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Differential Diagnosis of Septic and Aseptic Bone Lesions of the Foot
in Patients With Diabetic Foot Syndrome: the Potential of Using
a Standardized Uptake Value with Osteotropic Radiopharmaceuticals
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ABSTRACT

Aim. The study was conducted to calculate standardized uptake values (SUVs) for foot bones, determine the optimal
SUV type in patients with degenerative changes, and assess the potential of quantitative single-photon emission
computed tomography (SPECT/CT) in patients with diabetic foot syndrome (DFS) complicated by osteomyelitis.

Materials and methods. The study design was prospective. Patients with a documented clinical diagnosis of
diabetic foot and confirmed or suspected osteomyelitis underwent SPECT/CT scanning after intravenous injection
of the radiopharmaceutical (**"Tc — Pyrophosphate). The calculation of standardized uptake values — mean
SUV (SUVmean), maximum SUV (SUVmax), and peak SUV (SUVpeak) — was performed using the SyngoVia
software. To calculate the threshold standardized uptake value, receiver operating characteristic analysis (ROC)
was conducted, followed by the calculation of the area under the ROC curve (AUC).

Results. Forty-eight patients were examined: 28 people with septic foot lesions and 20 individuals with aseptic
foot lesions. Calculations revealed no statistically significant differences between the SUV values (max, mean,
and peak) for septic and aseptic lesions. However, the standardized uptake value normalized by lean body mass
(SUVIbm (max)) demonstrated the largest ROC AUC. A threshold value for differentiating between pathological
and healthy bone tissues was 1.64, with sensitivity of 93.5% and specificity of 95.6%.

The threshold value for distinguishing between septic and aseptic inflammations in patients with diabetic foot
syndrome was 4.35, with sensitivity of 82.4% and specificity of 80.3%.

Conclusion. The study confirmed that the use of SUVIbm (max) threshold value of 4.35 (Se = 82.4%; Sp = 80.3%;
AUC = 0.883) is possible for the differential diagnosis of osteomyelitis and Charcot foot in patients with diabetic
foot syndrome. Additionally, to confirm inflammation, a SUVIbm (max) threshold value of 1.64 (Se = 93.5%;
Sp =95.6%; AUC = 0.983) is applicable.
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AndPepeHunanbHas guarHocTnKa cenTUUYeCcKoro n acenTuyeckoro
NOpaXkeHN KOCTHbIX CTPYKTYP CTON Yy NALNEeHTOB C CMHAPOMOM
AnabeTnyecKkom cTonbl: BO3SMOXXHOCTU NMPUMEHeHNA
CTaHAAPTU3MPOBAHHOIO YPOBHA 3aXBaTa OCTEOTPONHOro
papnodapmnpenapara

bana6enko A.O., Yaopos B.[l., 3ambiwieBckasa M.A.,
3opkanbues M.A., 3aBapoBckas B.[l.

Cubupckuii cocyoapcmeennwiil meouyurckull ynugepcumem (Cudl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Hens. [IpoBecTn uccnenoBaHme C IENBI0 pacdeTa MoKa3aTeleld CTaHIapTH3UPOBAHHBIX ypoBHel 3axBata (SUV)
JUI KOCTEH cTonl U ompeneneHus ontuManbHoro Tuna SUV y manueHToB ¢ AereHepaTUBHBIMU M3MEHEHUSAMH U
OIIPEAENUTE BO3MOXXHOCTH KOJTMIECTBEHHON OIEHKH OJHO(MOTOHHOH SMHCCHOHHOI KOMITBIOTEPHOI ToMOrpaduu
(ODOKT/KT) y nanueHToB ¢ CHHAPOMOM AUa0ETHIECKOH CTOIBI OCIIOKHEHHBIM OCTEOMHETHTOM.

