
The Role of Laboratory Parameters in Predicting 
Osteoarticular Involvement in Brucellosis

Address for correspondence: Ahmet Melih Şahin, MD. Department of Infection Diseases and Clinical Microbiology, 
Giresun University, Giresun, Türkiye
Phone: +90 454 310 20 20 E-mail: ahmetmelihsahin44@hotmail.com

Submitted Date: January 26, 2025 Accepted Date: March 16, 2025 Available Online Date: April 11, 2025
©Copyright 2025 by Eurasian Journal of Medicine and Investigation - Available online at www.ejmi.org
OPEN ACCESS  This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

Brucellosis is a zoonotic disease that can be transmit-
ted to humans from animals such as sheep, goats, 

cattle, and pigs. The disease is most commonly transmit-
ted through the consumption of raw, unboiled, or unpas-
teurized milk and dairy products from infected animals. 
Less frequently, it can also be transmitted through direct 
contact of infected animal tissues or secretions (blood, 
urine, vaginal secretions, aborted fetuses, and especially 
the placenta) with the conjunctiva or damaged skin, in-
halation of infected aerosols, or occupational exposure 
among farmers, slaughterhouse workers, and laboratory 

personnel. Although brucellosis has been eradicated in 
many regions of Europe, its global incidence ranges be-
tween 0.03 and 160 per 100,000 population.[1,2] It is most 
commonly observed in Mediterranean countries, the Bal-
kans, the Persian Gulf, the Middle East, Central and South 
America.[1,2] Türkiye and its neighboring countries remain 
endemic for brucellosis. According to data from the Min-
istry of Health, the number of cases showed a declining 
trend between 2008 and 2015 but started to rise again 
thereafter. The incidence was reported as 12.2 per 100,000 
in 2019.[3]

Objectives: Osteoarticular involvement in brucellosis, is a common complication, leads to prolonged treatment and 
morbidity. This study aimed to predict osteoarticular involvement using laboratory parameters.
Methods: A total of 210 patients diagnosed with brucellosis were retrospectively evaluated. Patients were divided into 
two groups based on the presence or absence of osteoarticular involvement. The variables between the two groups 
were analyzed for risk factors to predict osteoarticular involvement in brucellosis using laboratory parameters.
Results: The mean age of the patients was 47.5±15.1 years, and 60.5% were male. Osteoarticular involvement group 
was older. White blood cell (WBC) count, neutrophil count, neutrophil-to-lymphocyte ratio (NLR), C-reactive protein 
(CRP), and erythrocyte sedimentation rate (ESR) levels were significantly higher, lymphocyte-to-monocyte ratio (LMR) 
was lower in patients with osteoarticular involvement. The sensitivity and specificity for CRP at a cut-off value of 22.5 
mg/L were determined as 90.7%. For ESR at a cut-off value of 59.5 mm/h, the specificity was 94.7%.
Conclusion: Laboratory parameters such as WBC, neutrophil count, NLR, LMR, CRP, and ESR may facilitate the clinical 
decision-making process in the early detection of osteoarticular involvement in patients with brucellosis. These find-
ings may serve as a valuable guide in managing brucellosis complications, particularly in endemic regions.
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Brucellosis is a disease that can affect various organs and 
systems, often mimicking the clinical presentation of many 
other conditions. Patients may present with nonspecific 
symptoms such as fever, nausea, vomiting, headache, 
sweating, arthralgia, back pain, lower back pain, weakness, 
weight loss, and fatigue, while some cases remain asymp-
tomatic.[1,3] Predicting the occurrence of complications in 
brucellosis is challenging. The most common complica-
tion of brucellosis is osteoarticular involvement. Patients 
with bone and joint involvement experience a more pro-
longed and challenging treatment course. In the absence 
of specific symptoms, these cases may be overlooked or 
subjected to unnecessary imaging procedures to rule out 
the possibility. Clinical findings are diverse and nonspecific.
[1,4] There are limited studies in the literature investigating 
parameters that may predict osteoarticular involvement in 
brucellosis. Therefore, in this study, we aimed to predict os-
teoarticular involvement in brucellosis patients using labo-
ratory parameters independent of clinical symptoms, en-
abling appropriate radiological imaging and interventional 
planning for selected patients.

