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Abstract

Purpose Detection of osteomyelitis beneath a diabetic foot
ulcer is imperative for proper management; however, accu-
rate and noninvasive diagnosis of osteomyelitis remains a
challenge. Ubiquicidin 29-41 (UBI 29-41) is a synthetic
antimicrobial peptide fragment reported to be highly
infection-specific. **™Tc-UBI 29-41 has recently been
reported to be a promising radiotracer for infection imaging.
The aim of this prospective study was to evaluate the utility
of %™Tc-UBI 29-41 scintigraphy in diabetic patients with
suspected osteomyelitis of the foot.
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Methods Included in the study were 65 patients with type 2
diabetes mellitus and foot ulcer and with clinical suspicion
of osteomyelitis . Each patient had a three-phase bone scan
and a **™Tc-UBI scan at 30 and 60 min after injection. The
scan was considered to be consistent with osteomyelitis
when the *™Tc-UBI 29-41 uptake was concordant with
the **™Tc-MDP uptake. It was considered negative for os-
teomyelitis if there was no uptake of *™Tc-UBI 29-41 or if
99mTe-UBI 29-41 accumulated in an area not concordant
with the abnormal uptake of **™Tc-MDP on the bone scan.
In the latter case a diagnosis of soft-tissue infection was
made. Bone infection was confirmed by bone biopsy/culture
and by clinical and radiological follow-up.

Results Final analysis was done in 55 patients. Osteomye-
litis was confirmed in 37 patients, and 18 patients were free
of bone infection. **™Tc-UBI 29-41 was positive in all 37
patients and with the bone scan as the reference for the bone
identified all osteomyelitic foci (68 in total). **™Tc-UBI 29-
41 was negative for osteomyelitis in all 18 patients, and 17
of these patients were diagnosed with soft-tissue infection
(**™Tc-UBI 29-41 accumulation without concordant abnor-
mal uptake on bone scintigraphy). The sensitivity, specific-
ity and accuracy of **™Tc-UBI 29-41 scan in combination
with three-phase bone scan for the diagnosis of osteomyeli-
tis in diabetic foot was 100 %. Accuracy for soft-tissue
infection was also 100 %. Maximum accumulation of the
99mTc-UBI 29-41 with maximum target to background ac-
tivity was observed in the infectious foci at 30 min after
injection.

Conclusion Tc-UBI 29-41 may be a useful agent for the
accurate diagnosis of bone infection in diabetic foot
because of the high accuracy demonstrated in this pilot
study. It was able to differentiate between bone and
soft-tissue involvement effectively in combination with
a bone scan.
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Introduction

Diabetes mellitus along with its complications has become a
major health problem of the 21st century [1], Osteomyelitis
is present in 20 % of diabetic patients with foot infection and
greatly increases the probability of amputation of a lower
extremity [2, 3]. The decision regarding the surgery or
antibiotic treatment and duration of treatment depends on
defining the actual site (i.e. bone or soft tissue) and extent of
the infection [3, 4].

Establishing the diagnosis of diabetic pedal osteomyelitis
in the setting of adjacent soft-tissue infection or neuropathic
bony disorders is difficult using noninvasive imaging tech-
niques. Amongst all the imaging modalities, scintigraphy
has always been in forefront in the diagnosis of diabetic
pedal osteomyelitis. Various agents and techniques includ-
ing three-phase bone scan, labelled leucocytes, labelled
antigranulocyte antibodies, monoclonal antibody fragments
and **™Tc-ciprofloxacin have been evaluated with varying
results. None of these radiopharmaceuticals can accurately
differentiate sterile inflammation from infection [5—10]. The
role of "®F-FDG PET and PET/CT in the diagnosis of bone
infection in diabetic foot is also controversial and is not yet
defined [11, 12]. Hence, finding an ideal radiopharmaceuti-
cal and technique for the accurate, safe and rapid diagnosis
of bone infection in diabetic foot remains a major quest in
nuclear medicine.

