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OBJECTIVE

Bone biopsy (BB) performed by a surgeon or an interventional radiologist is rec-
ommended for suspicion of osteomyelitis underlying diabetic foot ulcer (DFU). To
facilitate its practice, we developed a procedure allowing bedside blind bone
biopsy (B4) by a diabetologist.

RESEARCH DESIGN AND METHODS

We conducted a three-step observational study consisting of a feasibility and
safety phase (phase 1) to assess the success and side effects of B4, a validity
phase (phase 2) to compare DFU outcomes between positive (B4+) and negative
(B42) bone cultures, and a performance phase (phase 3) to compare B4 with the
conventional surgical or radiological procedure basic bone biopsy (B3). Primary
end points were the presence of bone tissue (phase 1) and complete DFU healing
with exclusive medical treatment at 12 months (phases 2 and 3).

RESULTS

In phase 1, 37 consecutive patients with clinical and/or radiological suspicion of
DFU osteomyelitis underwent B4. Bone tissue was collected in all patients with
few side effects. In phase 2, a B4+ bone culture was found in 40 of 79 (50.6%) par-
ticipants. Among B4+ patients, complete wound healing after treatment was
57.5%. No statistical difference was observed with patients with B42 bone cul-
ture not treated with antibiotics (71.8%, P 5 0.18). In phase 3, the proportion of
patients with positive BB was lower in B4 (40 of 79, 50.6%) than in B3 (34 of 44,
77.3%, P < 0.01). However, complete healing was similar (64.6% vs. 54.6%, P 5
0.28). No difference in rate of culture contamination was observed.

CONCLUSIONS

B4 is a simple, safe, and efficient procedure for the diagnosis of DFU osteomyeli-
tis with a similar proportion of healing to conventional BB.

During their lifetime, 15–25% of patients with diabetes will develop a diabetic foot
ulcer (DFU) related to neuropathy and/or peripheral arterial disease (1). At least
one-half of all DFUs are clinically infected when the patient presents to clinicians
(2,3). Osteomyelitis occurs in 40–80% of infected ulcers, which is a severe
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complication of DFU (4). Diabetic foot
osteomyelitis (DFO) leads to minor or
major limb amputations in almost 20%
of patients (4). It has been shown that
medical treatment of DFO may prevent
amputations with early diagnosis of
osteomyelitis and appropriate use of
antibiotics (5,6). Empirical antimicrobial
treatment is not recommended as it is
for other chronic infections (7). On the
other hand, as previously shown, both
swabs and needle aspirations cannot be
used as surrogate tools for bone infec-
tion identification (8,9). Moreover, bone
biopsy (BB) performed through the
wound (per-wound BB) might be a
potential alternative but gives results
that reach only 48.4% concordance with
those obtain from percutaneous BB per-
formed in healthy skin afar from the
wound (10). Per-wound BB is associated
with a higher risk of contamination of
the specimen. In agreement with gener-
ally accepted basic rules for medical
treatment of any other bone and joint
infection, antimicrobial treatment should
be based on bone culture results. As
suggested in previous studies, percutane-
ous BB is a safe procedure that can be
performed either by a surgeon or by an
interventional radiologist (6–9). Although
BB is not universally carried out because
of the lack of availability, it remains the
most accurate method to identify micro-
biological pathogens involved in DFO (9)
and is recommended as the microbio-
logic key diagnosis reference by the
International Working Group of Diabetic
Foot (IWGDF) (7). Some DFO infections
need an isolated or associated surgical
treatment. Nevertheless, BB is a diag-
nostic procedure that is not always
available, making it underused in most
diabetic foot centers. Indeed, a study
reported that only 20% of clinicians
use BB in cases of suspected DFO (11)
and consequently use an empirical or
delayed tailored antibiotic strategy in
most. In 2015, to overcome this diffi-
culty, our clinical unit set up a bedside
blind bone biopsy (B4) performed by the
diabetologist (medical specialist) in our
diabetes unit in cases of suspected DFO.
Here, we report the feasibility and reli-
ability of B4 with respect to the quality
of bone samples, its side effects, and the
healing rate in patients who underwent
this procedure.

