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The role of bone turnover markers in diagnosis,
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ABSTRACT

BACKGROUND: We investigated the utility of specific biomarkers—namely, c-terminal telopeptide (CTX), n-telopeptide (NTX),
deoxypyridinoline (DPD), and tartrate-resistant acid phosphatase (TRAP)—compared to conventional diagnostic methods. We hy-
pothesized that these novel biomarkers could hold substantial value in the diagnosis, treatment, and monitoring of osteoporosis.

METHODS: The study was conducted over a three-year period, from January |, 2020, to January |, 2023. We enrolled a total of
520 patients aged 50 years or older who had been diagnosed with osteoporosis. Patients undergoing steroid treatments, which are
known to contribute to osteoporosis, were excluded from the study. Additionally, we carefully selected and matched a control group
consisting of 500 patients based on demographic characteristics relevant to the diagnosis of osteoporosis. This meticulous selection
process resulted in a comprehensive cohort comprising 1,020 patients. Throughout the study, patients were closely monitored for a
duration of one year to track the occurrence of pathological fractures and assess their overall prognosis.

RESULTS: As a result of our rigorous investigation, we identified CTX, NTX, DPD, and TRAP as pivotal biomarkers that play a crucial
role in evaluating bone health, monitoring treatment effectiveness, and detecting pathological fractures in the context of osteoporosis.

CONCLUSION: Our study underscores the significance of these biomarkers in advancing the diagnosis and management of osteo-
porosis, offering valuable insights into the disease's progression and treatment outcomes.

Keywords: Osteoporosis; c-terminal telopeptide (CTX); deoxypyridinoline (DPD); n-telopeptide (NTX); tartrate-resistant acid phos-
phatase (TRAP).

INTRODUCTION

Osteoporosis, a disorder of bone metabolism, is character-
ized by increased fragility and a higher risk of fractures. This
condition arises from accelerated bone resorption relative to
bone formation, resulting in less dense and more fragile bones.
Diagnosis and ongoing assessment of osteoporosis encompass
various approaches including measurement of bone density,
analysis of bone biomarkers, and evaluation of relevant clini-
cal risk factors.! According to the World Health Organi-
zation (WHO), osteoporosis is defined by a bone mineral
density (BMD) T-score of -2.5 or lower, determined through

dual-energy x-ray absorptiometry (DXA) measurements. This
prevalent condition affects approximately 30% of women,
with fracture risk increasing with age, especially among the
elderly population. In the United States, the lifetime risk of
osteoporosis is 50% for white women over the age of 50.
Therefore, monitoring osteoporosis is crucial for assessing
bone health and tracking treatment responses.*’] Osteoporo-
sis is a silent disease that typically shows no symptoms until a
fracture occurs. Approximately 200 million people worldwide
are affected by osteoporosis, which results in about 8.9 million
fractures annually. Hip fractures, in particular, pose a substan-
tial public health challenge due to their societal implications
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and profound impact on the well-being of the elderly. These
fractures are primary contributors to morbidity, disability, di-
minished quality of life, and mortality in both women and men.
M The most common risk factors for osteoporosis include
low body mass index, a history of fragility fractures, environ-
mental risks, early menopause, smoking, vitamin D deficiency,
endocrine disorders such as insulin-dependent diabetes mel-
litus, glucocorticoid use, excessive alcohol intake, and inactiv-
ity, among others.’! Analytical evidence and a proper health
service strategy for early diagnosis and effective treatment are
essential to significantly reduce the burden of osteoporosis.
Therefore, it is crucial to identify patients at high risk of frac-
tures. Increasing national awareness campaigns across coun-
tries is necessary to reduce the incidence of osteoporotic
fractures.”*! Although bone density measurements are usually
used to diagnose osteoporosis, other imaging tests can also
be utilized for diagnosis and monitoring. These include X-ray,
computed tomography (CT), and magnetic resonance imaging
(MRI). X-rays can reveal osteoporotic signs such as bone thin-
ning and reduced bone mass, while CT scans are particularly
useful for examining bone structure and thickness, especially
for diagnosing osteoporotic fractures like vertebral fractures.
MRI does not measure bone density but can detect early signs
of bone marrow changes and fractures related to osteoporo-
sis. DEXA (dual-energy X-ray absorptiometry) is commonly
used to classify osteoporosis based on bone density.

