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Abstract

BACKGROUND

The distinction between foot and ankle wound healing complications as opposed
to infection is crucial for the appropriate and efficacious allocation of antibiotic
therapy. Multiple reports have focused on the diagnostic accuracy of different
inflammatory markers, however, mainly in the diabetic population.

AIM
To evaluate the diagnostic accuracy of white cell count (WCC) and C-reactive
protein (CRP) as diagnostic tools for this distinction in the non-diabetic cohort.

METHODS

Data was reviewed from a prospectively maintained Infectious Diseases Unit
database of 216 patients admitted at Leicester University Hospitals-United
Kingdom with musculoskeletal infections over the period between July 2014 and
February 2020 (68 mo). All patients with confirmed diagnosis of diabetes were
excluded while only those with confirmed microbiological or clinical diagnosis of
foot or ankle infection were included in our study. For the included patients, we
retrospectively retrieved the inflammatory markers (WCCs and CRP) at the time
of presentation. Values of CRP 0-10 mg/L and WCC 4.0-11.0 x 10°/L were
considered normal.

RESULTS

After exclusion of patients with confirmed diabetes, 25 patients with confirmed
foot or ankle infections were included. All infections were confirmed microbiolo-
gically with positive intra-operative culture results. 7 (28%) patients with
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osteomyelitis (OM) of the foot, 11 (44%) with OM of the ankle, 5 (20%) with ankle septic arthritis
and 2 (8%) patients with post-surgical wound infection were identified. Previous bony surgery
was identified in 13 (52%) patients, either a corrective osteotomy or an open reduction and internal
fixation for a foot or ankle fracture with the infection developing on top of the existing metalwork.
21 (84%) patients did have raised inflammatory markers while 4 (16%) patients failed to mount an
inflammatory response even with subsequent debridement and removal of metal work. CRP
sensitivity was 84 %, while WCC sensitivity was only 28%.

CONCLUSION

CRP has a relatively good sensitivity in the diagnosis of foot and ankle infections in non-diabetic
patients, whereas WCC is a poor inflammatory marker in the detection of such cases. In presence
of clinically high level of suspicion of foot or ankle infection, a normal CRP should not rule out the
diagnosis of OM.

Key Words: Osteomyelitis; Septic arthritis; Surgical site infection; Inflammatory markers; C-reactive protein;
White cell count

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Distinction between foot and ankle wound healing complications as opposed to infection is
crucial for appropriate and efficacious allocation of antibiotic therapy. Multiple reports have focused on
diagnostic accuracy of different inflammatory markers, however, mainly in the diabetic population. Our
aim was to evaluate the diagnostic accuracy of white cell count and C-reactive protein as diagnostic tools
for this distinction in the non-diabetic cohort.
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INTRODUCTION

Early stages of infection are difficult to discern from non-infected wound healing complications which
warrants a different course of management and appropriate allocation of antibiotic treatment. Antibiotic
treatment for non-infected wound dehiscence would kill commensal flora and may impair healing as
well as possibly leading to an ensued infection with emergence of multi-drug resistance[1,2].
Conversely, delayed diagnosis of infection will lead to potentially avoidable complications which might
culminate in amputation. It is therefore of paramount importance to assess strategies for differentiating
non-infected from infected wounds at an early stage to begin advanced testing and treatment in high-
risk patients.

Most of the literature addressing osteomyelitis (OM) of the foot and ankle focuses on patients with
diabetes mellitus (DM) owing to the significantly higher rates of infection in this cohort of patients. It
was established by a retrospective review on 1000 foot and ankle orthopedic surgical related infections
that diabetic patients were five times more likely to experience a severe infection requiring hospital-
ization compared with non-diabetic patients[3]. That being said, it was further affirmed by another
retrospective review on 1465 consecutive foot and ankle surgical cases that it was more specifically
complicated diabetes (in terms of peripheral neuropathy and foot ulceration) that was incriminated in
this significantly higher rate of infection rather than diabetes itself[4].

Diagnosis of foot and ankle OM relies on a thorough clinical examination and history taking further
validated with laboratory evaluation, microbiological assessment, and diagnostic imaging. As
previously mentioned, complicated diabetes adds significantly to the risk of post-operative infections
and should be excluded through examination for peripheral neuropathy and ankle brachial index or
other vascular examination if warranted. Plain radiographs are the initial imaging modalities to be
considered and can be 67% specific and 60% sensitive for OMJ[5]. In equivocal cases, an advanced
imaging such as a magnetic resonance imaging (MRI) especially new functional MRI modalities,
including Dixon imaging, diffusion-weighted imaging and dynamic contrast-enhanced MRI or even
Bone scans, such as the white blood cell labelled Indium-111 or Sulphur colloid marrow scan, may
prove beneficial in distinguishing infections from other non-infective etiologies such as Charcot’s
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arthropathy or non-infected wound healing complications[6].

