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Serum procollagen type 1 N propeptide: A novel 
diagnostic test for diabetic foot osteomyelitis – A 
case–control study
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marker‑erythrocyte sedimentation rate (ESR) in 
diagnosing diabetic foot osteomyelitis (DFO),[7] but 
its elevation in other inflammatory and neoplastic 
conditions limits its widespread use. Bone‑specific 
inflammatory markers have been reported in animal 
studies and recently in humans to be a possible 
diagnostic marker for DFO.  [8‑13] Thus, use of bone 
turnover markers (BTMs) appears appealing in 
diagnosing bone infection as the diabetic foot ulcer acts 
as a portal of entry for microbial invasion into bone. 
Importantly, osteomyelitis is recognized as a state 
of both enhanced bone resorption and formation.[14] 
During bone resorption and formation, specific BTMs 
are released. Procollagen type 1 N propeptide (P1NP) 
is formed during the processing of pro‑collagen into 
collagen, through the cleavage of the pro‑collagen 

INTRODUCTION

Diabetic foot bone infection (osteomyelitis) is a leading 
cause of hospitalization and lower limb amputation 
worldwide costing >$40,000 per event.[1,2] Early 
diagnosis of osteomyelitis may improve the success of 
medical therapy and thus reduce the need for lower limb 
amputation; however, confirmatory tests such as biopsy 
are invasive, accurate diagnostic tests (e.g., magnetic 
resonance imaging – [MRI]) are costly and not readily 
available in most centers outside major cities. Use 
of plain radiographs in detecting osteomyelitis is 
inexpensive but has low sensitivity.[3,4] On the other 
hand, radioisotope scans are more sensitive than X‑rays 
but are expensive and can be time‑consuming.[5,6] We 
have previously reported the use of an inflammatory 
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protein N‑terminal. Principally, P1NP is formed in the bone 
and is likely to be elevated in response to bone pathologies 
including bone infections.[14] A significant benefit of P1NP 
compared to other particular BTMs is that it exhibits only 
a small circadian rhythm variation.[15] Furthermore, P1NP 
assays are commercially available and are frequently used 
in monitoring bone diseases in clinical practice, yet its 
usefulness in assessing DFO is not known. In spite of these, 
no study has been conducted to assess the usefulness of 
P1NP in differentiating DFO from soft‑tissue inflammations. 
The aims of this study were to determine the utility of serum 
P1NP in diagnosing DFO and to compare its diagnostic 
value with other common inflammatory markers.

MATERIALS AND METHODS

Study design and participants
The study project number HREC/13/QTHS/65 was approved 
by the local hospital’s Human Research Ethics Committee 
and informed consent was obtained from all participants. 
Data were collected from July 1, 2014 to April 1, 2015 at the 
Townsville Hospital, Queensland, Australia. A power set to 
80% yielded a calculated minimum sample size of 24 with 
a two‑sided confidence interval of 95%. Overall, a total of 
27 patients with DFO and controls were studied. Patients 
with a diabetic foot ulcer with and without osteomyelitis, 
and aged >18 were included in the study. Participants were 
excluded if they had osteoporosis based on bone mineral 
density scores or any recent bone fracture, active Charcot’s 
joint, bone metastases, and/or primary bone cancer or a known 
metabolic bone disease. Other exclusion criteria included Stage 
4 and 5 chronic kidney disease, osteomyelitis unrelated to a 
diabetic foot ulcer, and use of local or systemic corticosteroid, 
thiazolidinedione, or bone antiresorptive medications.

Procedures and assessment study variables
Foot wound or ulcer was defined as a full‑thickness 
lesion involving any portion of the foot or ankle.[16,17] 
Wounds characterized as blisters, minor lacerations, or 
abrasions were excluded from the study. Wound infection 
was defined clinically, by criteria consistent with the 
International Working Group guidelines,[18] that is, the 
presence of wound purulence or at least two signs or 
symptoms of local inflammation or systemic symptoms of 
infection with no other apparent cause. All wounds were 
evaluated to determine the extent of soft‑tissue infection 
and for any evidence of osteomyelitis.[19] For this study, 
osteomyelitis cases were defined by intraoperative bone 
sample showing histologic findings of osteomyelitis 
and/or presence of probe‑able bone underlying an ulcer 
supported by imaging evidence (plain radiograph, MRI, 
or radionuclide scanning) of osteomyelitis in line with 
standard guidelines.[18,20] Patients were allocated to the case 
group if they had findings consistent with osteomyelitis and 

