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diabetes, One of significant challenges faced by diabetologists, surgeons and orthopedists who
diabetic foot, care for patients with diabetic foot syndrome is early diagnosis and differentiation of
Charcot bone structure abnormalities typical of these patients, i.e. osteitis and Charcot arthropa-
arthropathy, thy. In addition to clinical examination, the patient’s medical history and laboratory
neurogenic tests, imaging plays a significant role. The evaluation usually begins with conventional
arthropathy, radiographs. In the case of osteomyelitis, radiography shows osteopenia, lytic lesions,
diagnostic imaging cortical destruction, periosteal reactions as well as, in the chronic phase, osteosclerosis
and sequestra. Neurogenic arthropathy, however, presents an image resembling rapidly
progressing osteoarthritis combined with aseptic necrosis or inflammation. The image
includes: bone destruction with subluxations and dislocations as well as pathological
fractures that lead to the presence of bone debris, osteopenia and, in the later phase,
osteosclerosis, joint space narrowing, periosteal reactions, grotesque osteophytes and
bone ankylosis. In the case of an unfavorable course of the disease and improper or
delayed treatment, progression of these changes may lead to significant foot deformity
that might resemble a “bag of bones”. Unfortunately, radiography is non-specific and
frequently does not warrant an unambiguous diagnosis, particularly in the initial phase
preceding bone destruction. For these reasons, alternative imaging methods, such as
magnetic resonance tomography, scintigraphy, computed tomography and ultrasonog-
B raphy, are also indicated.
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Introduction

Diabetes is sometimes called a global epidemic of the
2 1% century. Its prevalence has been alarmingly grow-
ing in the recent years; the number of patients with
diabetes is projected to exceed 500 million by 2030®,
In Poland, there are approximately 2.5 million people
with diabetes with a considerable part of cases remain-
ing undiagnosed®. Moreover, demographic changes,
i.e. longer life expectancy and population ageing, main-
ly in developed countries, make treatment of diabetes
and its complications a growing problem for clinicians
and for the entire healthcare system.

Despite considerable progress in diabetes treatment,
particularly in terms of its acute complications (hypo-
and hyperglycemic coma), chronic consequences of this
disease still constitute a serious clinical problem and
lead to increased mortality, disability and lower quality
of life. Pathological processes resulting from long-term
glucose metabolism abnormalities affect the cardiovas-
cular system, kidneys and eyes as well as the nervous
system, musculoskeletal system and skin, which leads
to severe abnormalities within the feet.

Diabetic foot syndrome

Diabetic foot syndrome, as defined by the World Health
Organization, is infection, ulceration or deep tissue de-
struction associated with neurological disorders or pe-
ripheral vascular disease within the feet of patients with
diabetes. These abnormalities may significantly affect
the quality of life and, in most advanced cases, cause
long-term hospitalizations. They are also the most com-
mon cause of non-traumatic extremity amputation®.

Foot deformity resulting from motor nerve fiber abnor-
malities, e.g. in the form of mallet toes and high-arched
foot, results in inappropriate weight bearing on the
plantar surface of the foot and, in combination with im-
paired pain sensation, leads to the occurrence of poorly
healing wounds on the feet of patients with diabetes.
Wounds and ulcerations can also be caused by gait ab-
normalities occurring in the course of neuropathy as
well as by frequently occurring edema (particularly in
older patients) and visual acuity disorders caused by
retinopathy which increases the risk of injury. Soft tis-
sue ulceration in the feet is a very frequent complica-
tion; a lifetime risk is estimated at even 25%®.

These ulcerations, frequently unnoticed by patients for
a long time, are often a route of soft tissue infection,
which in nearly 20% of cases also leads to bone involve-
ment®. Unless intensive treatment is implemented in-
stantaneously, amputation becomes necessary in many

cases. The risk of amputation increases by 1.2-fold in
cases with concomitant neuropathy, by 12-fold in cases
with deformity and by 36-fold in patients previously
treated for foot ulceration®. It is estimated that foot
amputation due to diabetes is conducted every 20 sec-
onds in the world. The risk is especially high if neu-
ropathy is accompanied by lower extremity ischemia.
Atherosclerotic changes develop earlier in diabetic
patients than in individuals without diabetes. They in-
volve many vascular segments and usually affect arter-
ies distal to the knee joint™,

