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Abstract: Biomechanical changes caused by structural foot deformities predispose patients
to plantar ulceration. Plantar ulcer recurrence often leads to osteomyelitis, which is more
commonly observed in patients with diabetes. Once the infection of diabetic foot ulcer
(DFU) spreads and is complicated by osteomyelitis, treatment becomes more complicated
and difficult. Osteomyelitis treatment remains challenging because of low drug concentration
within the tissue caused by poor circulation and inadequate localized nutrition. Moreover,
tissues around plantar ulcers are fewer and are thin, making the formation of granulation
tissues difficult due to elevated plantar pressure. Furthermore, the skin around the wound is
excessively keratinized, and the epidermis is hard to regenerate. Meanwhile, skin grafting at
that site is often not successful due to poor blood circulation. Therefore, it is technically
challenging to manage diabetic pressure plantar ulcer with osteomyelitis and prevent its
recurrence. Here, we present a case of chronic DFU complicated by osteomyelitis due to foot
deformity. The ulcer was successfully healed using advanced wound repair technology
comprising of surgical bone resection, vancomycin-loaded bone cement implant, negative-
pressure wound therapy, and autologous platelet-rich gel. Subsequently, preventive foot care
with custom-made offloading footwear was prescribed. The plantar ulcer did not recur and
improvement in biomechanical parameters was observed after the intervention. This case
represents an effective and comprehensive management strategy for limb salvage and pre-
vention in patients with complicated foot conditions.

Keywords: diabetic foot ulcer, osteomyelitis, antibiotic-loaded bone cement, autologous
platelet-rich gel, negative-pressure wound therapy, offloading footwear

Introduction

Diabetic foot ulcer (DFU) is one of the most common, complex, and costly
complications affecting the lower extremities in people with diabetes. DFU is
usually associated with high morbidity and mortality and considerable financial
costs. The incidence of DFU in people with diabetes is estimated to be as high as
19-34% during their lifetime.”
the risk of DFU and often leads to poor healing, infection, and amputation.>

Peripheral arterial disease independently increases

A majority of patients with diabetes-related chronic limb-threatening ischemia
present non-healing ischemic ulcers or with gangrene (Fontaine stage 1V) in real-
world settings.* The mechanism of DFU pathogenesis involves diabetic neuropathy,
peripheral vascular disease, tissue loss, infection, and other high-risk factors includ-

ing foot deformity or minor trauma.
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In patients with foot deformity, continual ambulation
over high plantar pressure areas may injure the localized
areas of deformity, resulting in chronic non-healing ulcera-
tion. The ulcers can be divided into two types: superficial
lesions that are limited within the skin, and deep ulcers
combined with tissue loss or infection that are deeper than
the skin.’> Moreover, pressure ulcers on the sole of the foot
are caused by repetitive weight-loaded pressure, shear
force, or friction and usually damage both the skin and
underlying tissue. Commonly, the prognosis for patients
with plantar ulcers and deep ulcers is poor. Together, these
multi-factorial etiologies lead to non-healing ulcers and
amputation. In particular, infection commonly aggravates
DFU and causes a poor clinical outcome, which is usually
the first step to lower extremity amputation. Osteomyelitis
is the most frequent infection in patients with DFU, an
important factor for amputation, and prolongs antibiotic
treatment and hospital admission. Diabetic foot osteomye-
litis (DFO) is associated with more than 20% of moderate
infections and 50-60% of severe infections of DFU.° It is
estimated that once infection involves the bone, the risk of
amputation increases up to fourfold.” However, there are
currently no widely accepted guidelines available for the
diagnosis and treatment of DFO. Recently, guidelines pub-
lished by the International Working Group on the Diabetic
Foot have provided some appropriate recommendations on
treatments for diabetic foot infections including antimicro-
bial therapy and surgical treatment approaches.® In clinical
practice, the treatment for patients with DFO occurring in
areas such as the plantar sole, with co-morbidities includ-
ing peripheral arterial disease, typically involves revascu-
larization, resection of infected bone, and offloading
modalities. Presently, there are no clear evidence-based
recommendations for such a management approach.