Methods

Study Design and Population
The study was conducted retrospectively between Septem-
ber 2022 and October 2023 at Giresun Training and Research 
Hospital and Kahramanmaraş Necip Fazıl City Hospital. A total 
of 210 adult patients (aged over 18) diagnosed with brucello-
sis were included. The diagnosis of brucellosis was established 
based on a Brucella standard tube agglutination (SAT) result 
of ≥1/160 and/or the growth of Brucella species in blood, 
bone marrow, bone tissue, or joint fluid cultures. Patients with 
relapsing brucellosis, a known history of concomitant infec-
tious, neoplastic, or hematologic diseases were excluded from 
the study. Magnetic resonance imaging (MRI) reports were 
evaluated to determine osteoarticular involvement.

Demographic data and laboratory parameters, including 
white blood cell count (WBC), neutrophil count, hemoglo-
bin (Hb), lymphocyte count, platelet count (PLT), platelet 
distribution width (PDW), red blood cell distribution width 
(RDW), neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio 
(LMR), mean platelet volume (MPV), C-reactive protein 
(CRP), erythrocyte sedimentation rate (ESR), alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), and 
Brucella SAT results, were recorded retrospectively. Patients 
were classified into two groups based on the presence or 
absence of osteoarticular involvement. The variables be-
tween the two groups were analyzed to assess risk factors 
for predicting osteoarticular involvement in brucellosis.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics 
for Windows, version 26.0 (IBM Corp., Armonk, NY, USA). 
Descriptive statistics were presented as mean, standard 
deviation, percentage, and median (minimum-maximum). 
The normal distribution of quantitative variables was as-
sessed using the Kolmogorov-Smirnov test and graphi-
cal evaluations. For comparisons of quantitative data, the 
independent sample t-test was used when normality was 
met, while the Mann-Whitney U test was applied other-
wise. The chi-square test was used for comparing categori-
cal variables between independent groups. The area under 
the receiver operating characteristic (ROC) curve was used 
to evaluate the effectiveness of CRP and ESR in identify-
ing patients with osteoarticular involvement. Sensitivity 
and specificity values for these indicators were calculated 
based on ROC curves. A p-value of 0.05 was considered sta-
tistically significant.

Results
A total of 210 patients diagnosed with brucellosis were 
included in the study. The mean age was 47.5±15.1 years 
(range: 18–87), and 127 (60.5%) of the cases were male. Os-
teoarticular involvement was detected in 97 patients, while 
113 patients had no involvement. Among those with os-
teoarticular involvement, 67 patients were diagnosed with 
spondylodiscitis, 26 with sacroiliitis, and 4 with peripheral 
arthritis.

The mean age of patients with osteoarticular involve-
ment was 51.8±16.3 years (range: 18–87), while it was 
43.8±12.9 years (range: 19–81) in the group without os-
teoarticular involvement (p<0.001). There was no statis-
tically significant difference between the two groups in 
terms of gender. WBC count, neutrophil count, NLR, ESR, 
and CRP levels were significantly higher in the osteoar-
ticular involvement group (p<0.05 for all). LMR was sig-
nificantly lower in brucellosis patients with osteoarticular 
involvement (p<0.007). Hb, PLT, PDW, RDW, PLR, AST, ALT, 
MPV, and Brucella SAT titers were similar between the two 
groups (p>0.05). The data for both groups are presented 
in Table 1.

The ROC analysis results for ESR and CRP, which were found 
to be statistically significant in the osteoarticular involve-
ment group, are shown in Table 2 to determine cut-off val-
ues for distinguishing osteoarticular involvement (Fig. 1). In 
the ROC analysis, a cut-off value of 22.5 mg/L for CRP had 
a sensitivity of 90.7% and a specificity of 61.1%. For ESR, a 
cut-off value of 59.5 mm/h showed a sensitivity of 28.9% 
and a specificity of 94.7%.
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Discussion
Brucellosis is an endemic zoonotic disease in our country, with 
osteoarticular involvement being the most common compli-
cation.[3,5] The clinical presentation of the disease varies widely, 
ranging from asymptomatic cases to symptoms that mimic 
many other conditions. The treatment duration for uncompli-
cated brucellosis is six weeks. However, when osteoarticular 
involvement occurs, the treatment period is prolonged, the 
number of drugs used increases, and treatment options spe-
cific to osteoarticular involvement may vary. If osteoarticular 
involvement is not recognized in time, it can lead to serious 
loss of work capacity and long-term sequelae.[1]

