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					Abstract  

					Background: Sickle cell anaemia (SCA) is a chronic haemoglobinopathy often complicated by bone pain  

					and skeletal pathology. Despite the high burden of SCA in sub-Saharan Africa, the evaluation of bone  

					turnover markers is rarely integrated into clinical care. This study assessed the levels and diagnostic utility of  

					two osteoclastic bone resorption markers—tartrate-resistant acid phosphatase 5b (TRACP 5b) and urinary  

					deoxypyridinoline-to-creatinine(uDPD/Cr) ratio—inadultSCApatientsinZaria, Nigeria.  

					Methods: A cross-sectional study was conducted involving 180 participants: 60 SCA patients in vaso-  

					occlusive crisis (VOC), 60 SCApatients in steady state, and 60 healthy HbAAcontrols. SerumTRACP5b and  

					uDPD/Cr were measured using ELISA. Biochemical parameters, including serum calcium and phosphate,  

					were also evaluated. Receiver Operating Characteristic (ROC) analysis determined diagnostic cut-offs,  

					sensitivity, specificity, andpredictivevalues.  

					Results: Osteoclastic activity was significantly elevated in SCA patients during VOC compared to steady  

					state and controls. Median uDPD/Cr was highest inVOC patients (7.23 nmol/mmol) versus steady state (0.97  

					nmol/mmol) and controls (3.48 nmol/mmol; p < 0.001). TRACP 5b was similarly elevated in VOC (36.84  

					ng/ml) and controls (40.19 ng/ml), but lower in steady state (21.64 ng/ml; p < 0.001). ROC analysis showed  

					good discrimination for VOC using TRACP5b (AUC = 0.742) and uDPD/Cr (AUC = 0.752).At optimal cut-  

					offs, TRACP 5b >25.41 ng/ml had 81.7% sensitivity and 66.7% specificity, while uDPD/Cr >1.23  

					nmol/mmol had 89.8% sensitivity and 51.7% specificity. Both showed excellent negative predictive values  

					(>99%).  

					Conclusion: TRACP 5b and uDPD/Cr are elevated during VOC and show strong potential as non-invasive  

					biomarkers for ruling out acute bone resorption in SCA. Their high sensitivity and negative predictive values  

					support their clinical utility in low-resource settings to aid diagnosis and guide bone health interventions in  

					SCApatients.  

					Keywords:Sicklecellanaemia,TRACP-5b, Osteoclasticactivity, uDPD/Cr,Vaso-occlusivecrisis  

					Introduction  

					Corresponding Author  

					Sickle cell anaemia (SCA) is a hereditary haemoglobinopathy characterized  

					by the presence of abnormal haemoglobin S, which leads to chronic  

					haemolytic anaemia, recurrent vaso-occlusive episodes, and systemic  

					complications, including those affecting the skeletal system. Nigeria bears  

					the highest global burden of SCA, with a prevalence of approximately 2–3%  

					among newborns and up to 20–25% being carriers (HbAS genotype).1,2  

					Although considerable focus has been directed towards the haematological  

					and cardiopulmonary aspects of SCA,2 less emphasis has been placed on  

					bone health, particularly the mechanisms underlying bone loss in these  

					patients.  
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					The process of bone remodelling is tightly regulated, involving the  

					coordinated activities of both bone-forming osteoblasts and bone-resorbing  

					osteoclasts. In individuals with SCA, this balance is frequently upset due to  

					chronic inflammation, recurrent bone infarctions, endocrine disturbances,  

					and nutritional deficiencies, all of which can enhance osteoclastic activity  

					and impair osteoblastic function.3,4 As a result, SCApatients are predisposed  
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					to various bone complications like osteopaenia, where diagnostic and therapeutic resources remain  

					osteoporosis, osteoarthritis, avascular necrosis, and limited.  

