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Abstract

Background: There is a positive relationship between mitochondrial damage in the cell and
uptake in technetium Tc 99m monomer methoxy isobutyl isonitrile (99mTc-MIBI) scintig-
raphy. Severe mitochondrial dysfunction with cell death occurs in patients with diabetic
foot ulcers (DFUs). To decide on the level of amputation, 99mTc-MIBI scintigraphy should
be considered. Methods: Prospectively, 24 patients with DFUs were included in the study.
Based on treatment that started with the hospitalization, patients were divided into two
groups: those whose DFUs healed and did not need surgical intervention (healed group)
and those whose DFUs did not regress despite surgical and medical treatment and who
required further surgical intervention (reoperation group). Before surgery, 99mTc-MIBI
scintigraphy was performed. The 99mTc-MIBI uptake rates of the injured foot relative to
the healthy foot were recorded. Deep-tissue culture was taken at surgery. Erythrocyte
sedimentation rate, white blood cell count, and C-reactive protein (CRP) and albumin levels
were measured. Results: The 99mTc-MIBI uptake rates of patients with poor prognosis were
higher at all times than those of patients who did not require revision surgery. A significant
difference was found between these values in the 10 and 30 s rates. The mean ± SD CRP
level was 86.04 ± 21.87 mg/dL in the healed group and 144.43 ± 27.54 mg/dL in the
reoperation group (p = 0.040). There was a positive correlation between ulcerated foot and
healthy foot 99mTc-MIBI involvement rates at 10 and 30 s and CRP values, and a negative
correlation between albumin values. Conclusions: There was a significant relationship
between 99mTc-MIBI involvement rates and poor prognosis and reamputation. The cor-
relation between CRP and albumin levels, which are among the predictive values, and
99mTc-MIBI uptake confirmed this relationship in DFUs, which are difficult to manage
and treat.

Keywords: amputation; diabetic foot ulcer; MIBI; 99mTc-MIBI; scintigraphy

1. Introduction
Diabetes mellitus (DM) is an important public health problem with an increasing inci-

dence worldwide [1]. Even a small diabetic foot ulcer (DFU) can compromise the viability
of the entire foot [1,2]. The risk of death within 5 years for a patient with DFU is 2.5 times
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higher than that for a patient with DM without a foot ulcer [1,3]. Diabetic foot lesions are a
very important health problem because of their high morbidity and mortality rates [1–6].
The mean annual incidence and prevalence of foot ulcers in patients with DM vary from
1% to 4% and from 5% to 10%, respectively [5]. The major microvascular complications
of DM include nephropathy, retinopathy, neuropathy, and angiopathy [2,4]. Given the
microvascular changes, it can disrupt tissue nutrition and cause organ damage through
disorders in coagulation, contractility, permeability, and regeneration mechanisms [7].

The worst possible potential outcome of DFU, other than death, is lower-extremity
amputation [1,4]. Approximately 20% of patients with DFU require lower-extremity am-
putation [1–3,5], and DFU-related amputations constitute 40% to 85% of nontraumatic
amputations [1,3–6]. Once amputated, the incidence of a second amputation in the con-
tralateral limb reaches 50% within 2 years [3,5,6]. Amputation negatively affects the quality
of life of patients with DFU. Predicting the level of DFU-related amputation can reduce
amputation rates by observation and prophylactic action for high-risk groups [1–4]. Many
studies have explored efforts to prevent foot amputation and determine risk factors as-
sociated with amputation [1–6,8]. Failure to determine the appropriate level of primary
amputation is one of the main causes of reamputation, and reamputation rates of 15% to
40% have been reported [3,5,6,9].

Clinical history and physical examination, transcutaneous oxygen pressure measure-
ment, Doppler ultrasonography, computed tomography (CT), contrasted CT angiography,
venography, magnetic resonance imaging (MRI), MRI angiography, carbon dioxide an-
giography, and lower-extremity duplex scanning are the methods frequently used in the
evaluation of peripheral vascular disease [2–8,10].