In our study, spinal involvement was observed in 93 of the 97 
patients with osteoarticular involvement. Widespread joint 
and muscle pain are common symptoms in brucellosis,[1,3,6] 

and these complaints may often indicate osteoarticular in-
volvement. Some studies have reported that lower back and 
back pain are significant findings for spinal involvement.[7-9] 
In another study examining 111 brucellosis patients, only 
11 had osteoarticular involvement, while 79 reported lower 
back pain, highlighting the importance of this symptom.
[10] A review also emphasized that back pain was the most 
frequently reported symptom in spinal brucellosis patients, 
with a reported rate of 50%.[5] In a study by Gheita et al.,[11] 
asymptomatic sacroilietis was found in 24% of brucellosis 
patients. This study, which analyzed 100 brucellosis patients, 
indicated that patients with sacroiliitis might not always 
present with back pain or related physical examination find-
ings. Therefore, in our study, we aimed to predict osteoartic-
ular involvement in brucellosis patients based on laboratory 
parameters independent of clinical symptoms.

Table 1. Patients' laboratory results at admission

Variable	 OA involvement (+)	 OA involvement (-)	 p
	 (n=97)	 (n=113)

Age, mean±SD (min-max)	 51.8±16.3	 43.8±12.9	 <0.001
Male, n (%)	 59 (60.8)	 68 (60.2)	 0.924
WBC (×109 cells/l), mean±SD (min-max)	 8.08±2.27 (4.12-14.95)	 6.85±2.09 (2.47-15.06)	 <0.001
Neutrophil (×109 cells/l), mean±SD (min-max)	 4.87±1.85 (1.77-10.65)	 3.81±1.58 (0.73-11.09)	 <0.001
Hemoglobin (g/dl), mean±SD (min-max)	 12.1±1 (8.8-14)	 12.3±1.1 (9-15.1)	 0.209
Lymphocyte (×109 cells/l), mean±SD (min-max)	 2.43±0.96 (0.49-6.43)	 2.3±1.09 (0.3-7.14)	 0.489
Thrombocyte (×109 cells/l), mean±SD (min-max)	 277.79±102.67 (77-721)	 253.10±92.104(8-522)	 0.137
PDW (fL)	 13.36±2.08 (9.9-16.7)	 14.06±2.07 (7.6-16.4)	 0.117
RDW (fL)	 42.95±5.85 (35.5-75.8)	 41.93±6.82 (34.8-85.3)	 0.09
NLR	 2.35±1.4 (0.38-9.27)	 2.06±1.75 (0.38-14.17)	 0.018
PLR	 135.67±93.09 (22.12-721)	 133.14±110.28 (11.59-900)	 0.469
LMR	 4.29±2.12 (0.92-14.29)	 5.44±4.08 (1.23-35.75)	 0.007
MPV (fL)	 9.51±1.17 (7-13.6)	 9.32±1.23 (6.9-13.1)	 0.250
AST (U/l), mean±SD (min-max)	 28.55±17.57 (10-120)	 33.17±21.98 (11-159)	 0.081
ALT (U/l), mean±SD (min-max)	 32.59±28.10 (9-206)	 35.10±23.07 (2-111)	 0.157
CRP (mg/l), mean±SD (min-max)	 52.48±35.81 (6-228)	 24.04±28.83 (1-159)	 <0.001
ESR (mm/h), mean±SD (min-max)	 49.44±21.64 (14-113)	 26.98±18.47 (5-90)	 <0.001
SAT	 331.55±218.17 (160-1280)	 331.33±175.94 (160-640)	 0.817

ALT: alanine transaminase; AST: aspartate transaminase; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; g/dl: gram/decilitre; l: litre; mg/dl: 
miligram/decilitre; fL: femtoliters; mm/h: mililitre/hour; mg/l: miligram/litre; SD: standard deviation; U/l: unite/litre; WBC: white blood cell; NLR: Neutrophil 
Lymphocyte Rate; LMR: Lymphocyte Monocyte Rate; PLR: Platelet Lymphocyte Rate; MPV: Mean platelet volume; PDW: Platelet Distribution Width; RDW: red 
cell distribution width; SAT: Serum Agglutination Test.