In terms of laboratory workup, acute phase reactants such as C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), white cell count (WCC) as well as less commonly utilised surrogates for
infection such as serum albumin levels, pro-calcitonin (PCT) and interleukin (IL)-6 have all been
described for surgical foot and ankle infections[7].

Increased serum inflammatory markers such as CRP and ESR have been used for the diagnosis of OM
with a sensitivity and specificity of > 0.70[8,9]. From the immunological perspective, a raised CRP
heralds a mounting response to tumour necrosis factor-a-, IL-6- and IL-1-mediated insult. CRP should
be interpreted carefully as it is routinely elevated postoperatively peaking at the second to third post-
operative day and plummeting back to normal within three weeks. Therefore, any second peak in CRP
level after the third postoperative day may be a sign of infection[10]. Another consideration is that CRP
levels might not be elevated in a subset of patients with low virulent pathogens specifically coagulase
negative Staphylococcus as well as fungal infections. This was established by diagnostic studies on
shoulder and hip prosthetic joint infections showing low sensitivity for serum CRP when low-virulent
organisms such as Propionibacterium acnes, coagulase negative Staphylococci and Enterococcus faecalis
when compared to Streptococcal and Staphylococcal highly virulent culture diagnosis[11-14].
Leucocytosis may or may not be present and should not be used as an absolute indicator of OM. In the
acute stage, elevation of the WCC may be seen. However, this condition is not true in all patients, in
immunocompromised individuals, the normality of systemic temperature and WCC may be misleading
in the face of an infection, making other diagnostic modalities essential[15,16].

Our study aimed to assess the diagnostic accuracy of simple and readily available inflammatory
markers such as WCC and CRP as an aid to making this distinction in confirming suspected foot and
ankle infections in the non-diabetic population thereby reducing morbidity and associated healthcare
costs.

MATERIALS AND METHODS

A prospectively managed database for all patients discharged home on intravenous antibiotics through
the University Hospitals of Leicester NHS Trust Outpatient Parenteral Antimicrobial Therapy (OPAT)
service was interrogated, to identify patients who had been treated for musculoskeletal infections. The
period of inclusion was from July 1, 2014 (inception of the database) until February 28, 2020 over a
period of 68 mo. Patient with infections at sites other than foot and/or ankle and those with preceding
confirmed diagnosis of DM were excluded. We subsequently retrieved the inflammatory markers for
included patients at the time of presentation and during the perioperative period. Values of CRP 0-10
mg/L and WCC 4.0-11.0 x 10°/L were considered normal.

The diagnosis was based on the clinical picture and confirmed by imaging and laboratory investig-
ations. All patients presented with pain, stiffness, swelling, and erythema of the affected area. Plain
radiographs were the first imaging modality requested in the investigation work-up. If no radiographic
evidence was present, but clinical suspicion was high, other modalities of diagnostic studies were
considered i.e., ultrasonography, computed tomography and/or MRI. Laboratory investigations
included WCC, CRP and blood cultures. ESR, procalcitonin and IL-6 were not routinely assessed in our
hospital. Wound swabs were requested for infected surgical wounds, ulcers, or sinuses. Arthrocentesis
with microscopic examination, gram staining, culture and sensitivity was performed for patients with
septic arthritis. Intra-operative tissue and bone samples from OM patients acquired at the time of
surgical debridement were sent to the microbiology laboratory to confirm the diagnosis, identify the
causative organism and to tailor the antibiotic regimen. At least 5 samples were taken for each patient
for microbiological and histological analysis.

RESULTS

A total of 216 patients were identified. Only 37 patients were identified as having foot and/or ankle
infection, of those 12 had a diagnosis of DM. After exclusion of those with a confirmed diagnosis of DM
at the time of the diagnosis or infections other than foot or ankle, 25 patients remained. The mean age at
presentation was 48 years (range = 26-74) and 14 (56%) were males while 11 (44%) were females.

Of those 25 patients, 11 (44%) were admitted for foot OM, 7 (28%) for ankle OM, 5 (20%) patients with
septic arthritis of the ankle joint, and 2 (8%) cases were diagnosed of having surgical site infection (SSI).
A history of previous bony surgery, whether an elective osteotomy for deformity correction or fracture
fixation was identified in 13 patients (52%) while 12 patients (48%) had non-surgical infections. The
clinical summary of these patients is shown in Table 1.