MartepuaJibl 1 MeTOABI. J{u3aiiH vcciaenoBaHus — MpocneKTUBHOE. [lannenTam ¢ JOKyMEHTaNbHO MOATBEPKIEH-
HBIM KJIMTHUYECKUM JANATrHO30M AHa0EeTHIECKON CTOIIBI M HATMIHEM OCTEOMHEINNTA HITH TT0J03PEHHEM Ha €T0 HaJlU-
yue Obut0 TpoBesieHo OPIKT/KT ckaHnpoBaHHE MMOCIEe BHYTPHBEHHOTO BeleHUs paanodapmpenapara (¥mTc —
nmup¢orex). Pacyer mokaszareneii cranzapTU3MPOBAHHBIX YPOBHEH 3axBara: cpeanero SUV (mean), MaKCHMabHO-
ro SUV (max) u mukoBoro SUV (peak) mpon3BoauiICs IpH MOMOIIH IPOTrpaMMHOTro odecriedeHus SyngoVia. s
BBIYHCIICHHUS] TIOPOTOBOTO 3HAUCHNUS CTAaHAAPTHU3HPOBAHHOTO YPOBHS 3axBaTa BhIMonHsuIcs ROC-ananms3 ¢ mocre-
IYIOUIAM pacueToM Iwromaau mox ROC-kpuBoii.

PesyabTatel. O0cnenoBanst 48 manueHToB (28 ¢ cenTHYSCKUM TOpaxeHueM U 20 ¢ aCenTHYCCKUM MOPAKEHUEM
cTom). PacueTsl moka3zany, 4To CTATHCTHYECKH 3HAUMMBIX OTIMYMil Mexay 3HaueHusmMu SUV (max, mean, peak)
CEeNTHYECKOTO M aCeITHYECKOro MOPaKEHHsI He BBISBIEHO, ITPU 3TOM Haubosbleil miomaspio nog ROC-kpuBoit
obJlajaeT CTaHIApTU3MPOBAHHBIN YPOBEHb 3axBaTa, HOPMHUPOBAHHBIA N0 Oe3xupoBoil Macce Tena (SUVIbm
(max)). OnpezeneHo MOpOroBoe 3HaYEHUE AJ pasrpaHUYEHUs MaTOJOIMYECKOTro odara OT 3740pOBOI KOCTHOH
TKaHH, paBHOE 1,64, ¢ 4yBCTBUTENBHOCTHIO 93,5% 1 cnienuduuHocThio 95,6%. [Topororoe 3HaueHue Aj1st pa3rpa-
HUYEHUS] CENTHYECKUX M aCEITUUECKUX BOCIAINTENBHBIX IIPOIIECCOB y MAMEHTOB C CHHAPOMOM ANa0eTHUECKOM
CTOMBI paBHO 4,35 ¢ 4yBCTBUTENBHOCTHIO 82,4% 1 cnieruduyurocThio 80,3%.

3akaouenne. s muddepeHnuansHoit AMarHoCTHKH OCTeoMueNTa U cToms! Lllapko y manueHToB ¢ CHHAPOMOM
JabeTHIecKOi CTOIBI BO3MOXKHO IIPHMEeHeHHe oporosoro 3HadeHns SUVIbm (max), paBroro 4,35 (Se = 82,4%;
Sp = 80,3%; AUC = 0,883), a s ycTaHOBICHHS (hpaKTa BOCHAIHMTEIHHOTO IPOIECCa — MOPOTOBOTO 3HAUCHHUS
SUVIbm (max), paBHoro 1,64 (Se = 93,5%; Sp = 95,6%; AUC = 0,983).

Kiouessble ciioBa: cromna [llapko, OCTEOMUENUT, paAMOHYKITUIHAS AMArHOCTHKA, BOCTIAJICHUE

KonpaukTt uHTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIMKaIKeil HACTOSIIEH CTaThH.

UcTtounnk (puHaHCHpOBaHMsI. ABTODPBI 3asBJISIOT 00 OTCYTCTBUH (DMHAHCHPOBAHUS NPU MPOBEACHUU HCCIIEI0-
BaHUsI.