RESEARCH DESIGN AND METHODS

Study Design
The study consisted of three phases
(Fig. 1).

Phase 1 (Feasibility and Safety Phase)

This first single-center, prospective, obser-
vational evaluation was conducted from
December 2015 to September 2017 to
assess the feasibility and safety of B4 by
a diabetologist (Department of Diabetes
and Endocrinology, Lariboisi�ere Hospital)
in cases of suspected DFO. Diabetologists
were trained by colleagues from the
Department of Radiology.

Phase 2 (Validity Phase)

In phase 2, we increased the number of
subjects by extending the inclusion
period (from December 2015 to Septem-
ber 2018), and we prospectively com-
pared the wound healing rate between
patients with B4 positive bone culture
(B41) treated by antibiotics and those
with B4 negative bone culture (B4�) not
treated by antibiotics during a 12-month
follow-up.

Phase 3 (Performance Phase)

The performance of B4 carried out in
Lariboisi�ere Hospital from December
2015 to September 2018 was retrospec-
tively compared with the conventional
surgical or radiological procedure, namely
basic bone biopsy (B3), performed in
another diabetes unit (Department of
Diabetes, Bichat Hospital) from Septem-
ber 2013 to September 2018 (Figs. 1 and
2). The therapeutic strategy was similar in
both groups (B3 and B4) and driven by
the results of bone culture. Each patient’s
therapeutic strategy followed interna-
tional guidelines (7,12,13). At least a 12-
month follow-up after the date of the BB

was mandatory to include the patients in
this evaluation phase. When bone culture
was positive (B31 or B41), a tailored
antimicrobial treatment was introduced
for at least 6 weeks according to current
recommendations (7,14). When bone cul-
ture was negative or contaminated (B3�
or B4�), no antimicrobial treatment was
prescribed.

Study Patients
Eligibility requirements at screening con-
sisted of consecutive inpatients with dia-
betes aged >18 years admitted for foot
ulcer and suspected osteomyelitis on clin-
ical and/or X-ray examination based on
the presence of at least two of the fol-
lowing criteria: chronic evolution of the
ulcer (over a 4-week period), ulcer area
>2 cm2, positive probe-to-bone test, or
abnormal findings consistent with bone
involvement on plain X-ray. In case of
prior antimicrobial treatment (acute skin
and soft tissue infection or any other situ-
ation), BB was performed at least 2
weeks after the end of the antibiotic
treatment (15,16). Decision for BB was
made during a multidisciplinary concil-
iation meeting.

At inclusion, age, sex, duration of dia-
betes, HbA1c level, diabetes-related com-
plications, and serum C-reactive protein
values were collected. DFU was classified
using IWGDF criteria at the time of indi-
cation of BB (10,14). Severe peripheral
arterial disease was defined as a stenosis
of at least 70% on a proximal artery or
presence of only one functional distal
artery of the leg. Very severe peripheral
arterial disease was defined as both
severe proximal and distal arteriopathy.
Neuropathy was assessed by the pres-
ence of paresthesia or cramps or loss of

Figure 1—Design of the study.
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protective sensation with the 10g Sem-
mes-Weinstein monofilament test.

In the B4 validity phase 2 and perfor-
mance phase 3, only patients eligible for
an exclusive medical treatment (includ-
ing offloading; wound care, particularly
mechanical debridement; dressing; and
antimicrobial treatment in cases of posi-
tive microbiological culture) and in whom
follow-up was available for at least 12
months after BB were included. Exclusion
criteria were requirement for surgical
treatment at inclusion (debridement or
amputation), death unrelated to DFU,
antimicrobial treatment prescribed within
2 weeks prior to BB, and/or incomplete
follow-up. All subjects gave free and writ-
ten informed consent to the use of their
records for research purposes according
to French legislation.

