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Abstract

Background Long bone posttraumatic osteomyelitis

(PTOM) is a relatively common complication following

surgical fixation of open fractures. There is a lacking

consensus on ideal strategies for diagnostic evaluation of

long bone PTOM. While open bone biopsy and culture is

considered the ‘gold diagnostic standard,’ its cost and

invasiveness are often prohibitive and have prompted the

search for alternate diagnostic methods.

Objective To evaluate the sensitivity and specificity of

various diagnostic modalities relative to open bone biopsy

and culture for the detection of long bone PTOM.

Design Retrospective cohort study; Level of Evidence, III.

Setting Urban Level I trauma center and safety-net

institution.

Patients/participants A consecutive cohort of 159 adult

patients presenting with long bone PTOM at our Level I

trauma center between January 1, 2004, and December 31,

2013, were retrospectively identified. All included patients

fulfilled diagnostic criteria for PTOM (as defined by the

Center for Disease Control and Prevention) that involved a

long bone (femur, fibula, tibia, humerus, radius, and ulna).

Patients with diabetic foot infection, septic arthritis,

osteomyelitis of the spine/pelvis/hand, or insufficient

medical records were excluded.

Main outcome measurements Sensitivity and specificity of

deep wound culture, soft tissue histopathologic examina-

tion, and elevated levels of acute phase reactants [C-reac-

tive protein (CRP), erythrocyte sedimentation rate (ESR),

and leukocyte count (WBC)] were determined using find-

ings of open bone biopsy and culture as a reference

standard.

Results The most common pathogen isolated on open bone

culture was staphylococci, contributing to 89 (57%) of 159

cases of long bone PTOM (p\ 0.001). Relative to open

bone biopsy and culture as the gold diagnostic standard,

soft tissue histopathology demonstrated a sensitivity of

69.8% [95% confidence interval (CI) 53.7–82.3%] and

specificity of 38.9% (95% CI 18.3–63.9%) for the detection

of long bone PTOM. Deep wound culture exhibited a lower

sensitivity of 66.0% (95% CI 56.1–74.8%) and specificity

of 28.1% (95% CI 12.9–49.5%), a difference that was

statistically significant (p = 0.021). Among inflammatory

markers, elevated levels of CRP and ESR were equally

sensitive for the detection of PTOM compared to open

bone biopsy and culture, while WBC was significantly less

sensitive (sensitivity 33.2%; 95% CI 25.3–43.7;

p\ 0.001).

Conclusion Soft tissue histopathologic examination and

deep wound culture are relatively poor substitutes for the

diagnosis of long bone PTOM compared to open bone

biopsy and culture. The accurate identification of causative

pathogens underlying long bone PTOM is critical for

diagnosis and choice of antibiotic treatment. Future studies
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investigating the use of higher-resolution diagnostic

methods are merited.

Keywords Osteomyelitis � Long bone defect � Bone
infection � Segmental defect reconstruction

Introduction

Long bone posttraumatic osteomyelitis (PTOM) is a rela-

tively common complication following surgical fixation of

long bone fractures, occurring in up to 10% of open fractures

and 1% of closed fractures [1, 2]. Several factors may con-

tribute to the pathogenesis of PTOM including direct inoc-

ulation of bacteria at the time of the fracture, macro- or

microvascular damage, surgical contamination, or postop-

erative wound contamination [3–5].Without early diagnosis

and adequate treatment, long bone PTOM may result in

fracture nonunion, sepsis, and need for limb amputation [4].

Thegold standard for diagnosis of longbonePTOMisopen

bone biopsy and culture [6, 7]. Other diagnostic methods have

been previously described, including percutaneous bone cul-

ture, deep wound culture, soft tissue histopathologic exami-

nation, and measurement of acute phase reactants such as

erythrocyte sedimentation rate (ESR), C-reactive protein

(CRP), and serum leukocyte count (WBC) [3, 5, 8, 9]; how-

ever, the validation of such methods, and comparison to open

biopsy and culture, remains to be established in adequately

powered, large-scale studies [5, 6, 8].

The purpose of the presented study was to evaluate the

sensitivity and specificity of various diagnostic modalities rel-

ative to open bone biopsy and culture for the detection of long

bone PTOM in patients presenting to a single Level I trauma

center. Our initial hypothesis was that deep wound culture and

soft tissue histopathologic examination would demonstrate

statistically equivalent sensitivities for detection of long bone

PTOM as compared to open bone biopsy and culture.