In addition, various nuclear medicine agents have been used in the diagnosis of dia-
betic foot and osteomyelitis [5,7,8,10–16]. In the absence of radiologic findings in diabetic
foot wounds, three-phase bone scintigraphy and leukocyte-marked bone scintigraphy
are used to determine tissue perfusion and diagnosis of osteomyelitis [5]. In a study
conducted to determine the amputation level of diabetic foot, the three-phase bone scintig-
raphy method was deemed to be a useful method in determining the level [5]. Similarly,
[18F]fluoro-2-deoxyglucose positron emission tomography has been used to distinguish
nonviable from salvaged tissues in patients with peripheral vascular disease [10,17]. Al-
though positron emission tomography uniquely evaluates viability noninvasively, it is
expensive and has only limited availability [10]. The sensitivity of technetium Tc 99m
(99mTc) hexamethyl-propylene-aminoxime-labeled leukocyte scintigraphy for the diagnosis
of osteomyelitis was 88.4% [16]. Three-phase bone scintigraphy is the most widely used
radionuclide imaging modality for the diagnosis of musculoskeletal infections. It is per-
formed with 99mTc-labeled diphosphonates (hydroxymethylene diphosphonate/hydroxy
diphosphonate). The mechanism of uptake is the physicochemical adsorption of diphos-
phonates to hydroxyapatite crystals that form the amorphous bone mineral matrix. The
amount of uptake of the radiopharmaceutical agent in the bone structure depends on
new bone formation in relation to regional blood flow and osteoblastic activity [18]. The
false-negative rate of these methods can, therefore, be high.

Also known as 99mTc sestamibi, 99mTc monomer methoxy isobutyl isonitrile (99mTc-
MIBI) is a radiopharmaceutical agent used to evaluate pathology in the heart, breast, and
parathyroid [7,8,13–15,19,20]. 99mTc-MIBI is part of a class of radioactive diagnostic agents
characterized as lipophilic cationic radiotracers [13–15]. It is localized to intramitochondrial
anionic proteins in cells [7,13–15]. Cellular uptake is proportional to regional blood flow,
mitochondrial activity, and cellular viability [7]. 99mTc-MIBI is not organ-specific and is
inversely correlated with mitochondrial function [7,13].
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Uptake of 99mTc-MIBI in cells depends on perfusion, viability, and mitochondrial
activity [7,8,13,19]. Because of these properties, 99mTc-MIBI is a radiopharmaceutical agent
used in studies of tissue perfusion and viability and in evaluation of peripheral vascular
diseases [7,8,15,19–22]. In the literature, 99mTc-MIBI has been used for perfusion imaging,
particularly in lower-extremity peripheral vascular diseases [7,8,13,19–22]. No study has
evaluated the level of amputation using 99mTc-MIBI, particularly in patients with DFU, and
studies evaluating the perfusion and viability of the musculoskeletal system in patients
with DM are also limited [7,8,13,19–21]. There are studies evaluating musculoskeletal
system perfusion and viability using 99mTc-MIBI in patients with DM [8,19] and both with
and without DM [7,15,20,21].

In this study, we aimed to determine the predictability of the amputation level to
reduce the risk of amputation and develop better treatment strategies in patients with DFU.
For this purpose, we evaluated the perfusion and viability of skeletal muscles using 99mTc-
MIBI in patients with DFU and tried to determine the relationship between the uptake rates
recorded with 99mTc-MIBI scintigraphy and amputation level and reamputation.

2. Methods
2.1. Patients

Thirty-five patients hospitalized for DFU between 20 January 2020, and 31 March
2020, in the Kayseri City Hospital Orthopedics and Traumatology Clinic Diabetic Foot and
Wound Care Unit (Kayseri, Turkiye) were included in the study and evaluated prospec-
tively. At the end of the first year, 11 patients who were lost to follow-up because of the
COVID-19 pandemic were excluded from the study, and the study was completed with
24 feet of 24 patients (19 men, five women; 12 right sides, 12 left sides; mean ± SD age,
63.4 ± 11.3 years; age range, 42–86 years).

