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Abstract: Background: Diabetes represents an emerging global epidemic and one of the leading causes of 
morbidity and mortality. Although many serious complications, such as kidney failure or blindness, can affect 
individuals with diabetes, it is the complications of foot that take the greatest toll. Currently it can be estimated that 
millions of people are or will be affected by diabetic foot. Up to 66% of the persons admitted to the hospital with a 
diabetic foot infection have osteomyelitis. Its presence increases morbidity, risk of amputation and mortality. 
Charcot neuro-osteoarthropathy is another devastating complication of diabetic peripheral neuropathy which can be 
another important cause of amputation. In spite differentiation between CN and OM is often obvious, but it still 
difficult in many cases. Aim of the work: we aimed to assess the value of Procalcitonine (PCT) to distinguish acute 
osteomyelitis from acute Charcot arthropathy. Patients and methods: Our study included 90 patients, acute Charcot 
group (30 patients) and acute osteomyelitis group (30 patients). 30 diabetic patients, all were recruited from Tanta 
and Mansoura university Hospital (diabetic foot clinic, diabetes outpatient clinics and inpatient wards); All patients 
were subjected to thorough full history taking, complete clinical examination, and laboratory investigation including 
FBG, HbA1c, CBC, serum creatinine, liver function tests, ESR and CRP as well as serum levels of Procalcitonine. 
We studied the role of the inflammatory markers (ESR, CRP, TLC and PCT) in the differentiation between the 
Charcot group and osteomyelitis group. Result: We found that TLC showed non-significant difference between 
study groups (P = 0.144) as it was of limited sensitivity for the diagnosis of osteomyelitis. ESR levels were 
significantly higher in the OM group in comparison to the Charcot and control group (P= 0.000) and the cut-off 
value of ESR to diagnose OM was 22.50 mm/hr. CRP levels were significantly higher in the OM group in 
comparison to the Charcot and control group (P= 0.000), Cut-off value of CRP to diagnose acute OM was 19.5 
mg/l.PCT levels were significantly higher in the OM group in comparison to the Charcot and control group (P= 
0.000), and the best cut-off value of PCT to diagnose a case of acute OM was 0.2 ng/ml that of a sensitivity and 
specificity (86.7% and 96.7%) respectively. There was a non-significant correlation between PCT levels and age, 
BMI, DM duration, HBAIC and HB%.ESR and CRP levels were positively correlated with PCT (r=0.727**, 
P=0.000) and (r=0.678 **, P=0.000) respectively. ESR levels were positively correlated with CRP (r=0.697**, 
P=0.000). Conclusion: PCT at a cut - off value 0.2 ng/ml is a sensitive and specific marker that can be used in the 
differentiation between Charcot arthropathy and OM. TLC count may be of limited value in differentiating OM and 
CN. The incorporation between PCT, ESR, CRP and MRI finding can help in differentiation between CN and OM.  
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Introduction: 

Diabetes represents an emerging global epidemic 
and one of the leading causes of morbidity and 
mortality. (1)Although many serious complications, 
such as kidney failure or blindness, can affect 
individuals with diabetes, it is the complications of 
foot that take the greatest toll. (2) Currently it can be 
estimated that millions of people are or will be 
affected by diabetic foot.(1) 

It has been said that “every 30 seconds a limb is 
lost as a consequence of diabetes..(3) 

Up to 66% of the persons admitted to the 
hospital with a diabetic foot infection have 
osteomyelitis.(4) its presence increases morbidity, risk 
of amputation and mortality. (5),(6) 

Charcot neuro-osteoarthropathy is another 
devastating complication of diabetic peripheral 
neuropathy which can be another important cause of 
amputation.  

The 5-year mortality rate after an amputation is 
more than 45 percent.(1) However that, it has been 
estimated that up to 85 percent of amputations 
occurring per year are preventable through early 
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detection of risky patient and early intervention in a 
skilled multidisciplinary foot care team.  

In spite differentiation between CN and OM is 
often obvious, but it still difficult in many cases that 
may be need further investigations such MRI and 
Labeled Leucocyte Scan. Accuracy of MRI in 
diagnosing Charcot arthropathy versus Charcot 
arthropathy with osteomyelitis both in open or intact 
skin is extremely challenging. (7) 

The role of PCT in differentiating several 
diabetic foot diseases is matter of discussion; 
 

 
Fig (1) Age distribution of the studied groups. 

