PA: Posteroanterior
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technique, highlighting the steps of positioning, alignment, and
application of high-speed, low-amplitude thrust for targeted
spinal mobilization (Figure 2).

Outcomes measures: This was a randomized single-blinded
comparative study, involving pre- and post-measurement tests.
Assessments were performed at baseline and immediately
after SMT interventions. The dependent variables were the
mechanical properties of muscles, LBP level, and lumbar region
flexibility.

Lumbar Region Flexibility Assessment

Modify Schober test: Lumbar region flexion flexibility was
measured using a modified Schober test. For measurement, the
examiner marked both posterior superior iliac spine and then
drew a horizontal line at the center of both marks.

Participants were instructed to perform maximum trunk flexion
by bending forward. The distance between the two vertical
marks was re-measured during full flexion. The difference
between the baseline and flexed position was recorded in
centimeters. A value between 0-5 cm was interpreted as
reduced lumbar flexibility, >10 cm indicated increased flexibility,
and values between 5-10 cm were considered within the normal
range (22).

Sit and reach test: The patients sat in a long sitting position
with their knees straight and the soles of their feet flat against
the bottom of the test board. The feet were positioned to be
approximately shoulder width apart, and the patient extended
forward from the waist and hip so that the elbows, wrists, and
fingers were stretched. During the test, attention was paid
to keeping the knees straight. The tested patient pushed the
measuring board forward on the test stand with their fingers
and waited 1-2 seconds at the last point. The place where the
feet made contact with the test stand was taken as the starting
point, point 0. The distance between the fingertip and the
starting point was measured and recorded in cm as “-" if it was
ahead of the 0 point, and “+" if it was behind (23).
Mechanical properties measurements: MyotonPro was
described as valid (24) and dependable (25-27) for assessing

I

Figure 2. Side-lying lumbar spinal manipulation

muscle mechanical parameters. The information below is
provided by MyotonPro: (3) oscillation frequency (an indicator
of tone), (4) dynamic stiffness (an indicator of stiffness), and (5)
logarithmic attenuation (related to elasticity). A physiotherapist
with 3 years of myotonometric measurement experience who
was blinded to the groups conducted the measurements.
Measurements for the lumbar extensor muscle were taken 3 cm
from the midpoint of the L3/L4 intervertebral gap. The mean of
three consecutive measurements was recorded (25,26).

Visual analog scale (VAS): The severity of the patient’s pain
was assessed using the VAS. This scale typically consists of a 10
c¢m horizontal or vertical line, with “no pain” at one end and
“unbearable pain” at the other. The patient marks a point on
the line to indicate their level of pain. The distance between the
starting point and the marked point is measured in centimeters
(cm) and recorded. On this scale, “0” represents no pain, “5”
indicates moderate pain, and “10" pain ever experienced (28).

Statistical Analysis

For statistical analysis, the IBM SPSS version 20.0 software (IBM
Corporation, Armonk, NY) was used. For normal distribution,
data are reported as mean * SD. Data that are not normally
distributed are shown as the median interquartile range.
Categorical data are represented as a percentage (%). The
Shapiro-Wilk test was used to determine the normality of the
data distribution. When the data distribution was normal, Taleb’s
test was used to evaluate statistically significant differences.
The Mann-Whitney U test was employed if the data were not
regularly distributed. The chi-square test was used to perform
qualitative comparisons of the groups. The paired t-test was
used to compare repeated measurements in each group if the
data were regularly distributed. The Wilcoxon test was used if
the data distribution was not normal. The statistical significance
threshold was set as p<0.05.

Results

A total of 29 (23 females, 6 males) diagnosed with CLBP were
enrolled in the study, with a mean age of 38.48+11.35 years.
Of these, 14 patients were allocated to group 1, which received
Maitland PA central vertebral pressure and PA unilateral vertebral
pressure mobilization, and 15 patients were assigned to group
2, which underwent side-lying lumbar spine manipulation (Figure
3). This figure illustrates the process of patient enrollment, group
allocation, interventions, and analysis throughout the study.
The demographics of the patients are illustrated in Table 1. There
were no statistically significant variations in sex, age, BMI, or
pain duration between the groups (all p>0.005).

The study addressed the differences between the before and
after values of both groups. Change, as well as intra-group and
inter-group differences, were assessed (Table 2).

Pain Intensity (VAS)

Following the interventions, both groups’ pain levels decreased
significantly. However, no significant difference in VAS change
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Assesed for eligibility (N=34)

Excluded (n=5) Not meeting
inclusion criteria (n=3), refused
participition (n=2)

Allocated to direct manuplation
(n=14)

N

Assesment after manuplation

Allocated to side-lying manipulation
(n=15)

/

Assesment after manuplation

Analaysis

Figure 3. Flowchart of the study design

Table 1. Demographic data of the patients

Maitland’s posterior- .
- Lumbar roll techinique

anterior central vertebral (group 2) p

pressure (group 1) group
Age* 37.64+13.36 35.40+9.44 0.604
Sex (male/female) 3(21.4%)/11 (78.6%) 3 (20%)/14 (80%) 0.924
BMI* 25.16+2.87 22.43+6.80 0.170
Pain duration* (month) 6.15+7.79 6.26+9.32 0.965
*: Mean + standard deviation (normally distributed data), BMI: Body mass index

from baseline was seen between the groups. Group 1 reported a
decrease in VAS from 5.71+1.77 to 3.64+2.27 (p=0.006), while
Group 2 improved from 4.46+1.16 to 2.06+1.18 (p=0.001).
However, there was no statistically significant difference
between the groups in VAS change scores (p=0.533).

Lumbar Flexibility (Schober Test)

The Schober test revealed a significant increase only in Group
2 (from 4.57+3.49 to 5.33+3.37, p<0.001*), whereas no
significant difference was detected in Group 1 (p=0.980). The
intergroup comparison of change scores was not statistically
significant (p=0.780).

Hamstring Flexibility (Sit and Reach Test)

When the sit and reach test data were compared before and
after the intervention, both group 1 (p=0.004*b) and group 2

(p=0.003*b) showed a significant difference. However, the
change scores between the groups were not significantly different
(p=0.561).

Paravertebral Muscle Mechanical Properties at L3-L4
Level (MyotonPro)

When the mechanical changes in the paravertebral muscles in the
L3-L4 vertebral space were assessed using a MyotonPro before
and after the intervention, significant changes in (1) logarithmic
decrement [related to elasticity (Hz)] (p=0.028*a) were found. In
repeated tests in both groups, no difference in dynamic stiffness
(2) [indicator of stiffness (N/m) (p=0.020*a)] or oscillation
frequency [indicator of tone (dec)] was identified. In both groups,
dynamic stiffness values [indicator of stiffness (N/m)] (p=0.020*a)
and (3) oscillation frequency revealed no significant change.
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Following the intervention, both groups’ VAS scores and sit-
reach tests improved significantly. The Schober test data were
examined, and it was discovered that there was only a significant
difference in group 2 (p=0.001%).

Discussion

The present study aimed to compare the acute effects of two
spinal manipulation techniques Maitland’s PA central vertebral
pressure mobilization technique and side-lying lumbar spinal
manipulation in individuals diagnosed with CLBP The results
demonstrated that both intervention methods were effective
in reducing pain intensity, decreasing muscle stiffness, and
enhancing flexibility.

Despite the positive outcomes observed in both groups, no
statistically significant difference was identified between
the techniques. This finding suggests that the two spinal
manipulation approaches may produce comparable short-term
clinical benefits in the management of CLBPR These results

support the flexibility of clinical decision-making in choosing
either technique based on practitioner expertise or patient
preference, without compromising therapeutic efficacy.

The significant reduction in pain intensity observed in both
groups aligns with previous literature (20,29), and is likely
mediated through spinal and supraspinal pain modulation
mechanisms. Although the systematic review by Coulter et al.
(17) suggested spinal manipulation may be more effective than
mobilization for pain reduction, it also noted limited effects on
function. Similarly, Bussiéres et al. (30) emphasized that spinal
manipulation should be integrated with education, exercise,
and behavioral approaches to maximize its impact on range of
motion and clinical outcomes.

Our results are consistent with previous research indicating that
both mobilization and manipulation alleviate pain by modulating
muscle spindle sensitivity and engaging endogenous analgesic
pathways (29,31). In line with Cardinale et al. (32), even a
single session of manipulation significantly improved flexibility
outcomes such as the sit and reach test.

Table 2. Functional measurements at baseline and after manipulation; differences between two measurements

Maitland’s posterior-anterior Lumbar roll techinique (grou
central vertebral pressure 2) que {group | Group 1 vs.
(group 1) _Group 2
intragroup
Mean £ SD p Mean £ SD p
VAS
Baseline 5.71+1.772 4.46+1.16°
5 0.006* 0.001*
End of manuplation 3.642.27° 2.06+1.18°
Change 1.50+2.07° 2.40+1.00° 0.533°
Schober test
Baseline 6.00+4.00° 4.57+3.49°
- - 0.98 <0.001*
End of manipulation 6.00+3.25° 5.33+3.37°
Change 1.00+1.00° 1.00+1.00° 0.780°
Sit and reach test
Baseline -4.00+12.25° -3.50+16.00°
— 0.004° 0.003"
End of manipulation -1.00+13.75° -1.00+13.00°
Change 4.00+5.00° 2.00+4.00° 0.561°
L3-L4 frequency (Hz)
Baseline 14.45+1.242 15.02+2.16° .
- - 0.546° 0.028™
End of manipulation 14.58+1.50° 14.58+1.832
Change 4.00+5.00° 2.00+4.00° 0.270°
L3-L4 stiffness (N/m)
Baseline 268.50+54.04° 292.33+£79.72° . 0
- - 0.750° 0.020™
End of manipulation 264.57+48.312 268.20+66.40?
Change 6.00+£48.75° 14.00+34.00° 0.186°
L3-L4 dec
Baseline 1.21+0.19° 1.14+0.25°
- - 0.840° 0.4122
End of manipulation 1.20+0.19° 1.16+0.26°
Change 0.05+0.14° -0.02+0.07° 0.62°
2 Mean = standard deviation (SD) (normally distributed data), ®: Median + interquartile range (non-normally distributed data), VAS: Visual analog scale, *: p<0.05
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In the current study, both manipulation techniques led to
significant improvements in sit and reach scores, indicating a
favorable impact on hamstring flexibility and posterior chain
mobility.

This finding highlights the potential of spinal interventions to
modulate not only local spinal biomechanics but also distal
muscle extensibility, possibly via reflex inhibition or improved
neuromuscular coordination.

However, no significant improvement in the Schober test was
observed in the Maitland group, mirroring the findings of Abe et
al. (6), who reported limited acute effects of this technique on
spinal flexion in young adults with LBP

Notably, side-lying lumbar manipulation was more effective
in improving lumbar flexion as assessed by the modified
Schober test, suggesting this technique may offer advantages
in enhancing segmental mobility. Improvement in fingertip-to-
floor distance supports the role of manipulation in resolving
mechanical restrictions and improving joint kinematics (33,34).

In terms of mechanical muscle properties, both groups showed
improvements in elasticity and a reduction in stiffness, in
contrast to Wu et al. (35), who reported increased stiffness post-
manipulation. These discrepancies may be due to differences
in population characteristics or measurement methods,
and support the hypothesis that both biomechanical and
neurophysiologic mechanisms including proprioceptive input
and central pain modulation may be involved (36).

A recent meta-analysis by de Zoete et al. (37) confirmed the
short-term efficacy of SMT for pain and function in patients with
CLBP However, although SMT showed superiority over sham
interventions, it was only marginally more effective than other
active interventions, highlighting the importance of incorporating
SMT within a broader multimodal pain management strategy.

Study Limitations

There are some limitations to this study that should be noted.
One of the main limitations is the relatively small sample size,
which limits the generalizability of the findings and may reduce
statistical power, especially for secondary outcomes. However,
because this study was primarily designed to evaluate the effects
SMT techniques on muscle architecture, power analysis was
calculated based on muscle architecture measurements. A control
or placebo group was not included in the study plan because
it would be ethically inappropriate not to intervene in patients
presenting with pain. The observed improvements may also be
influenced by non-specific factors such as patient expectations,
natural variability of symptoms, or repeated measurements,
limiting the ability to isolate treatment-specific effects.