2.2. Study Design

Based on treatment that started with the hospitalization, patients were divided into
two groups: those whose DFUs healed and did not need surgical intervention (healed
group) and those whose DFUs did not regress despite surgical and medical treatment
and who required further surgical intervention (reoperation group). The reoperation
group consisted of patients who received antibiotherapy for the isolated agent; received
anticoagulant therapy; did not recover despite repeated debridements, daily dressings, and
supportive treatments (such as hyperbaric oxygen); and needed high-level amputation.

The inclusion criteria were as follows: DFU, no previous surgical procedure, a diagno-
sis of type 2 DM, and age 18 years or older. The exclusion criteria were as follows: type 1
DM, DFU in both lower extremities, pregnancy, lactation, a history of malignancy, a history
of sepsis, non-DM ischemic peripheral artery disease, and a known history of allergy or a
history of hypersensitivity to proteins.

2.3. Data Measurement

Patient age, sex, smoking history, DM duration, DFU side, Wagner classification, am-
putation history, peripheral artery disease history, laboratory values, microbiologic culture
results, and medical comorbidities were collected. In the laboratory evaluation, hemoglobin
level, white blood cell (WBC) count, plasma albumin level, hemoglobin A1c level, erythro-
cyte sedimentation rate, C-reactive protein (CRP) level, estimated glomerular filtration rate,
creatinine level, ankle–brachial index, and peak systolic velocities were measured.

The Doppler ultrasound results for the arteria femoralis, arteria poplitealis, arteria tib-
ialis posterior, arteria dorsalis pedis, and arteria tibialis anterior were recorded as triphasic,
biphasic, and monophasic.
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Lower-extremity radiography and MRI were used to evaluate the presence of neuro-
pathic arthropathy (Charcot’s arthropathy) or osteomyelitis. Lower-extremity ultrasonogra-
phy was used to evaluate peripheral artery disease.

The Society for Vascular Surgery (SVS) classification system, which emerged in 2013
and was formally introduced in an SVS publication in 2014, addresses three critical factors
contributing to the risk of limb amputation: wound, ischemia, and foot infection. The SVS
WIfI (Wound, Ischemia, and foot Infection) classification assigns a 4-grade scale to each
parameter, ranging from 0 to 3, with 0 indicating absence; 1, mild; 2, moderate; and 3,
severe [23].

2.4. 99mTc-MIBI Scintigraphy

Double-headed single-photon emission CT (SPECT)/CT (AnyScan SC; Mediso, Bu-
dapest, Hungary) was used for imaging. Tetrakis (2-methoxyisobutyl isonitrile) copper
(I) tetrafluoroborate (1.0 mg, MON.MIBI KIT; Eczacıbaşı Monrol, Istanbul, Turkey) was
labeled with 99mTc radionuclide obtained by daily milking from the Mo-Tc generator.

After the patients were placed in the appropriate position, the detectors were po-
sitioned at 180◦ using the low-energy high-resolution collimator, and the foot area was
focused in the anteroposterior position. After the parenteral administration of 20 mCi
of 99mTc-MIBI, dynamic imaging was started. Data were collected from the anterior and
posterior projections in a 15 s, 30-frame, 128 × 128 matrix, without using a zoom factor.
After dynamic imaging, 300 s of static imaging was performed in anteroposterior positions.
Subsequently, SPECT/CT images were acquired without changing the patient’s position
(Figure 1).

Figure 1. Single-photon emission computed tomography/computed tomography image. The right
foot is the diabetic foot ulcer side and the left foot is the healthy foot side.

