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ABSTRACT
The aim of the study was to study the role of MRI and the state of bone metabolism in the
diagnosis of Charcot's foot in patients with diabetic osteoarthropathy at an early stage.

Research materials and methods: 45 patients were examined (prospectively) with type 2
diabetes and Charcot's foot in the period 2021-2022 at the Academician E.H. Turakulov
Endocrinology Research Center , in the department of diabetic foot.

All observed patients were divided into 4 groups:

1 gy — patients with acute stage of Charcot's foot with type 2 diabetes — 25 patients,
Group 2 - patients with the subacute stage of Charcot's foot — 20 patients,
The control group consisted of 20 persons with DM 2 without VDS.

Of the 45 patients, there were 37 men and 8 women. The average age: men was 69.12 years,
women - 68, 15 years. The prescription of type 2 diabetes ranged from 17 to 25 years.

The research methods included: biochemical (bilirubin, direct, indirect, lipid spectrum, ALT,
AST, PTI, coagulogram, blood sugar, glycated hemoglobin, urea, creatinine, GFR, calcium,
alkaline phosphatase, parathyroid hormone, vitamin D3, blood and instrumental: ECG, MRI of the
feet, dopplerography of the main vessels of the legs, Ultrasound of internal organs, DEHA, fundus.
The results of the study. On the MRI, we found the location of the bone marrow abnormality
(edema shown in fluid-sensitive and recovery of fatty bone marrow shown in T1 sequences). The
pattern tended to be periarticular. All patients had several joints and bones involved (mainly tarso-
metatarsal joints and metatarsal joints). In the late stages of Charcot's foot, the appearance of
severe pathological changes (bone destruction, massive effusion, etc.) is characteristic on MRI.
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. Early stage of Charcot's foot CT (computed tomography) It does not play an important role
for visualization, since changes in bone marrow and soft tissues can be better visualized using MRI
(magnetic resonance imaging). CT can be used in the later stage of Charcot's foot for better
visualization of bone proliferation and consolidation. Diagnosis of this disease in the early stages
contributes to the timely initiation of appropriate therapy and helps to minimize the disability of
these patients. In the late stages of Charcot's foot, the appearance of severe pathological
changes (bone destruction, massive effusion, etc.) is characteristic on MRI
. Conclusions 1. Patients with diabetic foot syndrome complicated by Charcot's foot are at high risk
of deficiency of 25-hydroxyvitamin D3 and calcium. 2) An early symptom on MRI with Charcot's
foot was the presence of concavity of the articular surface of the talus bone against the background
of sclerosis in the talus-navicular joint.

INTRODUCTION
Recently , the group of chronic complications of diabetes mellitus increasingly includes
pathological changes in bone tissue . Convincing evidence suggests that in diabetes mellitus
there is a tendency to decrease bone mass and change the microarchitectonics of bone tissue.
Pathological decrease in bone mineral density is detected in 50% of patients with type 1 diabetes
[1]. Most researchers believe that osteopenia, osteoporosis in patients with type 1 diabetes is
diffuse.
However, to date, there are differences in the attitude

the nature of bone tissue damage in patients with type 2 diabetes. According to Niats, T.
T. [2], the basis of bone tissue changes is the separation of remodeling processes with the
predominance of resorption processes. At the same time, in patients with DM complicated by the
formation of Charcot's foot, there is a compaction of bone tissue and pathological changes
develop, leading subsequently to the formation of long-term non-healing trophic ulcers [3, 4].

Lesions of the osteoarticular system in diabetes mellitus (DM) are observed quite
often (up to 77.8%) [5]. The percentage of lower limb amputations in this category of patients is
50-70% among all non-traumatic amputations, and post-amputation mortality in the first year
after surgery is 30% higher than in patients with normal carbohydrate metabolism [6]. The high
frequency of changes in the musculoskeletal system and their significant role in the formation of
persistent disability in patients with diabetes mellitus determine the need to develop accurate
criteria for the diagnosis of diabetic osteoarthropathy (DOAP) and osteomyelitis (OM). Initial
changes in bones and joints may not be detected during X-ray and other instrumental studies.
Currently, there is no highly informative method for the differential diagnosis of acute
osteoarthropathy and osteomyelitis of the foot bones [7]. The clinical and radiological signs of
these diseases are extremely similar [8]. According to some authors, more than 50% of
conditions diagnosed as osteomyelitis are in fact the acute stage of DOAP. The consequence of
an erroneous diagnosis in these cases are unjustified amputations, leading to disability of
patients, as well as to large economic costs for their treatment and rehabilitation. The need for
accessible non-invasive methods suitable for examination and monitoring of patients justifies the
search for such indicators of metabolism in bone tissue that can be determined by examining
blood or urine [9].