 
2. Patients and Method: 

Our study included 90 patients, acute Charcot 
group (30 patients) and acute osteomyelitis group (30 
patients). 30 diabetic patients, all were recruited from 
Tanta and Mansoura university Hospital (diabetic foot 
clinic, diabetes outpatient clinics and inpatient wards) 
from October 2014 to April 2017; Diabetic state was 
confirmed or excluded according to the revised 
American Diabetes Association criteria (American 
Diabetes Association, 2014).(8) Ethical approval was 
obtained and each subject gave a written informed 
consent.  

All patients in the study were subjected to: 
 History taking 
 Clinical examination: 
1. General examination 
2. Foot examination 
 Assessment of possible peripheral arterial 

insufficiency. 
 Assessment of possible PND  
 Detection of site and stage of Charcot joint 

using imaging modalities (x - ray and MRI). 
 Detection of DFO using probe to bone test 

and imaging modalities. 
 Investigations: 
Blood sampling was done for measuring FBG, 

HbA1c, CBC, serum creatinine, liver function tests, 
ESR and CRP as well as serum levels of 
Procalcitonine. We studied the role of the 
inflammatory markers (ESR, CRP, TLC and PCT) in 
the differentiation between the Charcot group and 
osteomyelitis group. 

3. Results: 
See Fig (1). 
The mean age of patients in the Charcot group 

(54.3 ± 7.38 years) was not significantly different 
from either the OM or control groups (50.5 ± 10.89, 
50.7 ± 10.85 years, respectively) (P= 0.249). 

 

 
Fig (2) Gender distribution of the studied groups. 

 
As regard gender, the Charcot group included 14 

males (46.7%) and 16 females (53.3%). The OM 
group included 14 males (46.7%) and 16 females 
(53.3%), the control group included 15 males (50%) 
and 15 females (50%). The difference between all 
groups regarding gender was statistically insignificant 
(P= 0.956). 
 

 
Fig (3) Difference between all groups as regard the 
body mass index. 

 

 
Fig (4) Diabetes duration in different groups 

 
There was no significant difference between the 

studied groups as regard body mass index (P= 0.888). 
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Mean BMI in the studied groups was (30.68 ± 4.25, 
30.10 ± 6.23 and 30.66 ± 5.02 kg/m2, respectively). 

Duration of diabetes was significantly higher in 
the Charcot and OM than in control groups with 
median (14.6, 15.9 and 12 years respectively). (P = 
0.034) 

Metformin user was higher in the Charcot and 
control group [19(63.3%) and 13(43%)] respectively 
versus 9(30%) in OM group which was of significant 
difference with (P= 0.033). 
 

 
Fig (5) Use of metformin among the studied groups 
 

 
Tab (1) Foot assessment: 

Data 
Groups  

P Charcot OM Control 

ABI 
Mean 1.09 1.0 1.05 0.017* 

A ±SD 0.12 0.11 0.11 

VPT (Volts) 
Median 33.8 34 18 0.000* 

A Range 22-49 25-49 5-29 

Doppler on pedal arteries 

Monophasic 
No 0 0 0 

 
 
0.052 
C 

% 0.0% 0.0% 0.0% 

Biphasic 
No 2 5 0 
% 6.6% 16.7% 0.0% 

Triphasic 
No 28 25 30 
% 93.3% 83.3% 100% 

 
Ankle/Brachial index (ABI) in the studied groups. There was significant difference (P= 0.017) between the 

OM and Charcot groups as regard the Ankle/Brachial index; Mean ABI was (1.09 ± 0.12, 1.0 ± 0.11 and 1.05 ± 
0.11) 

 
Tab (2) Laboratory data of studied groups: 

Data 
Groups 

P 
Charcot OM Control 

HbA1c (%) 
Mean 10.09 9.36 8.80 

0.001* 
±SD 1.42 1.29 1.17 

HB (gm/dl) 
Mean 11.93 12.37 12.85 

0.061 
±SD 1.67 1.30 1.43 

TLC (cu mm) 
Mean 5423.4 11857 5386.6 

0.144 
±SD 743.0 1798.2 860.5 

ESR 
(mm/hr) 