control group was defined as patients who met inclusion 
criteria however did not meet the diagnostic criteria for 
osteomyelitis (i.e., having soft‑tissue infection alone). 
On entry, detailed history and clinical examination were 
conducted and a protocol was completed. These included 
age, sex, diabetes control, site and depth of ulcer, and 
presence of associated diabetic complications including 
peripheral vascular disease, ischemic heart disease, 
peripheral neuropathy (i.e., paresthesia and numbness) and 
autonomic neuropathy (i.e., postural dizziness, impotence, 
episodic watery diarrhea and abnormal sweating). Morning 
fasting venous blood samples were taken, which were 
centrifuged at 3000 g for 5 min, followed by −80°C storage. 
Serum P1NP concentration was determined with the My 
BioSource (San Diego, California, USA) enzyme‑linked 
immunosorbent assay kit. The P1NP kit has a sensitivity 
of 1.0 ng/ml, recovery average of 99%, intra‑assay 
reproducibility of <15% and inter‑assay reproducibility 
of <15%. Absorption spectroscopy at a wavelength of 
450 nm, in correlation with a line of best fit from standard 
solutions, was used to determine the concentration of P1NP. 
The assay was blinded to the investigators.

Statistical analysis
Statistical analysis was performed using Statistical Package 
for the Social Sciences version 23 (IBM, Armonk, NY, 
USA: IBM Corp). Categorical variables were presented as 
percentages and continuous variables as mean ± standard 
deviation. Student’s t‑test was used to compare the means 
between the two groups. Association between categorical 
variable was determined using the Chi‑squared test/Fisher’s 
exact test. Receiver operating characteristic (ROC) curve and 
area under the curve (AUC) with cutoff point with highest 
prognostic value presented based on Youden’s index were 
used to determine the diagnostic levels. A P < 0.05 was 
predetermined as the cutoff value for statistical significance.

RESULTS

A total of 27 participants were studied 16 DFO and 
11 controls. The demographic and clinical characteristics 
of the study population were shown in Table 1. The 
mean age was 66 ± 6.9 and 67 ± 7.2 years for DFO and 
controls, respectively, P = 0.83. There were no significant 
differences between the 2 groups in all other baseline 
clinical parameters including diabetes, its complications, 
cardiovascular disease and nondiabetic comorbidities. The 
past history of nontraumatic lower‑limb amputations were 
similar in both groups 58.8% vs. 36.4%; P = 0.25.

The mean serum P1NP levels were significantly higher in 
the DFO group (n: 16), 10.5 ± 5.2 (ng/ml), compared to lower 
values in the control group (n: 11) 3.1 ± 2.8 (ng/ml), P = 0.001 as 
shown in Figure 1. Of all the parameters tested, P1NP showed 
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the highest combination of sensitivity/specificity 86.7%/80% 
compared to 70.6%/80%, 56.2%/45.4%, and 50%/37% for 
C‑reactive protein (CRP), white blood cells (WBCs), and 
platelets, respectively. Furthermore, the positive and negative 
predictive values of P1NP for the diagnosis of DFO were 
similarly higher 86.7% and 80.0%, respectively, with the 
positive diagnostic test cutoff of ≥4.42(ng/ml) as shown in 
Table 2. Receiver operator characteristic curves showed the 
best value of AUC of 0.9 for P1NP compared to 0.85, 0.54, 
and 0.46 for CRP, WBC, and platelets. Conversely, based on 
the ROC’s AUC, the diagnostic performances of CRP, WBC, 
and platelet counts were lower than that of P1NP, ranging 
from 0.5 to 0.8 as shown in Figure 2.

