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Abstract

Introduction Diabetic neuroosteoarthropathy (DNOAP) is a serious medical and social problem, a potentially life-threatening condition
associated with increased mortality. Purpose Analysis of the literature data on DNOAP complicated by osteomyelitis in terms of
pathogenesis and histological diagnostic methods. Materials and methods The review considers studies from various information
systems (eLibrary.ru, PubMed, etc.) published from 2001 to 2021. Results Differential diagnosis of DNOAP and chronic osteomyelitis
is a poorly understood issue. The "gold standard" in determining the nature of bone tissue destruction is bone biopsy. An analysis of the
literature shows that changes in the structure of the bone in chronic osteomyelitis are of varying severity, and the determination of its
boundaries is of considerable difficulty. Histomorphometric diagnostic criteria for chronic osteomyelitis have not been defined. Studies
of pathomorphological changes in foot tissues affected by DNOAP are scarce. The most significant pathomorphological changes in the
bone tissue in DNOAP are the following: focal necrosis, desolated osteocytic lacunae, endosteal resorption, thinning of the subchondral
layer. The inflammatory infiltrate is mild or moderately expressed and is composed by lymphocytes, plasma cells and macrophages,
rarely neutrophils and fibroblasts. One of the leading components in the initiation of pathological changes in the tissues of the foot
affected by DNOAP is pronounced disorders in the structure of the vessel wall. Degeneration processes are expressed in peripheral
nerves. Conclusion The pathogenesis of the Charcot foot and pathomorphological changes in the tissues of the foot, depending on
etiopathogenetic factors and comorbidity, is not well understood. Histological studies of foot tissues in this pathology are promising
for the differential and early diagnosis of Charcot foot, justifying the need for an individual approach to treatment, paying attention to
certain morphological changes.
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Diabetes mellitus is one of the most serious medical,
social and economic problems worldwide due to early
disability and high mortality from late complications.
Diabetic neuroosteoarthropathy is one of the most
severe complications of diabetes mellitus that inevitably
leads to disability. Diagnosis and treatment of diabetic

neuroosteoarthropathy and its complications is one of the
most important areas of contemporary medicine [1-4].

Purpose To analyze the literature data on diabetic
neuroosteoarthropathy complicated by osteomyelitis
in terms of pathogenesis and histological diagnostic
methods.

MATERIAL AND METHODS

Various information systems (eLibrary.ru, PubMed
and some others) were used to search for studies on

the topic under discussion published between 2001 and
2021.

RESULTS

Diabetic neuroosteoarthropathy (Charcot
osteoarthropathy, Charcot foot, Charcot joint) is a
non-infectious chronic destruction of the bones and
joints of the foot in patients with diabetes mellitus with
neurological deficit, leading to irreversible disability if
treatment is inadequate [5, 6].

The disease was named "Charcot's foot" in honor of
the French neurologist J.M. Charcot, who first established
and described in detail the pathogenetic relationship
between peripheral neuropathy and ankle joint damage in
patients with advanced stages of syphilis [7].

Charcot osteoarthropathy has been also described
in patients with alcoholism, leprosy, spinal cord injury,

poliomyelitis, and in other conditions associated with
peripheral neuropathy [8, 9].

Currently, the most common cause of Charcot
osteoarthropathy is diabetes mellitus (diabetic
neuropathy). According to the latest data, the number
of patients with diabetes mellitus in the world has
more than doubled over the past 10 years and exceeded
425 million people by the end of 2017. As estimated by
the International Diabetes Federation, about 629 million
people will suffer from diabetes by 2045. In Russia,
there has been also a significant growth in the number
of individuals with this disease. According to the federal
diabetes registry, 3.1 % of the population was registered
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with dispensaries in the Russian Federation by the end of
2018. The results of the Russian epidemiological study
(NATION) state that only 54 % of type 2 diabetes cases
have been diagnosed. Thus, the real number of patients
with diabetes mellitus is at least 9 million people (about
6 % of the population). Thus, the pathology remains
undiagnosed in a significant number of patients; so,
they do not receive treatment and have a high risk of
complications [10].