Mean 16.9 55.2 10.0 
0.000* 

±SD 8.51 23.6 4.11 

CRP (mg/l) 
Mean 10.9 51.4 7.48 

0.000* 
±SD 7.89 23.3 4.85 

Procalcitonine 
(ng/ml) 

Mean 0.083 0.574 0.007 
0.000* 

±SD 0.106 0.381 0.011 

 
HbA1c levels were significantly different among 

Charcot and control group (P= 0.001). Mean level 
10.09 % ± 1.42 and 8.80 % ±1.17 respectively. 

Mean ESR was (16.9 ± 8.51, 55.2 ± 23.6 and 
10.0 ± 4.11) in the three studied groups respectively. 

ESR levels were significantly higher in the OM 
group in comparison to the Charcot and control group 

(P= 0.000), CRP levels were significantly higher in 
the OM group in comparison to the Charcot and 
control group (P= 0.000), Mean CRP was (10.9 ± 
7.89, 51.4 ± 23.3 and 7.48 ± 4.85) in the three studied 
groups respectively. 

Procalcitonine levels were significantly higher in 
the OM group in comparison to the Charcot and 
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control group (P= 0.000), Mean Procalcitonine was 
(0.083 ± 0.106, 0.574 ± 0.381 and 0.007 ± 0.011) in 
the three studied groups respectively. 

 

 
 

 
Fig (6, 7) Clinical characteristics of Charcot group. 

 
 
Among Charcot group population there were 

5(16.7%) of patients belong to 0 stage, 20(66.7%) 
stage 1 and 5(16.7%) stage 2. Also 3(10%) affected in 
forefoot, 16(53.3%) in midfoot and 11(36.7%) in 
hindfoot. 

 

 
Fig (8) Different sites of foot OM in the studied 
group. MTHs, metatarsal heads. 

 
The highest site of affection in osteomyelitic 

patients was MTH by 43%. 

 
Tab (3) Comparison of Serum procalcitonine level, CRP, TLC and ESR in patient on different therapeutic 
modalities. 

Data 
TTT of DM 

P Insulin SU 
Mean ±SD Mean ±SD 

Procalcitonine 0.1949 0.27 0.2641 0.4266 0.616 
CRP 23.05 22.42 23.64 28.22 0.6368 
TLC 5805.4 1418.1 5242.8 801.56 0.0299* 
ESR 27.70 23.48 26.91 26.88 0.4386 

P: probability. Test used: Mann-Whitney U  
 
There was no significant difference between 

patients on insulin and others on sulphonylureas as 
regard serum procalcitonine, CRP, ESR levels (P= 

0.616, 0.6368 and 0.4386 respectively). TLC was 
significantly lower in diabetic subjects on 
sulphonylureas (P= 0.0299). 

 
Tab (4) Comparative analysis of serum procalcitonine level, CRP, TLC and ESR in relation to presence or 
absent of systemic manifestation (fever) of the studied patient. 

Data 
Systemic manifestation (fever) 

P Yes No 
Mean ±SD Mean ±SD 

Procalcitonine 0.9049 0.35 0.1999 0.22 0.000* 
CRP 70.54 18.98 22.34 19.29 0.000* 
TLC 5545.5 5545.5 5718.4 1502.4 0.653 
ESR 76.5 7.9 27.01 19.2 0.000* 
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Procalcitonine, CRP and ESR levels were 
lower in absence of fever than in presence of it and 
this difference was of high statistical significance 

among the studied patients (P= 0.000). But there was 
no significant difference as regard TLC (P= 0.653). 

 
Tab (5) Comparison of Serum procalcitonine level, TLC, ESR and CRP in relation to patients with HBA1C 
values <10 and others with values >10 of the studied patients. 

Data 
HBA1C 

 
P 

<10 >10 
Mean ±SD Mean ±SD 

Procalcitonine 0.2158 0.3242 0.2460 0.4027 0.9276 
CRP 24.15 24.24 19.77 26.85 0.1761 
TLC 5569.4 1105.8 5655.7 1719.7 0.6974 
ESR 26.71 24.67 30.11 25.40 0.2540 

Kruskal Wallis Test 
 
There was no significant difference in procalcitonine level, CRP, TLC and ESR among patients with different 

values of HBA1C. (P=0.9276, 0.1761, 0.6974 and0.2540 respectively). 
 

