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Diabetic foot ulcer (DFU) is considered as one of the most serious and prevailing
complications of diabetes mellitus, while it is the major cause of amputations in diabetic
patients. Herein, we reported an acquired severe traumatic DFU with an intermediate
cuneiform hairline fracture and displacement in a 55-year old male (Grade IV of Wagner
classification; Grade Il of IWGDF classification). The Pseudomonas aeruginosa was
identified in pus culture. Data of antibiotic susceptibility testing indicated that the isolates
of Pseudomonas aeruginosa were multi-drug resistant. Routine debridement, clearing
displaced intermediate cuneiform and drainage were performed to facilitate the outflow
of pus and pressure mitigation. Dressing with Prontosan solution and gel was applied
to the wound, and meropenem was systemically administrated in addition to effective
glycemic control. The DFU has been fully healed after ~40-day treatment. For this case,
clearing the displaced and fractured intermediate cuneiform is essential for the heal of
the DFU in addition to the common strategy for DFU treatment, i.e., the combination of
debridement, pressure mitigation, wound dressing with Prontosan, antibiotic selection
and effective glycemic control. This case report might have value for the treatment of
complex DFU with bone fracture and displacement, reducing the risk of amputation.

Keywords: diabetic foot ulcer, intermediate cuneiform displacement, multidrug-resistant infection, debridement,
wound dressing, antibiotic selection

BACKGROUND

Metabolic disfunction in diabetes mellitus (DM) can lead to secondary inevitable
pathophysiological outcomes on multiple organ systems (1). Diabetic foot (DF), one of the
common complications of DM, often presents with neuropathy and minor vascular lesions in the
lower limbs. Due to various risk factors such as peripheral neuropathy, peripheral vascular disease,
foot deformities, and arterial insufficiency (2), diabetic patients are prone to develop diabetic
foot ulcer (DFU) (3), accompanied by local tissue necrosis and easily leading to gangrene and
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ineluctable amputation in extreme cases with infection (4, 5).
Ulceration and tissues destruction accompanied by infection
seriously impair patients’ quality of life. According to IDSA
(Infectious Diseases Society of America) classification, around
46 and 70% of patients with moderate and severe diabetic foot
infection require an amputation, respectively (6). In this report,
we presented a healing case of severe DFU with an intermediate
cuneiform hairline fracture and displacement. The DFU has been
fully healed without amputation by clearing the displaced and
fractured intermediate cuneiform, along with the combination
of debridement, pressure mitigation, wound dressing with
Prontosan, antimicrobials, and effective glycemic control.

CASE PRESENTATION

A 55-year-old man was admitted to our department for swelling,
pain, and deteriorative ulcer on his left-foot dorsum. The patients
had a diabetes history for over 12 years. Although oral repaglinide
(2mg, three times a day) and metformin (0.5g, three times
a day) were taken before ulceration, the patient had a long-
term poorly controlled glycaemia. Loss of consciousness resulted
in the patient falling at home 20 days before hospitalization.
After feeding, he regained consciousness gradually without other
medical treatment. However, 15 days before hospitalization,
swelling with pain presented on left-foot dorsum, and an ulcer
grew on the raised surface of the swelling with progressive
deteriorative phenotype 10 days later. After non-effective self-
treatment, the patient was admitted to our department.

Physical examination showed a swelling and a 2 x 3-cm
sized ulcer on the left-foot dorsum. Apparent ischemic black
margin and potential infection induced gangrene was observed
(Figure 1A). A small amount of yellow pus could overflow
from the ulcer under slight pressure. General test showed
the patient with body temperature of 38.8°C blood pressure
of 110/60 mmhg, and heart rate of 96 min~!. Neurologic
physical examination showed weakened algesia, pselaphesia,

thermesthesia, and vibration sense in the left lower limb.
X-ray detection revealed the hairline fracture and instep-
orientated displacement of intermediate cuneiform (Figure 1B).
Electromyography examination showed delayed onset of action
potential in the left lower limb indicating peripheral neuropathy.
Color Doppler detection showed multiple mural plaques in
the left superficial femoral artery with the estimated stenosis
of 50%. Blood routine showed a moderate anemia with the
lower erythrocytes count of 2.64*10”"12/L and lower hemoglobin
concentration of 83 g/L. The fasting and post-prandial blood
glucose levels were 234 mg/dl (13 mmol/L) and 360 mg/dl (20
mmol/L), respectively. The HbAlc level was 13.1% (Table 1).
Based on these evidence, the patient preliminary diagnosed
as diabetic foot ulcer (Grade IV of Wagner classification;
Grade III of IWGDF classification) with infection, fracture, and
displacement of intermediate cuneiform, and moderate anemia.
Surgery was firstly performed to accelerate outflow of pus
inside the ulcer in order to reduce pressure inside the swelling.
Surgical incision was traced along proximal and distal end of

TABLE 1 | Details of blood routine and blood glucose level.