The obtained images were analyzed using the Interview 2.0 program on the worksta-
tion connected to the Mediso AnyScan SC gamma camera. An intact extremity was taken as
a reference for evaluation. Relevant areas of the extremity with DFU and the contralateral
healthy extremity were taken and proportioned. The peak activity values at 10 and 30 s
were taken as a basis. This process was performed separately for anterior and posterior
imaging, and the arithmetic mean of the values was calculated. Time–activity curves were
obtained for all of the analyses.
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With 99mTc-MIBI scintigraphy, the 99mTc-MIBI uptake rates of the foot of the diabetic
ulcerated extremity side/foot of healthy extremity side, distal ankle of diabetic ulcerated
extremity side/proximal ankle of diabetic ulcerated extremity side, and extremity of the
diabetic ulcerated side/extremity of healthy side were measured at 10 and 30 s, respectively.
Two nuclear medicine consultants (SK, HG) unaware of the data evaluated the scintigraphic
studies and reached the final impression by consensus.

The uptake rates of 99mTc-MIBI scintigraphy at 10 and 30 s were compared between
the healed and reoperation groups. The relationship between these rates and the need for
upper-level amputation was demonstrated with 99mTc-MIBI.

2.5. Ethical Issues

The study protocol was approved by the Erciyes University Ethics Committee and
was conducted in accordance with the principles of the Declaration of Helsinki.

2.6. Statistical Analysis

Data analyses were conducted with IBM SPSS Statistics for Windows, Version 22.0
(IBM Corp., Armonk, NY, USA). Percentages and standard deviations were determined
for categorical data and continuous variables, and the Shapiro–Wilk test and histograms
were used to evaluate data distribution. The Pearson χ2 test was used to compare cate-
gorical data between groups. After the difference between repeated measurements was
analyzed with the Friedman test, pairwise comparisons were made with the Dunn test. The
Mann–Whitney U test was used to examine the difference between nondependent groups.
The relationship between laboratory results and 99mTc-MIBI uptake results was evaluated
by the Spearman correlation analysis. A p < 0.05 was considered statistically significant.

3. Results
The mean ± SD hospital stay was 14.6 ± 2.1 days (range, 3–45 days). Table 1 summa-

rizes the baseline characteristics of the patients. Before the patients’ clinical admissions,
the mean ± SD wound duration was calculated to be 3.04 ± 1.03 months. Moreover, six
patients (25%) required a repeated surgical procedure.

Table 1. Baseline characteristics of the 24 study patients.

Characteristic Healed Group
(n = 18)

Reoperation Group
(n = 6) Total (N = 24) p Value

Age (mean ± SD [years]) 61.6 ± 2.5 69.2 ± 3.9 63.4 ± 11.3 0.060 a

Sex (No.)
Women

Men
4

14
1
5

5
19 0.634 b

Smoking history (No.)
Present
Absent

9
9

2
4

11
13 0.649 b

Duration of DM (mean ± SD [years]) 10.8 ± 1.8 15.9 ± 5.2 12.1 ± 9.2 0.494 a

No. of comorbidities (No.)
1
2
≥3

7
8
3

1
2
3

8
10
6

0.353 b

Side of involvement (No.)
Right
Left

6
12 60 12

12 0.014 b

Hemoglobin A1c (mean ± SD [%]) 8.9 ± 0.5 7.7 ± 0.6 8.6 ± 2.1 0.280 a

Abbreviations: DM, diabetes mellitus. a Mann–Whitney U test. b χ test.
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The patients’ baseline WBC count, erythrocyte sedimentation rate, and CRP level
decreased over time, and the albumin level increased. Laboratory values at the end of
follow-up were significantly different from the initial values (Table 2).

Table 2. Laboratory results for the 24 study patients during follow-up.