Despite these limitations, the study possesses several notable
strengths. It addresses a significant gap in the literature by directly
comparing the acute effects of two widely used SMT techniques—
Maitland mobilization and side-lying lumbar manipulation—
within a randomized, assessor-blinded design. Moreover, the
use of clinically relevant outcome measures, including pain
intensity (VAS), spinal flexibility (modified Schober and fingertip-

tofloor tests), and muscle stiffness, enhances the applicability
of the findings to clinical practice. Nevertheless, future studies
incorporating control groups, long-term follow-up assessments,
and stratified analyses are essential to deepen our understanding
of the therapeutic mechanisms and optimize treatment strategies

Conclusion

In conclusion, both the Maitland mobilization technique and
side-lying lumbar spinal manipulation appear to be effective
interventions for the management of CLBP Although no
significant differences were found between the techniques in
this study, their clinical utility may be optimized when selected
based on individual patient profiles and incorporated into
personalized treatment protocols.

Given the multifactorial nature of CLBP the integration of these
manual therapy techniques within multimodal rehabilitation
approaches including education, exercise, and behavioral
strategies may further enhance therapeutic outcomes. Future
research should continue to explore how these methods can
be effectively combined to maximize both short- and long-
term benefits, guided by the growing body of evidence in the
literature.
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Abstract

Objective: This research seeks to answer the question of whether education on osteoporosis is more effective when delivered via video
conferencing or through informational brochures.

Materials and Methods: The sample of the study consisted of 223 physiotherapy and rehabilitation students. Students were divided into
two groups (video group, brochure group) by stratified randomization method according to their achievement levels. Osteoporosis awareness
training was conducted through an online video conferencing system and using informative brochures. The osteoporosis knowledge test-
revised (R-OKT) was used to assess the level of osteoporosis knowledge and awareness.

Results: While there was no significant difference between the brochure and video training groups in terms of R-OKT scale nutrition, exercise
and total knowledge scores (p>0.05), it was observed that the post-training scores increased significantly in both groups compared to the pre-
education scores (z>8.5, p<0.001). Statistically significant differences were found between grade levels in post-education nutrition (y2=52.222,
p<0.001), exercise (x2=56.488, p<0.001), and total knowledge scores (x>=62.863, p<0.001). Pairwise comparisons revealed that 2™-year
students had significantly higher scores than all other grade levels (p<0.05). Positive and statistically significant relationships were found
between the students’ grade point average and the scores of the R-OKT subscales both before and after the training (r=0.157-0.302, p<0.05).
Conclusion: Current study showed that video education methods were as effective as traditional printed materials in increasing the level of
knowledge and awareness about osteoporosis and that the effect of education may vary depending on class levels. The findings underscore
the importance of providing early and well-structured osteoporosis education for future healthcare professionals, which is essential for the
development of more effective preventive health strategies.

Keywords: Osteoporosis, awareness, health education strategies, video-based learning

Amac: Bu arastirma, osteoporozla ilgili egitimin video konferans yoluyla mi yoksa bilgilendirici brosdrler araciligiyla mi daha etkili oldugu
sorusuna yanit aramaktadir.

Gereg¢ ve Yontem: Calismanin érneklemi 223 fizyoterapi ve rehabilitasyon égrencisinden olusmustur. Odrenciler, basari diizeylerine gdre
tabakall randomizasyon yéntemi ile iki gruba (video grubu, brostr grubu) ayrilmistir. Osteoporoz farkindalik egitimi, ¢evrimici video konferans
sistemi ve bilgilendirici brosurler kullanilarak gerceklestirilmistir. Osteoporoz bilgi testi-revize (R-OKT) 6lcedi kullanilarak osteoporoz bilgi ve
farkindalik dizeyi degerlendirilmistir.

Bulgular: Brosir ve video egitim gruplar arasinda R-OKT Olcedi beslenme, egzersiz ve toplam bilgi puanlari agisindan anlamli bir fark
bulunmazken (p>0,05), egitim sonrasi puanlarin her iki grupta da egitim 6ncesi puanlara gore anlamli olarak arttigi gézlemlenmistir (z>8,5,
p<0,001). Egitim sonrasi beslenme (yx2=52,222, p<0,001), egzersiz (y2=56,488, p<0,001) ve toplam bilgi puanlari (x2=62,863, p<0,001)
acisindan siniflar arasinda anlamli farklilik saptanmustir. Yapilan ikili karsilastirmalar sonucunda, 2. sinif 6grencilerinin puanlarinin diger tim sinif

Corresponding Author/Sorumlu Yazar: Bengisu Tiifekci PT, PhD Gaziantep islam Science and Technology University Vocational School of Health Services, Department of
Physiotherapy Program, Gaziantep, Turkiye
E-mail: tufekci.bengisu@gmail.com ORCID ID: orcid.org/0000-0002-3042-6083
Received/Gelis Tarihi: 20.07.2025 Accepted/Kabul Tarihi: 25.08.2025 Epub: 02.10.2025 Publication Date/Yayinlanma Tarihi: 05.12.2025

Cite this article as/Atif: Tifekgi B, Birben Kurt T, Sekeroglu AN. Comparison of the osteoporosis knowledge levels of physiotherapy students pre-post awareness training: a
randomized controlled trial. Turk J Osteoporos. 2025;31(3):178-88

@@@@ °Copyright 2025 The Author. Published by Galenos Publishing House on behalf of the Turkish Osteoporosis Society.
L L e This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.


https://orcid.org/0000-0002-3042-6083
https://orcid.org/0000-0002-0822-2498
https://orcid.org/0000-0002-9726-3944

Turk J Osteoporos
2025;31(3):178-88

Tufekgi et al.
Awareness Training and Osteoporosis Knowledge

179

seviyelerine gore anlamli diizeyde daha yiksek oldugu beliflenmistir (p<0,05). Ogrencilerin not ortalamalari ile egitim éncesi ve sonrasi R-OKT
alt dlgeklerinin puanlari arasinda pozitif ve istatistiksel olarak anlamli iliskiler bulundu (r=0,157-0,302, p<0,05).

Sonug: Calismamiz, video egitim yontemlerinin osteoporoz hakkinda bilgi ve farkindalik diizeyini artirmada geleneksel basili materyaller kadar
etkili oldugunu ve egitimin etkisinin sinif dizeyine gére degisebilecedini gostermistir. Sonuglar, gelecekteki saglik profesyonelleri icin erken
ve yapilandiriimis osteoporoz egitiminin dnemini vurgulamakta ve bu egitimin, daha etkili 6nleyici saglik stratejilerinin gelistirilmesine katki

saglayacak nitelikte oldugunu géstermektedir.

Anahtar kelimeler: Osteoporoz, farkindalik, saglik egitimi stratejileri, video tabanl 6grenme

Introduction

Osteoporosis (OP) is a systemic disease characterized by low
bone density and deteriorated microarchitecture of bone tissue,
leading to an increased fragility of the skeletal system (1).
Often referred to as the “silent epidemic of the 215 century”,
OP typically progresses without symptoms until it manifests
through fractures (2). In 2019, it was estimated that 25.5 million
women and 6.6 million men in the European Union, the United
Kingdom, and Switzerland were affected by OP Additionally, 4.3
million patients have a history of osteoporotic fractures (3). By
2046, it is predicted that the rate of hospital admissions due to
osteoporotic fractures will increase by 150% (4). Osteoporotic
fractures significantly reduce patients’ quality of life, leading
to dependence in daily activities (5). In addition to causing
deformities, they also result in serious mortality and morbidity
(6). In this context, OP represents a significant public health
issue (7).

The etiology of OP involves both genetic and environmental
factors. A family history of OR low body mass index (BMI),
calcium and vitamin D deficiencies, excessive caffeine
consumption, insufficient sunlight exposure, alcohol and
tobacco use, sedentary lifestyle, and menopause are among the
risk factors (8). The increasing level of OP with advancing age
diminishes quality of life. Physical dysfunctions due to OP have
negative effects both sensorially and psychologically (9).

In order to prevent OR bone tissue should be strengthened and
bone health should be protected at an early age. Evaluation of
risk factors in the early period and awareness-raising studies in
this regard are very important for stopping the development of
OP preventing its progression, and avoiding fractures that may
arise from OP (10).

There are studies in the international literature that assess the
level of knowledge and awareness of OP in various segments of
society (11-13). However, there has been no study in the literature
examining the impact of different types of education on the
awareness levels of physiotherapy and rehabilitation students.
The fundamental aim of our study is to determine the knowledge
level and awareness of physiotherapy and rehabilitation students
regarding OR who will play significant roles in every stage of
OP treatment when they begin practicing their profession. This
research specifically seeks to answer the question of whether
education on OP is more effective when delivered via video
conferencing or through informational brochures. This study
aims to identify methods that will contribute to a more effective
learning process for students regarding OP

Materials and Methods

Type of Research and Ethical Considerations

Our study was randomized and experimental type, and ethical
approval was obtained from Osmaniye Korkut Ata University
Health Sciences Research Ethics Committee (no: E. 177950, date:
23.05.2024). Participants who voluntarily agreed to participate
and gave written informed consent were included in the study.

Population and Sample

The population of the study consisted of students studying at Recep
Tayyip Erdogan University, Glineysu School of Physical Therapy and
Rehabilitation (n=270). The sample size was not calculated, and it
was aimed to reach the entire population. Reaching 70% of the
population was accepted as sufficient sample size for the study
(14). The sample of the study consisted of 223 (82.6%) physical
therapy and rehabilitation students who accepted to participate
in the study and completed the scale form completely in May
2024 after ethical approval was obtained. Although the study
aimed to reach the entire population, potential selection bias
due to voluntary participation was minimized through stratified
randomization and a high response rate (82.6%).

Data Collection Tools

Students were divided into groups by stratified randomization
method according to their achievement levels [those with grade
point average (GPA) >2, those with GPA between 2-3, and those
with GPA >3]. Two groups of students were randomized using
the sealed envelope method, with equal numbers from each
stratum. Both groups received training on OP OP education
was given to the first group [video group (VG)] online via video
conferencing system. The online training video used in our
study was 15 minutes long. This video content was created by
Dr. Physiotherapist, one of the researchers in our study, with
verbal and visual expression accompanied by a power point
presentation. The second group [brochure group (BG)] was
educated by distributing a brochure containing OP content
prepared by the same Dr. Physiotherapist who was also involved
in our study. The content of the video and the brochure was
prepared to be identical in terms of the scope of information.
The “personal information form’ was used to record the socio-
demographic characteristics of the students, and OP knowledge
test-revised (R-OKT)” was used to determine the level of OP
knowledge and awareness. Before the training, the two groups
answered the R-OKT at the same time but in different classes
under the supervision of an instructor. Immediately after
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answering the R-OKT, the VG students were made to watch
a 15-minute OP education video. After the completion of the
video conference, the R-OKT was answered by the students for
the second time without being removed from the classroom. In
the BG, the information brochure was distributed immediately
after answering the R-OKT for the first time and they were
asked to read it for 15 minutes. After the brochure training,
the BG answered the R-OKT for the second time without being
removed from the classroom. Participating students were
unaware that they would answer the R-OKT scale for the second
time at the end of the study. The answers obtained from the
study were evaluated in a single blinded manner by another Dr.
physiotherapist who took part in our study.

Data were collected online using Google forms. The reason why
this online method was preferred in collecting the data was to
ensure that the participants responded impartially and without
being influenced because the researcher conducting the study
was a Asst. Prof. at the university of the participants to whom
the questionnaire would be applied, and in addition, to prevent
paper waste (15). Each participant was allowed to respond only
once; no personal information was collected, and all responses
were recorded anonymously. Participants were informed to
complete the form voluntarily and attentively. The pre- and
post-tests were administered on the same day to minimize
environmental influences, ensure the standardization of
educational delivery, and prevent information transfer between
groups. To enhance data quality and minimize methodological
limitations, the Google Forms platform was configured to allow
only one response per participant, and all questions were set as
mandatory to prevent missing data and duplicate submissions.
Participants were required to answer each question before
proceeding to the next, in order to reduce inattentive or
careless responses. The survey link was distributed exclusively
to the target population through restricted access. Participants
were clearly informed about the scientific purpose of the study
and were explicitly told that participation was entirely voluntary
and that they would face no consequences should they choose
not to participate. The importance of providing accurate and
thoughtful responses for scientific integrity was also emphasized.