DISCUSSION

We have demonstrated markedly elevated serum levels of 
P1NP in patients with DFO. Indeed P1NP, a bone formation 

Table 1: Characteristics of the study population
Parameter Osteomyelitis 

(n=16) (%)
Control 

(n=11) (%)
P

Age (years) 66±6.9 67±7.2 0.83
Male 88.2 66.7 0.14
Current nonsmokers 94.1 100.0 0.44
Current alcohol use 23.5 20.0 0.83
Type 1 diabetes mellitus 22.2 0.0 0.08
Type 2 diabetes mellitus 77.8 100 0.08
Insulin use 83.2 63.6 0.24
Hemoglobin A1c 8.8 7.9 0.9
Retinopathy 77.8 54.5 0.20
Peripheral neuropathy 100 100 1
Hypertension 88.2 100 0.31
Coronary artery disease 54.5 29.4 0.19
Cerebrovascular accident 0.0 18.2 0.07
Amputation (nontraumatic) 58.8 36.4 0.25
Peripheral vascular disease 56.3 27.3 0.15

Table 2: Comparison of bone turnover markers and 
biochemical/hematological indices showing higher 
value for bone turnover marker procollagen type 1 N 
propeptide in diagnosing diabetic foot osteomyelitis
Diagnostic 
value

P1NP (%) CRP (%) WBC (%) Platelet 
count (%)

Sensitivity 86.7 70.6 56.2 50.0
Specificity 80.0 80.0 45.4 37
PPV 86.7 90.1 69.2 53.3
NPV 80.0 44.4 50.0 33.3
Best cutoff 
point

≥4.42 ng/ml ≥68.5 mg/L ≥7.25 ×109/L ≥245 ×109/L

AUC 0.90 0.85 0.54 0.46
P <0.001 <0.05 0.70 0.70
95% CI 0.78‑1.0 0.6‑1.0 0.31‑0.76 0.23‑0.68
BTM=Bone turnover marker; P1NP=Procollagen type 1 N propeptide; 
CRP=C‑reactive protein; WBC=White blood cells; CI=Confidence interval; 
AUC=Area under the curve; PPV=Positive predictive value; NPV=Negative 
predictive value

marker offers an excellent discrimination in the diagnosis of 
DFO from soft‑tissue infection. Of the 4 diagnostic markers 
tested, it showed the best overall diagnostic efficiency. 
In addition, it showed highest combination of results for 
the predictive value of a positive test (the proportion of 
patients with positive tests who had osteomyelitis) and 
better predictive value of a negative test (the proportion of 
patients with negative tests who did not have osteomyelitis). 
Furthermore, the sensitivity and specificity of the P1NP in 
differentiating osteomyelitis from soft‑tissue infection were 
superior to the other diagnostic parameters. It is interesting 
to note that until recently,[8] the only previous study of 
any BTM in DFO showed a nonsignificant elevation of 
serum bone‑specific alkaline phosphatase and n‑terminal 
telopeptide levels in DFO.[9] The differing outcomes between 
earlier reports and the current study are potentially due to 
different BTMs being examined and the recent improvement 
in preanalytical and analytical BTM assays.[21,22] Conversely, 
bone formation turnover makers – bone‑specific alkaline 
phosphatase and osteocalcin – have been investigated 
in two small animal trials showing elevated levels in 
osteomyelitis.[10,13] To the best of our knowledge, no studies 
concerning diagnostic value of P1NP in other forms of 
osteomyelitis, both human and animal have been reported.

The current diagnostic methods for DFO have significant 
limitations, with the majority only being available in 
tertiary health‑care centers. The evidence regarding 
diagnostic modalities in DFO has recently been reviewed 
with combined diagnostic sensitivities and specificities 
calculated.[20,21] Plain radiography has a diagnostic 
sensitivity of 54% and a specificity of 68%. Thus, it has poor 
diagnostic utility, especially at ruling out a diagnosis of 
osteomyelitis. A technetium‑99m bone scan has a sensitivity 
of 81% and a specificity of 28%; thus are clinically useful 
to exclude DFO; however, less so for a positive diagnosis. 
An indium‑111 leukocyte scan has a sensitivity of 74% and 

Figure 1: Higher serum procollagen type 1 N propeptide concentration in patients 
with diabetic foot osteomyelitis compared to control group. ***P < 0.0001
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a specificity of 68%; thus have equivalent specificity as 
plain radiography, with increased sensitivity.[5,23] MRI has 
the highest sensitivity and specificity of the diagnostic 
imaging modalities with 90% and 79%, respectively, hence 
it is considered the gold standard of the noninvasive 
diagnostic modalities.[19,23] However, bone biopsy with 
histology and microbiological culture is considered the 
absolute gold standard.[18] Overall, the current diagnostic 
methods for osteomyelitis each has significant drawbacks 
including invasiveness (biopsy), extended lag time to 
positivity (radiograph), poor sensitivity (plain radiograph), 
and poor specificity (bone scan). Leukocyte scans, bone 
scans, MRIs, and biopsies, all require specialized skills, 
are costly and have limited availability in resource‑poor 
regions.[24] Thus, at present, there is no low‑cost option 
that has high diagnostic sensitivity and specificity that is 
available regardless of the level of the health service.