BB Procedures

B4

The whole procedure was performed in
the diabetes unit in the patient’s room
under aseptic conditions. Pain relievers
(step 1 ± 3) and anxiolytics were given
orally within the hour preceding the pro-
cedure. X-ray with two or three pasted
metallic markers, if necessary, within the
last 15 days was required to fix the nee-
dle route of the biopsy for directly

accessing the suspected osteomyelitic
area. Superficial anesthesia was per-
formed first subcutaneously and then on
the periosteum (lidocaine 10 mg/mL;
Aguettant, Lyon, France). Inhaled anesthe-
sia with a mixture of equal parts of
nitrous oxide and oxygen was started
concomitantly (7–10 L/min). Following a
short incision with a scalpel, the trocar
inside a canula (Madison Bone Biopsy
Mini Kit KDP 13/6; Merit Medical, South
Jordan, UT) was inserted through healthy
skin at a minimum distance of 2 cm from
the ulcer edge if possible, close to the
bone, preferentially on the dorsal foot
side. When the trocar was firmly inserted
into the bone, it was pulled out through
the canula. The biopsy needle was then
slipped into the canula and twisted into
the bone clockwise. The biopsy needle
was then pulled out, and the bone tissue
was pushed out with the ejector pin into
a sterile surgical drape and divided into
two parts. The canula was extracted, and
the procedure was repeated two times at
two other sites (17,18). All three samples
obtained were divided in two pieces: one
for the microbiological department (in a
dry environment within 3 h) and one for
the histology laboratory (with formol).
The size of each sample sent for mic-

robiological and histological examination
was close to 2–3 mm.

B3

B3 was performed in patients admitted
for DFU at Bichat Hospital either by an
interventional radiologist from Bichat
Hospital or by an external surgeon work-
ing in another hospital. As for B4, B3 was
done through healthy skin. Surgical B3
was performed in an operating theater
under locoregional anesthesia. Biopsy
was done with a trocar (Intraosseous
Infusion Needle 16/3; Cook Medical,
Bloomington, IN), if possible, at 2 cm
from the edge of the ulcer. Samples were
sent to the microbiological department of
Bichat Hospital in a dry environment.
When B3 was carried out by a radiologist,
the needle route was CT or X-ray guided
in the radiological suite. The biopsy was
done with the trocar (Madison Bone
Biopsy Mini Kit KDP 13/6). Histopathologi-
cal examination was not performed for
the B3 bone samples. Size of the samples
obtained was from 2 mm to 1 cm.

Microbiological and Histological
Procedures
Gram staining was performed on all bone
biopsy samples (B4 and B3). Histological
analysis was performed on dedicated
specimens by evaluation of polymorpho-
nuclear leukocyte count in high-power
fields of frozen tissue sections (B4).

For samples from Lariboisi�ere Hospi-
tal, tissues were placed in sterile Nal-
gene vials containing 10 mL of sterile
water and 5 mL of sterile glass beads
(1.5-mm diameter) and crushed by a
Retsch MM301 Mixer Mill for 3.5 min at
30 Hz, as previously described (19,20).
Crushed tissues and fluids were cultured
at 35�C on blood agar plates (aerobi-
cally and anaerobically), on PolyViteX
chocolate agar plates (under 5% CO2),
and in Rosenow broth for a 7-day incu-
bation. After 1 week, Rosenow broth
was systematically replated on a new
set of agar plates and incubated in the
same conditions for 7 more days.

For samples from Bichat Hospital, tis-
sues were processed as follows. After
grinding (ULTRA-TURRAX Tube Drive;
IKA), each sample was plated onto stan-
dard agars for culture of aerobes and
anaerobes and into Schaedler broth for
15 days.