Depending on the dominance or combination of the
main pathogenetic phenomena in the development of
diabetic foot (neuropathy, angiopathy, osteoarthropathy),
its main forms are: neuropathic type (trophic foot ulcer,
diabetic osteoarthropathy or Charcot foot); ischemic
type; and neuroischemic type. Known are neurotraumatic
and neurotrophic theories that have long been used to
elucidate the pathogenesis of the Charcot foot. The
reason for the change in the structure of bone tissue may
be a local increase in blood flow in the vessels of the
foot due to neuropathy of the fibers of the sympathetic
nervous system and / or persistent traumatization due
to loss of sensory sensitivity. However, none of these
theories gives an exhaustive answer to what causes the
skeletal deformity [11-13]. This is due to the small
number of studies aimed at studying structural changes
in the tissues in patients with diabetic foot.

At present, DNOAP is a serious medical and social
problem, as it is a potentially dangerous condition for
the limbs. In addition to the emotional and social burden
of physical dysfunction, it is associated with increased
mortality [14]. During lifetime, 8-15 % of diabetic
patients develop trophic foot ulcers that may further
develop and the disease can be complicated by gangrene
of the limb. Mortality from "high" amputations ranges
from 28 to 50 %, and every second patient after "high"
amputation dies within 5 years [15, 16].

The most common manifestation of a late
complication of diabetic foot is trophic ulcers. They
may lead to severe purulent necrotic complications.
Up to 60 % of such complications are accompanied
by purulent lesions of bones and joints. Osteomyelitis
occurs by spreading of infection from the soft tissues
due to its contact and is the main cause of non-traumatic
amputations of the lower extremities [17, 18].

Diagnosis of Charcot osteoarthropathy and chronic
osteomyelitis Despite modern advances in medicine, the
diagnosis of osteomyelitis in DNOAP is a rather difficult
task. Differential diagnosis of Charcot osteoarthropathy
and chronic osteomyelitis against the background of
purulent necrotic complications of the diabetic foot is a
poorly studied issue [2, 3, 17, 19].

Instrumental methods for diagnosing chronic
osteomyelitis and diabetic neuroosteoarthropathy
(Charcot foot) With DNOAP, radiological signs are
described in the English literature as symptoms of
five "D": joint distension (joint sprain), dislocation,

debris (fragments), disorganization (destruction with
loss of function), increased density [20, 21]. The
radiographic method gives positive diagnosis in the
later stages of the disease, with a loss of bone substance
of more than 20-40 %, and is ineffective in the early
stages of DNOAP [22, 23].

Magnetic resonance imaging is the most informative
method for diagnosing DNOAP, as it is able to assess
the magnitude of damage to both bones and soft
tissues, to differentiate osteomyelitis from diabetic
neuroosteoarthropathy, and to assist in planning surgical
treatment [24, 25]. New methods for analyzing magnetic
resonance imaging data for assessing the Charcot foot
have been developed and proposed [26, 27]. Local and
systemic decrease in bone mass is reliably determined
by densitometry. The most effective, but currently
inaccessible, method is skeletal scintigraphy with the
introduction of Tc99m [28, 29].

The “gold standard” in determining the nature of
bone tissue destruction is the histological method —
bone biopsy [30, 31].

Histological method in the diagnosis of diabetic
neuroosteopathy and osteomyelitis The literature
confirms the varying grades of changes in the bone
structure in chronic osteomyelitis [17, 23, 32]

Pathological changes in osteomyelitis have been
described well enough. Differences between the acute
and chronic types of the inflammatory process have been
shown. Such pathological signs as foci of osteonecrosis
and sequesters, replacement of bone marrow structures
with granulation tissue and fibrosis, and inflammatory
infiltration are used to formulate a diagnosis of chronic
osteomyelitis [17, 33].

The following morphological signs of bone
rarefaction are distinguished in osteomyelitis. In compact
bone tissue, it is the expansion of Haversian canals, and
in cancellous bone tissue, osteoclastic resorption (more
characteristic of chronic osteomyelitis). Restructuring
of bone tissue is manifested by a change in the structure
of bone components. Residual structures are found in
osteons such as "fragments" of former osteons. Their
enlargement indicates a repeated restructuring. In
cancellous bone trabeculae, an increased restructuring
manifests itself in a growing number of gluing lines — a
layer of bone substance formed during one time period
separates from a layer formed in a later period [34].