Variable Before Treatment
After Treatment

p Value a

Month 1 Month 3 Month 6

WBC count (median [range] [103/µL]) 9.6 (4.3–30) 7.7 (3.9–18.4) 7.5 (4–17.7) 8.5 (4.1–22) b 0.044

ESR (median [range] [mm/h]) 58.5 (4–140) 31 (4–138) 19 (2–198) b 15 (2.8–140) b 0.001

CRP (median [range] [mg/L]) 79.35 (2–322) 14.4 (0.7–170) 8.85 (1.1–154) b 6.95 (0.9–267) b 0.001

Albumin (median [range] [g/L]) 34.2 (27–44) 35 (25–45) 39 (23–45) 38.5 (18–47) b 0.036

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell. a Friedman
test. b The difference compared with before treatment was statistically significant.

When the mean ± SD CRP and albumin levels of the groups were compared before
treatment, the CRP level was significantly higher in the reoperation group versus the
healed group (144.43 ± 27.54 mg/dL [range, 107–281 mg/dL] versus 86.04 ± 21.87 mg/dL
[range, 2–232 mg/dL]; p = 0.04) and the albumin level was lower (32.4 ± 1.53 g/L [range,
27–37 g/L] versus 35.81 ± 1.32 g/L [range, 28–44 g/L]; p = 0.224).

The mean ± SD estimated glomerular filtration rate during clinical admissions
was calculated to be 53.12 ± 13.53 mL/min. The mean ± SD creatinine level was
1.15 ± 0.35 mg/dL. The mean ± SD hemoglobin level was measured at 11.06 ± 1.73 g/dL.

In the deep-tissue cultures of the patients, Gram-negative bacteria (Escherichia coli,
Pseudomonas aeruginosa, etc.) were detected in seven patients (29.2%) and Gram-positive
bacteria (Staphylococcus aureus, Staphylococcus epidermidis, etc.) in eight patients (33.3%).
Although yeast growth was observed in one patient, no growth in the culture was found in
eight patients (33.3%).

In Doppler ultrasound results for the femoral artery, one patient was evaluated as
monophasic, one as biphasic, and 22 as triphasic. For the popliteal artery, four patients were
assessed as monophasic and 20 as triphasic. For the tibialis anterior artery, four patients
were monophasic, two were biphasic, fifteen were triphasic, and three had no flow; and for
the tibialis posterior artery, five patients were monophasic, two were biphasic, fourteen
were triphasic, and three had no flow. For the dorsalis pedis artery, five patients were
monophasic, one was biphasic, fourteen were triphasic, and four had no flow.

The patients’ mean ± SD ankle–brachial index was 0.67 ± 0.08. Ankle–brachial index
values ranging from 0.40 to 0.59 were observed in three patients, and according to the WIfi
classification, ischemia was evaluated as grade 2 for these patients. The wound status was
classified as grade 3 in one patient and as grade 2 in 23 patients.

The 99mTc-MIBI uptake rates of the feet (Figure 2), distal ankle/proximal ankle
(Figure 3), and all of the extremity parts (Figure 4) of the DFU and healthy extremities of
the patients were measured separately at 10 and 30 s. The 99mTc-MIBI uptake rates of the
patients included in the study compared with the healthy extremity over time are summa-
rized in Table 3. The 99mTc-MIBI uptake images are shown in Figures 5–7. In this study, the
99mTc-MIBI uptake rates of patients with a poor prognosis were higher at all times than in
patients who did not require revision surgery. A significant difference was found between
these values in the 10 and 30 s rates (Table 4). This was found to be directly related to the
failure of lower-level amputations and the need for repeated surgery from the upper level in
the patient group with high 99mTc-MIBI uptake rates. Of the three patients who underwent
toe amputation, two underwent transmetatarsal amputation and one underwent below-
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the-knee amputation. One patient who underwent transmetatarsal amputation underwent
below-the-knee amputation. Two patients underwent below-the-knee amputation.

Figure 2. Technetium Tc 99m monomer methoxy isobutyl isonitrile uptake rates of the feet. Green
indicates the healthy foot side; red, diabetic foot ulcer side.