Personal Information Form

It consists of 9 questions in which gender, age, class, smoking,
presence of chronic diseases, knowledge of regular physical
activity, height, body weight, BMI of physical characteristics,
and GPA to determine the academic achievement level of the
students were questioned.

Osteoporosis Knowledge Test (R-OKT)

The OKT scale was first developed by Kim et al. (16) in 1991
to include 24 multiple-choice questions to measure the level of
knowledge about OP The scale includes questions related to
exercise, activity level and diet to prevent OR The Turkish validity
and reliability of the revised form of the OKT (R-OKT), which
was revised by Gendler et al. (17) and in which the number
of questions was increased to 32, was performed by Simsir

Atalay et al. (18). R-OKT was used in our study. In the R-OKT,
questions 1-11 ask about OP risk factors. The answers consist of
“high probability of OP”, “low probability of OP”, “not related
to the development of OP” and “don’t know"”. The answers “It
is not related to the development of OP” or “I do not know”
are considered incorrect and O points are given, while the
answers “It is likely to have OP” or “it is unlikely to have OP”
are considered correct and 1 point is given. The other questions
contain 4 optional answers, and 1 point is awarded when the
correct answer is marked. The R-OKT has 2 subgroups: The
nutrition subgroup contains 26 questions (1-11 and 18-32), and
the exercise subgroup contains 20 questions (1-17 and 30-32).
These two subgroups have 14 questions in common (1-11 and
30-32). This is taken into account in the total score, and the total
score is between 0-32. A high score indicates a good level of OP
knowledge (17).

Statistical Analysis

Shapiro-Wilk test was used to evaluate whether the variables in
the study conformed to normal distribution. Mean + standard
deviation and median (minimum-maximum) values were given in
the descriptive statistics of the variables.

Mann-Whitney U test was used to compare pre-education
(pre-e) R-OKT score, post-education (post-e) R-OKT score, age,
height, weight, BMI, and GPA values according to brochure-
video grouping.

Wilcoxon signed-rank test was used to examine whether the
R-OKT scores in the study differed at the measurement times
(pre-post education).

Cross tabulations were created; number (n), percentage (%) and
chi-square (y2) test statistics were given for the comparison of
categorical variables according to brochure-video grouping.
Kruskal-Wallis non-parametric analysis of variance was used
to compare the R-OKT scores of individuals according to the
class of education. Bonferroni correction was made for pairwise
comparisons, and the results of the analyses were presented.
Spearman non-parametric correlation coefficient was used in the
correlation analysis between R-OKT scores and grade and GPA.
For statistical analyses and calculations, IBM SPSS Statistics 21.0
(IBM Corp. Released 2012. IBM SPSS Statistics for Windows,
Version 21.0. Armonk, NY: IBM Corp.) and MS-Excel 2007
programs were used. Statistical significance level was accepted
as p<0.05.

Results

It was determined that the gender, grade level, smoking status,
and physical activity levels of students in the Brochure and VGs
were similar (p>0.05). The mean age of students in the BG was
significantly higher than that of students in the VG (z=2.067,
p=0.039). However, the groups were similar in terms of height,
weight, BMI, and GPA (p>0.05) (Table 1).

No significant difference was found between the pre-e and
post-e R-OKT nutrition scores of students in the Brochure and
VGs (p>0.05). However, in both groups, post-e nutrition scores
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Table 1. Distribution of socio-demographic and physical characteristics by group

Brochure group Video group _
(n=107) (n=116) Test statistic
Socio-demographic characteristics n (%) n (%) e p
Gender
Female 88 (82.2) 97 (83.6)
12=0.075 0.785
Male 19 (17.8) 19 (16.4
Academic year
15t year 23(21.5) 31(26.7)
2" year 31(29.0) 39 (33.6)
¥*=2.239 0.524
3 year 28 (26.2) 24 (20.7)
4 year 25 (23.3) 22 (19.0)
Smoking
Yes 23(21.5) 25(21.6)
x2=0.001 0.992
No 84 (78.5) 91 (78.4)
Physical activity
Yes 30 (28.0) 30 (25.9)
x2=0.134 0.714
No 77 (72.0) 86 (74.1)
. s Mean £ SD Mean £ SD
S EheREe median (min-max) median (min-max) z P
21.40+1.77 20.96+1.49
Age (years) z=2.067 0.039*
21.0 (18-29) 21.0 (18-25)
} 1.65+0.09 1.66+0.08
Height (m) z=0.310 0.756
1.64 (1.45-1.88) 1.65 (1.53-2.01)
. 64.63+14.14 64.57+16.12
Weight (kg) z=0.444 0.657
62.0 (34-130) 61.0 (44-140)
23.57+4.31 23.34+4.36
BMI (kg/m2) z=0.476 0.634
22.9 (15.2-39.2) 22.6 (17.3-38.8)
2.53+0.42 2.45+0.45
GPA z=1.641 0.101
2.56 (1.0-3.47) 2.50 (1.0-3.43)
n: Number of individuals, %: Percentage; ¥2: Chi-square test, m: Meter, kg: Kilogram, SD: Standard deviation, BMI: Body mass index, GPA: Grade point average, Min:
Minimum, Max: Maximum, z: Mann-Whitney U test, p<0.05

increased significantly compared to pre-e scores (*z>8.9,
p<0.001). This finding indicates that both educational methods
positively influenced students’ nutrition knowledge (Table 2,
Figure 1).

Similarly, the pre-e and post-e R-OKT exercise scores of students
in the Brochure and VGs were statistically similar (p>0.05).
However, in both groups, post-e scores increased significantly
compared to pre-e scores (*z>8.5, p<0.001). This result
suggests that both educational methods were effective in
improving students’ exercise knowledge, with no significant
difference in the degree of improvement between the groups
(Table 2, Figure 1). A similar pattern was observed for total
R-OKT scores. Although no statistically significant difference
was found between the groups (p>0.05), post-e scores in both
groups increased significantly compared to pre-e scores (*z>8.9,
p<0.001) (Table 2, Figure 1).

Students’ pre-e nutrition scores were similar across grade levels
(p>0.05). However, post-e nutrition scores showed statistically
significant differences between grade levels (¥?=52.222,
p<0.001). Pairwise comparisons revealed a significant difference
between the post-e data of 2"-year students and all other grade
levels (p<0.05). This finding indicates that 2"-year students
achieved higher nutrition scores post-education, demonstrating
greater improvement in nutrition knowledge. Additionally,
pairwise comparisons of post-e data between 1*tand 4% years
showed that upper-grade students had significantly higher
knowledge (p<0.05) (Table 3).

A significant difference was found in pre-e exercise scores
across grade levels (x2=21.985, p<0.001). Pairwise comparisons
indicated that 4"-year students’ exercise scores were significantly
higher than those of 1°- and 2"-year students (p<0.05). Post-e
exercise scores also showed significant differences between
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Table 2. Comparison of pre-education (PT) and post-education (PT) R-OKT scores between and within groups

Mean £ SD ?:Inei:E;nax) Mean £ SD ?rnnei:E?nnax) p (group)
R-OKT nutrition
Pre-e 15.00+2.83 15.0 (7-21) 14.12+3.23 14.0 (3-21) z7=1.765 0.077
Post-e 20.77+2.57 21.0 (11-25) 20.34+2.64 20.0 (13-26) 77=1.458 0.145
P (time) 7=8.926; p<0.001 "7=9.135; p<0.001
R-OKT exercise
Pre-e 11.77+2.45 12.0 (6-17) 11.05+£2.68 11.0 (3-16) 7"=1.608 0.108
Post-e 16.16+2.33 16.0 (8-20) 15.61+£2.38 16.0 (9-20) z7=1.940 0.052
P (time) “z=8.508; p<0.001 "7=8.896; p<0.001
R-OKT total score
Pre-e 17.88+3.19 18.0 (9-25) 16.90+3.63 17.0 (6-25) z7=1.714 0.086
Post-e 25.03+3.34 25.0 (14-31) 24.30+3.63 24.0 (14-32) z7=1.712 0.087
P (time) z=8.907; p<0.001 "2=9.099; p<0.001
R-OKT: Osteoporosis knowledge test-revised, Pre-e: Pre-education, Post-e: Post-education, SD: Standard deviation, Min: Minimum, Max: Maximum, : Wilcoxon signed-rank
test, ”: Mann-Whitney U test

grade levels (y2=56.488, p<0.001). Pairwise comparisons
revealed that 2"-year students’ exercise scores were significantly
higher than those of all other grade levels (p<0.05). This suggests
that 2"-year students had higher exercise knowledge both pre-
education (except compared to 4™ years) and post-education
compared to other grades (Table 3).

No statistically significant difference was found in pre-e total
scores across grade levels (p>0.05). However, post-e total scores
showed significant differences between grade levels (y2=62.863,
p<0.001). Post-hoc pairwise comparisons (Mann-Whitney U test
with Bonferroni correction) revealed that 2"-year students’ total
scores were significantly higher than those of all other grade
levels (p<0.05). This finding suggests that 2"-year students
exhibited higher overall performance post-education compared
to other grades (Table 3).

Analysis of pre-e data revealed a positive and significant
correlation between grade level and students’ overall academic
achievement (GPA) and exercise subscale scores (r=0.387,
p<0.001 and r=0.297, p<0.001, respectively). This suggests
that as grade level increases, both academic achievement and
exercise knowledge improve. Similarly, a positive but weaker
correlation was found between grade level and nutrition
and total scores (r=0.177, p=0.008 and r=0.173, p=0.010,
respectively), indicating a positive relationship between grade
level and students’ nutrition knowledge and total R-OKT scores
(Table 4).

A low-level, positive correlation was observed between GPA and
nutrition subscale scores (r=0.172, p=0.010), suggesting that
as academic achievement increases, nutrition knowledge also
improves. Similarly, moderate (r=0.302, p<0.001) and low-level
(r=0.220, p=0.001) positive correlations were found between
GPA and exercise and total scores, respectively. These results

indicate that as GPA increases, students’ nutrition and exercise
knowledge, as well as their overall OP knowledge, also improve
(Table 4).

Strong, positive linear relationships were identified between
students’ nutrition and exercise scores and their total scores. A
high-level, statistically significant positive correlation was found
between nutrition and exercise scores (r=0.748, p<0.001),
indicating a strong relationship between nutrition knowledge
and physical activity knowledge. Similarly, a very high-level,
statistically significant positive correlation was observed between
nutrition scores and total scores (r=0.939, p<0.001), suggesting
that nutrition knowledge significantly impacts the total OP
knowledge score. A very high-level, statistically significant
positive correlation was also found between exercise scores and
total scores (r=0.827, p<0.001), supporting the significant role
of exercise knowledge in increasing the total OP knowledge
score (Table 4).

A very weak, positive, and statistically significant relationship
was detected between GPA and both nutrition and total scores
(r=0.158, p=0.018; r=0.157, p=0.019).