Antimicrobial peptides are small proteins of low molec-
ular weight with fewer than 100 amino acids and with a
broad spectrum antimicrobial activity against bacteria,
viruses, and fungi [13]. Ubiquicidin 29-41 (UBI 29-41) is
an antimicrobial peptide fragment present in various animals
including humans. The basic mechanism of its antimicrobial
activity involves the interaction between the cationic
domains of the peptide and the negatively charged surface
of bacteria [14]. It has been synthesized and labelled with
99mTe. Extensive evaluation of **™Tc-UBI in vitro and in
vivo has provided evidence that there is a specific mecha-
nism for the bacterial intracellular accumulation [15]. No
adverse effects or toxicity have been observed in animals or
humans [16-18]. *™Tc-UBI 29-41 rapidly clears from the
blood with a mean residence time of 0.52 h and approxi-
mately 85 % of the injected dose has been eliminated via the
kidneys by 24 h of injection. There is minimal excretion of
the tracer via the liver [18, 19]. The mean radiation absorbed
dose to the kidneys as calculated by Meléndez-Alafort et al.
is 0.13 mGy/MBq and the effective dose is 4.34x 10> mSv/
MBq [18]. Several studies have demonstrated that *°™Tc-
UBI 29-41 is a highly sensitive and specific radiotracer for
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infection scintigraphy as it binds to viable bacteria and does
not accumulate in sterile inflammation, cancer or dead bac-
teria [19-22].

The present study was designed to evaluate the diagnos-
tic accuracy of **™Tc-UBI 29-41 for the detection of diabet-
ic foot osteomyelitis.

Materials and methods
Patients

The study was approved by the Ethics Committee of our
institution. Included in the study were 65 patients with type
2 diabetes. The patients’ characteristics are shown in Table 1.
All the patients had suspicion of pedal osteomyelitis due to
the presence of single or multiple foot lesions (ulcers, non-
healing wounds, cellulitis), with or without fever greater
than 100 °F (38 °C) or had elevated peripheral leucocyte
count or elevated erythrocyte sedimentation rate. The
patients were not receiving antibiotic treatment or had dis-
continued antibiotic treatment at least 1 week previously.
Patients with acute limb-threatening infection or systemic
infection and pregnant/lactating women were excluded from
the study. Patients with a negative three-phase bone scan
were also excluded. Written informed consent was obtained
from each patient.

Study protocol

Each patient underwent a three-phase bone scan and a
99MTc.UBI 29-41 scan. The three-phase bone scan was
carried out to confirm an active bone lesion. The time
between the two scans was on average 2 days. The final
diagnosis of osteomyelitis was made on the basis of bone
biopsy/bone culture. Surgical specimens for histopathology
and culture were obtained from the patients who underwent
surgery. Those patients in whom bone biopsy/culture could
not be done were followed-up clinically for 3—12 months. If
the wound healed and signs and symptoms responded to
topical antibiotic treatment and a brief course of oral antibi-
otic (maximum 2-3 weeks) and/or showed no radiographic
changes, the patient was considered not to have osteomye-
litis. Pus from the wounds was also cultured.

Table 1 Characteristics of the study population

Characteristic Value

Age (years, mean+SD) 53.42+8.84
Men:women 44:11
Duration of diabetes (years, mean+SD) 11.85+6.18
HbAlc (%, mean+SD) 9.20+£1.92
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99mTe-MDP three-phase bone scan

After administration of 740 MBq of **™Tc-MDP intrave-
nously, dynamic images of both feet were acquired for 1 min
(1 s per frame) followed by immediate blood pool images
for 500 kcounts, followed by static images of the affected
area 3 to 4 h after injection.

99mTe UBI 29-41 scan

Kit preparation The Pakistan Institute of Nuclear Science
and Technology supplied UBI 29-41 in a freeze-dried kit
form. The kit consisted of 400 pug of UBI dissolved in 10 pl
of 0.01 mol/l acetic acid, 10 mg of sodium pyrophosphate,
and 2.5 mg of SnCl,-2H,0. Each vial was reconstituted with
0.5 ml of saline containing 400-500 MBq (mean+SD, 476+
11.8 MBq) of sodium pertechnetate. The reconstituted vial
was shaken for 15 s and incubated at room temperature for
30 min, after which 1 ml of normal saline was added. The
pH of the solution was in the desired range of 6—7.

Quality control Chromatography with ITLC-SG and
Whatman no.3 was performed to check the radiochemical
purity of each vial. Acetone and 85 % ethanol were used as
solvents.

99mTe-UBI 29-41 acquisition protocol **™Tc-UBI 29-41
images were acquired on a dual head gamma camera (GE
Infinia) equipped with a pair of high-resolution low-energy
collimators. Data were processed on a Xeleris workstation.
After injection of 370-400 MBq of **™Tc-UBI 29-41, dy-
namic AP images of the feet were acquired for 10 s per
frame for 60 s followed by 500-kcount spot views of the feet
(AP, lateral and plantar) at 30 and 60 min.