Figure 3. Technetium Tc 99m monomer methoxy isobutyl isonitrile uptake rates of the distal an-
kle/proximal ankle. Green indicates the healthy foot area; red, diabetic foot ulcer area.

Figure 4. Technetium Tc 99m monomer methoxy isobutyl isonitrile uptake rates of the legs. Green
indicates the healthy foot side; red, diabetic foot ulcer side.
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Table 3. 99mTc-MIBI uptake rates of patients’ extremities by time.

Variable Anatomical Area Time (s) Mean ± SD Median (Range)

DFUS/HFS Foot 10 12.49 ± 0.48 1.80 (1.06–12.72)

DFUS/HFS Foot 30 2.70 ± 0.41 2.00 (1.08–7.50)

DFUS/HFS Distal ankle/proximal ankle 10 1.10 ± 0.12 0.97 (0.25–2.31)

DFUS/HFS Distal ankle/proximal ankle 30 1.16 ± 0.12 0.91 (0.39–2.76)

DFUS/HFS Extremity 10 2.26 ± 0.38 1.41 (0.51–7.47)

DFUS/HFS Extremity 30 2.01 ± 0.27 1.33 (0.54–4.59)

Abbreviations: DFUS, diabetic foot ulcer side; HFS, healthy foot side; 99mTc-MIBI, technetium Tc 99m monomer
methoxy isobutyl isonitrile.

Table 4. Comparison of 99mTc-MIBI uptake rates between patient groups.

Variable Anatomical Area Time
(s)

Healed Group (n = 18) Reoperation Group (n = 6) p Value a

Mean ± SD Median
(Range) Mean ± SD Median

(Range)

DFUS/HFS Foot 10 1.85 ± 0.19 1.56
(1.06–3.51) 4.42 ± 1.70 3.06

(1.80–12.70) 0.012

DFUS/HFS Foot 30 2.11 ± 0.35 1.74
(1.08–7.50) 4.45 ± 1.04 4.54

(1.52–7.46) 0.033

DFUS Distal ankle/proximal ankle 10 1.06 ± 0.13 0.91
(0.40–2.31) 1.23 ± 0.29 1.05

(0.25–2.17) 0.537

DFUS Distal ankle/proximal ankle 30 1.11 ± 0.14 0.88
(0.49–2.76) 1.31 ± 0.24 1.38

(0.39–2.04) 0.454

DFUS/HFS Extremity 10 2.13 ± 0.43 1.41
(0.51–7.47) 2.66 ± 0.83 1.61

(1.11–5.98) 0.378

DFUS/HFS Extremity 30 1.76 ± 0.28 1.29
(0.54–4.59) 2.74 ± 0.63 2.92

(0.82–4.54) 0.310

Abbreviations: DFUS, diabetic foot ulcer side; HFS, healthy foot side; 99mTc-MIBI, technetium Tc 99m monomer
methoxy isobutyl isonitrile. a Mann–Whitney U test.