CooTBeTcTBHE MPUHIMIAM 3THKHU. Bce ManueHTsl moanucand WHPOPMUPOBAHHOE COTJIACHE HA ydacTHe B
nccnenopanun. VccnenoBanme 0100peHO JIOKATBHBIM 3THYeCKHM KomuTeToM CHOI'MY (mpotokon Ne 9418 ot
27.03.2023).

Jast uurupoBanusi: banadenko A.O., Yonos B.J1., 3ambriieBckast M.A., 3opkanbsieB M.A., 3aBanosckas B./1.
JuddepennmanbHas AMarHOCTHKA CENTHYECKOTO M aCelTHYECKOr0 MOPaKEHUH KOCTHBIX CTPYKTYp CTOI y Tia-
[UEHTOB C CHHJIPOMOM JHa0ETHYECKON CTOMbI: BO3MOXKHOCTH NPUMEHEHHSI CTAHIaPTU3MPOBAHHOTO YPOBHS 3a-
XBaTa OCTEOTPOIHOrO paauodapmmpenapata. browiemens cubupckot meouyunsl. 2025;24(4):5-13. https://doi.
0rg/10.20538/1682-0363-2025-4-5-13.
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INTRODUCTION

Diabetes mellitus is an endocrine disease
characterized by relative or absolute deficiency of
insulin due to dysfunction or destruction of B-cells. It
is one of the fastest growing global health concerns
in the 21% century [1]. The primary pathogenetic
mechanisms involve impaired insulin secretion
and insulin resistance. Chronic hyperglycemia in
diabetes mellitus leads to damage, dysfunction, and
insufficiency of various organs, particularly the eyes,
kidneys, nerves, heart, and blood vessels [2].

Diabetic foot syndrome (DFS) is one of the most
dangerous and severe complications of diabetes
mellitus. According to the World Health Organization,
approximately 422 million people worldwide suffer
from diabetes mellitus, with 15-25% developing
diabetic foot ulcers [3]. Despite advancements
in complex surgical interventions, a significant
percentage of patients (25-30%) still require above-
the-knee amputations. One-year mortality rate
following major lower limb amputation reaches 50%
[4]. This results in patient disability and a significant
reduction in the patient’s quality of life.

A gold standard for evaluating diabetic foot
pathology is three-phase bone scintigraphy. However,
the specific pattern of radiotracer accumulation in the
region of interest often results in low specificity for this
diagnostic technique. The specificity of radionuclide
imaging for inflammation can be improved using
labeled leukocyte scintigraphy, typically performed
with single-photon emission computed tomography
(SPECT) [5]. Additionally, there is a method using
radiolabeled antimicrobial peptides. These peptides
can selectively bind to pathogenic microorganisms
and can be successfully used for differential
diagnosis of osteomyelitis. Due to its high cost, this
method is not widely available in routine clinical
practice. Positron emission tomography / computed
tomography (PET/CT) with 18F-fluorodeoxyglucose
(18F-FDG) has gained importance in diagnosing
infections and inflammations regardless of their
etiology or location. PET/CT provides precise
anatomical localization and allows to assess spread of
infection to soft tissues or bone. However, 18F-FDG
PET/CT imaging has limitations, particularly in the
evaluation of Charcot foot due to the intense uptake
of 18F-FDG in this condition.

In recent years, the role of quantitative analysis of
PET results using standardized uptake values (SUVS)
has been explored in patients with diabetic foot.

Studies have shown higher SUV values in patients
with osteomyelitis compared to those with Charcot
foot, suggesting that SUV is a valuable parameter for
differentiating these conditions [6]. Currently, this
parameter is widely used in diagnosis of oncological
diseases, for example, in the differential diagnosis of
lung neoplasms. SUV is a crucial parameter and is
broadly applicable in clinical practice [7].