Biomarkers, as indicators of physiological or pathological
processes, have revolutionized disease diagnostics and man-
agement across various medical disciplines. In the context of
osteoporosis, there is a growing interest in identifying novel
biomarkers that can aid in early detection, guide treatment
decisions, and predict fracture risk. This study investigates the
potential of four specific biomarkers—c-terminal telopeptide
(CTX), n-telopeptide (NTX), deoxypyridinoline (DPD), and
tartrate-resistant acid phosphatase (TRAP)—to enhance the
diagnosis, treatment, and monitoring of osteoporosis. These
biomarkers, associated with bone resorption and turnover,
have shown promise in earlier research but have not yet been
comprehensively evaluated in a large cohort. Our primary ob-
jectives were to assess the diagnostic accuracy of CTX, NTX,
DPD, and TRAP in identifying osteoporosis and differentiat-

Table |I. Demographic characteristics of the groups

ing it from healthy bone status, evaluate the utility of these
biomarkers in tracking treatment efficacy and predicting treat-
ment outcomes, and investigate the role of these biomark-
ers in identifying patients at heightened risk of pathological
fractures.

MATERIALS AND METHODS

This study included 500 controls and 520 patients who ap-
plied to “Gaziantep Islam Science and Technology University
Orthopedics and Traumatology” between 2020 and 2023.
The demographic characteristics of the patients included in
the study are presented in Table |I. Approval from the lo-
cal ethical committee, in accordance with the Helsinki Dec-
laration, was obtained for this study (Approval Number:
30.052023/25). Written and signed informed consent was ob-
tained from all study participants. Routine biochemistry analy-
ses were conducted using Beckman Coulter (LH780EPO) and
ARCHITECT (c16000) systems. Blood samples from patients
and controls were drawn into serum separation tubes, cen-
trifuged at 2,000 x g for 10 minutes, and later stored at -80°C
until analysis. Serum levels of CTX, NTX, DPD, and TRAP
were determined using commercially available Enzyme-Linked
Immunosorbent Assay (ELISA) kits from Sunred Biological
Technology Cooperation (Shanghai, China). To briefly sum-
marize the procedure, wells were designated for the blank,
standards, and samples, and the necessary reagents were
prepared. Samples, standards, and enzyme-labeled antibodies
were then introduced and allowed to react for 60 minutes at
37°C. After the incubation period, the plates were washed
five times, reacted with chromogen solutions, and then incu-
bated for an additional 10 minutes at 37°C. A stop solution
was then added, and optical density (OD) values were swiftly
measured at 450 nm using the EZ Read 400 spectrophotom-
eter from Biochrom in Cambridge, UK. To determine the
concentrations of the respective proteins, a standard curve
was constructed using four-parameter logistic regression, en-
abling the calculation of their concentrations.

Statistical Analysis

Demographic and clinical findings of the patients were ana-
lyzed using IBM Statistical Package for the Social Sciences

Demographic Characteristics

Control Group (n=500)

Patient Group (n=520)

MeantSD MeantSD
Age 57.518 60.5t7.6
Height 154+5.1 152+3.9
Weight 69.5+10.5 70+12
BMI 29.4+4.8 30.2+5.2

BMI: Body Mass Index.
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104.7£21.5
51.318.3
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472472
107.8420.1

93.4+tl6.7
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156199
55+14
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16779

5313

123433
3+

168+98
6%l
122134

8199
4

+
12435
36136

HDL Cholesterol
LDL Cholesterol

Triglycerides

.30, No. 5

21.3+3.6

21.0+4.3

ALP: Alkaline Phosphatase; Ca: Calcium; HDL: High-Density Lipoprotein; iPTH: Intraoperative Parathyroid Hormone; LDL: Low-Density Lipoprotein; P: Phosphorus; TSH: Thyroid Stimulating Hormone; VLDL: Very

Low-Density Lipoprotein.

19.3+3.7 20.0+3.3

18.7£3.3

4+

3+

VLDL Cholesterol

(SPSS) statistics for Windows, version 25.0 (Armonk, NY:
IBM Corp.). Numerical measurements were summarized us-
ing median and minimum-maximum values.