A moderate positive relationship was found between the foot section in the 30 s
99mTc-MIBI uptake rates and pretreatment CRP levels of patients in the reoperation group.
Also, a weak negative relationship was observed between the extremity section in the
10 and 30 s 99mTc-MIBI uptake rates and albumin levels (CRP level: foot section—10 s,
r = 0.354, p = 0.089; 30 s, r = 0.552, p = 0.005; extremity section—10 s, r = 0.349, p = 0.094; 30 s,
r = 0.461, p = 0.023; albumin level: foot section—10 s, r = −0.182, p = 0.395; 30 s, r = −0.241,
p = 0.256; extremity section—10 s, r = −0.407, p = 0.048; 30 s, r = −0.497, p = 0.013). On
the contrary, no significant relationship was found between pretreatment erythrocyte sedi-
mentation rate, WBC count, and 99mTc-MIBI uptake rates (WBC count: foot section—10 s,
r = 0.086, p = 0.690; 30 s, r = 0.399, p = 0.054; extremity section—10 s, r = 0.239, p = 0.261;
30 s, r = 0.343, p = 0.101; erythrocyte sedimentation rate: foot section—10 s, r = −0.340,
p = 0.104; 30 s, r = −0.382, p = 0.066; extremity section—10 s, r = −0.251, p = 0.237; 30 s,
r = −0.310, p = 0.140).
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Figure 5. Second-by-second technetium Tc 99m monomer methoxy isobutyl isonitrile uptake and its graphs for the feet. Green indicates the healthy foot side;
red, diabetic foot ulcer side.
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Figure 6. Second-by-second technetium Tc 99m monomer methoxy isobutyl isonitrile uptake and its graphs for the distal ankle/proximal ankle. Green indicates the
healthy foot side; red, diabetic foot ulcer side.
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Figure 7. Second-by-second technetium Tc 99m monomer methoxy isobutyl isonitrile uptake and its graphs for the legs. Green indicates the healthy foot side;
red, diabetic foot ulcer side.

https://doi.org/10.3390/japma116030034

https://doi.org/10.3390/japma116030034


J. Am. Podiatr. Med. Assoc. 2026, 116, 34 12 of 15

4. Discussion
In this study, we tried to determine the amputation level by evaluating the perfusion

and vitality of the extremities of patients with DFUs using the 99mTc-MIBI technique, a
nuclear imaging method. In this study, the 99mTc-MIBI uptake rates of patients with poor
prognosis were higher at all time points than in patients who did not require revision
surgery. A significant difference was found between these values in the 10 and 30 s
rates. A moderate positive relationship was found between foot section in the 30 s 99mTc-
MIBI uptake rate and pretreatment CRP level of the reoperation group. A weak negative
relationship was observed between the extremity section in the 10 and 30 s 99mTc-MIBI
uptake rates and albumin level.

Accurately determining the amputation level in patients scheduled for amputation
because of DFU is a clinical challenge [2–6,8,10]. No consistent criteria can definitively
determine the amputation level before surgery [8,10]. Clinical evaluation, when used alone,
is not a reliable indicator of successful recovery of the amputation level [8,10]. The actual
amputation level is usually determined by the surgeon during surgery [8]. The level is
determined according to intraoperative observations of tissue bleeding and viability of soft
tissues and bones [8]. In the present study, it was observed that amputations performed at
levels with high 99mTc-MIBI uptake led to higher-level amputations. Because 99mTc-MIBI
is directly associated with muscle dysfunction and decreased vitality, we believe it can be
used as an imaging modality to determine the level of amputation.

Various clinical risk factors for amputation have been identified, and different radi-
ologic methods are needed depending on the amputation level [2,5–10,24,25]. Although
each method has advantages and disadvantages, determining the exact amputation level is
very difficult [5,8–10,24,25]. On the contrary, imaging methods are not consistent enough
in routine use in choosing the amputation level [5,8–10,24,25]. In the present study, it is a
radiologic technique that provides a great convenience for surgeons because tissue viability
is clearly demonstrated visually to determine the level of amputation, and it is superior to
all of the other techniques in this respect.

Conversely, scintigraphy can be helpful in the diagnosis of inflammation and in-
fection because it is both sensitive and specific [5]. Studies using various radionu-
clide techniques have provided valuable data for selection of the optimum amputation
level [5,8,10–12,17,26]. Scintigraphy is more likely to determine the most distal amputation
level with healthy circulation [8,10,26]. However, not every scintigraphic technique fully
reflects deep-tissue perfusion and does not show the lesion extent or distribution [5,7,8,11].
The results of blood flow measurements of the radionuclide may not always be reproducible
or reliable [7,8,13,14]. Determination of the viability at the cellular level by these methods
is questionable [5,7,8,11,14]. Most radionuclides accumulate in the extracellular fluid and
provide only indirect evidence of tissue viability [7,8,13,14,26]. In addition, these tests
are time-consuming [5,7,8,13,14]. In the present study, 99mTc-MIBI, which provides direct
intracellular uptake, provided direct information about tissue viability.