Characteristic signs of sequestration are empty
ostocytic lacunae, empty or pus-filled Haversian
canals and bone marrow gaps, serrated edges along
the line of separation from the bulk of the bone. Bone
microsequesters are sometimes surrounded by giant
multinucleated cells. There are lesions of blood vessels
and nerves, sclerosis of the walls of the vessels of the
microvasculature, perineural sclerosis, and productive
vasculitis. The bone marrow gaps are filled with fibrous
connective tissue. In soft tissues, there is an overgrowth
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of connective tissue with inflammatory infiltrates
consisting of lymphocytes and plasmatic cells [34].

In chronic osteomyelitis of the foot, tissue damage
is extensive; the infectious process also penetrates
the joints [18]. Reports on histological changes in the
cartilage tissue of the joints in osteomyelitis are separate
descriptions of clinical cases with the development of
osteoarthritis and synovitis of large joints [35, 36].

At the border of the subchondral bone, the intensively
functioning hypertrophied chondrocytes of the articular
cartilage form a chondrohematic barrier that prevents
the spread of the osteomyelitic process. In pathological
conditions, this “barrier” is broken, and the penetration
of blood vessels into the cartilage is noted [37].

The results of our study showed that structural
changes in the articular cartilage in chronic osteomyelitis
depended on the location of the osteomyelitis nidus. In
the calcaneus and talus, when the osteomyelitic focus
is distant from the articular surface, the structure of
the subchondral bone plate and the basophilic line are
not disturbed, the vessels did not penetrate into the
cartilaginous tissue. In the presence of an osteomyelitic
focus in the subchondral zone, disorders of the structure
of the basophilic line and subchondral bone, invasion
of cartilage tissue by vessels were revealed. From the
side of the articular surface, synovial pannus invades
the cartilage matrix. In chronic osteomyelitis of the
phalanges and metatarsal bones, in all cases, disorders
of the structure of the articular cartilage and subchondral
bone, invasion of blood vessels into the cartilage was
observed due to the small size of these bones and the
contact of the osteomyelitic nidus with the articular
cartilage [38].

Chronic osteomyelitis is characterized by stages of'its
course, alternation of remissions and exacerbations. The
literature practically does not reflect the features of the
cellular and tissue composition of the substituted bone
marrow structures in chronic osteomyelitis in different
phases of inflammation (exacerbation, remission).

G.V. Diachkova et al. (2017) analyzed the surgical
material harvested from 58 patients with chronic
osteomyelitis of the proximal femur and showed the
following features characteristic of the active and
subacute inflammatory phase: restructuring of the
cancellous bone of the femoral head with almost
complete destruction of the articular cartilage,
trabecular necrosis, thinning of the subchondral bone,
replacement of the intertrabecular space with necrotic
detritus, accumulations of purulent exudate, immature
and mature (fields of fibrosis) granulation tissue. In the
active form, there was a large number of segmented
leukocytes in the intertrabecular spaces. In the period
of remission, in a number of cases, small loose non-
caseating granulomas of lymphocytic and macrophage
composition were determined, signs of reparative bone
formation (layers of newly formed osteoid and layers

of osteoblasts on the endosteal surface of the bone
trabecular complex) [39].

An important issue is the development of an
algorithm for diagnosing osteomyelitis in diabetic
foot for possible tactics of treating this pathology. One
example of such an algorithm is the diagnostic criteria
and recommendations for the treatment of osteomyelitis
in patients with diabetic foot proposed in 2008 by the
International Diabetic Foot Expert Group (DFSG) of
the European Organization for the Study of Diabetes
Mellitus (EADS). The authors state that the developed
scheme for diagnosing diabetic foot osteomyelitis
simplifies the process by using a combination of various
diagnostic criteria, including histological ones [40].

J.L. Lazaro-Martinez et al. (2017), having reviewed
critically 60 publications, concluded that the diagnosis
of osteomyelitis in diabetic foot is not unambiguous due
to its heterogeneity. The clinical signs of inflammation
along with bone biopsy and radiography have been
postulated as the main clinical diagnostic tests for
suspected osteomyelitis [41].

A.Tiemann et al. (2014) developed a semi-
quantitative histopathological assessment scale for acute
and chronic osteomyelitis to determine the phase of the
inflammatory process, which included grading bone and
soft tissue changes and inflammatory infiltrate from 0 to
3 points [42].