Of those 21 patients (84%) showed raised inflammatory markers at the time of presentation. CRP was
elevated in 21 patients with a sensitivity of 84% (range = 13-417, median = 108), whereas WCC was
raised only in 7 patients with a poor sensitivity of 28% (range = 10.8-20, median = 16.5). Four patients
(16%) did not mount an inflammatory response: 2 with foot OM and 2 with ankle OM. All of them
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Table 1 Distribution of included patients as regards different presentations and preceding history of surgical risk factor

Diagnosis No Surgery related Not surgery related
OM foot 7 1 6
OM ankle 11 10 1
Septic arthritis ankle 5 0 B
Postsurgical wound infection 2 2 0

OM: Osteomyelitis.

showed normal inflammatory markers at the time of presentation and during the perioperative period.
None of these patients had a history of DM and all had normal blood glucose levels (BGL) at the time of
presentation (random BGL < 11.1 mmol/L). All these patients had a history of previous bony surgery,
either a corrective osteotomy (25%, n = 1) or an open reduction and internal fixation (ORIF) (75%, n = 3)
for a foot or ankle fracture with the infection developing on top of the existing metalwork. Methicillin
sensitive Staphylococcus aureus (MSSA) was isolated in all 4 patients. Even after implant removal and
subsequent debridement for those patients, their inflammatory markers remained normal and their
response to treatment was monitored clinically by successful control of local signs of infection. No
significant systemic illness was noted in any of those patients and no immunosuppressive aetiology was
identified. Recurrence of infection was noted in only 1 patient of those 4 (25%). The demographics of
these 4 patients, their clinical and microbiological data are shown in Table 2. A more detailed history for
each of those 4 presentations is described below.

Case 1: A 46-year-old female patient was admitted for debridement of a-4-week-old ulceration on
right big toe, complicated by septic 1* metatarsophalangeal joint on a background history of arthrodesis
2 years prior with uneventful postoperative period. She had normal inflammatory markers with CRP
and WCC values of 7 and 6.9 respectively. MSSA and Corynebacterium were isolated from all surgical
specimens. Post debridement and implant removal, postoperative inflammatory markers remained
within normal range, with CRP of <5 and WCC of 7.7. One year later, she was admitted with recurrent
OM, and underwent multiple procedures with the aim of infection eradication and achieving union
(Figure 1). Throughout all these procedures, CRP and WCC remained within the normal range.

Case 2: A 54-year-old female patient diagnosed with OM of the right distal fibula 5 mo following
ORIF for closed Weber-B lateral malleolus fracture. This infection did not mount an inflammatory
response with normal values of CRP and WCC at time of presentation (CRP <5 and WCC 6.3), and even
after metalwork removal and debridement (CRP < 5 and WCC 5.4). The diagnosis was based on clinical
findings, radiographs, and MRI scans (Figures 2 and 3). Tissue specimens grew MSSA and Coagulase
-ve Staphylococcus.

Case 3: A 56-year-old female patient presented with infected left medial malleolus metal work and
OM 5 mo after the index procedure. Pus was draining from the medial wound on presentation;
however, with normal inflammatory markers (CRP 6, WCC 6.6). She was admitted for IV antibiotics
with repeated inflammatory markers 3 d later still within the normal range (CRP 6 and WCC 4.3).
Removal of all metalwork was done a week later with tissue and pus samples growing MSSA.

Case 4: A 48-year-old male patient presented with OM of right 5* metatarsal 2 mo following a closed
fracture to the right 5" metatarsal bone managed with ORIF. On presentation, his WCC and CRP were
normal with values of 8.4 and < 5 respectively. The clinical diagnosis was confirmed by MRI showing
sinus tract extending from the head of the fifth metatarsal to the skin. He underwent washout and
debridement with excision of the distal right 5* metatarsal followed by 5" ray amputation. Intra-
operative bone and tissue samples grew MSSA. His CRP and WCC results were within the normal
values from the date of presentation till the date of his last operation.