Diabetic neuroosteoarthropathy is fundamentally different from osteoporosis and
occurs with a frequency of 0.7 to 10% in relation to all patients with dominant signs of
polyneuropathy. In case of doubt, rarely occurring osteoarthropathy can always be distinguished
from osteoporosis by ultrasound osteodensitometry. Osteoporosis occurs disproportionately more
often, including in patients with the neuroischemic form of diabetic foot syndrome. It is
manifested by atrophy, rarification and, ultimately, softening of the bones of the anterior, less
often middle, parts of the foot [10].

For diabetic osteoarthropathy of the posterior part of the foot, especially for the
talus, a degenerative-destructive and osteosclerotic process should be considered typical [11].
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Characteristic of osteoarthropathy is the consistent development of degeneration,
fragmentation of the bones of the tarsus, with the outcome in deforming osteosclerosis. The
talus, navicular and sphenoid bones initially fragment, but eventually they can fuse. In the
process of regeneration , these bones are sclerosed and acquire so much

increased strength, which is difficult to process with surgical instruments [12].

Osteoporosis can be observed in many patients with SDS, possibly because insulin
deficiency inhibits the function of osteoblasts, and metabolic acidosis characteristic of diabetes
stimulates osteoclastic activity [13]. Osteoporosis is based on diabetic collagenopathy, which
leads to bone rarification and its replacement with adipose tissue.Osteoporosis at the initial
stages of its development is not clinically manifested in any way. It is detected radiologically
only after the loss of 20% of the bone substance [14]. Osteoporosis in SDS, which is an atrophic
process, can progress and even turn into a systemic pathology; diabetic osteoporosis significantly
reduces the strength of the skeleton of the forefoot, as a result of which it sometimes causes
pathological fractures and osteolysis of the bones of the metatarsal and phalanges of the fingers
[15].

Diabetic neuro-osteoarthropathy destroys and deforms the largest bones and joints of
the foot. With all varieties of Charcot's foot, persistent edema and symptoms of false
hypervascularization develop, in the form of local hyperthermia, and sometimes hyperemia with
the expansion of superficial veins. Deformity of the foot is formed and progresses, which is
closely related to the localization of osteoarthropathy foci [16].

There are three clinical and morphological forms of diabetic foot Charcot. In the
first variant, the middle part of the foot mainly suffers, in the second - the posterior part of the
foot, and the third variant is subtotal neuroosteartropathy Charcot with damage to the posterior
and middle parts of the foot.X-ray examination is crucial in the diagnosis of both osteoporosis
and neuro-osteoarthropathy. In case of doubt, a three-dimensional reconstruction of scans
obtained by computed tomography is performed. On radiographs of the feet, osteoporosis,
characteristic of the neuroosteoarthropathic form of SDS, is of a regional nature and is detected
in the bones of the phalanges of the metatarsal and tarsus. Depending on the duration of diabetes,
the X-ray picture of spotty early osteoporosis is replaced by a uniform large rarefication. Then
the thinning of the cortical layer can join the discharge of the beam structures, that is, true
atrophy of the bones of the anterior and middle parts of the foot occurs. Fragmentation of the
distal ends of the metatarsal bones, as a manifestation of pathological fractures, was noted in
15.7% of patients with SDS [17].

Diabetic neuro-osteoarthropathy is manifested by disorders of sensitive, autonomic
and motor innervation, and imaginary hypervascularization. Its main distinguishing feature is
degenerative osteolysis, fragmentation of large and small bones and joints of the tarsus, ankle
deforming arthrosynovitis, for which it was named Charcot's foot. Fragmentation and osteolysis
lead to the formation of pathological fractures, characteristic deforming thickenings in the ankle
and adjacent joints. Neuroosteoarthropathy occurs in 0.7-10% of all patients with the neuropathic
form of SDS. However, osteoarthropathy is manifested not only by degenerative reconstruction
of the bones of the feet, but also by osteoporosis, the frequency of which in patients with DM
reaches 60-89% [18].