Tab (6) Comparison of Serum procalcitonine level, TLC, ESR and CRP in relation to patients with VPT 
values <25 and others with values >25 of the studied patients. 

Data 
VPT 

 
P 

<25 >25 
Mean ±SD Mean ±SD 

Procalcitonine 0.0513 0.2054 0.3070 0.3613 0.000* 
CRP 10.55 12.966 29.65 26.70 0.000* 
TLC 5393.3 840.3 5683.3 1396.4 0.540 
ESR 13.77 12.96 34.21 25.97 0.000* 

Kruskal Wallis Test 
 
There was significant difference in 

procalcitonine level, CRP and ESR among patients 
with different values of VPT. (P=0.000) and anon- 
significant difference as regard TLC (P=0.540).  
Roc curve between infection (DFO) and serum 
procalcitonine, CRP, TLC and ESR. 

Sensitivity, specificity, positive prediction, 
negative prediction and accuracy of serum level of 
PCT, CRP, ESR and TLC as diagnostic marker of 
infection. 

 
Fig (9) Roc curve of PCT to diagnose DFO. 

 

 
 
 

 
Roc curve of ESR to diagnose DFO. 
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Fig (10) Roc curve of CRP to diagnose DFO. 

 

 
Fig (11) Roc curve of TLC to diagnose DFO. 

Tab (7) Correlation between serums PCT, CRP, TLC, ESR levels  

  PCT CRP ESR TLC 

PCT 
r 1 0.678 ** 0.727** 0.120 
p . 0.000 0.000 0.261 

CRP 
r 0.678** 1 0.697** 0.166 
p 0.000 . 0.000 0.118 

ESR 
r 0.727** 0.697** 1 0.119 
p 0.000 0.000 . 0.118 

TLC 
r 0.120 0.166 0.119 1 
p 0.261 0.118 0.118 . 

 
Correlation is significant at the 0.01 level (2-

tailed). PCT: procalcitonine. 
 

 
Fig (12) ESR levels were positively correlated with 
PCT (r=0.727**, P=0.000) 

 

 
Fig (13) CRP levels were positively correlated with 
PCT (r=0.678 **, P=0.000 

 

 
Fig (14) ESR levels were positively correlated with 
CRP (r=0.697**, P=0.000) 
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Tab (8) Correlation between serum PCT, ESR, CRP, TLC and different quantitative clinical and laboratory 
parameters of all subjects.  

  PCT CRP TLC ESR 

Age 
r 0.014 -0.005 0.634** 0.089 
P 0.895 0.961 0.000 0.406 

BMI 
r 0.022 -0.108 -0.268* 0.015 
P 0.833 0.309 0.011 0.891 

DM duration 
r 0.146 0.209* 0.285** 0.119 
P 0.170 0.048 0.007 0.263 

HB 
r -0.093 0.061 0.0187 -0.152 

P 0.382 0.570 0.078 0.152 

HBA1C 
r 0.147 0.361 -0.008 0.220* 
P 0.166 0.737 0.941 0.038 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). 
ESR levels were positively correlated with HBA1C (r=0.220, P=0.038) There was a non-significant correlation 
between plasma ESR levels and age, body mass index, DM duration and HB%. 
There was a non-significant correlation between CRP levels and HBAIC, age, BMI and HB% and positive 
correlation with DM duration (r 0.209* P 0.048). 
TLC levels were negatively correlated with BMI (r-0.268*, P 0.011) There was a non-significant correlation with 
HBAIC and HB% and positive correlation with age and DM duration (r 0.634**P 0.000) (r. 0.285** P 0.007). 
As regard PCT levels there was a non-significant correlation between PCT levels and age, BMI, DM duration, 
HBAIC and HB%. 
 