					skeletal deformities, which collectively diminish their  

					qualityof life.5  

					Materialsand methods  

					This was a hospital-based cross-sectional comparative  

					Osteoclasts exert their bone-resorbing function study conducted at the Department of Chemical  

					through the secretion of enzymes, such as tartrate- Pathology, Ahmadu Bello University Teaching  

					resistant acid phosphatase 5b (TRACP-5b), which Hospital (ABUTH), Shika-Zaria, Kaduna State,  

					serves as a specific marker of osteoclastic number and Nigeria. Zaria, located at latitude 11°02′31″N and  

					activity. TRACP-5b is stable in circulation and reflects longitude 7°42′E, has a population of approximately  

					the rate of bone resorption independent of renal 800,000 people and experiences tropical climatic  

					function, making it suitable for use in chronic disorders conditions characterized by distinct dry and rainy  

					such as SCA.6 Another sensitive marker of bone seasons. Environmental and cultural factors such as  

					resorption is urinary deoxypyridinoline (DPD), a poverty, extreme weather, and consanguineous  

					collagen crosslink released during the degradation of marriages contribute significantly to the burden of  

					type I collagen in bone, typically normalized to urinary sicklecellanaemia(SCA) inthisregion.  

					creatinine to account for variations in renal function  

					and fluid status.7 Together, these markers can provide a A total of 180 participants were recruited using a  

					non-invasive insight into osteoclastic activity and consecutive sampling method. This included 60 SCA  

					overallboneturnoverstatus.  

					patients in vaso-occlusive crisis (VOC), 60 SCA  

					patients in steady state, and 60 apparently healthy age-  

					Studies have highlighted the utility of TRAP-5b and and sex-matched HbAA controls. SCA participants  

					DPD-to-creatinine ratio in assessing bone health in were recruited from the Haematology Daycare Unit,  

					various conditions, including osteoporosis and chronic Accident and Emergency Department, and  

					inflammatory diseases. For instance, a 2015 study by Haematology Outpatient Clinic of ABUTH. Controls  

					Moktar et al. demonstrated elevated TRAP-5b levels in were selected from hospital staff, students, and  

					SCD patients, suggesting increased osteoclastic relatives. Steady state was defined as the absence of  

					activity as a contributor to bone damage.8 Similarly, pain, transfusion, infection, or hospital admission in the  

					urinary DPD has been shown to correlate with bone precedingfourweeks.11  

					resorption rates in metabolic bone diseases, providing a  

					reliable marker for monitoring skeletal health.9,10 Eligible participants were adults (≥18 years) with a  

					However, there remains a paucity of data on the confirmed haemoglobin genotype. Inclusion criteria  

					quantitative evaluation of specific bone resorption included: (i) known HbSS individuals in VOC or  

					markers such as TRACP-5b and urinary DPD-to- steady state, and (ii) healthy HbAA individuals.  

					creatinine ratio in Sub-Saharan African populations Exclusion criteria were: (i) estimated glomerular  

					with SCA, particularly in Nigeria, where the disease filtration rate (eGFR) ≤60 mL/min/1.73 m², calculated  

					burden is highest. A deeper understanding of these using the CKD-EPI formula, (ii) presence of gross bone  

					markers could provide valuable information for early deformities, and (iii) ongoing conditions or treatments  

					diagnosis and targeted interventions aimed at likelytointerferewithbonemetabolism.  

					preservingbonehealthinthisvulnerablepopulation.  

					This study, therefore, seeks to evaluate osteoclastic The sample size was calculated using the power  

					bone markers in individuals with SCA in Zaria, formula for mean comparison, with 90% power and a  

					Northern Nigeria. The participants were stratified into 5% significance level, yielding a minimum of 46.6  

					three groups: those with SCA in steady state, those in participants per group. Adjusting for a 28% non-  

					vaso-occlusive crises (VOC), and apparently healthy response rateresultedin60participantspergroup.  

					HbAA controls. By comparing serum TRACP-5b  

					levels and urinary DPD-to-creatinine ratios across Ethicalapprovalwas obtainedfrom theABUTH Health  

					these groups, this study aims to identify variations in R e s e a r c h E t h i c s C o m m i t t e e ( R e f :  

					bone resorptive activity attributable to sickle cell ABUTHZ/HREC/F43/2023). Written informed  

					pathophysiologyandacuteinflammatoryepisodes.  

					consentwas obtainedfromallparticipants.  