Image interpretation

All scintigraphic images were interpreted by two experi-
enced nuclear physicians. The bone scan was considered
positive for active bone lesion if pathological uptake was
observed on both early and late images.

The diagnostic criteria for **™Tc-UBI 29-41 scan were
based on a four-point visual scale.

0: No or minimal uptake (focal tracer accumulation equiv-
alent to soft-tissue activity)

1: Mild uptake (less than liver activity)

2: Moderate uptake (equivalent to liver activity)

3: Intense uptake (focal tracer uptake equivalent to kidney
activity)

A P™Tc-UBI 29-41 scan with a score of 0 or 1 was
considered negative for infection, whereas a scan with a
score of 2 or 3 was considered positive for infection. With

bone scintigraphy used as the reference, increased **™Te-
UBI 29-41 uptake was attributed to either bone or soft
tissue. The **™Tc-UBI 29-41 scan was considered posi-
tive for osteomyelitis if increased uptake was seen in an
area concordant with the area of uptake on the bone
scan and was considered negative for osteomyelitis if
abnormal uptake was in an area not congruent with the
uptake on the bone scan (soft-tissue infection) or when
no uptake of *°™Tc-UBI 29-41 was observed (no
infection).

Diagnosis of osteomyelitis

The final diagnosis of osteomyelitis was made on the basis
of histological and/or bacteriological results of the bone
biopsy or of the surgical specimen in those patients who
underwent surgery after the scans. In patients in whom
biopsy was not possible, clinical and radiological follow-
up for a minimum of 3 months (range 3—12 months, mean
6 months) was done for the presence or absence of osteo-
myelitis. Patients were considered negative for osteomyelitis
if the ulcers had healed, the signs and symptoms responded
to topical antibiotic and/or a short course of systemic anti-
biotic (less than 3 weeks) without subsequent relapse and
plain radiography of the foot during follow-up was not
conclusive for osteomyelitis.

Data analysis

All data were analysed using SPSS version 17. Means=+
standard deviations were calculated for quantitative varia-
bles. Frequencies and percentages were calculated for qual-
itative variables. The sensitivity, specificity and overall
diagnostic accuracy of the **™Tc-UBI 29-41 scans were
calculated in relation to bone biopsy/culture and follow-up
as the gold standard.

Results

99MTc.UBI 29-41 always showed >95 % radiochemical
purity. Of 65 patients, 10 were excluded from the final
analysis because they were lost to follow-up (7 patients) or
died (3 patients). The final analysis included 55 patients.
Osteomyelitis was confirmed in 37 patients. Of these 37
patients with osteomyelitis, histopathological confirmation
was available in 29. Bacterial cultures of the bone biopsy
sample from these patients were also positive. In the remain-
ing eight patients, the final diagnosis of osteomyelitis was
made on the basis of clinical and radiological data and
clinical follow-up. Of the 55 patients analysed, 18 did not
have osteomyelitis. This was confirmed by histopathology/
culture of bone biopsy samples in eight and on clinical
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follow-up in ten. **™Tc-UBI 29-41 was positive in all 37
patients (true-positive) and with the bone scan as the refer-
ence for the bone, identified all osteomyelitic foci (68 in
total).””™Tc-UBI (29-41) was negative for osteomyelitis in
all 18 patients (true-negative), and 17 of these patients with
ulcers had soft-tissue infection. These patients showed
99MTe-UBI 29-41 accumulation without concordant abnor-
mal uptake on bone scintigraphy. Soft-tissue infection was
confirmed by pus culture. On follow up, the ulcers had
healed after a short course of antibiotics and topical treat-
ment. The sensitivity, specificity and accuracy of the **™Tc-
UBI 29-41 scan in combination with three-phase bone scan
for the detection of osteomyelitis in diabetic foot was
100 %. The accuracy for soft-tissue infection was also
100 %.

Maximum uptake of the **™Tc-UBI 29-41 with maxi-
mum target to background activity was observed in the
infectious foci 30 min after injection.””™Tc-UBI 29-41 scan
correctly detected chronic as well as acute bone infection. In
our study, 22 patients had chronic osteomyelitis and 15 had
admixed acute and chronic osteomyelitis; all were diag-
nosed by””™Tc-UBI 29-41 scintigraphy. The biodistribution
pattern was similar to the patterns described in previous
studies [20]. Kidneys were the hottest organs and there
was prompt clearance of activity into the bladder. The most
common microorganisms found in bacteriological cultures
were Staphylococcus aureus, Escherichia coli and Pseudo-
monas aeruginosa, and in one patient, bone culture yielded
Morganella morganii.