Recent guidance suggests that pharmacotherapy and
surgical resection are often used in the treatment of DFO
under different circumstances. The assumed major benefits
of surgical intervention are that it can remove infected soft
tissues and bone, resect bony prominences, drain pus col-
lection, and reduce bioburden. Nonetheless, this will leave
patients with residual structural deformity, altering their
dynamic pattern, and increase the risk of lesion transfer if
the bone has been removed inappropriately. Instead of
surgical intervention, conservative pharmacotherapy treat-
ment of DFO with antibiotics can be used to protect the
integrity and stability of the foot. Moreover, the key to
pharmacotherapy for DFO treatment is to ensure optimal
antibiotic concentration at the cellular level, especially in

patients with poor microcirculation. Anecdotal evidence
has demonstrated poor DFO outcomes are associated
with delayed diagnosis and referral, or the use of ill-
indicated treatments.®’

Therefore, with the view of reducing the risk of limb
loss, it is important to promptly manage DFO infection to
promote wound healing and prevent its recurrence by
using an appropriate treatment strategy. We herein present
a patient with chronic DFU complicated by osteomyelitis
enrolled in the Footwear and Offloading Optimum
Therapy (FOOT) study. A combination of treatments was
used to facilitate wound healing and provide the patient
with successful limb salvage and to minimize the risk of
recurrence.

Case Report

A 76-year-old female admitted to hospital with a two-year
medical history of type 2 diabetes mellitus, hypertension,
and a diabetic foot ulcer on her left mid-foot that had not
healed in over 4 months. The patient sustained a snake bite
on the left midfoot at 6 years of age, resulting in a severe
foot infection. She recovered from the infection but
acquired a residual foot deformity. She has been suffering
from numbness and pain in the left mid-foot for many
years. To cope with the left foot pain, she attempted to
bear more weight in the right foot but reduced activity than
the right foot. Two years ago, she was diagnosed with type
2 diabetes mellitus. Subsequently, a recurrent chronic ulcer
appeared at the site of the snakebite and for more than 4
months was difficult to heal.

Physical examination revealed an ulcer of approxi-
mately 1.5cm*0.5cm on the left medial midfoot with puru-
lent discharge (Figure 1A). The ulcer had a 0.8cm deep
cavity and a portion of bone was observed at the wound
bed with a positive probe-to-bone test. The surrounding
tissue was pale. There was no obvious pain and bleeding
on the wound surface. The left foot was hypoesthesic and
slightly swollen. Light touch sensation was intact in the left
foot. The distal pulses, including pedal and posterior tibial
pulses, of both feet were palpable.

Laboratory investigation showed elevated random
blood glucose of 14.3 mmol/L and hemoglobin Alc of
7%. The C-reactive protein level was 1.8 mg/L. The ery-
throcyte sedimentation rate was 17 mm/h. The ankle-
brachial index greater than 1.3 in both legs suggested
posterior tibial and dorsalis arteriosclerosis. Vibration per-
ception threshold testing indicated severe peripheral neu-
ropathy. Radiographic imaging of the left foot revealed
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Figure | Wound status after debridement, vancomycin-loaded bone cement implant, and negative pressure wound therapy installment. (A) After sharp debridement; (B)
After resection of non-viable bone and application of the vancomycin-loaded bone cement implant; (C) After negative pressure wound therapy installment.

changes in the distal part of the first and second metatarsal
bones and abnormal bone morphology. MRI showed mul-
tiple bone marrow edema of metatarsal, navicular, cuboid,
medial, and lateral cuneiform bones from the first to the
fourth toes, indicating infectious disease. Doppler ultra-
sound results showed that the femoral, popliteal, anterior
tibial, and posterior tibial arteries of both limbs were
sclerotic, and that the veins were normal.