A contamination was defined as the
presence of one bacterium belonging to

Figure 2—Phase 2/3 diagram of the study. DM, diabetes mellitus; EMT, exclusive medical
treatment.
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the skin flora (e.g., coagulase-negative
staphylococci, Corynebacterium species,
or Cutibacterium acnes) in one biopsy
over all samples per patient and/or asso-
ciated with the decision of a multidisci-
plinary team not to take into account this
bacterium in the antimicrobial treatment.

Outcomes

Phase 1 (Feasibility and Safety Phase)

The primary end point was defined by
the presence of bone tissue at histological
examination. Secondary end points were
adverse events occurring within the fol-
lowing 72 h either locally (provoked
ulcer/inflammation/necrosis, bleeding) or
generally (fever, pain, positive systematic
blood culture every hour in the following
3 h or in case of fever). Pain was assessed
by a heteroevaluation scale during B4
(Algoplus scale [21]) and by pain reliever
consumption in the following 24 h. Major
bleeding was defined as life-threatening
and/or a two-point reduction in hemoglo-
bin rate (in g/dL), the need for a trans-
fusion, or compression failure. Minor
bleeding was defined as requiring no
more than a 3-min compression to stop
the bleed.

Phase 2 (Validity Phase)

The primary end point was the rate of
patients with complete wound healing
with exclusive medical treatment and
no evidence of recurrence at 12 months
with a 6-week tailored antimicrobial
treatment in cases of proven osteomye-
litis (B41) or no antimicrobial treat-
ment in cases of negative cultures
(B4�). The choice of antibiotic therapy
was left to the clinicians based on
microbiology results. Complete wound
healing was defined as complete skin
epithelialization during the follow-up
period with no DFU relapse. Failures
were defined as lack of healing, require-
ment of surgical treatment (debride-
ment, amputation), DFU relapse, and
death related to DFU.

Phase 3 (Performance Phase)

In this comparative procedure evaluation,
the primary end point was the same as
in phase 2. The secondary end points
were the comparison of microbiological
results and the contamination rates per
sample and per patient between the B3
and B4 groups.

Statistics
Comparisons between groups were per-
formed using Fisher exact test for cate-
gorical variables and the Mann-Whitney
test for continuous variables. Analyses
were performed using R 3.1.3 statistical
software, and P < 0.05 was considered
statistically significant. Results are given
as means and SDs unless otherwise
stated.

RESULTS

Phase 1 (Feasibility and Safety Phase)
From December 2015 to September
2017, 37 of 291 (12.7%) consecutive inpa-
tients with DFU were considered as dis-
playing osteomyelitis and were included
in the study. Baseline patient characteris-
tics are presented in Table 1. DFU local-
izations were metatarsal 65%, proximal
phalanges 16%, distal phalanges 11%, cal-
caneus 8%, and tarsus 0%. Eighty-seven
samples were collected, with a mean of
2.4 samples per patient. Mean duration
of the B4 procedure was 60 ± 8 min from
first surgical drape settlement to biopsy
needle extraction and drape withdrawal.
The diabetologist needed to be assisted
by two operating aides in most cases.
Regarding the primary outcome, histologi-
cal examination confirmed bone tissue in
all samples (100% positivity rate). No
local complication (bleeding, provoked
ulcer, inflammation, and necrosis) was
recorded. Only 3 (7%) patients com-
plained of immediate pain, and 18 (50%)
complained within 24 h (maximum step 2
pain relief). Fever was present in 21% of
patients. Bacteremia was observed in
three (8.1%) patients: Staphylococcus
aureus was found for one patient (B4:
Citrobacter koseri, Serratia marces-
cens, Enterococcus faecalis), S. aureus
for the second patient (B4: S. aureus,
Finegoldia magna), and Fusobacte-
rium nucleatum for the third patient
(B4: Pseudomonas aeruginosa, Proteus
mirabilis). Thus, in one patient, S.
aureus was the same in blood and
bone cultures. For the two others, the
germs found in blood culture were
different from those found in bone
culture but were taken into account
to tailor antibiotic therapy.