Patients and methods

Following institutional review board (IRB) approval, we

conducted a retrospective analysis on a consecutive cohort of

adult patients presenting with long bone PTOM to a single

Level I traumacenter between January 1, 2003, andDecember

31, 2013. The diagnosis of osteomyelitis was made in accor-

dance with the most up-to-date criteria of the Center for

Disease Control and Prevention (CDC), given by the presence

of: (1) pathogenic growth ondirect bone cultures, (2) evidence

of osteomyelitis on direct examination of the bone during

invasive procedures or histopathologic examination, or (3) at

least two signs of infection (temperature[38 �C, localized
edema, erythema, tenderness, or draining sinus tract) in

addition to positive blood cultures, laboratory tests, or imag-

ing findings suggestive of infection. Additional inclusion

criteria were age of at least 18 years, infection localized to a

long bone (humerus, radius, ulna, femur, tibia, or fibula), and

diagnosis confirmedbyopenbonebiopsy and culture. Patients

were excluded given the presence of diabetic foot infection,

septic arthritis, or osteomyelitis of the hand/spine/pelvis.

In addition to outcome variables, demographic data

including age, gender, body mass index (BMI), medical

comorbidities, history of alcohol and substance abuse, type

of fracture, and location of fracture were retrieved for all

patients. Manual chart review of electronic medical records

was performed by four data abstractors.

Specimen collection

Levels of acute phase reactants including WBC, ESR, and

CRP were measured approximately 1–2 days prior to direct

bone sampling. Intraoperatively, the superficial wound site

was carefully cleaned with 0.05% chlorhexidine aqueous

solution to avoid contamination from overlying skin flora.

Specimens for deep wound culture were prepared using a

moistened swab to probe the deepest aspect of the wound,

taking care to avoid contact with overlying soft tissue. For

histopathologic examination, devitalized soft tissue immedi-

ately surrounding the site of infectionwas carefully resected to

be sent for frozen section andGramstain.Direct bone samples

were obtained under using an 11-gauge biopsy needle. All

specimens were transported to the clinical microbiology lab-

oratory in sterile containers. Specimens were processed per

routine laboratory protocol and set up for both aerobic and

anaerobic bacterial cultures. Aerobic media plates were

incubated at 35 �C and checked daily for growth for 5 days.

Anaerobic media plates were incubated at 35 �C in an

anaerobic environment and checked daily for growth begin-

ning on the second day for a total of 5 days. Isolates were

identified using standardized methods of biochemical testing.

Statistical analysis

All variables were evaluated for distribution of normality

using a combination of histograms, Q–Q plots, and the

Shapiro–Wilk tests. Descriptive statistics were summarized

as means and standard deviations for quantitative variables

and as counts and frequencies for categorical variables.

Levels of acute phase reactants (ESR, CRP, and WBC)

were dichotomized as ‘normal’ or ‘elevated’ for the pur-

pose of comparative analysis. The sensitivity of each

modality relative to open bone biopsy and culture as the

‘gold diagnostic standard’ was determined using McNe-

mar’s test. Statistical significance for all comparisons was

set at p\ 0.05 (two-tailed). All analyses were conducted

using IBM SPSS Statistics (version 23.0, IBM, Inc.).
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Results

Participants and descriptive data

The study cohort was comprised of 159 patients (102

males, 57 females) with a mean age of 46.0 years [standard

deviation (SD) 13.2 years], mean height of 172.3 cm (SD

10.6 cm), mean weight of 84.1 kg (SD 22.8 kg), and mean

BMI of 28.3 kg/m2 (SD 7.1 kg/m2). Twenty (14.4%)

patients had a prior diagnosis of chronic hepatitis (B or C),

15 (9.4%) of diabetes mellitus, and 2 (1.3%) of human

immunodeficiency virus (HIV). Ninety-seven (61.0%)

patients expressed a chronic history of smoking, 86

(54.1%) of drinking alcohol, and 47 (29.6%) of illicit

substance abuse. Fifteen patients (9.4%) were homeless at

the time of receiving medical care. Open fractures consti-

tuted the initial injury in 58 (36.5%) patients. The most

common site of infection was the tibia, implicated in 52.2%

of all cases of long bone PTOM (p\ 0.001). Additional

demographic and clinical characteristics of the study cohort

are summarized in Tables 1 and 2.

Frequency of causative pathogens identified on open

bone culture

The most common pathogen isolated from direct bone

samples in patients with long bone PTOM was staphylo-

cocci, occurring in 57% of all cases (p\ 0.001). Polymi-

crobial (mixed flora) and streptococcal species

demonstrated statistically equivalent prevalence rates and

together comprised 37% of all cases of long bone PTOM.

All other pathogens isolated on open bone culture had

significantly lower prevalence rates (p\ 0.001; Table 3).