4. Discussion 

Diabetes represents an emerging global epidemic 
and one of the leading causes of morbidity and 
mortality.(1)According to data from IDF’s Diabetes 
Atlas 2017, it is predicted that by 2045 there will be 
over 628.6 million people with diabetes in the world. 
It accounted that 10.7% of global all-cause mortality 
among people in (20-79 years) was due to diabetes. 
This is higher than the combined number of deaths 
from infectious diseases; AIDS, TB and malaria.(9) 

Although many serious complications can affect 
individuals with diabetes, it is the complications of 
foot that take the greatest toll (2). It has been said that 
“every 30 seconds a limb is lost as a consequence of 
diabetes.(3) 

Up to 66% of the persons admitted to the 
hospital with a diabetic- foot infection have 
osteomyelitis. (4) 

Charcot neuro-osteoarthropathy is another 
devastating and most destructive complication of 
diabetic peripheral neuropathy. 

Morbidity and mortality rates become higher in 
those patients, as the 5-year mortality rate after an 
amputation is more than 45 percent.(1) 

In spite differentiation between CN and OM is 
often obvious, but it still difficult in many cases that 
may be need further investigations such MRI and 
Labeled Leucocyte Scan. Accuracy of MRI in 
diagnosing Charcot arthropathy versus Charcot 
arthropathy with osteomyelitis extremely 
challenging,(7) especially when there is an open wound 
present. (10) Osteomyelitis through a hematogenous 

route can also occur in patients with both the acute 
and chronic Charcot arthropathy.(11) 

So our chief concern is to find an accurate 
method that can helps in differentiation of several 
diabetic foot diseases for efficient management and 
better prognosis. 

The role of PCT in differentiating several 
diabetic foot diseases is matter of discussion; the 
results published on its role are somewhat conflicting. 
In this study, we aimed to assess the value of PCT to 
distinguish acute osteomyelitis from acute Charcot 
arthropathy. Since PCT is considered an acute phase 
protein.(12)a group of diabetic patients without foot 
complication was enrolled, to exclude the 
inflammatory process accompanying diabetes that 
may cause an increase of PCT concentration.  

Analysis of the clinical results of the present 
work revealed that there was no significant difference 
among our patients groups regarding age, gender and 
BMI, these results are in agreement with Younis et al. 
(14) and Van Asten et al. (14) who revealed that age and 
gender had no influence on prevalence of CN and 
OM. But on the other hand to Cunha et al.(15) and 
Huang et al. (16) that demonstrated that OM is the 
second cause of infection in elderly and associated 
with increased the long-term mortality in them, 
particularly in the males. 

Comparisons between different groups regarding 
duration of diabetes were of significant value as we 
found that complications of diabetes are strongly 
related to duration of disease this is in agreement to 
Younis et al 2015 and Chawla et al. (17) 
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Metformin user was significantly lower in OM 
group (30%) versus Charcot and control group and 
this may be due to the more insulin users in this 
group. Our result is in agreement with Xiyan et al 
2015 who revealed that metformin improves diabetic 
bone health by rebalancing catabolism and nitrogen 
disposal. 

Marupuru et al 2017 revealed that there is a 
Protective effect to metformin against tuberculosis 
infections in diabetic patients so may be have same 
protection against OM but this need further studies. 
(18) 

HBAIC was significantly higher among 
Charcot's patient and this is in agreement to Younis et 
al 2015 as the higher HBA1C is associated with 
presence of micro and macrovascular complications. 
(19) 

All patients in the Charcot and OM groups had 
loss of protective sensation by VPT which was 
significantly different (P< 0.001) from other patients 
in the control group [33.8, 34 versus 18 Volts 
respectively]. This Suggest that neuropathy and loss 
of protective sensation is an important risk factor of 
diabetic foot diseases included osteomyelitis. (20) 

We found that midfoot was the most common 
site of affection among Charcot's patients this in 
agreement to Silvampatti et al. 2016. This is due to 
equinus contracture and motor neuropathy. (21) 

Stage 1 was the most common presentation 
among Charcot's patients in our study this may be due 
to the presence of redness, hotness and swelling that 
makes patient worry to seek medical advice. 