					Findings from this study could offer important insights Data collection involved interviewer-administered  

					into the pathogenesis of bone loss in SCAand serve as a questionnaires, physical examination, and  

					basis for recommending routine bone turnover biospecimencollection.  

					assessment in clinical practice. It may also inform  

					future interventional studies on pharmacological and Venous blood was collected into plain bottles within  

					nutritional strategies to mitigate skeletal complications one minute of tourniquet application, allowed to clot,  

					in SCA patients, particularly in sub-Saharan Africa and promptly centrifuged for 5-10 minutes at 3000  
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					rpm. Serum was carefully separated to avoid version 25.0 (IBM Corp., Armonk, NY, USA) and  

					haemolysis. Aliquots were stored at −80°C and thawed MedCalc Statistical Software (MedCalc Software Ltd.,  

					only once before analysis. All assays were performed Ostend, Belgium). Quantitative variables were  

					according to the manufacturer's instructions. These assessed for normality using the Kolmogorov–  

					measures minimized assay interference and sample- Smirnov test. Normally distributed variables were  

					relatedvariability.  

					expressed as mean ± SD; skewed data were expressed  

					as median and interquartile range. Between-group  

					Biochemical analyses were carried out at the Chemical comparisons were done using ANOVA for parametric  

					Pathology Laboratory, ABUTH, using standardised data and the Kruskal-Wallis test for non-parametric  

					methods. Serum calcium and phosphate were measured data. Spearman and Pearson correlations were used to  

					using the ERBA XL-200 automated analyser (Erba assess associations. ROC curve analysis was used to  

					Diagnostics Mannheim GmbH, Mannheim, Germany). determine the diagnostic utility of TRACP 5b and  

					Calcium estimation was done using the Arsenazo III uDPD/Cr. Statisticalsignificancewas setatp≤0.05.  

					method, and phosphate by ammonium molybdate  

					assay. Urinary deoxypyridinoline (DPD), a marker of Results  

					bone resorption, was measured by a sandwich ELISA The age distribution among the three study  

					using the Human DPD (Deoxypyridinoline) ELISAkit groups—HbSS in crisis, HbSS in steady state, and  

					(Elabscience Biotechnology Co., Ltd., Wuhan, China; HbAA controls—was statistically comparable (p =  

					Cat. No.: E-EL-H2020). Results were normalized to 0.878), indicating appropriate age-matching. Gender  

					urinary creatinine and expressed as DPD/Cr distribution was also uniform across groups, with 40%  

					(nmol/mmol). Serum tartrate-resistant acid males and 60% females, thereby eliminating sex as a  

					phosphatase 5b (TRACP 5b), a specific marker of confounding variable. Marital and educational statuses  

					osteoclastic activity, was assayed using a sandwich varied slightly; however, these differences were not  

					ELISA (Elabscience Biotechnology Co., Ltd., Wuhan, statistically analyzed for significance. Notably, a  

					China; Cat. No: E-EL-H1551). Absorbance readings higher proportion of HbAA controls attained tertiary  

					for both assays were obtained using Rayto Microplate education (53.3%) compared to the SCA groups. Body  

					Reader (Rayto Life and Analytical Sciences Co., Ltd., Mass Index (BMI) showed significant group  

					Shenzhen, China) at 450 nm, and concentrations were differences (p < 0.001): the HbAA group had a higher  

					derived using standard curves. Quality control was mean BMI (23.34 ± 4.75) compared to both HbSS  

					ensured using commercial calibrators and control sera, groups (~20 kg/m²), with more cases of pre-obesity and  

					withintra-andinter-assayCVs <10%.  

					obesity, while underweight status was more prevalent  

					in the HbSS groups. This suggests a possible nutritional  

					Data were entered and organized using Microsoft Excel disadvantage in sickle cell patients, likely due to  

					2016 (Microsoft Corp., Redmond, WA, USA) and chronic illness and increased metabolic demands. –  

					analyzed using IBM SPSS Statistics for Windows, TableI.  

					Table I: Clinico-Socio-demographic characteristics of the study participants  

					Variable  

					HbSS in Crisis  

					n = 60  

					HbSS in Steady State HbAA  

					p-value  

					n = 60  

					n = 60  

					Age (Mean±SD)  

					Gender  

					25.3 ± 7.87  

					24.7 ± 7.21  

					24.83±4.83  

					0.878  

					Male  

					Female  

					24 (40.0)  

					36 (60.0)  

					24 (40.0)  

					36 (60.0)  

					24 (40.0)  

					36 (60.0)  

					Marital status  

					Married  

					Single  

					11 (18.3)  

					49 (81.7)  

					9 (15.0)  

					51 (85.0)  

					14 (23.3)  

					46 (76.7)  

					Highest level of education  

					None  

					2 (3.3)  

					0 (0.0)  

					0 (0.0)  

					Primary  

					Secondary  

					Tertiary  

					6 (10.0)  

					37 (61.7)  

					15 (25.0)  

					4 (6.7)  

					37 (61.7)  