Pathohistological studies of diabetic
neuroosteoarthropathy Despite current advances of
medicine, the problem of differentiated diagnosis
of DNOAP and osteomyelitis remains little
studied [43, 44, 45].

R.V. Deev et al. (2016) distinguish the following
most significant pathomorphological changes in bone
tissue in patients with terminal forms of diabetic angio-
and neuropathy: focal necrosis, manifested by neglected
osteocytic lacunae, endosteal resorption, thinning of the
subchondral layer, the phenomenon of free trabeculae;
in the intertrabecular space, fibrous and flaky tissue
debris without inflammatory infiltrate, signs of reactive
osteogenesis are mild and insufficient for complete
recovery of the segment [44].

A.A. Dmitrienko et al. (2014), note that the
inflammatory infiltrate of the bone tissue in diabetic
neuroosteoarthropathy is mild or moderately pronounced
and contains mostly lymphocytes, plasma cells and
macrophages, rarely neutrophils and fibroblasts. A
distinctive feature of osteomyelitis due to DNOAP is
a granulation ridge at the border of the necrotic and
unchanged bone area [43].

In our earlier study, disorders in the structure and
/ or complete absence of the subchondral bone was
noted in diabetic neuroosteoarthropathy complicated by
osteomyelitisdue to the high activity of osteoclasts in
the subchodral zone. Signs of reparative bone formation
were poorly expressed, the articular surface was covered
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with pannus, and invasion of vessels into the cartilage
was noted from the side of the pannus and subchondral
zone [45].

The pathohistological changes in the bone tissue
and articular cartilage, described above, correspond
to the pathogenetic mechanisms of the disease. The
disorders in the joint structure are accompanied by
hypervascularization and resorption of the bone
tissue [46]. Osteoclasts play a key role in the course
of Charcot arthropathy as exogenous cells responsible
for the imbalance of bone metabolism and, ultimately,
osteolysis. An increased activity of osteoclasts in
Charcot arthropathy leads to an imbalance in permanent
remodeling processes [11, 47].

The reason for the increased resorption activity
in diabetic neuroosteoarthropathy is unknown. It
was suggested that it may be caused by uncontrolled
inflammation due to upregulation of pro-inflammatory
cytokines and, in particular, tumor necrosis factor o
(TNF-a). Further study of the role of pro-inflammatory
cytokines is promising in terms of developing new
methods for the treatment of diabetic foot [47, 48].

Quantitative experimental studies of bone tissue
in diabetes mellitus showed a decrease in bone tissue
volume, the number of osteoblasts, and a reduction in
the rate of osteoid formation [49].

Histomorphometric studies of bone tissue in patients
with diabetic neuroosteoarthropathy showed an increase
in the number of empty osteocytic lacunae and Hausship
lacunae, what indicated an increase in osteoclastic
activity. The number of osteocytes was significantly
reduced relative to the control group [50]. In patients
with chronic Charcot arthropathy, a significant thinning
of bone trabeculae, a decrease in their area, and active
osteoblasts were detected on the surface of some
trabeculae [51]. It is noted that low bone mineral density
is revealed in patients with foot and ankle fractures
associated with neuropathic arthropathy [52, 53].

One of the leading factors in initiating pathological
changes in foot tissues in DNOAP is a pronounced
disruption in the structure of the microcirculatory
vessel wall: intimal hyperplasia, thickening of the
subendothelial layer, hyalinosis, and calcification of
smooth muscle cells [44, 54-56].

The pathogenesis of vascular calcification in diabetes
is not fully understood, and high glucose levels and
other factors may play an important role in osteogenic
transdifferentiation of smooth muscle cells. Further
detailed study of the mechanism of vascular calcification
in diabetes is necessary to develop effective therapeutic
strategies to intervene in this process [57, 58].

A number of metabolic and vascular changes in
diabetic neuropathy are interrelated, hyperglycemia
being the main factor. Changes include increased
oxidative stress, accumulation of advanced glycation end
products, activation of pro-inflammatory mechanisms,
and ischemia. These processes have a direct and indirect
adverse effect not only on neurons and Schwann cells,
but also on the blood vessels that supply the nerves.
Vascular lesions in the tissues of the foot in diabetic
neuroosteoarthropathy that occur at the level of the
microvasculature are accompanied by structural changes
in peripheral nerves, their degeneration, and a decrease
in the number of Schwann cells [59].