Table 2. Receiver operating characteristics (ROC) analysis to calculate the sensitivity and specificity of laboratory markers for osteoarticular 
involvement

Variable	 Cut-off	 AUC (95% CI)	 p	 Sensitivity (%)	 Specificity (%)

CRP (mg/l), mean±SD (min-max)	 22.5	 0.804(0.744-0.865)	 <0.001	 90.7	 61.1
ESR (mm/h), mean±SD (min-max)	 59.5	 0.799 (0.740-0.858)	 <0.001	 28.9	 94.7

AUC: area underneath the ROC curve; CI: confidence interval; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.
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Although osteoarticular involvement is generally more 
common in males, both groups in our study were similar 
in terms of gender distribution.[5,12] The mean age of the 
group with osteoarticular involvement was 51.8±16.3 years 
(range: 18–87), while it was 43.8±12.9 years (range: 19–81) 
in the group without involvement (p<0.001). The finding 
that brucellosis patients with osteoarticular involvement 

were older aligns with the literature.[5,9] This may be ex-
plained by degenerative changes in the joints with aging, 
which facilitate bacterial colonization, and by the affinity of 
Brucella for synovial tissues.[13]

Leukocytosis or leukopenia are expected findings in bru-
cellosis.[1] According to the Ministry of Health data, only 9% 
of patients develop leukocytosis, 11% develop leukopenia, 
while the majority have normal leukocyte counts.[3] In our 
study, the leukocyte count was higher in patients with os-
teoarticular involvement compared to those without, and 
this difference was statistically significant and consistent 
with the literature.[7,9] Although there was no significant 
overall increase in leukocyte count in both groups, the 
higher leukocyte count in osteoarticular involvement may 
be due to increased functional activity of leukocytes and 
the presence of chronic inflammation in osteoarticular in-
volvement. Similarly, neutrophil count was also significant-
ly higher in the osteoarticular involvement group for the 
same reason. However, no significant difference was found 
between the two groups in terms of platelet counts, which 
is consistent with the literature.[3,7]

NLR was proposed as an infection marker by Zahorec et 
al.[14] and has been evaluated in various studies since then. 
Some studies have reported that an elevated NLR is signifi-
cant in predicting focal organ involvement in brucellosis.
[15,16] Another study found that NLR was elevated at the 
beginning of brucellosis treatment and could be used as a 
follow-up parameter.[17] In our study, NLR elevation was also 
found to be a statistically significant indicator of osteoar-
ticular involvement. Although there was no significant in-
crease in neutrophil count, the elevated NLR in osteoarticu-
lar involvement may be explained by prolonged neutrophil 
activation due to chronic inflammation, suppression of 
lymphocytes, and the relative persistence of neutrophils at 
higher levels.

Studies on the LMR have yielded varying results regard-
ing its predictive value for focal organ involvement.[7,16] In 
our study, LMR was significantly lower in the osteoarticular 
involvement group. Monocytes play a critical role in sus-
taining chronic inflammation by differentiating into mac-
rophages in tissues and contributing to granuloma forma-
tion. Since osteoarticular involvement is a common chronic 
complication of brucellosis that involves granulomatous 
inflammation, we believe the increase in circulating mono-
cytes affects this ratio.

CRP and ESR levels may vary in brucellosis patients.[18] Ac-
cording to Ministry of Health data and some publications, 
more than half of the cases present with elevated CRP lev-
els.[3,10,19] Inflammatory markers are expected to be even 
higher in osteoarticular involvement.[7,20,21] ESR elevation 

Figure 1. ROC curves for predicting osteoarticular involvement.