MTH (43.3%) was the most common site of 
affection in osteomyelitic patients followed by big toe 
(26.7%) and last toe (16.7%) then heel (13.3%). 
Giurato et al 2017 documented that osteomyelitis can 
affect any bone but most frequently the forefoot 
(90%). (22) 

TLC showed nonsignificant difference between 
study groups. Results of our study are in agreement to 
Nina et al 2007 and Schwegler et al 2008 and 
Giurato et al 2017 that revealed that TLC of limited 
sensitivity for the diagnosis of osteomyelitis.(23)(24) 
And in contrast to Kishner S 2016 who revealed that 
Leukocytosis is common in acute osteomyelitis before 
therapy. 

Our results regarding to TLC in acute Charcot 
also supported by Kucera et al. 2016 who revealed 
that laboratory readings of TLC in Charcot do not 
show higher results. (25) 

In acute Charcot there is dissociation between 
presence of signs of inflammation by increased skin 
temperature and the lack of systemic response.(23) 

Our result can be explained as diabetic patients 
have been demonstrated to have defects in leukocyte 
chemotaxis, diapedesis, and phagocytosis. These 

cellular abnormalities may be an underlying factor in 
diminished inflammatory responses sometimes 
observed in foot infections in those patients. 
Measurement of the white blood cell count may not 
help distinguish Charcot changes from 
osteomyelitis.(26) 

TLC was not significantly different in patient 
with or without fever. Our result in agreement to 
Catherine et al 2009. The diabetic patient has an 
altered immune response to infection, as 
hyperglycemia allows bacteria to replicate at an 
increased rate and causes defects in leukocyte 
function.(27)  

We found that TLC levels were positively 
correlated with age in agreement the NHANES study 
2004 and Nilsson et al. 2014 explaining that can be 
due to sex difference in TLC among different age 
group.(28) On the other hand to Aminzadeh and Parsa 
2011 that revealed that TLC readings were slightly 
decreased in old age.(29) 

TLC was significantly higher in diabetic subjects 
on insulin therapy. The majority of our patients were 
type 2 DM and most of them were on insulin therapy 
that is related to the long duration of diabetes in those 
patients that by its rule related to the micro and 
macrovascular complications of DM. Chung, et al 
2005 and Tong et al 2004 reported that elevated WBC 
count, even within the normal range, is associated 
with both macro- and microvascular complications in 
type 2 diabetes. Chronic inflammation, as indicated by 
a higher TLC count, may play a linkage role in the 
development of macro- and microvascular 
complications in diabetes.(30) 

We found a positive correlation between TLC 
and HBAIC this is in agreement to Borne et al 2016. 
It has already been demonstrated that insulin 
resistance (IR) that associated with elevated HBA1C 
is associated with the stimulation of erythroid 
progenitors RBC and WBC count and with increased 
levels of inflammation markers. (31-33) 

Also there was positive correlation between TLC 
and VPT this in agreement to Moursy EY, Helmy M, 
et al 2015. Previous epidemiological studies have 
highlighted that chronic low grade inflammation is 
associated with diabetes mellitus. (34)(35) Peripheral 
diabetic neuropathy is associated with increased 
biochemical markers of inflammation and endothelial 
dysfunction. (36) 

The sensitivity and specificity for the diagnosis 
of osteomyelitis via TLC (cutoff value >5550) was 
56.7and 63.3 respectively. Previous study by Michail  
et al 2013 revealed that the sensitivity and specificity 
were (cutoff value >14 × 10(9)/L) 75% and 79% 
respectively.(37)On the other hand to Joseph  et al 
2008 revealed that the white blood cell count is often 
normal in the setting of acute osteomyelitis.(38) While 
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some research has highlighted the potential utility of 
the WBC differential in the diagnosis of foot 
infection. (39) 

We found that values of ESR were significantly 
higher in OM group as compared to Charcot and 
control groups. This in agreement to Nina L. Petrova, 
et al 2007, Tomas, et al 2016. The later revealed that 
ESR in CN does not show higher values. 

The mean values in OM group were 55.2±23.6 
mm/h and in Charcot group were 16.9±8.51mm/h. 
another study found that the mean ESR in patients 
with osteomyelitis was only 47.6 (±13) mm/h. (40) 
Previous study showed that mean ESR in acute 
Charcot was 22 mm/h with range (13-36)mm/h. 

We found that cut off value of ESR to diagnose 
acute OM was 22.50 mm/hr that was of sensitivity and 
specificity 93.3% and 91.7 respectively. 