					19 (31.7)  

					0 (0.0)  

					28 (46.7)  

					32 (53.3)  

					BMI (mean±SD)  

					20.01 ±2.34  

					20.07 ± 2.04  

					23.34 ±4.75  

					<0.001  

					BMI Group  

					Underweight  

					Normal weight  

					Pre-obesity  

					Obesity  

					13 (21.7%)  

					44 (73.3%)  

					3 (5.0%)  

					13 (21.7%)  

					46 (76.7%)  

					1 (1.6%)  

					7 (11.7%)  

					35 (58.3%)  

					14 (23.3%)  

					4(6.7%)  

					0(0.0%)  

					0(0.0%)  
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					Table II: Biochemical parameters of the study population  

					Variable  

					HbSS in Crisis  

					n = 60  

					2.38 (±0.34)  

					HbSS in Steady  

					State n = 60  

					2.54 (±0.19)  

					HbAA  

					n = 60  

					2.55 (±0.24)  

					p-value  

					<0.001  

					Serum total calcium  

					(mmol/L)- Mean (±SD)  

					Serum phosphate  

					1.32 (±0.25)  

					1.45 ((±.0.26)  

					1.20 (±0.23)  

					<0.001  

					(mmol/L) – Mean (±SD)  

					UrinaryDPD/Cr ratio  

					(nmol/mmol),  

					–Median (Q1-Q3)  

					7.23  

					(2.89-10.87)  

					0.97  

					(0.09-4.76)  

					3.48  

					(1.67-5.54)  

					<0.001  

					<0.001  

					Serum TRACP 5b  

					isoform (ng/ml)  

					– Mean (±SD)  

					36.84 (±12.12)  

					21.64 (±18.15)  

					40.19 (±14.57)  

					N.B. Kruskal-Wallis Test was used for the non-parametric variables  

					One Way ANOVA was used for the normally distributed variables  

					Table III: Post hoc analysis between the serum total calcium, phosphate and TRACP 5b isoform  

					as well as urinary deoxypyridinoline: creatinine (uDPD/Cr) ratio in the different study populations  

					Study groups  

					Calcium  

					Phosphate  

					TRACP 5b  

					uDPD/Cr ratio  

					HbSS in crises  

					vs HbSS in steady state  

					<0.001  

					0.006  

					<0.001  

					<0.001  

					HbSS in crises  

					vs HbAA control  

					0.002  

					0.012  

					0.173  

					0.001  

					HbSS in steady state  

					vs HbAA control  

					0.875  

					<0.001  

					0.004  

					<0.001  

					Significant differences were observed in key Post hoc analysis revealed significant biochemical  

					biochemical parameters among the three groups. differences between SCA in crisis and steady state,  

					Serum total calcium was significantly lower in the indicating that vaso-occlusive crises (VOC) may  

					HbSS crisis group (2.38 ± 0.34 mmol/L) compared trigger acute biochemical derangements. For instance,  

					with the steady state group (2.54 ± 0.19 mmol/L) and serum calcium andTRACP5b levels were significantly  

					HbAA controls (2.55 ± 0.24 mmol/L) (p < 0.001). different between crisis and steady state groups (p <  

					Interestingly, serum phosphate was paradoxically 0.001), while urinary DPD/Cr ratio differed  

					higher in both SCA groups, especially in steady state significantly between all three groups (p ≤ 0.001 in all  

					(1.45 ± 0.26 mmol/L), compared to controls (1.20 ± pairwise comparisons). Notably, there was no  

					0.23 mmol/L) (p < 0.001), possibly due to renal tubular significant difference in TRACP 5b levels between  

					dysfunctionorincreasedboneturnover. –TableII.  

					HbSS crisis and HbAA control (p = 0.173), raising the  

					possibility that baseline osteoclastic activity in healthy  

					Osteoclastic activity, measured via urinary individuals might mirror crisis-induced levels in SCA,  

					deoxypyridinoline to creatinine (uDPD/Cr) ratio, was or perhaps reflect unrelated physiological turnover in  

					highest in the HbSS crisis group with a median of 7.23 thecontrolgroup. –TableIII.  

					nmol/mmol (IQR: 2.89–10.87), significantly higher  

					than the HbSS steady state (0.97 nmol/mmol) and Receiver Operating Characteristic (ROC) analysis  

					HbAA controls (3.48 nmol/mmol) (p < 0.001). demonstrated that uDPD/Cr ratio had the highest Area  