However, 99mTc-MIBI is advantageous with a short half-life and allows intravenous
injection at higher doses [7,8,13–15,19,20]. Given its high energy, its image quality and
resolution are superior to those of other radionuclides [12–16]. 99mTc-MIBI, a lipophilic
cation, enters cells through the negative electric potential difference in the cell membranes
and accumulates in the cytoplasm and mitochondria [8,13,14,27]. Cellular uptake and
capture of 99mTc-MIBI are associated not only with regional blood flow but also with
mitochondrial metabolic conditions and viability [8,13,14,26]. With 99mTc-MIBI, infarcted
and ischemic tissues in a risky extremity can be detected [7,8,13,14,22,28].

99mTc-MIBI is an advantageous agent because of its long-term tissue retention,
slow removal from tissues, blood-flow-dependent involvement, and better quality imag-
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ing [7,8,13,14]. The effective half-life of 99mTc-MIBI is approximately 5 h, and its physical
half-life is approximately 6 h [7,8,13,14]. The fundamental photon energy of gamma emis-
sion is 140 keV [8,14]. Also, 99mTc-MIBI is superior in terms of toxicity profile because
of its low radiation dose [13]. This very low risk of toxicity makes it a suitable tracer for
perfusion imaging [13].

Because of these advantages and its high-quality image, many researchers prefer
99mTc-MIBI in the investigation of peripheral ischemia and perfusion abnormalities in the
lower extremities [7,8,13–15,19–22]. In an experimental study, a clear dividing line between
necrotic and normal tissues was demonstrated using 99mTc-MIBI scan, and these findings
were confirmed pathologically [28]. Another study used 99mTc-MIBI scan to predict surgical
outcomes of amputation [8] and reported that 99mTc-MIBI screening supports its use in
selecting the optimal amputation level consistent with subsequent stump healing [8].

Studies using 99mTc-MIBI in the lower extremities of patients with DM aimed to show
a decrease in perfusion reserve in the early period before the development of symptoms
and clinical findings in patients with DM [7,8,15,19–21]. Çelen et al. [7] reported that the
mean perfusion reserve of the calf muscles in the DM group was significantly lower than
that in the control group. Arteriolar dilatation, capillary permeability, and neuropathy
are important factors in the perfusion reserve [7,8,15,19–21]. To determine the amputation
level in the present study, while evaluating the extremity perfusion of patients with DFUs,
the healthy contralateral lower extremities of the patients were examined under the same
conditions and used as the control group.

The most important adverse effect of 99mTc-MIBI is postinjection allergic reactions;
however, they are rarely seen [29]. Overall, 99mTc-MIBI is less radiotoxic than other ra-
diopharmaceutical agents because of its lower degree of nuclear localization and unre-
paired double-stranded DNA breakage [30]. Most adverse effects are very temporary and
rarely require intervention [13]. In the present study, no complications were observed
during follow-up.

This study has some limitations. First, a relatively small number of patients was
evaluated. Because this study was conducted during the COVID-19 pandemic, some
patients were lost during follow-up and were excluded from the study. Second, we had
problems with the supply of radionuclides, which affected the number of patients. Finally,
the follow-up period was relatively short. Further prospective studies may be planned to
evaluate this technique in larger patient populations with longer follow-up.

5. Conclusions
Radionuclide angiography has not yet been accepted as a routine method for determin-

ing the appropriate amputation level. Given its costs, its routine use is limited. However,
the 99mTc-MIBI technique may contribute to determining the amputation level and reducing
the number of additional amputation attempts, considering the condition of the patients.
With 99mTc-MIBI, physicians’ awareness about the amputation level in patients with DFU
must be improved. Information gathered from 99mTc-MIBI is likely to guide the method,
course, and duration of treatment.
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