Based on a study by Butalia et al 2008, an ESR 
> 70 mm/hr significantly increases the probability of 
OM. Michail  et al 2013 ESR (cutoff value >67 
mm/h) of sensitivity and specificity 84% and 75% 
respectively .(41) Abolfotouh 2011 revealed ESR level 
(54 mm/hr) of 85% sensitivity, 70% specificity to 
predict DF.(42)Others reported that osteomyelitis was 
12 times more likely in suspected cases if the ESR 
exceeded 40 mm/h (43). Laura, et al 2017 and 
Fleischer A, et al 2009. revealed that ESR > 60 mm/h 
are significantly predictive of DFO. (44) 

Also there was a significant positive correlation 
between HBA1C and ESR P=0.038 this is in 
agreement with Samocha-Bonet et al 2003.(45) There 
are studies reporting a positive correlation between 
RBC aggregation and HbA1c level, the enhanced 
RBC aggregation in these patients is probably due to 
plasma protein changes caused by infection or 
inflammation, and associated with the elevated plasma 
fibrinogen level which is known to be a primary 
determinant of RBC aggregation and was more highly 
correlated than other parameters with ESR.(46) 

We found that CRP values were significantly 
higher in OM group in comparison to Charcot and 
control groups with mean values in OM group 51.4 ± 
23.3 mg/l and 10.9 ± 7.89 mg/l in Charcot group. This 
supported by Tomas et al 2016 and Nina l. Petrova, et 
al 2007 CRP is one of the most sensitive markers of 
inflammation that used in practice as direct 
serological measure of acute phase response to injury 
and infection the local inflammatory response seen in 
our patients of Charcot may be related to increased 
inflammatory cytokines but this did not lead to a 
classical systemic acute phase response. 

High sensitive CRP may be superior to CRP in 
acute Charcot. It can be used in apparently healthy 
people. It measures CRP in the range from 0.5 to 10 
mg/L. The CRP test is ordered to evaluate people who 
have signs and symptoms of a serious bacterial 

infection or of a serious chronic inflammatory disease 
such as rheumatoid arthritis. It measures CRP in the 
range from 10 to 1000 mg/L. N. L. Petrova, T. K. 
Dew, et al 2015 reported that at presentation of 
disease (acute Charcot) the high-sensitivity CRP was 
significantly higher in patient of acute Charcot than in 
people with and without diabetes but they pointed to 
that it not significantly differ from the presentation 
and resolving of the disease.(47) In the other hand 
Jemmott, et al 2008 added that high sensitivity CRP 
can be also used in monitoring disease activity in 
acute Charcot.(48) 

There was positive correlation between CRP and 
VPT this in agreement to Doupis, et al 2009. 
Peripheral diabetic neuropathy is associated with 
increased biochemical markers of inflammation.  

DM duration and CRP levels were positively 
correlation in our study. this in agreement with 
Azenabor et al 2011 and Chung et al 2005 they 
concluded that acute phase reactant level increase 
with long duration of DM and associated with 
microvascular complications. Subclinical 
inflammation in these patients may therefore be partly 
due to activation of the inflammatory response by 
advanced glycation end products.(49)(50) 

We found that the cutoff value of CRP in 
diagnosis of acute OM was 19.5 mg/l that of 
sensitivity 93.5% and specificity 95%. Michail  et al 
2013 cutoff value >14 mg/L were of 85% sensitivity 
and 83% specificity.(37) The results of the present 
study showed that serum Procalcitonine levels were 
significantly higher in the OM group in comparison to 
the Charcot and control group (P< 0.001), Mean 
Procalcitonine was (0.083 ± 0.106, 0.574 ± 0.381 and 
0.007 ± 0.011) in the three studied groups; Charcot, 
OM and Control group respectively. This is in 
agreement to et al 2013, Tomas 2016, Taywade et al 
2016. 

Serum levels of Procalcitonin are very low in 
healthy individuals (< 0.1 ng/ml) and increases rapidly 
in response to bacterial endotoxin. These properties 
together with a half-life of 22 to 29 hours have made 
Procalcitonin, a convenient tool to monitor serious 
infections and to discriminate bacterial infections 
from viral and non-infective inflammatory conditions. 