Common osteoporosis is not yet osteoarthropathy, which occurs among patients
with a neuropathic form of diabetic foot syndrome, in less than 10% of cases. Diabetic
osteoarthropathy is characterized by aseptic destruction of bones due to their

hypervascularization [19]. Therefore, neuroosteoarthropathy is

a relatively rare manifestation of diabetic neuropathy, while

osteoporosis is much more common, including in patients with a neuroischemic form of
SDS. Few observations indicate that in diabetes with a well

-compensated metabolism, in the absence of neuropathy, the normal structure and mass
of the foot skeleton can be preserved [20].
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The genesis of neuroosteoarthropathy includes factors of nervous, hormonal,
immune and vascular origin. The effect of insulin is realized not only by controlling glycolysis,
but also by its effect on the construction of RNA, DNA and adenosine monophosphate. In
diabetes mellitus, collagen synthesis decreases, calcium metabolism and the process of bone
remodeling are disrupted. There is a kind of aseptic inflammation of the bone marrow, which can
cause bone destruction [21]. As a result of the development of polyneuropathy, arterio-venular
shunts open not only in somatic, but also in vegetative axons, in the microcirculatory bed of bone
tissue. This type of microangiopathy leads to increased blood flow in the form of arteriovenular
discharge, which reduces microcirculatory perfusion of foot tissues. This causes a decrease in
microvascular tone, which increases unproductive blood flow in the bone tissue.

Despite the achievements in the study of the mechanisms and manifestations of
pathological changes in bone tissue in diabetes mellitus, there is no consensus on the nature,
frequency and causes of skeletal changes in controlled hyperglycemia. The most likely
explanation for the inconsistency in the assessment of bone lesions in diabetes mellitus is the
heterogeneity of the examined contingent of patients, the use of various methods for assessing
the state of bone tissue.

To date, there is no consensus on the role of biochemical markers of bone
remodeling, the study of which would make it possible to diagnose bone and joint pathology at
an early stage and find a differentiated approach to the treatment of this category of patients.

Thus, the study of bone metabolism and its role in the development of diabetic
osteoarthropathy certainly seems relevant.

The aim of the study was to study the role of MRI and the state of bone metabolism in
the diagnosis of Charcot's foot in patients with diabetic osteoarthropathy at various stages
Research material and methods: 67 patients were examined (prospectively) with
type 2 diabetes and Charcot's foot in the period of 2021 in the Department of Diabetic foot in the
Department of Endocrinology.

All observed patients were divided into 4 groups:

1 gy — patients with acute stage of Charcot's foot with type 2 diabetes — 16 patients,
Group 2 - patients with the subacute stage of Charcot's foot — 18 patients,

Group 3 — patients with chronic stage of Charcot's foot — 20 patients,

group 4 — patients with stage of complications of Charcot's foot — 13 patients

The control group consisted of 20 patients with type 2 diabetes mellitus without SDS.

Of the 67 patients, there were 42 men and 25 women. The average age: men was
69.12 years, women - 68, 15 years. The prescription of type 2 diabetes ranged from 17 to 25
years.

MATERIALS AND METHODS

Biochemical (bilirubin, direct, indirect, lipid spectrum, ALT, AST, PTI, coagulogram, blood
sugar, glycated hemoglobin, urea, creatinine, GFR, calcium, alkaline phosphatase, parathyroid
hormone, vitamin D3, blood and instrumental: ECG, MRI of the feet, dopplerography of the
main vessels of the legs, Ultrasound of internal organs, DEHA, fundus.

Statistical calculations were carried out in the Microsoft Windows software environment
using Microsoft Excel-2007 and Statistica version 6.0, 2003 software packages. The data
obtained are reflected in the form M £ m, where M is the average value of the variation series, m
is the standard error of the average value. The reliability of the differences between the
independent samples was determined by the Mann-Whitney method and the Student.

RESULTS AND DISCUSSION

Table 1 shows the distribution of patients by gender and age.
Table 1. Distribution of patients by gender and age
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Age, years Number of men Number of women

1or 29r 3gr 49r lor 2Qr 3gr 49r
30-44 - - - - - - - -
45-59 4 7 5 2 1 2 1 2
60-74 7 3 8 5 4 6 6 4
75 and older - - - - - - - -
Total: n =67 11 10 13 7 5 8 7 6

As can be seen from Table 1, the majority of patients were aged from 60 to 74 years — 42
(62.7%), while the number of men was greater: 42 men and 25 women.
The next step of our research was to study the indicators of carbohydrate metabolism

(Table 2).