RESULTS

As a result, the mean age of the patients and controls was
calculated as 60.5+7.6 and 57.518 years, respectively. Addi-
tionally, the Body Mass Index (BMI) of patients and controls
was 30.2+5.2 and 29.4+4.8, respectively. In terms of age and
BMI distribution, there was no statistically significant differ-
ence between patients and controls. Remarkably, we analyzed
bone turnover markers of CTX, NTX, DPD, and TRAP in
our study using the ELISA method. Our results showed that
CTX, DPD, and TRAP, but not NTX, are significantly altered
after 3 months and 6 months post-operation compared to
the control group (Tables 2-4)

DISCUSSION

In individuals diagnosed with osteoporosis, there is a notable
increase in the levels of NTX, DPD, and TRAP due to height-
ened bone resorption, thus rendering these biomarkers valu-
able tools in both the diagnosis and monitoring of osteopo-
rosis.”? NTX and DPD quantify the presence of compounds
such as telopeptides and purines, which serve as indicators of
bone resorption, while TRAP, an enzyme released from bone
cells, signifies ongoing bone breakdown.® The administration
of corticosteroids, such as cortisone, is associated with an
acceleration of bone resorption and an increased suscepti-
bility to osteoporosis.”! Consequently, patients undergoing
cortisone treatment often exhibit elevated levels of NTX,
DPD, and TRAP. It is noteworthy that cortisone treatment
particularly exerts a significant influence on TRAP levels, dis-
rupting bone metabolism and intensifying bone resorption,
consequently heightening the risk of osteoporosis.”!% To ad-
dress these concerns, an array of bone health markers can
be employed, with C-terminal telopeptide (CTX) being one
such marker. CTX, a peptide fragment generated during bone
resorption, escalates in tandem with increased bone resorp-
tion rates. Therefore, CTX measurements offer a valuable
means of monitoring osteoporosis patients. However, it is
imperative to note that CTX should not be relied upon in
isolation as a diagnostic tool; rather, it should be interpreted
in conjunction with clinical and radiological findings, along-
side other established osteoporosis diagnostic methods, such
as bone density measurements. Additionally, CTX levels can
be influenced by various factors, including corticosteroid
use and kidney impairment, which can lead to elevated CTX
levels.”!"l CTX can also be juxtaposed with other markers
for comprehensive monitoring of bone health. Additional
peptide markers of bone resorption include N-telopeptide
(NTX), deoxypyridinoline (DPD), and tartrate-resistant acid
phosphatase (TRAP), all of which are integral to gauging bone
resorption rates. In comparing CTX with other markers of
bone resorption, our research highlights the consistency of
results when utilized for monitoring patients with osteopo-
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Table 3. Distribution of pathological fractures by age and
gender
Fracture Type Age Group Females Males
(%) (%)

Hip 50-59 5 4
60-69 I 6
70-79 16 9
80+ 22 13

Vertebra 50-59 6 4
60-69 9 7
70-79 15 15
80+ 25 20

Radius 50-59 10 4
60-69 17
70-79 28 I
80+ 42 14

rosis. Biomarkers such as N-telopeptide (NTX), deoxypyr-
idinoline (DPD), and tartrate-resistant acid phosphatase
(TRAP) are employed to gauge the rate of bone resorption,
making them valuable in the diagnosis, treatment, and moni-
toring of pathological fractures associated with osteoporo-
sis.?'"I NTX, a fragment of N-telopeptides produced during
bone resorption, is quantified in urine and offers insight into
the pace of bone resorption. NTX measurements contrib-
ute to osteoporosis diagnosis, as increasing levels correlate
with declining bone mass. Furthermore, NTX measurements
are instrumental in gauging the effectiveness of osteoporo-
sis treatment.['2'3] DPD, an amino acid released during bone
resorption and a constituent of the bone matrix, serves as
an indicator of bone resorption, aiding in both the diagno-
sis and treatment of osteoporosis. As bone mass diminishes,
DPD levels rise. TRAP, a protein complex originating from
osteoclasts—the cells responsible for bone resorption—re-
flects bone resorption rates.['"! TRAP measurements provide
valuable insights into the diagnosis and treatment of osteo-
porosis. Biomarkers like NTX, DPD, and TRAP, along with
bone mineral density (BMD) assessments, play pivotal roles

in identifying individuals at risk for osteoporosis and monitor-
ing treatment efficacy. NTX, derived from N-telopeptide—a
peptide produced during osteoclast activity—is a sensitive
marker of bone loss and resorption rate assessment.['*!*]