The patient was diagnosed as having diabetic periph-
eral neuropathy and diabetic peripheral vascular disease.
Based on the University of Texas (UT) Diabetic Foot
Ulcer Classification System, the classification of the
wound on the patient’s left foot was UT LI D. According
to the International Working Group on the Diabetic Foot
classification guidelines for diabetic foot wounds, the dia-
betic foot infection perfusion, extent, depth, infection and
sensation grade was Grade 3. The Society for Vascular
Surgery Wound, Ischemia, and foot Infection score was:
wound 3, ischemia 0, foot infection 2, correlating to clin-
ical stage 3. A series of standard medical treatments
including anti-hypertensive treatment and antibiotics
were administered, blood glucose control was optimized
and peripheral circulation was improved. In addition, the
wound was thoroughly debrided, including wound clean-
ing and removal of all infected and nonviable (necrotic or
dead) tissue. Local dressing was performed simulta-
neously. Intravenous administration of vancomycin was
commenced based on microbial culture and drug sensitiv-
ity test results from a wound secretion sample.

After treatment for 6-weeks, there was increased exu-
dation from the wound, new granulation formation slowed,
and bleeding was minimal, all of which probably suggest
lower limb ischemia. Since no individual medical specialty
is able to manage all aspects of DFU, a multidisciplinary
team in our hospital was launched to manage the patient.

The infected dead bone was resected and inflammatory
granulation tissues were surgically debrided until healthy
granulation wound bed was observed. The space left by
bone resection was filled with antibiotic-loaded bone
cement (Figure 1B). The antibiotic-loaded bone cement
was prepared by mixing 10 g of Palacos G Bone Cement
powder (PALACOS® R+G, Heracus Medical GmbH,
Germany) and 0.4 g of vancomycin. Pathological diagno-
sis showed that nonviable skin, fiber, and bone tissue with
a large number of necrotic bones was surgically removed.
Eight days later, the vancomycin bone cement bead was
removed. Fresh granulation tissue was present on the ulcer
surface. The overlying fibrin tissue and excess hardened
epithelized tissue were removed, and negative pressure
wound therapy (NPWT) with intermittent pressure (—50
to —125 mmHg) was commenced to promote wound
healing.

After 5 days, wound bleeding could be observed on the
ulcer surface. The appearance of fresh granulation tissues
at the bottom of the cleaned wound was minimal. The
exposed bone had been successfully closed although
there was no significant reduction in the size of ulceration
(Figure 1C). After full evaluation and informed consent
was obtained, autologous platelet-rich gel (APG) was pre-
pared as described in our previous study'® (Figure 2A) and
the gel was administered to the surface of the wound
(Figure 2B). After 10 days, granulation tissues gradually
grew in the ulcer cavity. However, considering the new
granulation tissues were not enough to fill the ulcer cavity,
the patient had to receive APG treatment once more. The
wound was significantly improved after twice administra-
tions for the treatment of APG (Figure 3A).

Complete wound closure was achieved nearly 5 months
after a combination of treatments (Figure 3B). The patient

reported no side effects, and no complications were observed
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Figure 2 Autologous platelet-rich gel (APG) preparation and the topical administration over the wound bed. (A) APG was prepared after evaluation and informed consent
obtained; (B) The gel was administered onto the surface of the wound.
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Figure 3 Ulcer healing and follow-up. (A) Wound status after the second autologous platelet-rich gel treatment; (B) Complete wound closure was observed after
a treatment period of nearly 5 months; (C) Foot condition at the | month follow-up; (D) After the intervention, and | year after she left the hospital, the patient was
without ulcer recurrence.