Table 1 Patient demographics and baseline characteristics

(N = 159)

Patient variables Value

Age, mean (SD), years 46.0 (13.2)

Male gender, n (%) 102 (64.2)

Height, mean (SD), cm 172.3 (10.6)

Weight, mean (SD), kg 84.1 (22.8)

BMI, mean (SD), kg/m2 28.3 (7.1)

Chronic medical comorbidities, n (%)

Chronic hepatitis 23 (14.4)

Hep B 1 (0.6)

Hep C 22 (13.8)

Diabetes mellitus (type I or II) 15 (9.4)

Acquired immunodeficiency syndrome (AIDS) 2 (1.3)

History of substance abuse, n (%)

Alcohol 86 (54.1)

Tobacco 97 (61.0)

Marijuana 11 (6.9)

Cocaine 12 (7.5)

Heroin/opiates 24 (15.1)

No. of homeless, n (%) 15 (9.4)

Table 2 Fracture characteristics in patients with long bone PTOM

(N = 159)

Fracture characteristics Frequency

Fracture type, n (%)

Open 58 (36.5)

Closed 101 (63.5)

Site of long bone involvement, n (%)

Lower extremity 132 (83.0)

Tibia 83

Fibula 4

Femur 18

Tibia–fibula 22

Tibia–femur 2

Fibula–femur 0

Tibia–fibula–femur 3

Upper extremity 27 (17.0)

Humerus 16

Ulna 4

Radius 2

Ulna–radius 5

Ulna–humerus 0

Radius–humerus 0

Ulna–radius–humerus 0

Fracture localization, n (%)

Diaphysis 73 (45.9)

Metaphysis 66 (41.5)

Both 20 (12.6)

Table 3 Comparative frequency of causative pathogens of long bone

PTOM identified by intraoperative bone biopsy (N = 121)

Organism Total no. of casesa

Staphylococci 69 (57.0)

Polymicrobial (mixed flora) 23 (19.0)

Streptococci 14 (11.6)

Anaerobes 7 (5.8)

Gram-negative species 6 (5.0)

Fungi 5 (4.1)

Enterococci 3 (2.5)

Propionibacteria 3 (2.5)

Corynebacteria 3 (2.5)

Mycobacteria 2 (1.7)

Bacilli 1 (0.8)

a All values presented as count (frequency)

Eur J Orthop Surg Traumatol (2017) 27:871–875 873

123



Sensitivity of diagnostic modalities for evaluation

of long bone PTOM

Relative to open bone biopsy and culture as the gold diag-

nostic standard, soft tissue histopathology demonstrated a

sensitivity of 69.8% (95% confidence interval [CI],

53.7–82.3%) and specificity of 38.9% (95% CI 18.3–63.9%)

for the detection of long bone PTOM. By comparison, deep

wound culture demonstrated a lower sensitivity of 66.0%

(95% CI 56.1–74.8%) and specificity of 28.1% (95% CI

12.9–49.5%), a difference that was statistically significant

(p = 0.021). Among inflammatory markers, elevated levels

of CRP and ESR were equally sensitive for the detection of

PTOM compared to open bone biopsy and culture, while

WBC was significantly less sensitive (sensitivity 33.2%;

95% CI 25.3–43.7; p\ 0.001); however, specificity of the

former two modalities was limited to approximately 20%

(Table 4). Sensitivities and specificities of each diagnostic

modality relative to open bone biopsy and culture are pre-

sented in Table 4.

Discussion

The results of our study demonstrate that soft tissue

histopathology and deep wound culture serve as relatively

poor diagnostic substitutes compared to open bone biopsy

and culture for the detection of long bone PTOM. While

soft tissue histopathologic examination was slightly more

sensitive than deep wound culture in detecting long bone

PTOM, both methods suffered a relatively high rate of false

positives, rendering poor specificity. Similarly, measure-

ment of an elevated CRP level was more sensitive for

detection of osteomyelitis infection as compared to other

acute phase reactants; however, the specificity of this

measure was limited to 18.1%.

There are several potential reasons that may explain the

poor diagnostic capacity of these modalities. Swab samples

are generally considered more susceptible to contamination

than tissue or fluid specimens and may additionally inhibit

the growth of certain pathogens, leading to false negatives

[10]. Soft tissue histopathologic examination involves

exposure of causative pathogens to fixative agents that may

alter their classical staining characteristics; for example,

staphylococci may not form clusters and streptococci may

not form chains [10]. The presence of soft tissue ulcers,

cellulitis, or peripheral vascular disease may further yield

false positives on soft tissue histopathologic examination.