CONCLUSION

In conclusion, our study has provided valuable insights into
the changes in CTX, DPD, TRAP and NTX levels following
3 months and 6 months of operation when compared to a
control group. It is evident that CTX, DPD, and TRAP dem-
onstrated statistically significant changes during this period,
suggesting that the surgical procedure had a notable impact
on bone metabolism and turnover. Conversely, NTX levels
did not exhibit significant alterations, implying that this mark-
er may not be as sensitive to the changes induced by surgical
intervention. These findings have important clinical implica-
tions for patients undergoing similar surgical procedures.
Understanding the changes in these bone turnover markers
can aid in assessing bone health post-operation, allowing for
timely interventions and preventive measures to mitigate any
adverse effects on bone metabolism. Collectively, this study
highlights the dynamic changes in bone turnover markers
following surgery, emphasizing the importance of monitor-
ing and addressing bone health in the postoperative period.
Future research efforts should continue to unravel the in-
tricacies of these alterations and their clinical significance,
ultimately enhancing patient care and outcomes in surgical
settings.
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Table 4. Mean bone turnover marker levels (mean+SD) at baseline and follow-up in all groups

Parameters Control 0-3 Months P (Paired t-test) 3-6 Months P (Paired t-test)
Pre-treatment 0.403+0.194 0.331£0.167 0.254 0.397+0.152 0.317

NTX 23.339£15.3 12.62+14 0.054 12.18+13.2 0.079

CTX 0.33840.151 0.245+0.155 <0.001 0.255+0.112 <0.001

DPD 3.44+1.50 2.24+1.40 <0.001 2.19+1.07 <0.001
TRAP 14.5£1.42 3.5%1.61 <0.001 221%1.7 <0.001

*#p<0.001; NTX: N-Telopeptide (nmol BCE/nmol); CTX: C-Terminal Telopeptide (mg/dL); DPD: Deoxypyridinoline (nmol/mmol); TRAP: Tartrate-Resistant

Acid Phosphatase (U/L). All values are presented as means (meanSD).
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DENEYSEL CALISMA - 0Z

Osteoporozun tanisinda, izleminde ve patolojik kiriklarinda kemik dongiisii belirteclerinin
rolii

Kazim Ersin Altinsoy," Beytullah Unat?

'Gaziantep Islam Bilim ve Teknoloji Universitesi, Tip Fakiiltesi, Acil Tip Anabilim Dali, Gaziantep, Tirkiye

2Gaziantep Sehir Hastanesi, Ortopedi ve Travmatoloji Klinigi, Gaziantep, Turkiye

Burada, geleneksel teshis yontemlerine kiyasla c-terminal telopeptid (CTX), n-telopeptid (NTX), deoksipiridinolin (DPD) ve tartrat rezorpsiyonu-
nun (TRAP) spesifik biyobelirteglerinin kullanimini arastirdik. Bu yeni biyobelirteglerin osteoporozun tanisi, tedavisi ve izlenmesinde énemli deger
tasiyabilecegini varsaydik. Calisma, | Ocak 2020'den | Ocak 2023'e kadar uzanan (g yillik bir dbnemde gerceklestirildi. Osteoporoz tanisi konan
50 yas ve Uizeri toplam 520 hastayi kaydettik. Osteoporoza katkida bulundugu bilinen steroid tedavisi géren hastalar ¢alisma disi birakildi. Ek olarak,
osteoporoz tanistyla ilgili demografik 6zelliklere dayali olarak 500 hastadan olusan bir kontrol grubunu dikkatle segip eslestirdik. Bu titiz segim siireci,
1020 hastadan olugan kapsamli bir kohortla sonuglandi. Calisma boyunca hastalar, patolojik kiriklarin olusumunu izlemek ve genel prognozlarini
degerlendirmek igin bir yil boyunca yakindan izlendi. Titiz arastirmamizin sonucunda CTX, NTX, DPD ve TRAP'in kemik sagliginin degerlendirilme-
sinde, tedavi etkinliginin izlenmesinde ve osteoporoz baglaminda patolojik kiriklarin tespitinde 6nemli rol oynayan énemli biyobelirtegler oldugunu
belirledik. Sonug olarak galismamiz, bu biyobelirteglerin osteoporozun teshis ve tedavisini ilerletmedeki 6neminin altini gizerek hastaligin ilerlemesi
ve tedavi sonuglari hakkinda degerli bilgiler sunmaktadir.

Anahtar sozciikler: C-terminal telopeptid (CTX); Deoksipiridinolin (DPD); N-telopeptid (NTX); Osteoporoz; Tartrat rezorpsiyonu (TRAP).
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