CRP

ESR
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has been associated with focal organ involvement, particu-
larly osteoarticular involvement, in various studies.[6,7] In our 
study, CRP and ESR levels were significantly higher in the 
osteoarticular involvement group compared to the group 
without involvement. The elevation of CRP, an acute-phase 
reactant, in osteoarticular involvement can be attributed 
to the persistent increase in proinflammatory cytokines 
due to chronic joint inflammation. A recent meta-analysis 
found that CRP and ESR elevations are good indicators for 
diagnosing osteomyelitis.[22] The role of ESR elevation in 
diagnosing osteomyelitis has been recognized for a long 
time.[23] Therefore, predicting osteoarticular involvement 
in brucellosis patients with elevated ESR may help prevent 
missed diagnoses and enable early treatment. In the ROC 
analysis performed for CRP and ESR, which we considered 
better markers for detecting osteoarticular involvement in 
clinical practice, a cut-off value of 22.5 mg/L for CRP was as-
sociated with a sensitivity of 90.7% and specificity of 61.1%. 
For ESR, a cut-off value of 59.5 mm/h showed a sensitiv-
ity of 28.9% and specificity of 94.7%. These results suggest 
that CRP, with its high sensitivity, is a valuable parameter 
for ruling out osteoarticular involvement, while ESR, due to 
its high specificity, serves as a strong indicator supporting 
the presence of osteoarticular involvement.

Given that brucellosis is a disease that can mimic many 
different conditions or even present asymptomatically, 
predicting its progression and complications based on 
clinical symptoms alone is often challenging. Osteoar-
ticular involvement is the most common complication of 
brucellosis, and its prediction is important for avoiding 
unnecessary imaging tests and determining appropriate 
treatment duration. Evaluating laboratory markers such as 
WBC count, neutrophil count, NLR, LMR, ESR, and CRP in 
the early detection of osteoarticular involvement in brucel-
losis patients can facilitate clinical decision-making. In par-
ticular, CRP and ESR values, due to their high sensitivity and 
specificity, may serve as valuable guides for clinicians.

Disclosures

Ethics Committee Approval: This study was approved by the 
institutional review board at Giresun Training and Research Hos-
pital with document number 04.12.2023/04.

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Funding: This research did not receive any specific grant from 
any funding agency in the public, commercial, or not-for- profit 
sector.

Authorship Contributions: Concept: A.M.Ş.; Design: T.E.Ç.; Su-
pervision: A.M.Ş.; Materials: A.A, A.M.Ş; Data Collection: A.M.Ş., 
A.A., T.E.Ç.; Analysis: S.Ç.; Literature Search: A.M.Ş., T.E.Ç.; Writing: 
A.M.Ş., S.Ç.

References
1.	 Mandell GL, Bennett JE, Dolin R. Mandell, Douglas, and Ben-

nett’s Principles and Practice of Infectious Diseases. Philadel-
phia: Churchill Livingstone;2019.

2.	 Şimşek Yavuz S, Özger S, Benli A. The Turkish Clinical Micro-
biology and Infectious Diseases Society (KLİMİK) evidence-
based guideline for the diagnosis and treatment of brucello-
sis. Klimik Derg 2023;36(2):86–123.

3.	 T.C. Sağlık Bakanlığı. Türkiye’de Bruselloz Mevcut Durum Rapo-
ru. T.C. Ankara: Sağlık Bakanlığı Halk Sağlığı Genel Müdürlüğü 
Zoonotik ve Vektörel Hastalıklar Dairesi Başkanlığı; 2024.

4.	 WHO. Brucellosis in humans and animals. Available at: https://
iris.who.int/bitstream/handle/10665/43597/WHO_CDS_
EPR_2006.7_eng.pdf?sequence=1. Accessed Mar 23, 2025.

5.	 Esmaeilnejad Ganji SM, Esmaeilnejad Ganji SMR. Osteoarticu-
lar manifestations of human brucellosis: A review. World J Or-
thop 2019;10(2):54–62.

6.	 Şahin M, Cesur S, Enki S. Eighty-three cases of brucella infec-
tion from an endemic region. Ortadogu Med J 2019;11(2):101–
106.

7.	 Çakır Kıymaz Y, Sungur MA. Evaluation of risk factors deter-
mining focal organ ınvolvement in patients diagnosed with 
brucellosis. Klimik Derg [Article in Turkish] 2024;37(3):161–7.

8.	 Kayaaslan B, Bastug A, Aydin E. A long-termsurvey of brucello-
sis: Is thereany marker topredictthecomplicatedcases? Infect-
Dis (Lond) 2016;48(3):215–21.