Indices Pre-therapy Post-therapy Normal range

Leukocyte count 5.78*10"9/L 4.06*10"9/L (4.0-10.0)10"9/L
Erythrocytes count 2.64*10M2/L  3.23*10M2/L  (3.5-5.5)*10"12/L
Hemoglobin 83 g/L 99 g/L 110-150 g/L
concentration

Platelet count 552*10"9/L 398*10"9/L (100-300)*10"9/L
Fasting blood glucose 234 mg/dl 127.8 mg/dl 70.2-109.8 mg/di
level

Post-prandial blood 360 mg/dl 180 mg/dl 126-180 mg/dl
glucose level

Glycosylated 13.1% 6.8% 3.9-6.1%

hemoglobin A1c

displaced intermediate cuneiform.

FIGURE 1 | Pre-operative detection showed swelling and intermediate cuneiform displacement in the left foot. (A) Distinct swelling and 2 x 3-cm sized ulcer
presented on the surface of left-foot dorsum; (B) X-ray detection revealed intermediate cuneiform fracture and displacement. The red arrows indicate the position of
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wound surface, revealing the displaced intermediate cuneiform
below, which obstructed the drainage operation. Clearing the
obstruction by removing the displaced intermediate cuneiform
(Figures 2A,B), ~50 ml yellow pus gushed from the wound. A
4 cm deep vomica close to arch was uncovered during surgery.
Highly resistant strain of Pseudomonas aeruginosa was detected.
Drug sensitivity test showed chloramphenicol, rifampicin, and
vancomycin were the most effective antibiotics on P. aeruginosa
inhibition, with the minimal inhibit concentration (MIC) of <1,
<1, and <0.5, respectively. However, considering the severe side
effects of these three antibiotics (hepatic and renal impairment),
meropenem, the moderately effective antibiotics with MIC of
4, was selected. Intravenous drip of meropenem (2 g/day, twice
a day) was administrated for 14 days. Subsequently, it was
replaced with oral cefoxitin (0.5 g/day, four times a day),
another moderately effective antibiotics, for 14 days. Meanwhile,
effective glycemic control was achieved by giving the following
medications, subcutaneous injection of insulin aspart (6 IU, three
times a day), a rapid-acting form of insulin, during each meal,
oral voglibose tablet (0.4 mg, three times a day), an inhibitor
of a- glycosidase impeding the hydrolysis of disaccharides into
monosaccharides, after each meal and subcutaneous injection
of insulin glargine (17 IU, once per night), a long-acting
form of insulin. The fasting and post-prandial blood glucose
levels were reduced to 127.8 mg/dl (7.1 mmol/L) and 180
mg/dl (10 mmol/L), respectively. The HbAlc level was reduced
to 6.8% (Table 1). Importantly, Prontosan solution containing
0.1% undecylenamidopropyl betaine and 0.1% polihexanide
was used to treat wound infection locally. Briefly, Prontosan
solution irrigation, external dressings with Prontosan solution
and Prontosan gel have been applied as local anti-infection
treatment for 40 days from the right postoperative day. A week
after surgery, pus was still overflowing from the ulcer wound
(Figure 3A). Two weeks later, clear and fresh surface of ulcer
presented while necrotic tissue also existed (Figure 3B). Twenty-
four days after operation, the size of ulcer was distinctly shrunk
and granulation tissue but not necrotic tissue was apparent
on the surface (Figure 3C), thus the patient was discharged.
Then, irrigation and dressing change were applied every 1-3

days until the ulcer healed entirely, ~40 days after operation
(Figure 3D). Importantly, the patient was proposed to avoid
strenuous exercise such as running and jumping after recovery
although there was no evident effect on walking. To be clear, the
timeline of entire treatment process was presented in Figure 3E.