Phase 2 (Validity Phase)
Ninety-three patients were included in
the phase 2 evaluation. Fourteen (15%)
were excluded: 11 were lost to follow-up,

2 died of causes unrelated to DFU, and 1
experienced procedure failure (no bone
tissue sample) (Fig. 2). Seventy-nine
(84.9%) patients were finally evaluated.
Histological analyses confirmed the pres-
ence of bone tissue for each sample.
B41 cultures were found in 50.6% partic-
ipants (40 of 79). Patients’ characteristics
were similar in B41 and B4� except for
age and C-reactive protein level, which
were both significantly higher in B41 ver-
sus B4� (Table 1). Sixty-seven percent
(52 of 79) of patients received antibiotics
during the previous 3 months. Regarding
the primary outcome, the healing rate
with exclusive medical treatment at 12
months was similar between groups,
occurring in 23 (57.5%) and 28 (71.8%) of
B41 and B4� patients, respectively (P 5
0.18) (Table 1). B4� and healing rate
were similar in patients who had previous
antibiotics and those with no antibiotics
(P 5 0.15 and P 5 1, respectively). No
statistical difference was observed in B4�
and healing rate according to the severity
of arteriopathy (P 5 0.5 and P 5 0.25,
respectively). In the B41 group, 17
(42.5%) patients had no complete wound
healing with exclusive medical treatment.
Among them, eight underwent surgical
treatment (with complete healing for
four), one had DFU relapse (but finally
healed during the follow-up period), five
died as a result of DFU, and three needed
a second biopsy (no healing progression
during the 12-month follow-up). The
causes of death of the five patients were
as follows: severe sepsis in the context of
advanced cancer need for palliative care
in one, geriatric cachexia with limitations
of care (advanced age, severe diabetic
complications) in two, sudden death at
home with suspected iatrogenic origin in
one, and sepsis-induced cardiogenic
shock in one with coronary heart disease
and severe kidney failure. In the B4�
group, 11 patients did not heal with
exclusive medical treatment as follows: 4
had surgical treatment (with complete
healing for 3), 4 had DFU relapse (3
finally healed), and 3 needed a second
biopsy (no healing after the 12-month fol-
low-up).

Phase 3 (Performance Phase)

Population Screening

A total of 1,112 consecutive patients with
DFU were admitted to Bichat Hospital or
Lariboisi�ere Hospital (Fig. 2). Among
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them, 143 (12.8%) had a suspected DFO
requiring BB: 79 B4 and 44 B3 patients
were evaluated. Histological analyses con-
firmed bone tissue in each B4 sample.
Among the 44 B3 patients, BB was surgi-
cally performed in 32 (72.7%) and radio-
logically in 12 (27.3%). Baseline char-
acteristics of patients were similar
between the two groups except for esti-
mated glomerular filtration rate, which
was significantly lower in the B3 group
(Table 1).

Microbiology Bacterial Strains

Microbiological results were discussed in
multidisciplinary conciliation meetings.
The number of patients diagnosed with
osteomyelitis based on positive biopsies
was significantly higher in the B3 group
(77.3% vs. 50.6%), whereas the number
of bone samples per patient was signifi-
cantly higher in the B4 group (1.3 vs.

2.8) (Table 2). Overall, 162 different
pathogens were obtained (90 and 72 in
the B4 and B3 groups, respectively). The
main pathogen was S. aureus in both
groups (21.1% vs. 20.8% in the B4 and
B3 groups, respectively, P 5 0.97), with
methicillin resistance observed in three
patients in the B4 group and two in the
B3 group. All bacterial stains are reported
in Table 2. The proportion of polymicro-
bial osteomyelitis was similar between
the two groups as well as the mean num-
ber of pathogens for polymicrobial osteo-
myelitis. Therapeutic strategy was often
started as the first pathogen was identi-
fied in BB (�3 days).