DISCUSSION

SSI following ankle surgery is one of the most common complications usually with substantial sequalae
on both the patient such as permanent disability and eventually amputation if not addressed promptly,
and the healthcare costs with estimated increase more than 300% for subsequent procedures[17-19].
Despite that surgical foot and ankle infections in diabetic patients is significantly higher than in their
non-diabetic counterparts, OM in non-diabetics is not uncommon[2,3]. The population-based study by
Kremers et al[20] reported the incidence of OM during a 41-year period; there was a 15% incidence of
OM of the foot in patients without diabetes. Similarly, Haji Zaine et al[21] reported an 18.8% incidence of
OM among non-diabetic patients. Although advanced imaging such as MRI and leucocyte-labelled bone
scans can provide high sensitivity and specificity in diagnosing these infections, they are expensive and
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Table 2 Patient demographics, index procedures and microbiological diagnosis for those 4 patients with normal inflammatory markers

8 8 Age Surgery-infection interval 8
No. Diagnosis Procedure Gender g gery Isolated organism
(years) (months)
Case OM1* SCARF and Akin osteotomy for Female 46 22 MSSA and corynebacterium
1 metatarsal hallux valgus
Case OM distal ORIF lateral malleolus fracture Female 54 5 MSSA and Coagulase-ve
2 fibula Staphylococcus
Case OM ankle ORIF medial malleolus fracture Female 56 5 MSSA
3
Case OMS5™h ORIF 5% metatarsal fracture Male 48 2 MSSA
4 metatarsal

OM: Osteomyelitis; ORIF: Open reduction and internal fixation; MSSA: Methicillin sensitive Staphylococcus aureus.

DOI: 10.5312/wjo.v14.i3.136 Copyright ©The Author(s) 2023.

Figure 1 Foot radiographs of case 1. A: Anteroposterior radiographs showing metalwork failure, non-union and medial ulceration soft tissue shadow; B:
Removal of infected metalwork, placement of anti-biotic laden calcium beads and temporary fixation; C: Two years later with union at the fracture site and no
recurrence of infection. Throughout all these procedures, C-reactive protein and white cell count were within normal range.

Jaishideng®

might not be readily available in some centres[22,23] That warranted better understanding of the
reliability and sensitivity of different readily available surrogate markers for infection in that population
for early diagnosis and mitigation of associated healthcare costs.

A readily available and cost-effective laboratory tests for OM diagnosis are WCCs and CRP[24]. In the
presence of infection, bone marrow accelerates white blood cells production with resultant increases in
WCC which is used to signify severity of infection[25]. CRP is an acute phase reactant produced by
hepatocytes that increases significantly in concentration in response to infection particularly bacterial
infections[26,27].

In our case series, we found that CRP > 10 mg/L had a sensitivity of 84% in the diagnosis of non-
diabetic foot and ankle infections, whereas WCC had a poor sensitivity of 28% in the diagnosis of such
cases. Other authors have shown similar high sensitivity of CRP diagnosis of OM. Fleischer et al[28]
showed in their diagnostic study that CRP > 32 mg/L has a sensitivity of 0.85 and specificity of 0.65 for
the diagnosis of OM. In another retrospective cohort study on 102 surgical foot and ankle infections, it
was shown that CRP had a sensitivity of 71% in differentiating between superficial wound infection and
OM]29].
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BRC U EA b
DOI: 10.5312/wjo.v14.i3.136 Copyright ©The Author(s) 2023.

Figure 2 Ankle radiographs of case 2. A: Anteroposterior; B: Lateral radiographs of ankle after removal of metalwork for infected Weber-B fracture.

DOI: 10.5312/wjo.v14.i3.136 Copyright ©The Author(s) 2023.

Figure 3 Ankle magnetic resonance imaging of case 2 showing a Broadie’s abscess. A: Coronal; B: Sagittal; C: Axial T2-magnetic resonance

imaging images showing a hyperintense intra-osseous collection consistent with Broadie’s abscess. The patient did not show any elevated inflammatory markers
throughout the treatment.

In our cohort, a small subset of confirmed infections (16%, n = 4) did not seem to mount any inflam-
matory systemic reaction with resultant normal CRP and WCC levels. In their review article, Harris et al
[30] concluded that for patients with risk factors for OM or a clinically high level of suspicion, values of
ESR < 30 mm/h or CRP < 10 mg/L should not rule out the diagnosis of OM, especially in patients with
puncture wounds or foot ulcers/infections. This finding has been corroborated by our results with 16%
of radiologically /microbiologically confirmed infections having a CRP < 10 mg/L on presentation. In a
study by Armstrong and colleagues[31], 54% of the patients with acute OM presented with normal
WCC. Our series reported even higher percentage with 72% of confirmed infections presenting with
normal WCC. Thus, we recommend corroborating the results with different radiological investigations
as well as also considering other emerging biochemical markers for diagnosis of infection.
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Those other biochemical markers are increasingly being embedded in the diagnostic panel of invest-
igations. PCT was found in a meta-analysis to be more sensitive than CRP for differentiating bacterial
from non-infective causes of inflammation (88% vs 75%)[32]. In another study on 93 diabetic foot ulcers,
a CRP cut-off value of 17 mg/dL was found to be the single most sensitive marker for confirming
infection with sensitivity 0.727, specificity 1.000, positive predictive value 1.000, and negative predictive
value 0.793 while total leucocytic neutrophil count was found to be non-predictive[33]. Moreover,
combining CRP with PCT yielded higher diagnostic accuracy than solely relying on only one parameter.
Serum IL-6 has been described as a more sensitive marker of acute periprosthetic infection particularly
in hips and knees with high accuracy, sensitivity, and specificity (97%, 100% and 95% respectively) but
has not been specifically investigated in foot and ankle infections[34-36]. Measurement of bacterial load
with a critical level of bacteria = 10*to 10°colony-forming units per g of tissue has been also described to
objectively confirm an infective aetiology[37,38].