Examples of scintigraphic imaging in diabetic patients
with foot infection comparing **™Tc-UBI 29-41 and **™Tc-
MDP are shown in Figs. 1, 2 and 3.

Discussion

A simple, reasonably accurate test for early detection of
osteomyelitis underlying a foot ulcer in diabetics would be
invaluable. Three-phase bone scan and leucocytes labelled
with "' In-HMPAO or **™Tc-HMPAO have been used ex-
tensively over many years as aids in the diagnosis of bone
infection in diabetic foot. Due to low specificity of the bone
scan, it is now mostly used for screening [23]. Labelled
leucocyte scintigraphy is a cumbersome technique requiring
expertise and the handling of blood products with the risk of
contamination of the blood and exposure of the person
handling the blood.

99mTc-UBI 29-41 is a new addition for the armamentar-
um for infection imaging. It images the location of micro-
organisms at the molecular level. In preliminary studies in
humans, the sensitivity, specificity and overall diagnostic
accuracy of *°™Tc-UBI 29-41 for the detection of infection
was found to be 100 %, 80 % and 94.4 %, respectively [20].
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Fig. 1 Anterior and plantar scintigraphic images in a 52-year-old
woman who had had type 2 diabetes for 8 years and who had devel-
oped an ulcer on the left fifth toe: a 3 h after injection of **™Tc-MDP,
and b 30 min and ¢ 60 min after injection of **™Tc-UBI 29-41. The
bone scan shows increased activity in the left fifth toe (arrowheads).
Increased accumulation of **™Tc-UBI 29-41 is also seen at the site of
ulcer (arrowheads), and this uptake is congruent with the MDP uptake.
Bone histopathology and culture revealed osteomyelitis of the left fifth
toe. Maximum uptake of **™Tc-UBI 29-41 is seen in the 30-min
images

In a study including 196 patients with fever of unknown
origin, the specificity for infection was 95.35 %, the sensi-
tivity was 97.52 % and the accuracy was 96.62 % [22].
99mTc-UBI 29-41 yielded an accuracy of 92 % in patients
with mediastinitis [24]. All the above-mentioned studies
included patients with soft-tissue infection in addition to
patients with bone infections. The sensitivity and specificity
and accuracy of **™Tc-UBI 29-41 has been found to be
100 % in the diagnosis of osteomyelitis in recent studies
[25, 26]. A recent study demonstrated that °*™Tc-UBI 29-41
scintigraphy was 100 % accurate in the diagnosis of infec-
tion of hip prostheses [27].

Encouraged by the accuracy in differentiating infection
from inflammation shown in the above studies, this study
was designed to assess the effectiveness of *™Tc-UBI 29-41
in the detection of osteomyelitis in diabetic foot. To the best
of our knowledge this is the first prospective study to
evaluate the role of **™Tc-UBI 29-41 in the diagnosis of
pedal osteomyelitis in a large group of patients. The sensi-
tivity, specificity and overall diagnostic accuracy of 99mTe-
UBI 29-41 for the determination of osteomyelitis in diabetic
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Fig 2 Anterior and lateral scintigraphic images in a 60-year-old dia-
betic patient with an ulcer at the base of the second toe of the right foot
which developed after amputation of the right big toe: a 3 h after
injection of *™Tc-MDP, and b 30 min and ¢ 60 min after injection
of ™ Tc-UBI 29-41. The bone scan shows increased activity at the site
of the ulcer (arrow) and at the distal end of the fourth metatarsal of the
left foot (arrowheads). °**™Tc-UBI 29-41 accumulation is seen at the
site of the ulcer (arrows, right second toe and right second metatarsal)
which is congruent with the uptake seen in the MDP scan. Osteomy-
elitis was shown by histopathology and culture. No **™Tc-UBI 29-41
activity is seen in the fourth metatarsal of the left foot (arrowheads).
Histopathology and culture were negative for osteomyelitis

foot came were 100 %. Although we did not directly com-
pare **™Tc-UBI 29-41 scintigraphy with®*™Tc HMPAO-
labelled leucocyte scintigraphy (which is considered the
gold standard procedure for diagnosing diabetic foot osteo-
myelitis), the reported sensitivities and specificities of
99mTe-HMPAO-labelled leucocyte imaging for diagnosing
diabetic pedal osteomyelitis range from 86 % to 93 % and
from 80 % to 98 %, respectively [28-30]. Our study dem-
onstrated that **™Tc-UBI 29-41 is more effective than **™Tc
HMPAO labelled leucocytes in the detection of pedal oste-
omyelitis having an accuracy of 100 %. The specificity and
accuracy of labelled leucocyte scintigraphy in diabetic foot
osteomyelitis could be compromised by accumulation in
noninfected neuropathic joints or in healing fractures, par-
ticularly in the mid- and hind-foot due to the presence of
active haematopoietic bone marrow [31], while **™Tc-UBI
29-41 has no such limitation.