Research indicates that, in almost 60% of cases, ampu-
tation is preceded by ulceration complicated with infec-
tion®. According to international guidelines, infection in
the course of diabetic foot syndrome is diagnosed when
there are at least two Galen’s signs (increased temper-
ature, edema, redness, pain), or if purulent discharge
or general symptoms are present. Laboratory tests may
also be useful in the diagnostic process. However, infec-
tion, even in severe cases, such as osteomyelitis, is mani-
fested by increased leukocytosis in only 50% of diabetic
patients®. ESR, and sometimes CRP, may be more help-
ful, although the level of CRP may increase also in the
case of isolated soft tissue infection. Since the diagnosis
of osteitis/osteomyelitis is frequently a significant clini-
cal problem, it seems reasonable to combine evaluation
of several parameters. In a meta-analysis conducted by
Dinh et al., the most valuable clinical indicator of os-
teomyelitis was the positive probe-to-bone test®, while
Ertugrul et al. suggested a combination of the analysis of
the size of ulcers with the ESR value with sensitivity and
specificity for osteomyelitis (for cut-off points of 2 cm?
and 65 mm/h) reaching 83% and 77%, respectively!?.

The gold standard in the diagnosis of osteomyelitis is
bone biopsy with microbiological and histopathologi-
cal evaluation. Nonetheless, it is an invasive procedure
that requires considerable technical skill. That is why
the diagnosis is usually based on combined evaluation
of the patient’s medical history, clinical picture and the
results of additional tests.

In many cases, it is a significant problem for doctors
tending to patients with diabetes to identify inflamma-
tory changes within the bone structures of the feet early
and to distinguish them from neurogenic arthropathy,
which is not that common but also typical of diabetic
foot syndrome.

Neurogenic arthropathy
Neurogenic arthropathy is also called Charcot arthrop-

athy after the name of Jean-Martin Charcot, a French
neurologist, who in 1868 described destructive chang-
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Fig. 1. Patient with diabetic foot syndrome. Redness of the left foot
and intensive edema in the active phase of Charcot arthro-
pathy (courtesy of Dr. Anna Korzon-Burakowska, MD PhD)

es within the musculoskeletal system in the course of
central nervous system syphilis"". It was only in 1936
when an American doctor, William Riley Jordan, found
an association between similar changes within the mus-
culoskeletal system and diabetes"?. In the 20" century,
increasing use of antibiotics for syphilis and insulin for
diabetes changed the natural history of these disease
entities radically and resulted in the fact that, current-
ly, the most common form of Charcot arthropathy is de-
struction of osteoarticular structures of the feet that de-
velops on the background of diabetic neuropathy!*!4.
However, the literature also reports similar changes in
the course of various peripheral and central nervous
system conditions, such as syringomyelia, leprosy, al-
coholism, heavy metal poisoning and secondary to inju-
ry®. They may affect the lower and upper extremities
and the lower segment of the spine. In considerations
about their not clearly explained pathogenesis, atten-
tion is paid to the neurotraumatic theory (pain sensa-
tion disorders result in repeated microinjuries that lead
to bone and joint destruction) and the neurovascular
theory (hyperemia resulting from autonomic neuropa-
thy leads to osteopenia and susceptibility to injury).
A combination of both these theories is probably the
most accurate!519,

To date, there have been no population-based epide-
miological studies, but diabetic patients are estimated
to develop neurogenic arthropathy in approximately
0.1-0.5% of cases®?*??, In patients with peripheral neu-
ropathy, even 16% may suffer from arthropathy®. Re-
cent clinical observations suggest that the frequency of

this complication is increasing®®. It mostly affects pa-
tients with a long history of poorly controlled diabetes,
but cases of neurogenic arthropathy as the presenting
sign of diabetes have also been reported®®. In patients
suffering from diabetes since childhood, these changes
may develop as early as in the third or fourth decade

of life.

Diabetic neuro-osteoarthropathy usually affects one ex-
tremity. Nevertheless, some authors report its bilateral
occurrence in up to 75% of patients®+2¢2?, The course
of Charcot arthropathy involves an active phase with
non-specific symptoms that might suggest infection
(edema, redness and increased temperature of the skin;
the difference in temperature between both feet is usu-
ally >2°C) (Fig. 1). This clinical picture may lead to
misdiagnosis as venous thrombosis, gout or pedal soft
tissue and bone infection®®. In some cases, patients
report a minor injury (sprained ankle or tripping) or
foot surgery, which are considered to be triggering fac-
tors of the destructive process®??. In advanced diabetic
neuropathy, patients tend to report pain of surprisingly
low intensity, which is misleading for both patients and
physicians who do not specialize in diagnosing diabet-
ic foot syndrome. The lack of ischemia is also typical;
pulse in the peripheral vessels is well-palpable.

The basic method to treat the acute phase of Charcot
arthropathy is total contact cast (TCC) and offload-
ing the affected limb as the lack of immobilization
and continued weight-bearing may lead to irrevers-
ible bone destruction and significant foot deformity,
frequently with the collapse of the longitudinal arch
(rocker-bottom deformity) or formation of a medial
convexity"? (Fig. 2).