Post-e scores showed strong, positive linear relationships. As
GPA increased, the R-OKT total score, i.e., OP knowledge level,
also increased. A very high-level, statistically significant positive
correlation was found between nutrition scores and both
exercise scores (r=0.823, p<0.001) and total scores (r=0.954,
p<0.001), indicating that post-e nutrition knowledge directly
affects both exercise knowledge and overall OP knowledge.
Similarly, a very high-level, statistically significant positive
correlation was observed between exercise scores and total
scores (r=0.915, p<0.001), suggesting that exercise knowledge
significantly impacts the total OP knowledge level and interacts
synergistically with nutrition knowledge (Table 4).
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Figure 1. Osteoporosis knowledge test-revised
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Table 3. Evaluation of R-OKT scores by grade level

Nutrition subscale Exercise subscale Total score
Pre-e Post-e Pre-e Post-e Pre-e Post-e
Grade Mean = SD Mean = SD Mean = SD Mean = SD Mean = SD Mean = SD
median (min- | median (min- median (min- median (min- median (min- | median (min-
max) max) max) max) max) max)
- 13.74+3.23 19.20+2.21 10.67+2.68 14.91+£2.02 16.43+3.64 22.59+2.74
styear
U 14.0 (3-21) 19.0 (13-24) 10.5 (5-17) 15.0 (9-19) 17.0 (6-25) 22.0 (14-28)
o 14.37+£3.14 22.24+2.54 10.80+2.61 17.50+2.31 17.20+3.64 27.23+3.48
"¢ year
J 15.0 (6-19) 23.0 (15-26) 11.0 (3-16) 18.0 (10-20) 18.0 (8-24) 28.0 (16-32)
3 14.73+£2.99 19.65+2.71 11.75+2.14 14.81+2.33 17.73+3.19 23.59+3.37
d year
U 15.0 (7-21) 20.0 (11-25) 12.0 (6-16) 15.0 (8-19) 18.0 (10-25) 24.0 (14-30)
r 15.53+2.62 20.55+1.43 12.72+2.39 15.74+1.37 18.30+3.01 24.34+1.87
ear
U 15.0 (10-20) 21.0 (17-23) 13.0 (6-17) 16.0 (12-19) 18.0 (12-24) 25.0 (20-28)
| x2=7.690 ¥2=52.222 ¥2=21.895 x>=56.488 x*=7.110 ¥2=62.863
Teststatistic | g 953 0<0.001* 0<0.001* 0<0.001* 0=0.068 0<0.001*
R-OKT: Osteoporosis knowledge testrevised, Pre-e: Pre-education; Post-e: Posteducation, SD: Standard deviation, Min: Minimum, Max: Maximum,
¥% Kruskal-Wallis test; p<0.05

Table 4. Correlation between grade level, GPA, and pre-education and post-education R-OKT scores (n=223)

Pre-e
Grade GPA Nutrition Exercise Total
.
Grade
p
r 0.387
GPA
p <0.001*
o r 0.177 0.172
Nutrition
p 0.008* 0.010*
) r 0.297 0.302 0.748
Exercise
p <0.001* <0.001* <0.001*
r 0.173 0.220 0.939 0.827
Total
p 0.010* 0.001* <0.001* <0.001*
Post-e
.
Grade
P
r 0.387
GPA
p <0.001*
- r 0.057 0.158
Nutrition
p 0.396 0.018*
) r -0.029 0.127 0.823
Exercise
p 0.664 0.058 <0.001*
r 0.054 0.157 0.954 0.915
Total
p 0.419 0.019* <0.001* <0.001*

R-OKT: Osteoporosis knowledge test-revised,

significant correlation (p<0.05)

GPA: Grade point average, Pre-e: Pre-education; Post-e: Post-education, r: Spearman correlation coefficient, *: Statistically
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Discussion

Since OPis an important public health problem that is preventable
and manageable, recent studies have emphasized the importance
of increasing individuals” awareness and knowledge levels about
OP (19-21). However, when the literature is analyzed, it is seen
that studies conducted to raise awareness in OP are focused
on postmenopausal women and geriatric individuals (22-24).
Although there is a need to raise awareness about OP in every
age period, raising awareness at young ages and increasing the
level of knowledge on this subject will provide more effective
results in improving bone health and preventing OP (25).
Therefore, in our study, we aimed to increase the awareness and
knowledge levels of physiotherapy and rehabilitation students
who will have an important role in health services in the fight
against OP In this context, we compared the OP knowledge
levels of the students before and after the awareness training
given thorough video and brochure methods. In the studies
presented in the literature on OP knowledge and awareness
level, it is seen that scales prepared by researchers are mostly
used as assessment tools (26-28). In our study, we preferred
to use the R-OKT scale, whose validity and reliability have been
proven nationally and internationally (17,18).

When the current literature on OP awareness level is examined,
it is seen that both video conferencing methods and traditional
education methods given with printed materials provide a
significant increase in the level of OP knowledge. In this regard,
Lopez-Olivo et al. (29) compared the effectiveness of written
booklet and video-based education in a randomized controlled
study with 225 patients with OP As a result, they found that
the level of OP knowledge increased statistically significantly in
both education groups (29). In the randomized controlled study
of Sahin et al. (30) investigating the level of OP knowledge
in patients with Parkinson’s disease, a comparison was made
between informative brochure and face-to-face traditional
education model given in addition to this. As a result of the
study, it was reported that the level of OP knowledge increased
significantly in both groups in the early period (p<0.001), but
there was no significant difference between the two groups in
terms of knowledge level after the training (30). Chotiyarnwong
et al. (31) conducted a randomized controlled study with 413
participants who applied to an orthopaedic clinic for similar
purposes. In this study, two different groups were formed as
traditional lecture and video lecture, and the effectiveness
levels of these types of education on OP knowledge levels
were compared. It was reported that there was no statistically
significant difference between the two groups before and after
the training and that video-based training was as effective as
traditional face-to-face training (31). In the present study, the
effectiveness levels of two different training methods, brochure
and video, were compared in order to increase the OP knowledge
level of physiotherapy and rehabilitation students. Similar to the
literature, it was seen that the OP knowledge level of both the BG
and the VG increased significantly after the training (p<0.001).

However, there was no significant difference between the two
groups in terms of OP knowledge level after the training. We
think that the fact that the brochure material contains visual
expression and important information is emphasized with bold
fonts is effective on the similar results with video training. Unlike
the findings of our study, in the study conducted by Therdyothin
and Amphansap (32) which compared training through Video
Podcasts with traditional face-to-face education using reading
materials in orthopedic residents’ OP education, the VG initially
had a lower OP knowledge level. However, after the training,
the test score average of the VG was significantly higher than
that of the traditional group (p<0.001). It was reported that the
increase in knowledge was more pronounced among younger
participants in the VG. Interestingly, however, participants stated
that they preferred live lectures over Video Podcasts (32).
Sunthornsup et al. (33) compared brochure and video methods
for family education of children with juvenile idiopathic arthritis.
In this study, which had a similar chronic disease education with
OP it was reported that the VG was significantly superior to the
BG in terms of knowledge score in the evaluation performed
immediately after the education (p=0.003). In addition, it was
reported that video education (83.5%) increased knowledge
more than brochure (69.1%) in parents who were found to have
a lower level of education. However, in the follow-up evaluation
performed four weeks later, it was reported that the scores of
both groups were significantly higher than the baseline level, but
the difference between the two groups decreased. In this study,
the researchers emphasized that the video method provided ease
of comprehension especially in participants with low education
level, but both training methods created a permanent effect
(33). In the light of this information, it has been observed that
OP education by videoconferencing method can be as effective
as traditional printed materials such as brochures, and it can
even provide higher short-term learning in some conditions such
as young age and high education level in the literature. However,
in many studies conducted on this subject, it was observed that
there was no statistically significant superiority between the two
methods used for learning. Video-containing trainings may be
more interesting and more memorable for students who have
a high use of technology and are prone to audiovisual learning.
As a matter of fact, in the study conducted with orthopaedic
assistants, it was observed that the VG provided much higher
success. Therefore, considering that the most effective learning
method is the one that is sensitive to the needs and preferences
of the target audience, we think that it would be important for
educators to use traditional and video conferencing methods
together by using hybrid methods. Vallée et al. (34) reported
that hybrid education consistently showed superior effects
on knowledge outcomes compared to traditional education
methods in health education in their study in which they
compared education methods in medical students, which
supports this idea.

In the present study, when the OP knowledge level and
awareness of the participating students were evaluated using
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the R-OKT scale, it was shown that it increased significantly after
the training (p<0.005). In addition, while the knowledge level of
the classes was similar before the training, it was observed that
there was a statistically significant difference after the training
(x3=52.222, p<0.001); especially 2" grade students had higher
scores in the nutrition and exercise subheadings compared to
other classes. This suggests that the knowledge about OP was
reinforced within the scope of the current study and that the
previous academic background contributed to the learning
process. Similar to the results of our study, a positive correlation
was observed between academic achievement (GPA) before
and after the training and OP knowledge scores (r=0.220,
p=0.001). This result supports that participants with high
academic achievement have more knowledge about OP and
that the training shows more effective results in these students.
In the current study, when the total R-OKT scores of the first year
students before the training were analyzed, it was observed that
they had lower scores than the fourth year students. Ercalik et al.
(35) examined the OP knowledge levels of students studying in
the departments of nutrition and dietetics and physiotherapy and
rehabilitation, whose participant population closely resembled
that of our study. Using the R-OKT scale, as in our study, they
similarly found that fourth-year students had significantly higher
total scores than first-year students (35). On the other hand,
when analyzing the post-education results of the R-OKT nutrition
and exercise subscales in our study, a more pronounced increase
in scores was observed in first-year students compared to their
pre-education levels, whereas, despite having higher baseline
knowledge levels, the increase in fourth-year students was
more limited. We believe that this may be due to the fact that
as the class level increases, knowledge levels reach a certain
threshold, thereby reducing the additional contribution of the
provided education. The findings of Aybala Kogak et al. (36) in
their study on physical therapy and rehabilitation students in
which they investigated the level of knowledge about calcium
and vitamin D deficiency and OP are supportive of our results as
they reported that the level of knowledge of students about OF
calcium and vitamin D gradually increased with education during
school education. In this context, the inclusion of education on
OP awareness in the curriculum from the early stages and its
comprehensive handling will contribute to the physical therapy
and rehabilitation students who will work with both the risk
group and osteoporotic patients after graduation to start clinical
practice better equipped in this context. These results reveal the
necessity of periodically repeating the trainings with different
methods in order to increase the long-term permanence of the
education offered in the early period, especially since the rate
of increase in the knowledge of the students in the advanced
classes is slower.

Study Limitations

The limitations of our study are that only short-term knowledge
assessment was performed after the training. The reason for

this preference is that the outcome assessment performed
immediately after the training can be performed without loss
of sample. In addition, it was predicted that large sample
losses may occur due to the presence of students approaching
graduation status among the participating students. For this
reason, further studies are needed to evaluate the long-term
permanence of the effects of the training. Although the study
aimed to reach the entire population, the risk of selection bias
due to voluntary participation could not be entirely eliminated.
However, stratified sampling based on academic achievement
and a high participation rate were intended to mitigate this risk.
In addition, standardisation and quality assessment of different
training materials should be considered in future studies to be
conducted in this context. There is a need for studies evaluating
the evidence-based, up-to-date, comprehensible and socio-
cultural appropriateness of video and brochure training contents.
Additionally, methods for collecting participants’ feedback on
the clarity and effectiveness of educational materials can be
incorporated into the study, thereby expanding the scope of the
findings.

Conclusion

In the present study, we examined the effectiveness of two
different training methods to increase OP awareness in
physiotherapy and rehabilitation students. We concluded that
both brochure and video conference methods statistically
significant increased the level of OP knowledge. Especially
the fact that second-year students had higher post-education
knowledge levels in the nutrition, exercise and total subcategories
compared to other grades suggests that the effect of education
may vary depending on class levels. Furthermore, the fact
that the increase in post-training knowledge of fourth-grade
students was more limited compared to the first-grade students
indicates that the effect of the trainings given in the early years
of education is stronger and the rate of knowledge acquisition
decreases in the following grades. In addition, the positive
correlation between students’ grade point averages revealing
their academic achievement and their OP knowledge scores
suggests that academic achievement may be an important
factor in increasing OP awareness.