Outcomes

The rate of patients with complete
wound healing with exclusive medical
treatment and no relapse at 12 months
was similar between the B4 and B3

groups (Table 1). No statistical differ-
ence was found between B3� and B31
healing rate (30% and 61%, respectively,
P 5 0.14). In addition, the healing rate
was not statistically different between
the B41 and B31 groups (58% vs. 61%,
respectively, P 5 0.81). The contamina-
tion rate was similar in both groups (30
of 220 samples [13.6%] vs. 6 of 59 sam-
ples [10.2%] in B4 and B3, respectively,
P 5 0.59). Time duration between BB
and complete wound healing was simi-
lar in both groups (Table 1).

CONCLUSIONS

In this observational study assessing the
reliability, safety, and accuracy of a bedside
BB for diagnosis of DFO, we showed that
this easily accessible procedure was safe
and allowed microbiological identification
in most cases with a similar performance

Table 1—Patient characteristics

Phase 1 Phase 2 Phase 3

Characteristic B4 (n 5 37) B41 (n 5 40) B4� (n 5 39) B4 (n 5 79) B3 (n 5 44) P* P**

Male/female sex, n 28/9 33/7 26/13 59/20 32/12 0.10 0.81

Male sex, % 75.7 82.5 66.7 74.7 72.7

Age (years) 71 ± 14 75 ± 13 68 ± 12 71 ± 13 68 ± 11 0.003 0.78

Type 2 diabetes 35 (94.6) 31 (77.5) 36 (92.3) 67 (84.8) 42 (95.5) 0.07 0.07

Duration of diabetes (years) 19 ± 10 20 ± 11 21 ± 9 20 ± 10 22 ± 10 0.90 0.73

HbA1c (%) 0.34 0.52

% 7.6 ± 1.8 7.7 ± 1.7 7.9 ± 2.4 8 ± 2.1 7.7 ± 2.1
mmol/mol 60 ± 11.1 61 ± 10.5 63 ± 14.9 64 ± 13 61 ± 13

Insulin 32 (86.5) 29 (72.5) 31 (79.5) 60 (75.9) 29 (65.9) 0.47 0.23

History of DFU 18 (48.7) 24 (60.0) 18 (46.2) 42 (53.2) 23 (52.3) 0.22 0.92

History of amputation 12 (32.4) 16 (40.0) 11 (28.2) 27 (34.2) 18 (40.9) 0.27 0.46

eGFR (mL/min/1.73 m2) 66 ± 31 66 ± 29 70 ± 29 70 ± 29 55 ± 30 0.20 0.03

Proteinuria (g/L) 0.16 ± 0.70 0.1 ± 0.5 0.19 ± 0.9 0.13 ± 0.7 0.21 ± 0.7 0.13 0.10

Retinopathy 26 (70.3) 22 (55.0) 27 (69.2) 49 (62.0) 34 (77.3) 0.19 0.08

Neuropathy 30 (81.1) 36 (90.0) 33 (84.6) 69 (87.3) 35 (79.5) 0.47 0.25

Arteriopathy

Severe 11 (29.7) 10 (25.0) 12 (30.8) 22 (27.8) 10 (22.7) 0.57 0.53
Very severe 7 (18.9) 11 (27.5) 5 (12.8) 16 (20.3) 6 (13.6) 0.10 0.36