Fig. 2. Patient with diabetic foot syndrome. Typical deformity of the
right foot with medial convexity resulting from bone destruc-
tion and dislocations in the course of Charcot arthropathy
(courtesy of Dr. Anuna Korzon-Burakowska, MD PhD)
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Fig. 3. Radiographs in the dorsiplantar and oblique views. Soft tis-
sue defect at the level of the 18 MTP joint. Osteopenia and
blurred outline of the cortical layer of the head of the 1°' me-
tatarsal in the course of osteomyelitis

Later in the course of the disease, edema, increased
temperature and redness regress, and the patient may
gradually start loading the foot. However, bone and
articular destruction that has occurred in the course
of improper treatment of the acute phase do not re-
gress and can lead to a significant foot deformity, non-
physiological distribution of weight-bearing forces and
increased risk of ulceration with serious consequences.
In this situation, the patient may require surgical inter-
vention to correct the deformity. In extreme cases, foot
amputation becomes necessary when the foot no longer
performs its supportive function or is affected by a life-
threatening infection.

The clinical picture of Charcot arthropathy, particu-
larly in the acute phase, is non-specific, and results

Fig. 5. Radiographs of the calcaneus in lateral and axial views. Soft
tissue defect as well as irregular and blurred outlines of the
calcaneal tuberosity; abnormalities in the course of osteomy-
elitis

Fig. 4. Radiographs in the dorsiplantar and obligue views. Signifi-
cant soft tissue edema of the I toe. Osteolysis of the distal
phalanx of the first ray. Radiography is consistent with in-
fection within the soft tissues and bone structures

in a considerable delay of diagnosis in even 25% of
cases, which significantly affects final treatment out-
comes®?, The differentiation of the nature of abnor-
malities requires combined assessment of the clinical
picture and the results of additional tests. To date, no
specific markers or laboratory parameters confirming
the diagnosis of Charcot arthropathy have been dis-
covered. It is usually recommended to test white blood
cells, CRP, ESR and uric acid as well as to conduct
a Doppler examination of the lower extremity veins in
order to rule out a different etiology of symptoms. Im-
aging is indispensable to precisely assess the osteoar-
ticular structures as, in many cases, it may play a very
important role in the differentiation of changes within
the feet of diabetic patients.

Fig. 6. Radiographs in the dorsiplantar and oblique views. Status
post surgical amputation of the 5th ray through the distal
fragment of the 5th metatarsal and of the distal 3"-4" me-
tatarsals. 2"* MTP joint subluxation. Blurred outlines of the
3" and 4" metatarsal stumps in the course of osteomyelitis
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Imaging in diabetic foot syndrome

Diagnostic methods used in imaging of bone abnormali-
ties in the course of diabetic foot syndrome include plain
radiography, magnetic resonance tomography, comput-
ed tomography, ultrasonography and isotope methods.

Plain radiography

Despite dynamic advancement in the field of medical
imaging, plain radiography remains the first-choice
examination in the case of suspicions of abnormalities
within bone structures of the feet as it is broadly avail-
able and, despite limited sensitivity and specificity, it
narrows the differential diagnosis in many cases.

In the case of osteomyelitis, radiography shows osteo-
penia, lytic lesions, cortical destruction, periosteal re-
actions as well as, in the chronic phase, osteosclerosis
and sequestra®3?. However, signs of inflammation can
be seen in radiography only with 30-50% reduction of
bone mineral content, even 2-4 weeks after the onset
of the process. Earlier signs include non-specific soft
tissue edema and, in some cases, a defect at the site of
ulceration or the presence of soft tissue gas. Unambigu-
ous bone abnormalities, such as cortical fragmentation,
marked osteopenia or periosteal reactions, observed in
radiography in direct proximity to ulcerations are usu-
ally considered a sign of osteomyelitis, unless other eti-
ology has been confirmed (Fig. 3, Fig. 4, Fig. 5, Fig. 6).

Unfortunately, the value of plain radiography is limited
in the initial stage of osteomyelitis. In a meta-analysis
conducted by Dinh et al., the sensitivity and specificity
of this method in the diagnosis of osteomyelitis were
54% and 68%, respectively®. This limited diagnostic
value of radiography is mainly associated with late
presentation of abnormalities. That is why, a repeated
examination is recommended; only the absence of iden-
tifiable bone abnormalities over several weeks rules out
osteomyelitis with a high probability.

Also in the case of Charcot arthropathy, the identifica-
tion of bone changes in the early stage, when the most
effective treatment is possible, frequently goes beyond
the abilities of plain radiography. These abnormalities
appear late, when the disease progresses, and they at-
test to progressive bone and articular destruction that
was not prevented. Gradually, an image resembling
rapidly progressing osteoarthritis combined with asep-
tic necrosis or inflammation develops.