The results of our study show that both traditional printed
materials and video education methods are effective in
increasing the level of knowledge and awareness of OP
Especially considering that the early effects of the education
given in the early grades are more pronounced, it will be
important to integrate different educational methods into the
curriculum to be repeated periodically from the beginning in
terms of the permanence of the information. In the future, we
recommend that studies should be conducted to evaluate the
quality and reliability of different types of educational materials
such as videos and brochures used for OP education in terms of
content, and to investigate long-term knowledge gains.
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Performance Comparison of Gemini, DeepSeek, and ChatGPT-4o
on American Board of Physical Medicine and Rehabilitation Board
Exam Practice Questions

Amerikan Fiziksel Tip ve Rehabilitasyon Kurulu Sinavi Deneme Sorularinda Gemini,
DeepSeek ve ChatGPT-40’nun Performans Karsilastirmasi

® Gonca Saglam Akkaya, ® Hanife Baykal Sahin

Karadeniz Technical University Faculty of Medicine, Department of Physical Medicine and Rehabilitation, Trabzon, Trkiye

Abstract

Objective: The rapid advancement of large language models (LLMs) has demonstrated their important potential in medical education and
assessment. This study aimed to evaluate the performance of three prominent LLMs (Gemini, DeepSeek, and ChatGPT-40) on practice
questions designed to be representative of the American Board of Physical Medicine and Rehabilitation (ABPMR) certification examination.
By comparing their accuracy across various medical domains, we sought to understand their current capabilities as supplementary tools for
medical trainees.

Materials and Methods: We used a comprehensive set of 100 publicly available ABPMR practice questions from 2015, ensuring a consistent
benchmark for comparison. These questions, which cover a wide range of topics and clinical scenarios, were systematically fed into Gemini,
DeepSeek, and ChatGPT-4o via their web interfaces. The responses were then independently analyzed by a blinded physical medicine and
rehabilitation specialist to ensure an unbiased evaluation.

Results: DeepSeek achieved the highest overall accuracy at 88%, significantly outperforming Gemini (81%, p=0.022) but not showing a
statistically significant difference compared to ChatGPT-4o (86%, p=0.238). The models displayed varying strengths across different specialty
areas. ChatGPT-4o performed best in neurologic disorders (90%) and electrodiagnosis (87%). In contrast, DeepSeek led in musculoskeletal
medicine (88%), patient management (97%), and amputation (100%). Gemini performed comparably to DeepSeek in equipment/assistive
technology (90%). No significant inter-model differences were found in domains such as rehabilitation problems (93%), basic sciences (80%),
and applied sciences (83%).

Conclusion: Our findings suggest that while DeepSeek demonstrated superior aggregate performance, all three LLMs possess unique,
complementary strengths across different domains of physical medicine and rehabilitation. The lack of significant differences in domain-
stratified analyses points to the task-specific nature of LLM efficacy. These results indicate that LLMs are promising supplementary educational
tools, but their persistent limitations in complex clinical reasoning necessitate continued human oversight and validation.

Keywords: Large language models, physical medicine and rehabilitation, medical education

Amagc: Buyuk dil modellerinin (BDM) hizli gelisimi, tip egitimi ve dederlendirmesinde dnemli bir potansiyel gostermistir. Bu ¢alismanin amaci,
onde gelen t¢ BDM olan Gemini, DeepSeek ve ChatGPT-40'nun, Amerikan Fiziksel Tip ve Rehabilitasyon Kurulu (ABPMR) sertifika sinavini
temsil eden deneme sorularini yanitlama performansini degerlendirmekti. Bu modellerin tip 6grencileri icin yardima araglar olarak mevcut
yeteneklerini anlamak icin farkli tibbi alanlardaki dogruluklarini karsilastirma hedeflendi.

Gereg ve Yontem: 2015 yilinda erisime sunulmus olan 100 adet ABPMR deneme sorusundan olusan kapsamli bir set kullandildi. Bu sorular,
genis konu cesitliligi ve klinik senaryolari kapsamakta olup, Gemini, DeepSeek ve ChatGPT-40'nun web arayiizlerine sistematik bir sekilde girildi.
Yanitlar, tarafsiz bir degerlendirme saglamak amaciyla, hangi BDM tarafindan Uretildigi bilinmeyen (kérleme yontemi) bagimsiz bir fiziksel tip
ve rehabilitasyon uzmani tarafindan analiz edildi.
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Bulgular: DeepSeek, %88 ile en ylksek genel dogruluga ulasti. Gemini‘den (%81, p=0,022) dnemli &iclide daha iyi performans gdstermis,
ancak ChatGPT-4o'dan (%86, p=0,238) istatistiksel olarak anlamli bir farkla ayrilmamisti. Modeller, farkli uzmanlik alanlarinda degisen guicli
yonler sergiledi. ChatGPT-40, nérolojik bozukluklar (%90) ve elektrodiyagnoz (%87) alanlarinda en ylksek performansi gosterdi. Buna karsilik,
DeepSeek kas-iskelet tibbi (%88), hasta yonetimi (%97) ve ampltasyon (%100) alanlarinda lider oldu. Gemini ise ekipman/yardimci teknoloji
(%90) alaninda DeepSeek ile benzer bir performans sergiledi. Rehabilitasyon sorunlari (%93), temel bilimler (%80) ve uygulamali bilimler
(%83) gibi alanlarda ise modeller arasinda anlamli bir fark bulunmadi.

Sonug: Bulgularimiz, DeepSeek’in genel performansta Ustlnlik gdsterse de, her ¢ BDM'nin de fiziksel tip ve rehabilitasyonun farkli
alanlarinda benzersiz ve tamamlayici glicli yonlere sahip oldugunu distindirmektedir. Alana gore yapilan analizlerde istatistiksel olarak anlamli
farkliliklarin bulunmamasi, BDM etkinliginin géreve 6zgi degiskenligini vurgulamaktadir. Bu sonuglar, BDM'lerin tip e@itiminde umut verici ek
araclar oldugunu gostermekle birlikte, karmasik klinik muhakemedeki kalici sinirlamalari nedeniyle insan gdzetiminin ve dogrulamasinin kritik

onemini korudugunu vurgulamaktadir.

Anahtar kelimeler: Blyuk dil modelleri, fiziksel tip ve rehabilitasyon, tip egitimi

Introduction

The field of artificial intelligence (Al) has seen rapid
advancements in recent years, particularly in large language
models (LLMs). They have demonstrated their potential to
revolutionize various fields, including healthcare and medical
education (1,2). These models, trained on vast datasets of text
and code, can generate human-like text, translate languages,
write different kinds of creative content, and answer questions
in an informative way (3). In the medical domain, LLMs are
being explored for applications ranging from assisting with
clinical decision-making (4) and summarizing medical records
(5) to generating patient education materials (6) and potentially
aiding in exam preparation.

The American Board of Physical Medicine and Rehabilitation
(ABPMR) examination serves as a crucial benchmark for
physicians specializing in this field, assessing their knowledge
and clinical reasoning skills (7). Success on this exam is essential
for board certification and signifies competency in the specialty.
This study aimed to evaluate the performance of three
prominent LLMs; Gemini, DeepSeek, and ChatGPT4, in their
ability to answer questions representative of ABPMR practice
questions.

Materials and Methods

Data Collection

We obtained a comprehensive set of 100 practice questions
from the ABPMR. These questions were sourced from publicly
available practice materials and previous examination sets,
ensuring a representative sample of the board’s assessment
style and content. They were released by the ABPMR in June
2015 as a study tool and have been permanently removed from
their active examination item banks. They present a wide range
of topics relevant to physical medicine and rehabilitation (PMR).
These questions spanned all core domains of PMR, distributed
as follows: Neurologic disorders (30 questions), musculoskeletal
medicine (32 questions), electrodiagnosis (15
questions),  amputation (5  questions),  rehabilitation

problems (15 questions), basic sciences (15 questions),
and applied sciences (15 questions). Additionally, questions
were categorized by focus: Patient management (32 questions)
and equipment/assistive technology (10 questions). The
questions are in a multiple-choice format, often presenting
clinical scenarios, designed to assess foundational knowledge
and clinical reasoning relevant to the certification examination.
The original document includes an answer key. The static nature
and prior public release of these questions ensure a consistent
and accessible benchmark for comparing the performance of
LLM.

Al Models and Question Processing

Three state-of-the-art LLMs were selected for this study: Gemini,
DeepSeek, and ChatGPT-4. Each model was accessed through
its web interface, using the most recent available versions. The
ABPMR questions were formatted and input into each Al model
without modification. We ensured that the input format was
consistent across all three models to maintain fairness in the
comparison.

Response Generation

Each Al model was prompted with the ABPMR questions
individually. The models were instructed to provide their best
attempt at answering each question without any additional
context or information beyond what was provided in the
question itself. The analysis was performed after a total of
three attemps. A PMR specialist, blinded to which Al model
generated each response, independently scored the answers.
The performance was assessed by another specialist who
calculated the overall accuracy, percentage and number of
correctly answered questions, for each LLM. Additionally, the
performances were assessed across different question topics to
identify potential strengths and weaknesses of each model in
specific areas of PMR.

This study was conducted in compliance with ethical guidelines
for Al research. No patient data or confidential examination
materials were used. The study focused solely on the Al models’
performance on publicly available practice questions. This study
did not require ethical approval as it was based on publicly
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available data and did not involve human participants or private
medical information.

Statistical Analysis

The statistical analysis was performed using SPSS version 29
(IBM, Armonk, NY). Chi-squared tests of independence were
used for categorical comparisons of correct versus incorrect
responses within each question category. Fisher's exact test
was used in categories with small sample sizes, such as
“amputation”. To compare the mean accuracy percentages
across the three models, a One-Way ANOVA was conducted
for overall performance, as well as for questions categorized
by organ system and by question focus. When a significant
result was found in the ANOVA for overall performance, a
Tukey HSD post-hoc analysis was performed to identify specific
pairwise differences between the models, with adjustments
made to control for multiple comparisons. Key assumptions for
the ANOVA, including homogeneity of variances (verified by
Levene's test) and normality of residuals (confirmed by Shapiro-
Wilk tests), were checked and met.

Results

All models showed incremental improvement from first to third
attempts, with DeepSeek maintaining the highest accuracy
at each stage (86%, 86%, 88%). DeepSeek significantly
outperformed Gemini (p=0.022), though no significant
differences existed between DeepSeek and ChatGPT-4o
(p=0.238) or ChatGPT-40 and Gemini (p=0.100) (Table 1). Table
2 presents the summary of key findings.

When stratified by organ system, model performance varied
by specialty. In neurologic disorders (30 questions), ChatGPT-
40 achieved the highest accuracy (90%), exceeding Gemini

(80%) and DeepSeek (87%). For musculoskeletal medicine
(32 questions), DeepSeek led (88%) over Gemini (81%) and
ChatGPT-4o (84%). DeepSeek achieved perfect accuracy in
amputation (5 questions, 100%), while Gemini and ChatGPT-40
both scored 80%. All models performed equally in rehabilitation
problems (93%) and basic sciences (80%). No significant
differences across models for organ system-based performance
was found (F=1.12, p=0.350), consistent with individual
categories (all p>0.05) (Figure 1).

Analysis by question focus revealed additional task-specific
strengths. In electrodiagnosis (15 questions), ChatGPT-4o
excelled (87%) over DeepSeek (80%) and Gemini (67%).
DeepSeek dominated patient management (32 questions,
97%) compared to ChatGPT-4o (91%) and Gemini (88%). For
equipment/assistive technology (10 questions), Gemini and
DeepSeek tied (90%), outperforming ChatGPT-4o (80%). No
model differences emerged in applied sciences (all 83%). No
significant difference was observed for inter-model variation
(F=0.63, p=0.548), aligning with non-significant chi-squared
tests for all focus categories (Figure 2).

Discussion

LLMs are creating a major change in medical education, allowing
for new uses in knowledge sharing, customized self-assessment
tools, and simulated practice of clinical reasoning. As these
systems are increasingly used for high-stakes tasks like preparing
for board exams and assisting with clinical decisions, it is crucial
to rigorously evaluate their accuracy, limitations, and potential
biases to ensure safe implementation (8). This imperative is
underscored by documented instances of LLMs generating
plausible yet incorrect medical information, highlighting critical
gaps in reliability (1,9).