					Similarly, serum TRACP 5b isoform, a marker of Under the Curve (AUC = 0.752), followed closely by  

					osteoclast number and activity, was significantly TRACP 5b (AUC = 0.742), both indicating good  

					elevated in the crisis group (36.84 ± 12.12 ng/ml), discriminative capacity for identifying VOC-  

					compared to the steady state (21.64 ± 18.15 ng/ml) and associated bone pain. Serum calcium and phosphate  

					was comparable to HbAA (40.19 ± 14.57 ng/ml). The had lowerAUC values (0.661 and 0.644, respectively),  

					high TRACP 5b in HbAA could suggest age-related suggesting limited utility as stand-alone diagnostic  

					bone turnover or other physiological bone remodeling, markers for bone pain or acute osteoclastic activity in  

					but its contrast with the steady state SCAgroup remains SCA. –TableIVandFigureI.  

					noteworthy.  
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					Phosphate  

					uDPD/Cr ratio  

					Calcium  

					Table IV: Summary of Figure I  

					TRACP  

					Variable  

					Calcium  

					AUC SE a  

					95% CI b  

					0.661 0.0523 0.568 to 0.746  

					0.644 0.0511 0.550 to 0.730  

					0.742 0.0482 0.652 to 0.818  

					Phosphate  

					TRACP  

					uDPD:Cr_ratio 0.752 0.0453 0.664 to 0.828  

					Fig I. ROC and AUC showing comparison of the ability of serum  

					calcium, phosphate and TRACP 5b isoform as well as uDPD/Cr  

					ratio to discriminate between the presence or absence of VOC/bone  

					paininsicklecellanaemiaparticipants  

					Table V. Cut-off values, sensitivity, specificity and predictive values with correspondent  

					95% CI of the TRACP and uDPD:Cr ratio.  

					Analyte  

					Cut off for  

					presence  

					Sensitivity Specificity Positive  

					Negative  

					predictive  

					(%)  

					(%)  

					predictive  

					bone pain  

					value (95%CI) value  

					(95%CI)  

					99.159  

					TRACP  

					>25.41ng/ml 81.67  

					66.67  

					51.67  

					7.053  

					(5.49 - 9.02)  

					5.437  

					(98.75 - 99.43)  

					99.394  

					uDPD;Cr_ratio  

					>1.23nmol/  

					mmol  

					89.83  

					(4.52-6.53)  

					(98.94-99.65)  

					Using optimal cut-off values derived from ROC who observed that urinary DPD reliably reflects bone  

					analysis, TRACP 5b > 25.41 ng/ml demonstrated resorption in chronic inflammatory diseases9,10 and also  

					81.67% sensitivity and 66.67% specificity for with that of Ekpo et al, who found significantly  

					identifying VOC, with a high negative predictive value elevated uDPD in Nigerian children with SCA during  

					(NPV) of 99.2%. This implies that TRACP5b might be crisis episodes.12 Similarly, a 2024 study by Gbadamosi  

					effective in ruling out acute bone resorption during et al. also demonstrated higher uDPD/Cr ratios in  

					crisis. Similarly, uDPD/Cr > 1.23 nmol/mmol had even adults with SCA during VOC, correlating with bone  

					higher sensitivity (89.83%) but lower specificity painandelevatedinflammatorymarkers.13  

					(51.67%), and an NPV of 99.4%, indicating strong  

					potential for probable use in clinical screening for bone Compared with patients in steady state, serum TRACP  

					painriskinSCApatientsduringcrisis. - FigureII.  

					5b levels were markedly elevated in SCA patients  

					experiencing VOC. This marker reflects the number  

					and activity of osteoclasts and has been shown to  

					Discussion  

					This study assessed osteoclastic bone activity in correlate with disease severity in other skeletal  

					individuals with sickle cell anaemia (SCA) by pathologies, such as osteoporosis and rheumatoid  

					evaluating serum tartrate-resistant acid phosphatase 5b arthritis.6,14 Our findings agree with Mokhtal et al. In  

					(TRACP5b) and urinary deoxypyridinoline: creatinine Egypt, researchers demonstrated increased TRACP 5b  

					(uDPD/Cr) ratio. The results show significantly in SCA patients, particularly those with  

					elevated osteoclastic markers in SCA patients during musculoskeletal complications.8 Interestingly, the  

					vaso-occlusive crisis (VOC) compared to those in TRACP 5b levels in our HbAA controls were  

					steady state and healthy HbAA controls, suggesting comparable to those in the VOC group, which may be  

					increased bone resorption triggered by acute attributed to physiological bone remodelling or  

					inflammatoryepisodes.  

					undetected subclinical factors like physical activity or  

					vitamin D insufficiency. In contrast, Bolarinwa et al.  