DISCUSSION

DFU is considered as one of the most serious and prevailing
complications of DM, which imposes a huge burden on health
care system (7). Diabetic peripheral neuropathy is a common
risk factor for DFU. Neuropathy related alterations in motor,
sensation, and autonomic dysfunctions facilitate accidental
injury without protective sensibility.

Once the protective layer of skin is broken and a wound is
formed, deep tissues are exposed to pathogens (8). Infection is
accelerated by DM-related immunological deficits and rapidly
progresses into the deep tissues. Therefore, infection is a
consequence rather than a cause of DFU. All infections initiated
as a slight problem may progress into deep tissues, joints, or
bones especially if not managed, leading to amputation in some
extreme cases (9). In this case, the fracture and displacement of
intermediate cuneiform caused by accidental fall damaged deep
tissues of left foot but was ignored due to impaired sensibility
resulted from DM-associated neuropathy until ulceration and
infection occurred. X-ray detection confirmed the intermediate
cuneiform fracture and displacement, which might cause
impediment of pus outflow, deteriorating local hematoma and
fester formation. Therefore, surgical drainage was performed
after obstruction clearing, which was beneficial for pus outflow.

Wound infection is a common and serious problem in patients
with diabetes, and is admitted as a risk factor for lower extremity
amputations, especially with multidrug-resistant infection (10—
12). On the surface of ulceration, structured community of
microbial cells would form a biofilm gradually to advance their
own survival. Biofilms is likely to impede wound healing and
reduce effectiveness of antibiotics or other antimicrobial agents
(13, 14). According to 2019 International Working Group on
the Diabetic Foot (IWGDF) Guidelines on the prevention and

cuneiform.

FIGURE 2 | Post-operative detection showed successful debridement and ebonation. (A) Alleviated swelling presented on the surface of left-foot dorsum after
debridement; (B) X-ray film view showed that the displaced intermediate cuneiform was removed. The red arrows indicate the position of removed intermediate
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FIGURE 3 | Wound conditions at the (A) 7th, (B) 14th, (C) 24th, and (D) 40th day of posttherapy showed the gradual healing of ulceration and the timeline (E) of the

management of diabetic foot disease (https://iwgdfguidelines.
org/guidelines/guidelines/) (15), pathogen detection and drug
sensitivity tests are performed to narrow antibiotics spectrum
in order to avoid antibacterial resistance and other adverse
outcome of the therapy. In this case, pathogen detection
and drug sensitivity tests revealed that the major pathogen
was multidrug-resistant Pseudomonas aeruginosa. As the most
common gram-negative bacteria isolated from DF infection
(16.9%) (16), P aeruginosa can heavily delay DFU healing
(7). As infection is difficult to be controlled in such cases,
amputation is one of the most common consequences. For
this patient, Prontosan dressing with the active ingredient of
undecylenamidopropyl betaine and polihexanide was applied to
create a moist environment on the surface of the ulceration
in order to destroy the biofilm, further promoting granulation,
autolytic processes, angiogenesis, and migration of epidermal
cells across the wound base (6, 17, 18). Prontosan dressing and
systematical application of antibiotics (meropenem or cefoxitin)
synergistically inhibited deterioration of infection and facilitated
wound healing. Additionally, glycemic control is also crucial for

DFU treatment. Plenty of evidence from randomized clinical
trials demonstrates that both hyperglycemia and hypoglycemia
are associated with prolonged hospital stay and poor clinical
outcomes including amputation (19, 20). In this case, insulin
therapy combined with voglibose tablet worked effectively on
the remission of hyperglycemia, and proper glycemic control
after surgery was essential for infection inhibition and wound
healing. For this patient, the severe DFU were mainly caused
by delayed treatment in addition to accidental trauma and
longtime poor glycemic control. Therefore, the patient was
advised to keep effective glycemic control. Moreover, once
trauma or spontaneous ulceration appeared, timely treatment
was necessary. Although no evident effect on walking after
recovery was observed, the patient was proposed to avoid
strenuous exercise such as running and jumping. In conclusion,
clearing the displaced and fractured intermediate cuneiform is
essential for the healing of the DFU in addition to the common
strategy for DFU treatment. This case report might have value
for the treatment of complex DFU with bone fracture and
displacement, reducing the risk of amputation.
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