Table 1. Comparison of overall performances of Al models (Gemini, DeepSeek and ChatGPT-40) for ABPMR board practice

questions
Gemini (%) Deepseek (%) ChatGPT-4o (%) p

Incorrect 20 14 16

1%t attemtp 0.21
Correct 80 86 84
Incorrect 19 14 16

2" attemp 0.41
Correct 81 86 84
Incorrect 16 12 13

31 attempt 0.17
Correct 84 88 87

Al: Artificial intelligence, ABPMR: American Board of Physical Medicine and Rehabilitation

Metric Gemini

Table 2. Summary of findings

DeepSeek ChatGPT-4o

Highest overall accuracy 81.7%

86.7% 85.0%

Top specialty area medical rehabilitation

Equipment and assistive tecnology,

Musculoskeletal medicine,
patient management,
amputation

Neurologic disorders,
electrodiagnosis

Statistical advantage None

Outperformed Gemini

(p=0.022) hollS
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Figure 1. Comparative performance percentages of Al models (Gemini, DeepSeek, and ChatGPT-40) for “type of problem/organ system”

practice questions
Al: Artificial intelligence

120
100
80
60
40
20
0
Patient Electrodiagnosis Patient
Evaluation and Management
Diagnosis

m Gemini

m DeepseekChatGPT-40

Equipment and Applied Sciences
Assistive
Technology

m ChatGPT-40

Figure 2. Comparative performance percentages of Al models (Gemini, DeepSeek, and ChatGPT-40) for “focus of question and patient

management” practice questions
Al: Artificial intelligence

Our analysis indicates that while all three LLMs demonstrated a
certain level of proficiency in answering ABPMR-style questions,
their accuracy varied significantly across different domains.
DeepSeek exhibited the highest overall accuracy, suggesting that
its training data and model architecture may be better optimized
for medical reasoning tasks. This aligns with prior research
demonstrating that advanced LLMs can achieve near-expert
performance in certain medical domains. Gemini and DeepSeek,
while also performing well, showed slightly lower accuracy
rates, potentially due to differences in training methodologies
and dataset composition (2).

While our study focused on the field of PMR, the utility of LLMs in
other medical specialties has also been explored, with promising
results in rheumatology (10). Recent studies have specifically
evaluated the performance of various LLMs on rheumatology
board-level questions, finding that they can achieve high accuracy.
A comparative study using questions from the American College
of Rheumatology’s CARE-2022 Question Bank found that GPT-4
demonstrated a 78% accuracy rate, outperforming Claude 3:
Opus (63%) and Gemini Advanced (53%) (11). Another study,
which assessed the performance of LLMs on the Spanish access
exam to specialized medical training (MIR), reported that GPT-4
achieved a remarkable accuracy of 93.71% on rheumatology
questions, significantly higher than ChatGPT's 66.43% (12).
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Similar to its utility in other medical specialties, Al and LLMs
show significant promise for orthopedic study and board exam
preparation. Recent studies have assessed the performance
of various LLMs, including GPT-4 and Google Gemini, on
standardized tests like the orthopaedic in-training examination
(OITE) and the Turkish orthopedics and traumatology board
examination (13,14). One study found that GPT-4 performed at
the level of a third-year resident on the 2021 OITE (15). Another
study using the 2022 OITE found that Google Gemini was the
most accurate model, correctly answering 69.9% of questions,
a performance level approaching that of fourth- and fifth-year
residents (16).

While LLMs generally perform well on text-based, knowledge-
recall questions, their accuracy can be significantly lower on
questions that include images (17). Moreover, a key limitation
highlighted by these studies is the tendency for LLMs to provide
inaccurate in response to complex or fact-based questions (14).
This suggests that while these tools are becoming valuable for
their ability to provide explanations and enhance learning, they
are not yet a substitute for human clinical judgment and must
be used with caution and careful verification of their output.
LLMs are also showing considerable potential in neurology, with
studies indicating their effectiveness in answering board-style
questions and assisting with clinical reasoning (18,19). A study
evaluating several LLMs on questions from the self-assessment
in neurological surgery American Board of Neurological Surgery
Primary Board Examination Review found that all models
exceeded the passing threshold. The highest accuracy was
achieved by OpenAl 01 (87.6%), followed by Claude 3.5 Sonnet
(83.2%) and Gemini 2.0 (81.0%) (20). Another study, which
specifically evaluated GPT-4 on neurology board-style questions,
reported an accuracy rate of 75.0%, outperforming the average
human test-taker score of 69% and the passing score of 70%.
This study also highlighted that GPT-4 performed particularly well
in subspecialties like neuromuscular disorders, pharmacology,
and cognitive and behavioral disorders (21). While these results
are promising for medical education and exam preparation, the
studies also underscore limitations, such as lower performance
on questions involving images and a need for continued
physician supervision to ensure accuracy and reliability.
According to our results, DeepSeek excelled in musculoskeletal
medicine and patient management, ChatGPT-4o led in neurologic
disorders and electrodiagnosis, and Gemini performed strongly
in equipment/assistive technology and medical rehabilitation
(100%). All models achieved parity in rehabilitation problems
and applied sciences. These findings suggest that while
DeepSeek holds an aggregate advantage, task-specific expertise
varies across models.

Our observed higher accuracy (e.g., DeepSeek: 88%, ChatGPT-
40: 86%) compared to prior studies in specialties like
rheumatology (GPT-4: 78%) or orthopedics (Gemini: 69.9%)
likely reflects rapid advancements in LLM capabilities rather
than methodological differences alone. Key drivers include

iterative model evolution (e.g., optimizations from GPT-4 to
GPT-4o), architectural refinements improving clinical reasoning,
and potential task-specific fine-tuning enhancing performance
on medical benchmarks. This trajectory of technical progress
suggests LLMs are steadily narrowing the accuracy gap with
human expertise across medical domains, though persistent
limitations in handling novel scenarios warrant ongoing
validation.

Study Limitations

Despite these promising results, our study also underscores
several limitations in the current generation of LLMs. Notably,
none of the models achieved perfect accuracy, indicating that
they are still prone to errors in medical reasoning and knowledge
retrieval. Previous studies have also pointed out that LLMs can
occasionally generate incorrect or misleading information,
particularly when dealing with complex clinical scenarios (4).
The ability of these models to handle complex and specialized
knowledge makes them valuable tools for clinicians and trainees,
potentially serving as a supplementary aid for exam preparation
and continuing medical education (22).

Another key limitation is the evolving nature of Al models. As
LLMs continue to be updated and refined, their performance
on medical assessments may improve, necessitating ongoing
evaluation and benchmarking. Moreover, while our study
utilized publicly available ABPMR-style questions, it is possible
that these questions do not fully capture the depth and breadth
of the actual board examination. Further studies incorporating
a larger and more diverse set of questions, as well as real-world
clinical case evaluations, would provide a more comprehensive
understanding of these models’ capabilities.

Understanding the capabilities and limitations of these LLMs
in this context is crucial for determining their potential role in
medical education and assessment, while also highlighting areas
where human oversight and expertise remain essential. We
acknowledge potential limitations, including the evolving nature
of Al models and the possibility that the questions used may
not fully represent the current ABPMR examination. Additionally,
we recognize that Al models’ performance may not directly
translate to clinical competence or decision-making ability.

Conclusion

This study highlights the growing potential of LLMs such as
Gemini, DeepSeek, and ChatGPT-4 in medical education and
assessment. While these models demonstrate impressive accuracy
in answering board-style questions, their limitations emphasize
the need for human oversight and further refinements to ensure
reliability in clinical decision-making contexts. Future research
should focus on improving LLM interpretability, optimizing
training datasets, and developing hybrid Al-human systems to
enhance the effectiveness of Al-assisted medical education.
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Combined Surgical and Concentrated Growth Factor Therapy
in the Management of Stage Il and Il MRONJ Associated with
Denosumab: A Report of Two Cases

Denosumab ile iliskili Evre Il ve Ill MRONJ'un Cerrahi ile Birlikte Konsantre Blytme Faktéri

Uygulamasiyla Tedavisi: ki Olgu Sunumu

® Mert Kirdemir, ® Muharrem Ergiin Dudak, ® Burak Borlu

Ege University Faculty of Dentistry, Department of Oral and Maxillofacial Surgery, izmir, Tiirkiye

Abstract

Medication-related osteonecrosis of the jaw (MRONJ) is a significant complication associated with antiresorptive agents such as denosumab,
particularly in oncology patients. This report describes two patients with prostate cancer who developed MRONJ during denosumab
treatment. One patient exhibited stage 3 MRONJ in the mandible, while the other had stage 3 MRONJ in the maxilla. Following clinical and
radiological evaluations, both patients underwent surgical intervention, and concentrated growth factor (CGF) was applied locally to promote
postoperative healing. In the first case, mandibular sequestrectomy was performed with reconstruction using a pre-shaped plate. In the
second case, premaxillary resection was carried out after infection control. Both patients experienced favorable outcomes with successful,
complication-free wound healing. These cases highlight the potential benefits of CGF-assisted surgical treatment in denosumab-related
MRONJ and underscore the importance of individualized treatment planning in the absence of standardized protocols.

Keywords: Osteonecrosis, denosumab, MRONJ, concentrated growth factor

ilac iliskili cene osteonekrozu (MRONJ), 6zellikle onkoloji hastalarinda denosumab gibi anti-rezorptif ajanlarla iliskili &nemli bir komplikasyondur.
Bu raporda, denosumab tedavisi sirasinda MRONJ gelisen prostat kanseri tanisi olan iki hasta sunulmaktadir. Bir hastada alt ¢enede evre
3 MRONJ gdzlenirken, digerinde Ust ¢enede evre 3 MRONJ mevcuttu. Klinik ve radyolojik degerlendirmelerin ardindan her iki hasta da
opere edildi ve ameliyat sonrasi iyilesmeyi desteklemek amaciyla lokal olarak konsantre biyiime faktéri (CGF) uyguland. ik olguda
mandibular sequestrektomi yapilarak énceden sekillendirilmis plak ile rekonstriiksiyon gerceklestirildi. ikinci olguda ise enfeksiyon kontroli
sonrasl premaksiller rezeksiyon yapildi. Her iki hastada komplikasyonsuz basarili yara iyilesmesi ile olumlu sonuclar elde edildi. Bu olgular,
denosumab iliskili MRONJ'de CGF destekli cerrahi tedavinin potansiyel faydalarini vurgulamakta ve standart bir protokol olmamasi durumunda

bireysellestirilmis tedavi planlamasinin dnemini ortaya koymaktadir.

Anahtar kelimeler: Osteonekroz, denosumab, MRONJ, konsantre biytime faktori

Introduction

Medication-induced osteonecrosis of the jaw was first described
by Marx (1). After it was established that bisphosphonates and
other antineoplastic and antiangiogenic agents could cause
maxillofacial osteonecrosis, the American Association of Oral
and Maxillofacial Surgeons (AAOMS) named this condition
“medication-related osteonecrosis of the jaw” (MRONJ) in
2014 (2).

For individuals taking antiresorptive or antiangiogenic drugs and
with no history of radiotherapy, open bone for more than eight
weeks or lesions with fistulas suggest MRONJ (2). The most
common risk factor is dentoalveolar surgery, with the majority
of cases occurring after tooth extraction (3). Other risk factors
include implant operations, oral infections, poor hygiene, and
il-fitting dentures (2).

Treatment options range from conservative methods to extensive
surgery. Conservative options include maintaining oral hygiene,
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antibiotic therapy and minimally invasive sequestrectomy (4).
Surgical excision and curettage are also commonly used
methods (5). Additionally, the regenerative effects of locally
applied platelet concentrates have been reported in various
studies to support tissue regeneration. Concentrated growth
factor (CGF) is a leukocyte-rich platelet concentrate that supports
angiogenesis and tissue regeneration, offering potential benefits
in immunocompromised individuals (6-10).

These case reports describe the surgical treatment of extensive
osteonecrosis of the maxilla and mandible in two patients who
were receiving denosumab for prostate cancer alongside CGF
Although our cases are related to oncologic patients, denosumab
is also widely used in osteoporotic patients and may similarly
lead to osteonecrosis of the jaws. What distinguishes this report
is the combined use of surgical intervention and CGF in stage 2
and 3 MRONJ cases associated with denosumab in patients with
prostate cancer. In this respect, our study may contribute to the
management of MRONJ in osteoporotic patients.