There are new methods for quantitative assessment
of hybrid SPECT/CT images using SUVs. One of these
methods is XSPECT Quant, which has demonstrated
accuracy and reproducibility with an error margin
of up to 3% for standardized quantitative analysis of
radionuclide images. The xSPECT Quant is applicable
to Technetium-99m (99mTc) imaging and allows for
clinical quantitative SPECT/CT assessment for more
precise disease detection and improved therapeutic
management [8].

Currently, there are no universally accepted
interpreting criteria for differential diagnosis of
inflammation, osteomyelitis, and Charcot foot.
Quantitative analysis of hybrid SPECT/CT images
holds promise for significantly improving the
diagnosis of septic and aseptic lesions of the diabetic
foot. This study is aimed at demonstrating that utilizing
standardized uptake values can enhance diagnosis of
complicated diabetic foot progression.

MATERIALS AND METHODS

The study design was prospective, non-randomized,
and controlled. The study included 48 patients with
DFS: 147 regions of radiopharmaceutical uptake were
analyzed in 28 patients with septic lesions, 113 regions
— in 20 patients with aseptic lesions, and 160 regions
exhibiting normal bone metabolism. All patients were
examined and treated at the clinics of Siberian State
Medical University.

The study was conducted using a SPECT scanner
(Siemens Symbia Intevo Bold), with an intravenous
injection of the radiopharmaceutical (*"Tc
pyrophosphate). The intensity of radiopharmaceutical
uptake was evaluated using the SUV. The following
types of SUV were distinguished: SUV Body Weight
(SUVbw) — normalized by body weight; SUV Body
Surface Area (SUVbsa) — normalized by body
surface area; and SUV Lean Body Mass (SUVIbm)
— normalized by lean body mass [9]. The analysis
included maximum, mean, and peak SUV values.

Statistical data processing was performed using
the Medcalc software (version 22.023). Descriptive
statistics for quantitative variablesnot following normal
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distribution were presented as the median and the
interquartilerange Me[Q_; Q,]. Intergroup comparisons
were conducted using the non-parametric Mann —
Whitney U-test, with a significance level set at
p <0.05. The ROC analysis was performed to evaluate
the prognostic value of SPECT/CT parameters.

RESULTS

At the first stage of the study, SUVs across all
three groups (areas of septic and aseptic inflammation,
as well as regions with normal bone metabolism)
were analyzed using the Kolmogorov — Smirnov
test to assess the normality of distribution. The test

results indicated that the distribution of the studied
parameters was statistically significantly not normal.
Consequently, the data were described using medians
and interquartile ranges Me [Q_; Q,] (Table 1-3), while
non-parametric tests were employed for intergroup
comparisons. Even though the data did not follow a
normal distribution, the ROC analysis was used to
evaluate diagnostic performance of the quantitative
variables, since the ROC analysis itself does not
require any specific data distribution.

Subsequently, SUVs of lesions (regardless of
aseptic or septic origin) were compared with healthy
bone tissues using the ROC analysis (Fig. 1-3).

Table 1
Standardized Uptake Values in Regions with Normal Bone Metabolism, Me [Q,; Q.]
Parameter SUV bw SUV Ibm SUV Ibm janma SUV bsa
Max 1.45[1.01; 2.18] 1.00 [0.72; 1.43] 0.96 [0.67; 1.37] 0.34 [0.24; 0.50]
Mean 1.12 [0.69; 1.69] 0.81 [0.52; 1.14] 0.74 [0.48; 1.06] 0.27[0.18; 0.39]
Peak 1.28 [0.91; 1.94] 0.92 [0.68; 1.29] 0.87 [0.64; 1.22] 0.32[0.23; 0.47]
Table 2
Standardized Uptake Values in Areas with Septic Lesions, Me [Q,; Q.]
Parameter SUV bw SUV Ibm SUV Ibm janma SUV bsa
Max 11.17[7.91; 17.32] 8.11 [5.48; 11.24] 7.27[5.32;10.89] 2.82[1.99; 3.99]
Mean 9.18 [6.68; 13.69] 6.53 [4.51; 9.50] 6.21 [4.39; 9.32] 2.34[1.63; 3.16]
Peak 9.73 [6.76; 14.91] 6.93 [4.50;9.91] 6.41 [4.35;9.74] 2.35[1.61; 3.55]
100 100
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2 >
2 £
= 2
g 40 2
@ & 40
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Fig. 1. Graph comparing ROC curves for maximum radio-