Table 2

Comparative characteristics of carbohydrate metabolism indicators of patients by groups
Indicator Group 1 Group 2 Group 3 Group 4 control
Fasting 9,21+4,29% 7.47+2,15% | 8,12+2,23 11,243,14** | 4,303
glycemia,
Mmol/l
PTTG, mmol/l | 11,53+3,05* 9,11+3,33* 10,1442, 3* 10,14£2,12* 6,7+0,05
HbAlc, % 11,83+2,1** 9,38+1,4* 9,21+1,2* 12,8+1,21** 4,3+0,6

Note: PGTT is an oral glucose tolerance test, p is the reliability of differences between groups
in comparison with the control. At the same time, *p<0.05 **p< 0.001

As can be seen from Table 2, there were significant violations of carbohydrate
metabolism in all groups, which shows the state of decompensation in these patients.
Our main task was to study the biochemical and hormonal parameters of bone metabolism
in the compared groups of patients with Charcot's foot (Table 3).

Table 3

Comparative characteristics of biochemical and hormonal indicators of patients by
groups

Indicator Group 1 Group 2 Group 3 Group 4 control
,\C/I:frig'l‘;lm ! 1,3+0,04* 1,240,08% | 2,04+0,07 | 1,7+0,04* 2,25+0,03
PTH, pg/ml 71,3+9,7 72,8+10,7 104,6+12,9* | 105,8+9,8* 76,7+12,3
Vit Dz, ng/ml 12,6+3,3** 11,2+4,2** 10,5+4,1** 11,3+4,8** 27,246,2

Note: PTT —parathyroid hormone,- the reliability of differences between groups in comparison
with the control. At the same time, *p<0.05 **p< 0.001

As can be seen from Table 3, the levels of 25-hydroxyvitamin D3 were lower (12.6£3.3
ng/ml, p<0.001, 11.2+4.2 ng/ml, p<0.001, 10.5+4.1 ng/ml, p<0.001, 11.3+4.8 ng/ml, p<0.001)
in patients all 4 groups (average age 70 + 12 years) than in the control group (27.2% 6.2 ng/ml).

It should be noted that 34 (50.7%) patients with diabetic foot ulcers had severe deficiency
of 25-hydroxyvitamin D3 with levels below 10 ng/ml.

Only in 13% of patients, the level of 25-hydroxyvitamin D 3 exceeded 20 ng/ml. In
addition, secondary hyperparathyroidism was detected in 26% of patients (in groups 3 and 4 of
patients), and in 12.5% of patients hypocalcemia was detected.
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The next stage of our work was the study of MRI of the feet in the studied groups of

patients.(table 4).

Table 4

Comparative characteristics of foot MRI indicators by groups

Indicator

Group 1
N=16

Group 2
N=18

Group 3
N=20

4 group
N=13

Concavity of the
articular surface of the

16 (100%)

talus bone against the
background of sclerosis
in the talus-navicular
joint

Progressive destruction
in the talus-navicular
joint, migration of the
debris

- 18 (100%) 20 (100%) | 13 (100%)

Massive effusion
stretching the joint

16(100%) 18 (100%) 18 (90%) 13 (100%)

Bone destruction on
both sides of the joint

16(100%) 18(100%) 18(90%) 13(100%)

Bone destruction on both| 0
sides of the joint drawn 17(94%)
by effusion

17(85%) 13(100%)

Jlebpuc pacnojaraercs | - 12 (67%) 12 (60%) 13 (100%)

B CKOIIJICHMH KHUIAKOCTHU

On the MRI, we found the location of the bone marrow abnormality (edema shown in fluid-
sensitive and recovery of fatty bone marrow shown in T1 sequences). The pattern tended to be
periarticular. All patients had several joints and bones involved (mainly tarso-metatarsal joints
and metatarsal joints). In the late stages of Charcot's foot, the appearance of severe pathological
changes (bone destruction, massive effusion, etc.) is characteristic on MRI.

Early stage of Charcot's foot CT (computed tomography) It does not play an important
role for visualization, since changes in bone marrow and soft tissues can be better visualized
using MRI (magnetic resonance imaging). CT can be used in the later stage of Charcot's foot for
better visualization of bone proliferation and consolidation. Diagnosis of this disease in the early
stages contributes to the timely initiation of appropriate therapy and helps to minimize the
disability of these patients.

CONCLUSION

1). Patients with diabetic foot syndrome complicated by Charcot's foot are at high risk of
deficiency of 25-hydroxyvitamin D3 and calcium. 2) An early symptom on MRI with Charcot's
foot was the presence of concavity of the articular surface of the talus bone against the
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background of sclerosis in the talus-navicular joint 3) In the late stages of Charcot's foot, the

appearance of severe pathological changes (bone destruction, massive effusion, etc.) is

characteristic on MRI
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