The patients were required to discontinue antibiotic treat-
ment at least 1 week prior to the study. This was done to

a
® H
"
Bone Scan
b
v
4
UBI 30 mins

Fig. 3 Plantar and lateral scintigraphic images in a diabetic patient
with swelling, redness and pain at the right heel and with fever: a 3 h
after injection of **™Tc-MDP, and b 30 min after injection of **™Tc-
UBI 29-41. Focally increased MDP uptake is seen at the right heel, but
no uptake of **™Tc-UBI 29-41 is seen at right heel. No osteomyelitis
was detected on histopathology and the **™Tc-UBI 29-41 scan correct-
ly ruled out bone infection

counteract the problem of reduced sensitivity and to achieve
maximum accuracy. The uptake of **™Tc-UBI 29-41 is
directly related to the number of viable bacteria and its
accumulation declines after effective antimicrobial treat-
ment. This has been observed in animal models [32, 33] as
well as in humans with orthopaedic infections [26]. Hence
99mTc-UBI 29-41 scintigraphy could also be utilized to
monitor the efficacy of antibiotic treatment.

Contrary to the results of this study, only 50 % sensitivity
was obtained in a recent study using **™Tc-UBI 29-41 to
diagnose bone infection in diabetic foot [34]. However, the
gold standard in that study was wound pus culture rather
than histopathology/culture of the bone sample, and the
interpretation of the **™Tc-UBI 29-41 scans was based on
visual assessment of scans acquired at minimum of 60 min
after injection. All previous researchers, on the basis of
target/nontarget ratios, have recommended that the most
favourable imaging time for correct interpretation of
99MTc-UBI 29-41 scan is either 15 min or 30 min [18,
20-22]. In our study, the best imaging time for visual
assessment and identifying lesions was also found to be
30 min after injection. The achievement of such high accu-
racy in the diagnosis of bone infection in diabetic foot may
have been because of the high prevalence of osteomyelitis in
the selected population as our patients were referred from a
specialized diabetic foot-care centre of a tertiary care hospi-
tal, and there was a high pretest probability of osteomyelitis.

Detection of osteomyelitis on **™Tc-UBI 29-41 scans
alone without anatomic landmarks is difficult, and accuracy
may be compromised as **"Tc-UBI 29-41 accumulates in
soft-tissue infections as well and in feet there are multiple
small bony structures with a fair amount of adjacent soft
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tissue. Hence, we utilized **™Tc-MDP bone scanning as the
reference for the bony structures for the exact localization of
the bone lesions. Bone scan and **™Tc-UBI 29-41 scans
were superimposed. In this way it was possible to distin-
guish osteomyelitis from soft-tissue involvement. However,
if available, SPECT/CT is a better modality for discrimina-
tion between osteomyelitis and soft-tissue infection and to
provide the precise anatomical localization. Filippi and
Schillaci [35] and Heiba et al. [36] demonstrated that
SPECT/CT is a highly effective modality for enhancing
diagnostic accuracy and confidence. If SPECT/CT is not
available as in this study, then using bone scan in addition
to *™Tc-UBI 29-41 scan can significantly improve diag-
nostic confidence.

Conclusion

99mTe-UBI 29-41 appears to be a promising radiotracer for
the evaluation of bone infection in diabetic foot because of
the high accuracy demonstrated in this pilot study. It can
effectively differentiate between bone and soft-tissue infec-
tion in combination with bone scan or SPECT/CT, thus
providing a reliable imaging modality for treatment plan-
ning. **™Tc-UBI 29-41 scintigraphy may be particularly
valuable when attempting limb salvage. Further studies to
directly compare **™Tc-UBI 29-41, *™Tc-HMPAO-labelled
leucocytes and '®*F-FDG PET/CT are warranted before pro-
claiming **™Tc-UBI 29-41 as a new gold standard radionu-
clide for the diagnosis of diabetic foot osteomyelitis.
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