The potential value of using P1NP is of particular interest, 
as this method has not been previously used particularly in 
resource‑deprived communities where modern diagnostic 
facilities are scarce and when available often beyond the 

reach of an average patient. We believe the increased 
P1NP in patients with DFO could be due to acute release 
of the bone formation turnover marker from infected bone 
as noted by Nair et al.[14] Our study further revealed a 
diagnostic accuracy of P1NP superior to values for CRP, 
WBC, and platelets. Indeed apart from CRP, other tested 
hematological markers did not show significantly elevated 
levels for diagnosing DFO. Our findings suggest P1NP 
being specific to the bone can be more reliable than other 
nonspecific inflammatory markers in diagnosing DFO. It is 
interesting to note that using P1NP in the diagnosis of DFO 
has the potential to save cost, particularly in developing 
countries where sophisticated diagnostic imaging is either 
not available or unaffordable to patients requiring urgent 
care. There is a significant cost differential between the 
P1NP which costs <USD 30 per test compared to several 
hundreds of dollars per test using advanced diagnostic 
imaging (MRI and nuclear bone scan).[25,26] Furthermore, 
with the high sensitivity and negative predictive value of 
P1NP means, it could be used in deciding who requires 
undergoing further testing with expensive medical imaging 
techniques. Similarly, with the high specificity and positive 

Figure 2: Receiver operator characteristic curves showing best value for procollagen type 1 N propeptide in diagnosing diabetic foot osteomyelitis compared to other 
three tests – white blood counts, C‑reactive protein, and platelets
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predictive values of P1NP indicates a strong ability to rule in 
the diagnosis of DFO for patients who may require further 
testing to confirm the diagnosis.

Our results faced potential limitations. First, our sample size 
though small, it fitted with the outlined objectives for a pilot 
study with adequate statistical power to detect differences 
between the 2 study groups. Second, we did not conduct 
bone biopsy on all patients involved in the study. Although 
bone biopsy is usually considered the gold standard for the 
diagnosis of osteomyelitis, such procedure may not be routinely 
performed in clinical practice due to ethical issues, particularly 
in patients with low index of suspicion for DFO.[27,28] Instead, 
combination of clinical, laboratory, and imaging techniques are 
often used to diagnose DFO in routine clinical care with high 
diagnostic efficiency comparable to results obtained from bone 
biopsy.[20] We used the recommendation of the International 
Working Group on the Diabetic Foot in defining DFO in this 
study; basically, histologic results from bone biopsy where 
indicated and/or a combination of clinical and radiological 
findings consistent with diagnosis of DFO.[18] Third, we did 
not assess the inflammatory and BTMs on healthy nondiabetic 
foot ulcer patients neither did we repeat the markers after 
completing course of antibiotics in patients diagnosed with 
DFO. The biomarkers were assayed before the commencement 
of antibiotics and at the time of diagnosing the DFO and 
controls. Finally, we did not compare the diagnostic efficiency 
of P1NP with ESR; instead, CRP was used as recent evidence 
has shown it to be at par or even a better marker for DFO than 
the former.[29,30] In spite of these, our results are consistent 
with others findings of diagnostic usefulness of BTM in bone 
infection.[11,12]

CONCLUSION

This trial has provided the first evidence of P1NP elevation 
in DFO compared to diabetic foot ulcers not complicated 
by osteomyelitis. Furthermore, P1NP showed significant 
diagnostic utility in ruling in and ruling out DFO better 
than other tested nonspecific inflammatory markers, and 
thus requires more investigations. With further research, 
BTMs may provide a viable low cost and widely available 
diagnostic methodology for diagnosing DFO.
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