pharmaceutical SUVs: comparison of pathological areas

with septic and aseptic inflammation with zones with normal

bone metabolism — SUVmax. Here and in Fig. 2-5: X-axis —
Specificity, Y-axis — Sensitivity

Fig. 2. Graph comparing ROC curves for mean radio-

pharmaceutical SUVs: comparison of pathological areas with

septic and aseptic inflammation with zones with normal bone
metabolism — SUVmean
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Table 3
Standardized Uptake Values in Areas with Aseptic Lesions, Me [Q,; Q,]
Parameter SUV bw SUV Ibm SUV Ibm janma SUV bsa
Max 5.84[3.83; 7.84] 3.69 [2.78; 5.10] 3.59 [2.64; 4.90] 1.35 [0.88; 1.83]
Mean 4.80 [3.12; 6.24] 3.07 [2.09; 4.00] 2.94 [2.07; 3.89] 1.10 [0.71; 1.43]
Peak 4.91 [3.30; 6.80] 3.10 [2.22; 4.49] 3.13[2.21; 4.31] 1.12 [0.77; 1.58]

100
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40

Sensitivity

20

0 20

60 80 100

Specificity

Fig. 3. Graph comparing ROC curves for peak radiopharmaceutical SUVs: comparison of pathological areas with septic and aseptic
inflammation with zones with normal bone metabolism — SUVpeak.

Calculations revealed no statistically significant
differences among the SUV parameters (Table 4).
However, SUVIbm (max) demonstrated the largest
area under the ROC curve (ROC AUC) and is suitable
for establishing reference values.

In the second stage of the study, the Mann—Whitney
test revealed a statistically significant difference (p
< 0.05) in SUVIbm (max) values in the pathological
regions between patients with inflammation (septic/
aseptic) and those with normal bone metabolism. Using

the ROC analysis, a threshold value for SUVIbm (max)
= 1.64 was established to differentiate inflammatory
areas (septic or aseptic lesions) from areas with normal
bone metabolism, with sensitivity (Sens) of 93.5% and
specificity (Spec) of 95.6%, indicating that an uptake
level at or above this threshold suggests inflammation
(Fig. 4). The next stage of the study identified a
threshold value for differential diagnosis of septic and
aseptic bone inflammation in patients with diabetic
foot syndrome (Fig. 5).

Table 4

Areas under the ROC Curves (ROC AUC) for Radiopharmaceutical SUVs

Parameter SUV bw SUV Ibm SUV Ibm janma SUV bsa
Max 0.976 0.983 0.979 0.980
Mean 0.979 0.980 0.982 0.982
Peak 0.973 0.977 0.976 0.977
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An uptake level equal to or exceeding 4.35 was
associated with osteomyelitis, achieving sensitivity
(Sens) of 82.4% and specificity (Spec) of 80.3%.

Below are clinical cases exemplifying septic and
aseptic bone lesions in patients with type Il diabetes
mellitus. The cases presented similar clinical features,
comparable DFS duration, and radiological evidence of
destruction and disorganization of bone tissue in hindfoot
(tarsal) and midfoot (metatarsal) regions. In patient

30
25

20
15

10

Diagnosis
a

N., as shown in Fig. 6, intense radiopharmaceutical
hyperfixation was observed in cuneiform and metatarsal
bones with SUVIbm (max) of 10.48, which exceeded the
threshold of 4.35 and thereby confirmed osteomyelitis.
Conversely, a clinical case of Charcot foot illustrating
aseptic lesion in patients with DFS is presented
in Fig. 7, where less intense radiopharmaceutical
uptake (compared to septic lesions) with SUVIbm
(max) = 3.87 was observed.