Coronaropathy 8 (21.6) 7 (17.5) 10 (25.6) 17 (21.5) 10 (22.7) 0.38 0.88

Albuminemia (g/L) 33 ± 5.3 31 ± 5.9 31 ± 5.3 31 ± 5.6 33 ± 4.8 0.34 0.23

IWGDF grade 4 14 (37.8) 8 (20.0) 7 (17.9) 15 (19.0) 4 (9.1) 0.82 0.15

CRP (mg/L) 27 ± 73 33 ± 67 5 ± 29 16 ± 55 13 ± 43 0.001 0.64

Total healing rate§ 29 (72.5) 33 (84.6) 62 (78.5) 37 (84.1) 0.19 0.55

Healing EMT 23 (57.5) 28 (71.8) 51 (64.6) 24 (54.6) 0.18 0.28

Healing EMT delay/B4 (days) 124 ± 94 103 ± 111 105 ± 103 105 ± 131 0.60 0.77

Data are n (%) or mean ± SD unless otherwise indicated. CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; EMT, exclusive
medical treatment. *Phase 2 B41 vs. B4�. **Phase 3 B4 vs. B3. §Including surgical intervention, recurrences, and second biopsy.
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in terms of healing compared with the
surgical or radiological standard BB proce-
dure. The diagnosis of osteomyelitis in
cases of DFU is a difficult challenge of
major therapeutic interest. Although BB is
well recognized as the gold standard for
the diagnosis, it is often impractical
because the procedure requires some
time, experience, and expense. Thus,
there is a clear need in clinical practice
for a safe, reliable, and simple method to
determine the causative pathogen as rec-
ommended in DFO. Here, we investigated
whether B4 performed by a diabetologist
would be a helpful alternative.
Our findings show that B4 is a fea-

sible, safe, informative, and highly
successful procedure. A few patients
experienced pain, but in no case did
we observe secondary infection, necro-
sis, or hemorrhage.
To evaluate its validity, we assessed

the DFU-associated outcomes according
to the presence (B41) versus lack (B4�)
of proven osteomyelitis from micro-

biological culture. In most cases, DFU
had a favorable outcome whatever the
result of B4. Indeed, the healing rate in
B4� (no antibiotics) was similar to that
of B41 (tailored antibiotics). Thus, this
procedure allows a rapid tailored antibi-
otic treatment and avoidance of the
unnecessary use of antibiotics in cases
of negative bone culture. We found that
serum C-reactive protein level was
higher in cases of positive bone culture,
which has not yet been described (4,15).
Whether serum C-reactive protein level
may be used as a predictor of osteo-
myelitis remains to be confirmed.

Ducloux et al. (22) retrospectively
evaluated percutaneous BB also per-
formed by a diabetologist at bedside.
They found in 50 patients with positive
bone culture a 66% healing rate within
20 ± 11.9 weeks during a mean follow-
up of 9.9 ± 10.2 months after healing.
Coupling bedside BB with hybrid 67Ga
single-photon emission CT/CT scanning
to optimize the needle route, Aslangul

et al. (23) reported a 50% positive bone
culture among 15 of 24 patients
(62.5%) who experienced a complete
healing with no relapse during 1-year
follow-up. Thus, the results of our B4
procedure are in line with previous
studies assessing a similar procedure.

Our standard BB procedure (B3 used
in phase 3) performed either by an
orthopedic surgeon or by a radiologist
allowed the diagnosis of osteomyelitis
in more than three-quarters of subjects,
which is quite similar to what has been
previously published (8–10,14,24–28).
Of note, contaminated cultures were
low probably because biopsies were
performed through intact skin, while
some studies evaluated biopsies per-
formed through the wound (10,28,29). S.
aureus was the most prevalent pathogen,
accounting for 30% of osteomyelitis,
which is consistent with what has been
previously published (8–10,14,24–27) and
reported in a recent meta-analysis (30).

To our knowledge, our study is the
first to compare bedside with standard
BB procedures in a large cohort of
patients. Although the proportion of
negative bone cultures was higher with
the bedside procedure, a complete
healing rate with no antibiotics was
observed in more patients (although
nonsignificantly) compared with the
standard procedure. However, we can-
not exclude technical failures owing to
the blind method of the procedure or
the quality of samples. In addition, no
patients received antibiotics during the
2 weeks prior to the procedure. The
contamination rate was similar in both
procedures, while the number of sam-
ples per patient was twofold higher in
the bedside procedure. Pathogens caus-
ing osteomyelitis were similar in both
procedures except for anaerobes, which
were more prevalent in the bedside
procedure. This may be explained by a
longer delivery time and, consequently,
a longer oxygen exposure time for sam-
ples from the standard procedure.