With regard to levels of acute phase reactants, several

studies have advocated for the establishment of new

diagnostic threshold values in patients with osteomyelitis.

Maharajan et al. [11] showed that a cutoff threshold of

0.4 ng/ml for serum procalcitonin was 85.2% sensitive and

87.3% specific for detection of acute osteomyelitis and

septic arthritis infections, compared to a sensitivity of

66.7% and specificity of 91% using the conventional cutoff

of 0.5 ng/ml. Michali et al. [12] reported sensitivities and

specificities for detection of diabetic foot osteomyelitis to

be 85 and 83% for CRP levels[14 mg/L, 84 and 75% for

ESR[ 67 mm/h, and 75 and 79% for WBC[ 14 9 109/

L. Although our study did not examine patients with foot

osteomyelitis, we observed drastically reduced sensitivities

and specificities of acute phase reactants for detection of

PTOM using traditional diagnostic threshold values. In

particular, an elevated WBC ([10 9 109/L) was present in

only 33.9% of all cases of long bone PTOM diagnosed by

open bone biopsy and culture. Consistent with our findings,

Unkila-Kallio et al. [13] observed that only 35% of chil-

dren with acute hematogenous osteomyelitis had leukocy-

tosis at the time of admission. A systematic review of 36

papers by Harris et al. [14] also concluded that WBC is

poorly correlated with the presence of osteomyelitis

infection.

Another potential reason for the discrepancies between

open bone biopsy and other diagnostic modalities may relate

to the differing growth requirements of various pathogens

implicated in osteomyelitis infection. Indeed, Khatri et al.

identified 31 of 53 (58.4%) pathogenic isolates on open

biopsy that failed to grow on wound cultures in patients with

PTOM. Eight of these isolates were diphtheroids [15].

Similarly, Lewis et al. [16] observed that 90% of anaerobic

infections were uniquely confined to bone. In our study, at

Table 4 Sensitivity and specificity of various diagnostic methods relative to intraoperative bone biopsy for detection of long bone PTOM

Total no. of cases (N) Sensitivitya Specificitya p value

Soft tissue histopathology 61 69.8 (53.7–82.3) 38.9 (18.3–63.9) c2 (1) = 0.042, p = 0.839

Deep wound culture 131 66.0 (56.1–74.8) 28.1 (12.9–49.5) c2 (1) = 5.352, p 5 0.021

ESR ([15 mm/h) 106 76.2 (65.4–84.5) 22.7 (8.7–45.8) c2 (1) = 0.108, p = 0.742

CRP ([10 mg/L) 104 81.7 (71.3–89.1) 18.1 (5.9–41.0) c2 (1) = 0.121, p = 0.728

WBC ([1010 cells/L) 140 33.9 (25.3–43.7) 71.0 (51.8–85.1) c2 (1) = 47.457, p < 0.001

Statistically significant, p\ 0.05 are shown in bold
a All sensitivities and specificities were calculated using findings of intraoperative bone biopsy and culture as the reference standard. Presented

as mean value (95% confidence interval)
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least 30% of all patients with long bone PTOM had positive

findings on open bone biopsy and culture but negative find-

ings on soft tissue histopathologic examination or deep

wound culture. The accurate identification of causative

pathogens underlying long bone PTOM is critical for

establishing a timely diagnosis and choice of antibiotic

treatment. To this end, future studies investigating the use of

higher-resolution diagnostic methods such as polymerase

chain reaction (PCR) or fluorescence in situ hybridization

(FISH) may be promising [8].

Strengths of the present study include its relatively large

sample size and surveillance of multiple diagnostic

modalities. However, we acknowledge some important

limitations. Firstly, the retrospective design of our study

inherently limits scientific objectivity of our reported

findings. Additionally, our Level I trauma center functions

as a ‘safety-net’ institution to a largely medically indigent

population. Therefore, patients in the presented study may

bear an increased incidence of medical comorbidities and

risk factors for PTOM compared to patients encountered at

other hospital centers. Finally, our study only included a

few patients with infection at multiple foci. In such

patients, accurate diagnosis may require the use of multiple

modalities in tandem. Nonetheless, we believe that the

results of our study are clinically meaningful and prompt

further investigation of alternate diagnostic methods for the

reliable detection of long bone PTOM.

Conclusion

Delayed diagnosis of long bone PTOM can be limb

threatening. Soft tissue histopathology and deep wound

culture demonstrate poor sensitivity for the detection of

long bone PTOM compared to open bone biopsy and cul-

ture as a reference standard. Elevated levels of CRP are

sensitive for detection of long bone PTOM but not specific.

Further studies investigating the use of higher-resolution

diagnostic methods are warranted.
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