In this case series, all procedures involving human subjects
were conducted in accordance with our institution’s ethical
standards and the Helsinki Declaration. All patient identifiers
were meticulously safeguarded, and a comprehensive informed
consent process was duly implemented.

&

Case Reports

Case 1

A 78-year-old male patient presented at our clinic, complaining of
pain and exposed bone in right mandible (Figure 1). Radiological
examination revealed radiolucent areas with irregular borders
in the parasymphyseal region of the mandible (Figure 2). The
patient’s medical history indicated a diagnosis of prostate cancer,
for which he had been receiving monthly 120 mg denosumab
injections for a total of 8 months. There was no history of
systemic disease, metastasis, or other oncologic treatments.
Denosumab therapy had been discontinued three months prior
to surgery, based on consultation with the oncology department.
Preoperative cone beam computed tomography (CBCT) showed
necrotic bone margins. Prior to the planned sequestrectomy,
during which MRONJ was initially suspected, a 3D-printed
model of the mandible was prepared to assist surgical planning.
To reinforce mandibular integrity and prevent intra-operative
or post-operative fracture, a preshaped reconstruction plate
was applied. Surgical debridement was performed under local
anesthesia. Following this, CGF was prepared by centrifuging
the patient’'s own venous blood using a specialized device
(Medifuge®, Silfradent, Italy). For this procedure, six tubes of

.g, = 27 ;{/‘

Figure 1. Clinical presentation of Case 1. A) Preoperative intraoral view, B) Pre-shaped reconstruction plate on 3D model, C) Intraoral view
reconstruction plate and necrotic bone, mental nerve (white arrow), D) After sequestrectomy, mental nerve (white arrow), E) Necrotic bone
fragments, F) Applied concentrated growth factor, G) Primary closure, H) Healing after 3 month



Turk J Osteoporos
2025;31(3):195-200

Kirdemir et al.
CGF-assisted Surgery in Denosumab-related MRONJ

197

blood were collected. The obtained CGF was processed into
membrane form and placed directly into the surgical site prior
to primary closure. After adequate flap mobilization, the wound
was closed primarily. The healing process was uneventful, with
satisfactory soft tissue recovery observed at 8 weeks.

Case 2

A 64-year-old male patient attended our clinic, complaining of
pain in the maxilla and halitosis following a tooth extraction
at an external centre. On examination, non-healing tissue and
purulent discharge were present at the extraction site. The
patient had been receiving monthly 120 mg denosumab for six
months due to prostate cancer. As in the first case, there was no
history of systemic illness, metastasis, or other cancer therapies.
Following oncology consultation, denosumab was discontinued,

and a three-month drug holiday was observed prior to surgery.
A pre-diagnosis of stage 2 MRONJ was made and amoxicillin
and chlorhexidine mouthwash were prescribed to control
the infection (Figure 3). Following oncology consultation, the
patient’s denosumab therapy was discontinued. A CBCT scan,
performed 2 months after discontinuation of denosumab,
revealed a broad demarcation line involving the nasal floor and
the maxillary sinus (Figure 4). With a diagnosis of stage 3 MRONJ,
premaxillary resection was performed under local anesthesia.
Followed by CGF application using the same protocol as in Case
1. Six tubes of venous blood were collected, and the resulting
CGF was processed into membrane form and applied to the
surgical site before primary closure. After an uneventful eight-
week healing period, a removable prosthesis was delivered to
the patient.

Figure 2. Radiological presentation of Case 1, A) Preoperative orthopantomography, B) Dental volumetric tomography axial seciton, C) Postoperative

orthopantomography
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Figure 3. Clinical presentation of Case 2, A) Preoperative intraoral view, B) Intraoral view after lambo removal, C) Necrotic bone fragment, D)
Concentrated growth factor, E) Healing after 8 weeks, F) Final prosthesis

Figure 4. Radiological presentation of Case 2, A) Preoperative orthopantomography, B) DVT axial section, C) DVT sagittal section
DVT: Dental volumetric tomography
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Discussion

MRONYJ is a serious complication associated with the use of
antiresorptive and antiangiogenic drugs. MRONJ is frequently
observed in elderly female patients, particularly those using
bisphosphonates or denosumab for osteoporosis or cancer (2).
MRON!J is relatively uncommon in patients taking antiresorptive
drugs for osteoporosis, with reported incidence rates ranging
from 0.1% to 0.01%. An incidence rate of 0.052% has been
reported in patients using denosumab. IV bisphosphonates
used in oncology patients have been reported to cause MRONJ
at a higher rate than denosumab (2). Another study reported
a prevalence of MRONJ ranging from 0% to 27.5% after
bisphosphonate use, whereas the risk of developing denosumab-
induced MRONJ was up to 2% (7). Although denosumab is
often considered to have fewer adverse effects, some recent
studies have reported that it may pose a comparable or even
higher risk of MRONJ than zoledronic acid (5).

While dentoalveolar surgery has been identified as the main
risk factor, some studies have found that the impact of minor
surgery is low. Chemotherapy, corticosteroid use and smoking
are also risk factors (3). For individuals at risk of MRONJ, a pre-
treatment clinical and radiological evaluation, elimination of
infection, good oral hygiene and regular dental check-ups are
recommended. This approach has been shown to significantly
reduce the risk of MRONJ (7).

The AAOMS recommends interrupting drug treatment three
months before and after invasive procedures, but this decision
should be made jointly with the prescribing physician. In
2012, both the Italian Society of Maxillofacial Surgery and the
Italian Society of Oral Pathology and Medicine recommended
conservative surgery for early-stage lesions, as defined by the two
associations. Surgical excision is recommended for advanced-
stage lesions. Treatment protocols remain heterogeneous, and
a universally accepted approach has yet to be established (5).
While surgical treatment is generally considered more effective,
it is not without limitations, as some patients may experience
recurrence requiring additional interventions (8). In addition to
surgery, other methods have been proposed, including low-dose
laser therapy, fluorescent staining, ozone therapy, hyperbaric
oxygen therapy, pentoxifylline and alpha-tocopherol (9).
Plasma-rich fibrin (PRF) stimulates the migration and proliferation
of fibroblasts and osteoblasts, while L-PRF stimulates
angiogenesis (7,8). CGF enables the formation of a denser fibrin
matrix with a high concentration of growth factors (10). Studies
have reported that the local application of CGF improves tissue
regeneration in the surgical treatment of MRONJ (6).

Current literature suggests that CGF application may be beneficial
in osteoporotic patients who develop MRONLJ. In the treatment of
early-stage MRONJ in osteoporotic individuals, the use of CGF in
combination with conservative surgery has resulted in significant
improvements in wound healing and bone regeneration (6).
Borsani et al. (11) reported that CGF accelerates postoperative
healing, while Yiice et al. (6) found that it enhances tissue

integrity following sequestrectomy. However, these studies were
mostly conducted in osteoporotic patients or early-stage MRONJ
cases. In contrast, our study differs in that it demonstrates the
supportive effect of CGF in the surgical treatment of stage 2
and 3 MRONJ in prostate cancer patients receiving denosumab.
In this respect, our report represents one of the rare examples
highlighting the effectiveness of CGF in advanced oncologic
MRONJ cases.

Conclusion

These case reports demonstrate that stage 2 and stage 3 MRONJ
cases resulting from denosumab use for cancer treatment can
be managed surgically, and that the application of CGF may
support healing. Although there is no standardized approach
for the treatment of advanced-stage MRONJ, individualized,
case-specific planning may enhance clinical success. Further
advanced clinical and scientific studies are needed to better
understand the pathophysiology of MRONJ and to determine
the most effective treatment strategies.
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Informed Consent: All patient identifiers were meticulously
safeguarded, and a comprehensive informed consent process
was duly implemented.
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Osteopoikilosis as an Uncommon Cause of Extremity Pain: A Case
Report

Ekstremite Agrisinin Nadir Bir Nedeni Olarak Osteopoikilozis: Olgu Sunumu
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Abstract

Osteopoikilosis, also known as spotted bone disease, is a rare, benign, and inherited sclerosing bone dysplasia characterized by multiple
small, well-defined sclerotic foci, predominantly involving the appendicular skeleton. While the etiology remains unclear, it is believed to result
from inherited defects in trabecular bone formation along stress lines. Lesions occur symmetrically around the knee joints, pelvic bones,
tarsal bones, shoulder girdle, and carpal bones, while involvement of the skull and spine is considered extremely rare. The disease follows
an autosomal dominant inheritance pattern and can often be confused with bone dysplasias, bone metastases and other sclerotic diseases
on radiological examinations. The diagnosis is usually made incidentally on radiologic examinations. We report the case of a 40-year-old
man who presented to our clinic after trauma, with pain in both wrists and the left knee. Radiologic imaging revealed widespread sclerotic
lesions, notably involving the cervical, thoracic, lumbar, and sacral vertebrae-an uncommon pattern for osteopoikilosis. In addition to classical
appendicular lesions, the extensive axial skeleton involvement distinguished this case from typical presentations.

Keywords: Osteopoikilosis, bone dsyplasia, radiographic sclerosis

Osteopoikilozis, benekli kemik hastaligi olarak da bilinen, nadir, benign ve kalitsal bir sklerozan kemik displazisidir. Bu hastalik, ¢cogunlukla
apendikuler iskeleti tutan, ok sayida kucuk, iyi sinirli sklerotik odaklarla karakterizedir. Etiyolojisi tam olarak aydinlatilamamis olmakla birlikte,
stres hatlar boyunca trabekdiler kemik olusumundaki kalitsal defektlerden kaynaklandigi distinllmektedir. Lezyonlar simetrik olarak diz
eklemleri, pelvis kemikleri, tarsal kemikler, omuz kusagi ve karpal kemikler cevresinde géruliirken, kafa ve omurga tutulumunun son derece
nadir oldugu kabul edilmektedir. Hastalik, otozomal dominant bir kalittim modeli izler ve radyolojik incelemelerde siklikla kemik displazileri,
kemik metastazlari ve diger sklerotik hastaliklarla karistirilabilir. Tani genellikle radyolojik tetkiklerde tesadiifen konur. Bu olgu sunumunda,
travma sonrasi her iki el bileginde ve sol dizinde agri sikayetiyle klinigimize basvuran 40 yasinda bir erkek hastayi bildirmekteyiz. Radyolojik
gorlintllemede, servikal, torakal, lomber ve sakral vertebralari da iceren yaygin sklerotik lezyonlar saptanmis olup, bu durum osteopoikilozis
icin alisiimadik bir tutulum paternidir. Klasik apendikler lezyonlara ek olarak, aksiyel iskeletteki bu genis tutulum, olgumuzu tipik osteopoikilozis
sunumlarindan ayiran en belirgin dzelliktir.

Anahtar kelimeler: Osteopoikliosis, kemik displazisi, radyolojik sklerozis

Introduction as small, yellowish papules or subcutaneous nodules, which can
develop into keloid-like lesions resembling scleroderma. These
sores tend to get keloid formations that look like scleroderma.
Occasionally, these symptoms may cause pain and effusion in
larger joints, although they do not result in any deformities (3).
Since most patients don’t show symptoms, we can establish the
diagnosis using an imaging method for an unrelated cause (4).
Radiological imaging reveals the presence of several uniformly
distributed sclerotic lesions with distinct boundaries and higher

Osteopoikilosis (OPK) (OMIM #166700) is an exceptionally
uncommon hereditary bone disorder first described by Albers
Schénberg in 1915 (1,2). OPK is an osteochondrodysplasia
characterized by an increase in bone density without any
accompanying changes in bone structure. OPK often does not
cause any symptoms; however, in rare cases, it may manifest with
dermatological signs. Dermatological manifestations may appear
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radiodensity (5). The main objective of diagnosis is to exclude
OPK as a potential cause, particularly when considering more
severe cases such as osteoblastic metastases (6).