Our study has some limitations. First,
it was not a randomized study. Second,
B3 and B4 were performed in two dif-
ferent diabetes wards with potential dif-
ferences in care, which led to obvious
limitations in comparing BB types (cen-
ter effect bias). However, the two units
are part of the same hospital group and
are unified in a diabetes federation,
sharing similar therapeutic protocols for

Table 2—Microbiological data of bones cultures for phase 3 patients

B4 (n 5 79) B3 (n 5 44) P

Samples by patients (mean) 2.8 ± 0.8 1.3 ± 0.7 <0.01

Osteomyelitis with pathogen found 40 (50.6) 34 (77.3) <0.01

Isolates by pathogen 90 (100.0) 72 (100.0) 1

Gram-positive findings 49 (54.4) 43 (59.7) 0.50

Staphylococci 24 (26.7) 23 (31.9) 0.46
S. aureus 19 (21.1) 15 (20.8) 0.97
MRSA (% among species) 3 (15.8) 2 (13.3)
Coagulase-negative staphylococci 5 (5.6) 8 (11.1) 0.20

Enterococci 8 (8.9) 7 (9.7) 0.86
Streptococci 13 (14.4) 10 (13.9) 0.92
Streptococcus pyogenes 1 (1.1) 0 (0) 0.37
Streptococcus agalactiae 3 (3.3) 2 (2.8) 0.84
Streptococcus dysgalactiae 3 (3.3) 3 (4.2) 0.78
Other streptococci 6 (6.7) 5 (6.9) 0.94

Other gram-positive cocci 0 (0) 1 (1.4) 0.26
Corynebacteria 4 (4.4) 2 (2.8) 0.58

Gram-negative findings 30 (33.3) 27 (37.5) 0.58

Escherichia coli 3 (3.3) 3 (4.2) 0.78
Klebsiella spp 0 (0) 4 (5.6) 0.02
Proteus spp 6 (6.7) 2 (2.8) 0.26
Enterobacter spp 3 (3.3) 4 (5.6) 0.49
Other Enterobacteriaecae 10 (11.1) 3 (4.2) 0.11
Pseudomonas aeruginosa 8 (8.9) 7 (9.7) 0.86
Other 0 (0) 4 (5.6) 0.02

Anaerobes 11 (12.2) 2 (2.8) 0.03

Bacteroides spp 3 (3.3) 2 (2.8) 0.84
Other 8 (8.9) 0 (0) <0.01

Polymicrobial osteomyelitis 27 (67.5) 21 (61.8) 0.61

Pathogens per episode 2.3 ± 1.3 2.1 ± 1.2 0.62

Data are n (%) or mean ± SD. EMT, exclusive medical treatment; MRSA, methicillin-resistant
S. aureus; spp, species.
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diabetic foot care. Note that the out-
comes were based on a complete
wound healing and no bone X-ray nor-
malization. Thus, no clear recommenda-
tion regarding the use of B4 instead of
B3 can be drawn from our results since
it was not the purpose of our study.
However, our study clearly demon-
strates the safety of such a procedure
with a very low rate of adverse effects.

In conclusion, our results suggest that
B4 could be a simple-to-perform, safe,
and valid diagnostic tool with a similar
healing rate with respect to more
sophisticated and expensive procedures.
Further studies, especially randomized
clinical studies, are warranted to recom-
mend and integrate it in the daily clini-
cal practice of diabetes centers to
improve decision making on appropriate
therapeutics for osteomyelitis and, con-
sequently, to reduce disabilities linked
to amputation.
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