Previous study showed that Procalcitonin could 
be a potential useful biomarker to diagnose acute 
bacterial septic arthritis. The level of procalcitonin can 
be obtained promptly and thus, it could be used along 
with other clinical information to differentiate 
between acute bacterial septic arthritis and acute 
inflammatory non-septic arthritis before the result of 
synovial culture can be obtained. (51) 

In the other hand to our result Fleischer et al 
2017 revealed that PCT did not reach statistical 
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significance when comparing patients with OM and 
patients without bone infection.(52)(53) 

We determined a best cut-off value of PCT to 
diagnose a case of acute OM was 0.2 ng/ml that of a 
sensitivity and specificity (86.7% and 96.7%) 
respectively. Maharajan et al., 2016 documented that 
a cutoff of 0.4ng/ml, is a sensitive and specific marker 
in the diagnosis of Septic Arthritis and Acute 
Osteomyelitis. E Greeff 2012 revealed the cut off 
value was 0.2ng/mL with sensitivity 91% and 
specificity 82%. (54) Fottner et al 2007 and Taywade 
et al 2016 had cut off level of 0.5ng/ml. Michail, et al 
2013 revealed cutoff value >0.30 ng/mL of sensitivity 
and specificity 81% and 71% respectively. This 
reflects the absence of a general consensus in deciding 
the cut-off. 

Previous study to the diagnostic performance of 
serum procalcitonin in the identification of 
osteomyelitis and septic arthritis was investigated in 
patients who presented with fever. It was reported that 
the lower cut-off value of 0.2-0.3 ng/mL improved the 
sensitivity to 90% and suggested that the lower cut-off 
should be used for localized infection such as septic 
arthritis.(55) 

If we use other cutoff point rather than 0.2ng/ml 
we will have lower sensitivity results. The objective in 
an infection marker is high sensitivity, otherwise 
patients with true infection who need antibiotic 
treatment may be missed. 

The results revealed that PCT, among all the 
inflammatory markers (ESR, TLC and CRP) have the 
highest area under the curve (0.974, 0.950, 0.581 and 
0.968 respectively) and the greatest specificity among 
them for diagnosing DFO (96.7, 91.7, 63.3 and 95% 
respectively) this is in agreement with Christ-Crain et 
al 2008. Anurag Markanday 2015 Procalcitonin has 
an advantage over CRP and ESR due to its better 
specificity and it is the best correlated with 
infection.(56) 

There was positive correlation between PCT and 
VPT. Previous epidemiological studies have 
highlighted that chronic low grade inflammation is 
associated with diabetes mellitus. (34)(35) Peripheral 
diabetic neuropathy is associated with increased 
biochemical markers of inflammation and endothelial 
dysfunction. (36) 

PCT showed higher values in patients with fever 
and that was of significant value with P value 0.000. 
Previous study revealed that normally, PCT does not 
increase when local bacterial infection occurs unless 
the infection is accompanied by systemic 
inflammatory reactions.(57)  

We found positive correlation between ESR, 
CRP and PCT (P<0.001). This is in agreement to 
Zhang 1, et al 2014 and Kotulska, et al 2015 and Rui-
Ying Xu, Hua-Wei Liu, et al 2014. (58)(59) Our study 

revealed thatno correlation between TLC and PCT 
this in agreement to Abedini, et al 2012 and in 
contrast to Magrini et al 2014 who revealed that there 
were a direct correlation between PCT and TLC.(60)(61) 

 
Conclusion: 

PCT at a cut - off value 0.2 ng/ml is a sensitive 
and specific marker that can be used in the 
differentiation between Charcot arthropathy and DFO.  

Serum Procalcitonin may be used as a new 
diagnostic marker for initiation of treatment in the 
management of Acute DFO. 

Elevated TLC count, even within the normal 
range, is associated with both macro and 
microvascular complications of diabetes. TLC count 
may be of limited value in differentiating DFO and 
CN. 

The incorporation between PCT, ESR, CRP and 
MRI finding can help in differentiation between CN 
and DFO.  

In acute Charcot there is dissociation between 
presence of signs of inflammation by increased skin 
temperature and the lack of systemic response. 
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