					The rise in urinary DPD/Cr ratio among theVOC group and Ijeoma et al. observed lower TRACP levels in  

					supports the use of this biomarker in detecting controls, emphasizing the need to consider contextual  

					heightened bone turnover in SCA. This result is factorslikeage, sex, andnutrition.4,16  

					consistent with findings from the work of Smith et al.,  
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					Serum calcium was significantly reduced in SCA dynamic changes in bone metabolism during crisis.10  

					patients in VOC, a finding attributable to renal calcium However, the relatively modest specificity of both  

					wasting, hypoalbuminemia, or inflammation-induced markers—particularly uDPD/Cr—indicates potential  

					shifts in calcium regulation. Hypocalcaemia in SCA for false positives. This could be due to baseline bone  

					has been widely reported as a consequence of chronic turnover variability in SCA patients, chronic  

					haemolysis, impaired vitamin D metabolism, and renal inflammation, or other metabolic stressors, which may  

					tubular dysfunction.3,16 Paradoxically, serum phosphate elevate bone resorption markers independently of  

					was elevated in the SCA groups, consistent with other crisis. The combined use of TRACP 5b and uDPD/Cr  

					studies linking hyperphosphatemia to tubular may enhance diagnostic accuracy. While uDPD/Cr  

					dysfunction and high bone turnover in SCA.5,17 These offers superior sensitivity, TRACP 5b provides a better  

					electrolyte disturbances have important implications, balance between sensitivity and specificity. The high  

					especiallyinbonemineraldensityregulation.  

					NPVs for both markers support their role in excluding  

					VOC-related bone pathology when below defined  

					The ROC analysis revealed good discriminatory ability thresholds. These characteristics are particularly  

					for both uDPD/Cr (AUC = 0.752) and TRACP 5b advantageous in low-resource settings, where imaging  

					(AUC = 0.742) in identifying VOC-associated bone andadvanceddiagnosticsmaybelimited.  

					resorption. Both biomarkers demonstrated excellent  

					negative predictive values, supporting their utility in Conclusion  

					ruling out active bone crises. A recent consensus paper This cross-sectional study conducted in Zaria, Nigeria,  

					by Bhattoa et al. endorsed the role of bone turnover shows that sickle cell anemia patients, especially  

					markers, including TRACP and DPD, in chronic during vaso-occlusive crises, have increased  

					skeletal conditions, particularly for screening and osteoclastic activity, indicated by elevated serum  

					monitoring purposes.7 Similarly, Singh et al. TRACP-5b and urinary DPD: creatinine ratios  

					recommended incorporating TRACP and DPD in compared to steady-state SCA and HbAA controls.  

					standard osteoporosis panels for high-risk populations, These biomarkers could effectively detect bone  

					citingtheirdiagnosticvalueandaccessibility.18  

					resorption in acute inflammation. Their high sensitivity  

					However, contrasting findings have been reported. For and negative predictive values support their use as non-  

					instance, Aaron et al. found unexpectedly lower invasive tools for monitoring skeletal health in  

					TRACP 5b in SCA patients with frequent crises, resource-limited settings like Zaria. Longitudinal  

					hypothesizing a state of osteoclast exhaustion or studies are needed to explore therapies to reduce bone  

					downregulation due to chronic inflammation.5 loss andimprovethequalityoflifeinSCApatients.  

					Additionally, a study by Nur et al. in the USA reported  

					no significant variation in DPD levels between steady Conflict of interest: The authors declare no conflict of  

					state and VOC groups, possibly due to assay sensitivity interest  

					differencesor inclusionof youngeragegroups.18  

					TRACP 5b, showed a sensitivity of 81.67% and Sources of Funding: This research was self-funded  

					specificity of 66.67% at a cut-off of >25.41 ng/ml. The  

					high NPV (99.2%) suggests that a low TRACP5b level References  

					can reliably exclude active bone resorption during 1. Piel FB, Patil AP, Howes RE, et al. Global  

					VOC. These findings are consistent with those of  

					Mokhtar et al., who reported significantly elevated  
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