The image includes: bone destruction with subluxations
and dislocations as well as pathological fractures that lead
to the presence of bone debris, osteopenia, and, in the later

Type Localization

Type 1 Involvement of the forefoot joints: interphalangeal and
metatarsophalangeal joints

Type 2 Involvement of the tarsometatarsal joints

Type 3 Involvement of the cuneonavicular, talonavicular,
and calcaneocuboid joints

Type 4 Involvement of the talocrural joint

Type 5 Involvement of the calcaneus

Tab. 1. Charcot arthropathy classification in terms of localization
according to Sanders and Mrdjenovich®

phase, osteosclerosis, joint space narrowing, periosteal re-
actions, grotesque osteophytes and bone ankylosis. In the
case of an unfavorable course and improper treatment,
progression of these changes may lead to significant foot
deformity, that might resemble a “bag of bones”??-3%,

The literature distinguishes two patterns of abnormali-
ties in the course of neuroarthropathy: an atrophic pat-
tern (with prevailing bone resorption, which frequently
mimics septic arthritis or a proliferative process) and
a hypertrophic pattern (with prevailing osteogenic pro-
cesses that suggest severe osteoarthritis)!'?. However in
some cases, atrophic and hypertrophic changes coexist
with each other, or osteogenic processes may prevail af-
ter the initial resorption phase, which makes the division
between these two types of patients clinically irrelevant.

Out of five localizations typical of Charcot arthropa-
thy (Tab. 1), the most common are abnormalities in the

Fig. 7. Radiograph in the dorsiplantar view. Bone destruction and
numerous dislocations within the tarsal bones in the course
of Charcot arthropathy
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Fig. 8. Radiographs of the right foot in the dorsiplantar and obli-  Fig. 9. Radiographs in dorsiplantar and oblique views. Transverse
que views. Status post surgical amputation of the first ray osteolysis within the tarsal bones in the course of Charcot
through the distal fragment of the 1° metatarsal. Thickening arthropathy
of the soft tissue shadow. Bone destruction and numerous
dislocations within the tarsal bones in the course of Charcot
arthropathy

tarsometatarsal joints and tarsal joints (type 2 and type 2) coalescence, characterized by progressive fusion of

3); more rarely, the disease affects the forefoot and, in bony fragments and sclerosis;
even fewer cases, the ankle joint and the calcaneus®”  3) reconstitution, when the destruction process is inhib-
(Fig. 7, Fig. 8, Fig. 9, Fig. 10, Fig. 11, Fig. 12). ited, and fractures ultimately heal and stabilize®?.

There are a few types of abnormalities, particularly
specific for neurogenic arthropathy, that can be identi-
fied on plain radiographs of the feet, i.e.:

e subluxation or dislocation in the tarsometatarsal
joints, initially subtle but requiring detailed assess-
ment of the distance between the proximal epiphyses
of the first and second metatarsals and, in advanced
cases, often causing medial convexity;

* tarsal osteoarticular destruction with the collapse of
the longitudinal arch and rocker-bottom deformity
of the foot;

e transverse osteolysis — detachment of the distal meta-
tarsal epiphyses with preserved articular surface;

* pencil-like tapering of the phalanges;

* mortar-and-pestle deformity;

* avulsion fractures of the posterior calcaneal tuberosity!?.

Based on the analysis of radiographic appearance, neu-
ro-osteoarthropathy has been traditionally divided into
three stages:

Fig. 10. Radiograph in the dorsiplantar view. Bone destruction and

dislocations within the tarsal joints and tarsometatarsal

1) development, when fractures, dislocations and bony joints of the left foot in the course of Charcot arthropathy
debris develop;

J Ultrason 2018; 18: 42-49
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Fig. 11. Radiograph of the calcaneus in the lateral view. Avulsion
fracture of the calcaneal tuberosity. Soft tissue defect, blur-
red outlines of calcaneal bone fragments: Charcot arthropa-
thy with concomitant osteomyelitis

Due to the advancement of diagnostic imaging methods
that enable identification of the earliest signs of Charcot
arthropathy, it was proposed to add stage 0 to the classi-
fication to account for the stage when no changes can be
identified in radiography, but can be seen in more sensitive
imaging methods, such as magnetic resonance tomogra-
phy and scintigraphy®®.

Conclusion

Early diagnosis and differentiation between osteomyeli-
tis and Charcot arthropathy is a significant diagnostic
problem in patients presenting with bone abnormalities
in the course of diabetic foot syndrome. Plain radiogra-
phy remains a widely available and valuable first-choice
method for imaging of bone abnormalities. Nevertheless,
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