The retrospective nature of our study has inherent limitations. It may not have included all patients
with foot and ankle infections, since not all patients may have been discharged on OPAT and therefore
would not have been captured by the database. The proportion of deep infections preceded by a
superficial infection was not recorded however eventually all deep infections in our series were
identified and reported. Our data relied on different biochemical markers but no attempt to identify a
cut-off value or to quantify bacterial load was done. We agree that bacterial load is a reliable indicator of
infection in acute infections but has been shown to be less reliable in early subacute or chronic infections
as well as in healing wounds[39,40].

Our case series also lacked the assessment of the diagnostic sensitivity of other inflammatory markers
for the diagnosis of foot and ankle infections e.g., ESR, PCT and IL-6 as they are not routinely performed
in our hospital. Further evaluation of these biochemical markers is recommended.

CONCLUSION

In conclusion, CRP has good sensitivity in the diagnosis these non-diabetic infections, whereas WCC is a
poor inflammatory marker in the detection of such cases and should not be used as an absolute
indicator of OM. In a subset of patients, relying on these inflammatory markers solely can delay
diagnosis as they can be normal, and no inflammatory response mounted. We recommend
incorporating other inflammatory markers such as PCT, IL-6 and bacterial load as well as radiological
diagnosis when there is a high index of suspicion despite negative CRP and WCC in this subset of
patients. A noteworthy finding in our study is that CRP is a readily available, cost-effective, and reliable
indicator for ankle and foot infections, directing appropriate antibiotic therapy for those likely to benefit
from it.

ARTICLE HIGHLIGHTS

Research background

Non-diabetic foot and ankle infections are not uncommon. Despite this, there is a paucity of the
literature investigating the diagnostic accuracy of different inflammatory markers in the diagnosis of
these infections as opposed to the diabetic population.

Research motivation
Defining the reliability of inflammatory markers in the diagnosis of non-diabetic foot and ankle
infections can aid in early diagnosis and mitigate associated healthcare costs for delayed treatments.

Research objectives

Our aim was to define the reliability of the commonly utilized inflammatory markers such as white cell
count (WCC) and C-reactive protein (CRP) in the diagnosis of non-diabetic foot and ankle infections as
well as to highlight the shortcomings of those markers in a small subset of patients with normal inflam-
matory markers despite a microbiologically confirmed diagnosis of infection.

Research methods
This was a retrospective cohort study looking into microbiologically confirmed foot and ankle infections

in the non-diabetic population presenting to our hospital (University Hospitals Leicester-United
Kingdom) over the period of 6 years (2014-2020).

Research results
A total of 25 non-diabetic patients with confirmed foot or ankle infections were identified. Previous
bony surgery was identified in 13 (52%) patients. Inflammatory markers were raised in 21 (84%) patients
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while 4 (16%) patients did not mount an inflammatory response even with subsequent surgical
procedures. CRP sensitivity was shown to be 84 %, while WCC sensitivity was only 28%.

Research conclusions

CRP had a relatively good sensitivity whereas WCC is a poor inflammatory marker in the detection of
non-diabetic foot and ankle infections. In a subset of non-diabetic foot and ankle infections, inflam-
matory markers will not be raised, and a normal CRP should not rule out the diagnosis of osteomyelitis.
In these cases where a high level of suspicion persists despite normal CRP, further advanced
radiological and laboratory investigations should be performed.

Research perspectives

Further evaluation of different inflammatory markers in the non-diabetic foot and ankle infections
(erythrocyte sedimentation rate, pro-calcitonin and interleukin-6) could improve diagnostic accuracy
and avoid more expensive investigative procedures.
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