0.V. Belovetal. (2017) studied two clinical groups of
six patients each. In the first group of patients, ischemic
changes prevailed, and neuropathic changes in the
second group. The authors revealed the heterogeneity of
morphological data. In the first group, severe circulatory
disorders, thickening of the walls of microvessels with
narrowing of their lumen were found. Changes in the
peripheral nerve trunks were characterized by mild
demyelination. In the second group, vascular changes
were similar to those in the first group; damage to the
Schwann sheaths, destruction of myelin up to total
demyelination and complete degeneration of the axial
cylinders were revealed in the peripheral nerve trunks.
Changes in endo- and perineural vessels were thickening
of the basement membrane, empty capillaries.
Histomorphometry revealed a statistically significant
thickening of the walls of precapillary arterioles, a
decrease in their inner diameter with a reduction in the
internal diameter of capillaries, more pronounced in the
first group. The identified morphological features of the
manifestations of the neuroischemic type of the diabetic
foot substantiate the need for an individual approach
to the treatment of patients, paying attention to certain
morphological changes [54].

U. Illgner et al. (2019) identified the main semi-
quantitative histopathological criteria of the Charcot
foot — the Charcot scale (the proposed Charcot scale is
based on the principle of the HOES scale of A. Tiemann
et al., 2014 [42]). The authors assessed in points (from
0 to 4 points) the severity of tissue necrosis, signs of
bone remodeling (detection of osteoblasts, osteoclasts,
inflammatory infiltrate), the state of articular cartilage
(the severity of signs of destruction and regeneration),
and the severity of inflammatory infiltrate in the synovial
membrane. A semi-quantitative histopathological score
of 11 or more points (maximum score 21) is assessed
as Charcot foot. A limitation of the study was a small
sample size of 20 patients [60].

DISCUSSION

Diabetic neuroosteoarthropathy (Charcot foot) is
a potentially dangerous complication in patients with
diabetes mellitus, leading to significant destruction

of bones and joints, foot deformity, and formation
of trophic ulcers [5, 6]. Given the high percentage of
lower limb amputations and post-amputation mortality
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in patients with diabetes mellitus (28-50 %), an early
diagnosis of DNOAP is of great importantance [15-18].
The main method for assessing the condition of bones
and joints remains radiography that reveals the foci of
osteolysis with high reliability, but is ineffective in the
early stages of DNOAP [22, 23]. Densitometric methods
are being improved currently. The most informative
methods for assessing the location and size of the lesion,
both in bones and soft tissues, are magnetic resonance
imaging [24, 25] and the histological method [30, 31].
The analysis of literature data showed that the problem
of differential diagnosis of DNOAP and osteomyelitis
remains a poorly studied issue [2, 3, 17, 19].
Quantitative histopathological diagnostic criteria for
chronic osteomyelitis have not yet been determined. In a
number of cases, there is a need for a reliable diagnosis
in the absence of obvious clinical and radiological
signs of osteomyelitis to differentiate between diabetic
osteoarthropathy and osteomyelitis, when bone
tissue destruction is expressed in both cases, or when

osteomyelitis is detected as a complication of diabetic
osteoarthropathy.

There are three main forms in the development of
diabetic foot syndrome: neuropathic, ischemic and
neuroischemic. However, none of these theories gives
an exhaustive idea of what causes skeletal deformity
due to insufficient research on structural tissue changes
in patients with diabetic foot [11, 12, 13].

The mechanisms of the Charcot foot pathogenesis
and pathomorphological tissue changes in regard to
etiological factors and comorbidity have not been
not well understood. To date, semi-quantitative
histopathological criteria for osteomyelitis and Charcot
foot have been developed [42, 60]. The limitation
of the presented studies was the small sample size
of 52 and 20 patients [42, 60]. Currently, there is no
standardized reproducible histological assessment of
the surgical material. The results are often presented
descriptively and it is difficult for the doctor to work
with histopathological results.

CONCLUSION

The pathogenesis of the Charcot foot and pathological
morphological changes in the tissues of the foot,
depending on etiopathogenetic factors and comorbidity,
is not well understood. Histological studies of the foot

tissues in this pathology are promising for the differential
and early diagnosis of Charcot foot, justifying the need
for an individual approach to treatment, paying attention
to certain morphological changes.
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