Case Report

A 40-year-old man was admitted to our clinic with complaints
of pain in both wrists and the left knee after a fall two days
ago. He stated that the pain was aggravated by movement
and partially relieved by rest and that there was no increase in
his complaints at night. No systemic symptoms such as fever,
weight loss, or night sweats were reported by the patient.
Physical examination revealed tenderness on palpation in both
wrists and metacarpophalangeal joints, especially in the left
one. Swelling was noted in the left wrist with a positive distal
radioulnar joint (DRUJ) test. Range of motion at the wrists and
knees was slightly limited due to pain, but no deformity or
muscle weakness was noted.

Imaging of the patient showed a cervical spine radiograph
showing multiple osteosclerotic lesions involving vertebral
bodies and spinous processes, consistent with OPK (Figure 1A).
Thoracic and lumbar spine radiograph showing multiple sclerotic
foci in the vertebral bodies, indicating axial skeletal involvement
(Figure 1B), radiographs of the left hand and wrist showing
sclerotic lesions in the carpal bones, metacarpals, and phalanges
(Figure 1C). Bilateral knee radiographs show diffuse osteosclerotic
areas in the bones surrounding both knee joints, typical of OPK
(Figure 1D). A radiograph of the lumbar spine shows prominent
sclerotic lesions in the vertebral bodies, more prominent in the
thoracic region (Figure 1E). The patient’s clinical history, physical
examination, and radiologic imaging studies were evaluated
together, and a diagnosis of OPK, which is not one of the
musculoskeletal diseases we frequently encounter in clinical
practice, was made. No surgical procedure was considered;
painkillers were prescribed, and rest was recommended.

Figure 1A. Cervical spine radiograph demonstrating multiple
osteosclerotic lesions involving the vertebral bodies and spinous
processes, consistent with osteopoikilosis

Figure 1B. Thoracic and lumbar spine radiograph showing multiple
sclerotic foci in the vertebral bodies, indicating axial skeleton
involvement

Figure 1C. Radiograph of the left hand and wrist revealing sclerotic
lesions in the carpal bones, metacarpals, and phalanges. A positive
distal radioulnar joint test was noted on the left side

Figure 1D. Bilateral knee radiographs showing diffuse osteosclerotic
areas in the bones surrounding both knee joints, typical of
osteopoikilosis



Turk J Osteoporos
2025;31(3):201-4

Fidan et al.
Rare Osteosclerotic Lesions of the Columna Vertebrae

203

Figure 1E. Lumbar spine radiograph with prominent sclerotic lesions
in the vertebral bodies, more pronounced than in the thoracic region

Discussion

When someone has OPK, they will have dense radiolucent
spots that are spread out evenly across the epiphyses and
metaphyses of long bones. It has a prevalence of roughly
1 in 50,000. Patients typically receive a diagnosis of this
condition between the ages of 15 and 60. The lesions are
characterized by several circular or oval-shaped patches that
are 1-10 mm in diameter and have a hardened texture. These
areas can appear in anyone, regardless of age or gender (3,7).
Osteopoikilosis is characterized by the presence of a
concentrated area of bone that resembles cortical bone and
contains Haversian canals. The spongiosa, located directly
below the cortex, typically displays this area (1). A lot of the
time, osteopoikilosis, osteopathia striata, and melorheostosis
happen together. This makes it possible that they are all different
symptoms of the same disorder, which is called mixed sclerosing
bone dysplasia (8). Researchers have demonstrated that loss-of-
function mutations in the LEM domain containing 3 (LEMD3)
gene cause conditions characterized by elevated bone density,
such as osteopoikilosis, Buschke-Ollendorff syndrome, and
melorheostosis (9). A mutation in the LEMD3 gene genetically
links osteopoikilosis (3). While the inheritance of this condition
is well-established, there have also been rare instances recorded.
Plain radiography and computed tomography scans typically
show bone islands near the joints in osteopoikilosis. The
orientation of these islands aligns with the surrounding
trabecula. Visualization on magnetic resonance imaging. The
lesions appear as tiny, dark areas on both T1- and T2-weighted
imaging due to their composition of mature, thick bone (4,8).
While OPK is a rare condition, it is important to consider
other disorders such as tuberous sclerosis, osteopathy striata,
osteoblastic metastases, and Ollier disease when making a
differential diagnosis. The most crucial concern for OPK is the
presence of bone metastases, which are the most prevalent form
of malignant bone tumors (5). The epiphyseal and metaphyseal
areas of long bones are the most often affected anatomical sitesin

osteoporosis. The most frequently affected locations include the
phalanges (100%), carpal bones (97.4%), metacarpals (92.3%),
foot phalanges (87.2%), metatarsal (84.4%), tarsal (84.6%),
pelvis (74.4%), femur (74.4%), radius (66.7%), ulna (66.7%),
and tibia (20.5%); the ribs are less commonly affected (2,3).
The key diagnostic markers include asymmetry, axial skeletal
involvement, bone degeneration, and a positive bone scan.
Typically, individuals with OPK do not show any symptoms.
However, in certain circumstances, patients may experience
pain and joint swelling without any specific deformity or
malfunction. It does not require any special handling (3,10).
Minor joint pain, which may or may not be associated with
effusion, is the most commonly reported clinical finding in OPK.
In some cases, it may be the sole symptom present. We use
non-steroidal ant-inflammatory medicines to alleviate pain (4).
Although complications of OPK are uncommon, they may
include the development of osteosarcoma, chondrosarcoma,
and giant cell tumors. However, it's crucial to acknowledge the
lack of a definitive association (2,3).

Conclusion

OPK, also known as spotted bone disease, is an exceptionally
uncommon genetic disorder affecting the bones. Several
patches of excessive bone growth, typically found near the
joints, characterize this condition. The inheritance pattern for
this condition is autosomal dominant (6).

However, cutaneous manifestations of OPK may be associated
with other conditions like rheumatic or skeletal problems
(2). "Although OPK is generally asymptomatic, its radiologic
appearance may mimic more serious conditions such as
osteoblastic metastases”.

In our case, the unusual involvement of the entire axial skeleton,
including thoracic, cervical, lumbar, and sacral vertebrae,
distinguished it from typical cases of OPK. However, following
trauma, finding no other findings except for a fracture of the
ulnar styloid, injury to the left radius DRUJ, and pain in the wrist
upon palpation. In a patient presenting with pain over the
extremities, you can keep in mind the possibility of osteopetrosis
and diagnose this patient by direct radiography.
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Re-evaluating Cardiovascular Risk in Osteoporotic Patients: A Case
for Individualized Romosozumab Therapy

Osteoporozlu Hastalarda Kardiyovaskdler Riskin Yeniden Degerlendirilmesi:
Kisisellestirilmis Romosozumab Tedavisinin Onemi
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Dear Editor,

The cardiovascular safety profile of romosozumab is contentious
issue, especially in light of findings from the ARCH trial
suggesting a higher risk of the major adverse cardiovascular
events (MACE) with romosozumab versus alendronate. Indeed,
despite the impressive anti-fracture efficacy for romosozumab,
its cardiovascular impact has led regulatory bodies to suggest
cautious prescriptions or no recommendations at all. However,
the cardiovascular risk may not be attributable to romosozumab
per se but rather to baseline patient characteristics and study
design, several real-world evidence and observational studies
indicate (1).

Our patient is an 80-year-old lady with advanced osteoporosis
who was previously treated for a year with ibandronate
followed by a year of denosumab prior to being switched to
romosozumab.

Notably, during denosumab treatment, the patient did not
experience any adverse effects or new fractures. However,
given the severity of her osteoporosis—including multiple
vertebral compression fractures (T7, T9, T11, and L2) that
required spinal stabilization surgery—her overall fracture risk
remained substantially high. Therefore, a decision was made
to escalate therapy by transitioning to romosozumab—an agent
with both anabolic and antiresorptive effects—after prior use
of antiresorptive agents including both bisphosphonates and
denosumab. This switch reflected an individualized treatment

approach tailored to the patient’s persistently high fracture risk
and therapeutic history.

She also had a history of hypertension and cardiac arrhythmia
and had had cardiac ablation 1 year earlier. She was receiving
apixaban for anticoagulation. Although she had a history of
cardiovascular disease, cardiology clearance was obtained
to initiate romosozumab. Her kidney function was normal
(glomerular filtration rate: 65), as were her liver enzymes (alanine
transaminase: 17, aspartate transaminase: 22), vitamin D (36
ng/mL) and calcium levels (9.64 mg/dL). During treatment with
romosozumab, after 4 doses, no major cardiovascular events
occurred on study.

After four doses of romosozumab (approximately six months
of treatment), bone mineral density (BMD) improvements were
observed. In the lumbar spine (L1-L4), the T-score improved
from -5.15 to -4.16, and BMD increased from 0.445 g/cm?2 to
0.543 g/cm?, reflecting a 22% relative gain. At the femoral
neck, the T-score remained stable (-4.18 to -4.16), with a slight
BMD increase from 0.376 g/cm? to 0.398 g/cm? (approximately
6% relative gain). These findings indicate a skeletal response,
particularly in the spine, even after a relatively short course
of romosozumab. No adverse events or new fractures were
reported during this period.

This case highlights important points:

1. Romosozumab may still be an option in select high-risk
cardiovascular patients if appropriate cardiology consultation
and monitoring are performed.
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2. Realworld data on romosozumab use in high-cardiovascular-
risk patients is needed, as controlled trials often exclude such
individuals.

The discordant cardiovascular safety profile of romosozumab
relates primarily to differences between clinical trials. The
ARCH trial showed a statistically significant increase in MACE
(hazard ratio: 1.87; 95% confidence intercal: 1.11-3.17; p=0.02)
compared to alendronate given for 12 months, raising concerns
regarding whether romosozumab may be pro-atherosclerotic (1).
The FRAME trial, which compared romosozumab with placebo,
found no difference in cardiovascular events (MACE 0.8% in
both groups), suggesting that the potential cardioprotective
effect of alendronate may have confounded the ARCH trial
results (1). Moreover, the BRIDGE trial, which involved men with
osteoporosis, showed a higher rate for cardiovascular events in
users of romosozumab (4.9%) compared to placebo (2.5%), but
did not achieve statistical significance (2).

Recent real-world data from a large propensity-score-matched
cohort study (TriNetX, covering 136 million patients) provides
additional insights. This study compared romosozumab
with parathyroid hormone (PTH) analogues (teriparatide/
abaloparatide) and found that romosozumab was associated
with fewer major cardiovascular events than PTH analogues,
challenging the assumption that romosozumab inherently
increases cardiovascular risk (3). Also, an unusual frequency
of cardiovascular events was noted as reported in Food and
Drug Administration (FDA) adverse event reporting system
pharmacovigilance studies in Japan, possibly attributable to
higher baseline cardiovascular risk in patients in Japan, rather
than being directly attributable to romosozumab (3).
Mechanistic hypotheses exist for sclerostin inhibition influencing
vascular calcification and progression of atherosclerotic
cardiovascular disease given that it is expressed in vascular
smooth muscle cells. Yet definitive cardiovascular dysfunction
with romosozumab has not been demonstrated in preclinical
studies, and Mendelian randomization studies have been
conflicting, showing that lower sclerostin associates with an
increased risk of atherosclerosis but failing to show definitive
causation (4).

Given these findings, a one-size-fits-all approach to cardiovascular
risk and romosozumab may not be appropriate. Regulatory
agencies have taken a cautious stance—the FDA recommends
avoiding romosozumab in patients with a history of Ml or stroke
within the past year, while the EMA contraindicates its use in
all patients with prior cardiovascular events. But increasing

realworld evidence suggests that careful patient selection and
multidisciplinary oversight may allow high-fracture-risk patients
with stable cardiovascular conditions to take romosozumab with
no undue risk (1).

In summary, this case highlights the importance of providing
thoughtful consideration of risk-to-benefit ratio in selecting
osteoporosis therapy in patients with concomitant cardiovascular
disease. While regulatory guidelines err on the side of
caution, clinicians should integrate real-world data, patient-
specific cardiovascular profiles, and multidisciplinary decision-
making when considering romosozumab therapy. Large-scale
observational studies and prospective trials will be needed to
further optimize patient selection and treatment safety.
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