100

80

60

Sensitivity

40

20

0 20 40 60 80 100

Specificit
b P y

Fig. 4. Results of comparing the difference in the radiopharmaceutical uptake in patients with diabetic foot syndrome (regardless

of aseptic or septic lesions) and those with normal bone tissues: a — scatter chart showing coded areas (X-axis: 0 for normal

radiopharmaceutical uptake, 1 for aseptic/septic bone lesions; Y-axis: standardized uptake value normalized by lean body mass);
b —ROC curve illustrating differential diagnostic performance (X-axis — Specificity, Y-axis — Sensitivity)

100
30 80
25
> 60
20 2
2
15 & 40
10 20
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0
0
0 20 40 60 80 100
0 1 Specificit
Diagnosis pecihicity
a b

Fig. 5. Results of comparing the difference in radiopharmaceutical uptake in patients with diabetic foot syndrome with those with

aseptic and septic lesions: a — scatter chart showing coded areas (0 for septic lesions, 1 for aseptic lesions; Y-axis: standardized

uptake value normalized by lean body mass); b — ROC curve depicting differential diagnostic performance (X-axis — Specificity,
Y-axis — Sensitivity)
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Fig. 6. Patient N., type II diabetes mellitus — osteomyelitis case: SPECT/CT images in axial and sagittal planes demonstrating

intense radiopharmaceutical hyperfixation (SUVIbm (max) = 10.48) in medial cuneiform, base of first metatarsal, intermediate

cuneiform, base of second metatarsal, stumps of third and fourth metatarsals, and base of fifth metatarsal — with signs consistent
with marginal lytic lesion (septic lesion)

Fig. 7. Patient N. — Charcot foot case: SPECT/CT images in axial and sagittal planes showing intense radiopharmaceutical
hyperfixation (SUVIbm (max) = 3.87) in ankle joint, Lisfranc and Chopart joints on the left foot. Similar, but less intense
radiopharmaceutical hyperfixation is seen in Lisfranc and Chopart joints on the right foot indicating aseptic inflammation

DISCUSSION

The study evaluated the potential application
of SUV in SPECT/CT imaging. It was established
that SUV could assist in the differential diagnosis of
septic and aseptic lesions of foot bones in patients
with DFS.

The results of the study by M. Yoshiyuki [10]
demonstrated high efficacy of SPECT/CT imaging

using SUVs for the differential assessment of chronic
osteomyelitis, osteoradionecrosis, and medication-
related osteonecrosis of the jaw. K Kazuhiro et al. [11]
investigated the use of osteoscintigraphy for dynamic
evaluation of a treatment response in a patient with
mandibular osteomyelitis, showing that quantitative
SPECT/CT-derived parameters, such as SUV, can
be useful for assessing inflammatory activity during
therapy.
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The clinical significance of these findings lies in the
fact that utilizing the SUV in SPECT/CT imaging can
serve as a diagnostic tool for osteomyelitis in patients
with diabetic foot. This approach has the potential to
reduce diagnostic and treatment times in this patient

group.

CONCLUSION

This study analyzed the potential application of the
standardized uptake value in SPECT/CT imaging for
the differential diagnosis of septic and aseptic lesions
of foot bones in patients with diabetic foot syndrome.
The analysis demonstrated that standardized
uptake values allow for the differentiation between
inflammatory and non-inflammatory bone tissue
lesions. SUVIbm (max) values exceeding 5 are
associated with septic inflammation, supporting the
clinical utility of this parameter. The data obtained
indicate that the standardized uptake value in SPECT/
CT imaging possesses high information value for
diagnosing osteomyelitis in diabetic foot, which may
facilitate more accurate choice of a treatment strategy
and reduce the number of invasive procedures.
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