9.	 Uysal S, Dana F, Taşbakan M, Sipahi OR, Uysal A, Yamazhan T, et 
al. Factors related with spondylodiscitis in patients with bru-
cellosis. Flora [Article in Turkish] 2016;21(2):82–7.

10.	Kış TT, Kış M, Köse Ş. Evaluation of etiology, clinical course and 
complications of 111 brucellosis cases; a retrospective study. 
Mersin Univ Sag Bil Derg [Article in Turkish] 2020;13(3):339–
47.

11.	Gheita TA, Sayed S, Azkalany GS, El Fishawy HS, Aboul-Ezz MA, 
Shaaban MH, et al. Subclinical sacroiliitis in brucellosis: Clinical 
presentation and MRI findings. Z Rheumatol 2015;74(3):240–
5.

12.	Hashemi SH, Keramat F, Ranjbar M, Mamani M, Farzam A, Ja-
mal Omidi S. Osteoarticular complications of brucellosis in 
Hamedan, an endemic area in the west of Iran. Int J Infect Dis 
2007;11(6):496–500.

13.	Colmenero JD, Ruiz Mesa JD, Plata A, Bermudez P, Martin Rico 
P, Queipo Ortuno MI, et al. Clinical findings, therapeutic ap-
proach, and outcome of brucellar vertebral osteomyelitis. Clin 
Infect Dis 2008;46(3):426–33.

14.	Zahorec R. Ratio of neutrophil to lymphocyte counts--rapid 
and simple parameter of systemic inflammation and stress in 
critically ill. Bratisl Lek Listy 2001;102(1):5–14.

15.	Xu N, Dong X, Yao Y, Guan Y, Chen F, Zheng F, et al. Improved 
early detection of focal brucellosis complications with anti- 



52 Şahin et al., Osteoarticular Involvement in Brucellosis / doi: 10.14744/ejmi.2025.82040

Brucella IgG. J Clin Microbiol 2020;58(10): e00903-20.
16.	Demirdal T, Sen P. Risk factors for focal involvement in brucel-

losis. Diagn Microbiol Infect Dis 2020;97(1):115003.
17.	Gülten E, Üçer S, Kazancıoğlu S. The role of neutrophil to lym-

phocyte ratio, platelet to lymphocyte ratio and red cell distri-
bution width as inflammatory markers in brucellosis. Ankara 
Üniv Tıp Fak Derg [Article in Turkish] 2022;75(4):508–14.

18.	Alp E, Doğanay M, Wilke Topçu A, Söyletir G, Doğanay M. En-
feksiyon Hastalıkları ve Mikrobiyolojisi. 4. İstanbul: Nobel Tıp 
Kitabevleri; 2017.

19.	Guler S, Kokoglu OF, Ucmak H, Gul M, Ozden S, Ozkan F. Hu-
man brucellosis in Turkey: Different clinical presentations. J 
Infect Dev Ctries 2014;8(5):581–8.

20.	Sümer Ş, Aktuğ Demir N, Demir LS, Fındık D, Kölgelier S, Ural 
O. Serum neutrophil gelatinase-associated lipocalin levels in 

acute brucellosis and brucellar spondylodiscitis. Mikrobiyol 
Bul [Article in Turkish] 2022;56(1):1–10. 

21.	Sözen H, Çaylak S, Deveer M, Çullu N. Brucellar spondylodis-
citis in an endemic area: Retrospective review of 18 patients. 
Konuralp Tıp Derg [Article in Turkish] 2015;7(3):134–40.

22.	Ansert EA, Tarricone AN, Coye TL, Crisologo PA, Truong D, Su-
ludere MA, et al. Update of biomarkers to diagnose diabetic 
foot osteomyelitis: A meta‐analysis and systematic review. 
Wound Repair Regen 2024;32(4):366–76.

23.	Soleimani Z, Amighi F, Vakili Z, Momen Heravi M, Moravveji 
SA. Diagnostic value of procalcitonin, erythrocyte sedimen-
tation rate (ESR), quantitative C-reactive protein (CRP) and 
clinical findings associated with osteomyelitis in patients with 
diabetic foot. Hum Antibodies 2021;29(2):115–21.