during the entire therapy period. There was no sign of ulcer  tissue is paramount to reducing the risk of recurrence. After
recurrence at follow-up 1-month (Figure 3C) and one-year  a comprehensive foot assessment, we prescribed therapeutic
(Figure 3D) after wound closure. Considering her severe left ~ footwear that had a demonstrated effect on the relief of
foot deformity, the protection of epithelized, yet fragile, plantar pressure. Biomechanical parameters, including gait
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Figure 4 Biomechanical parameter improvement following treatment with offloading therapeutic footwear. (A) Biomechanical parameters including ankle angle, hip angle,
center of mass, gait, and balance before wearing the custom-made footwear; (B) Changes in biomechanical parameters after wearing the custom-made footwear.

and balance, were assessed before and after therapeutic off-
loading footwear were worn (Figure 4) (DaveMed LLC,
Chonggqing, China). After the next 6-month post intervention
follow-up, the ulcer had not recurred.

Discussion

Recent studies indicate that foot deformities are associated
with ulcer occurrence and recurrence.'"'? Intrinsic factors of
biomechanical changes, including sensory impairment, fragile
plantar tissue, and excessive plantar pressure, combined with
extrinsic factors such as inappropriate footwear and non-
standard self-management, eventually lead to the occurrence
of plantar ulcers."*!® The common pathogenic factor of DFO,
an important cause of admission and amputation, is infection of
repetitive plantar pressure ulcers that extends to involve bone.
With our clinical experience, appropriate management for
DFO should take into consideration its complicated clinical
condition.

During the treatment period, many clinical difficulties
need to be overcome. Firstly, DFU located on the plantar
aspect of the foot has reduced peripheral perfusion, which
may reduce the delivery of antibiotic agents into the bone
tissue and limit pharmacotherapy efficacy. Secondly, migra-
tion and proliferation for granulation tissues are compro-
mised because the viable tissues around plantar ulcers are
reduced and thin. Thirdly, the epidermis is difficult to regen-
erate because the plantar sole is usually thickened and exces-
sively keratinized, and skin grafting from donor sites may not
provide similar tensile strength as that of the epidermis of the
plantar sole. Lastly, the ability to effectively prevent the DFU

recurrence in a structurally deformed foot is an additional
problem that should be considered.

In this case, the patient with DFO had plantar foot ulcer
which was not improved despite receiving conventional
wound therapy and antibiotic treatment. We speculated that
this related to the low tissue penetration of antibiotics, resulting
in a poor outcome. Debridement is considered to be an effec-
tive intervention in the treatment of DFU and hydrogel has
been suggested to increase the healing rate of DFU.'®!
However, when DFU is with osteomyelitis, these approaches
are less successful. Therefore, in the patient presented here,
a combination of advanced wound therapy, including removal
of necrotic bones, implantation of vancomycin-loaded bone
cement, NPWT, and APG was consecutively applied and limb
salvage was eventually achieved.

There is evidence to suggest that the prognosis of more than
half of patients with DFO was amputation, either minor or
major ones.'® As was the case for the patient presented here,
the risk of amputation increases significantly once the bone
margin is exposed. This is further compounded by the presence
of limb ischemia and tissue infection. Senneville and collea-
gues reviewed the treatment of DFO.'® DFO treatment gener-
ally involves prolonged antibiotic drug use, surgical
intervention if indicated, and management of the patient’s
comorbidities. Whether or not remove infected or necrotic
bone by surgical excision at an early stage in patients with
DFO remains controversial. Surgical treatment is not the only
available treatment choice for DFO. Non-surgical treatment of
DFO is frequently feasible, particularly in patients without
limb-threatening infection.”® However, another study has
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shown that non-surgical treatment can achieve a cure rate of
60—-80%, but does require patients to undergo long-term broad-
spectrum antibiotic treatment, which increases the risk of anti-
biotic-associated diarrhea or the emergence of multidrug-
resistant organisms.”' Thus, DFO treatment is tailored to the
patient by physicians and surgeons following a comprehensive
assessment.

Many previous studies have suggested that antibiotic beads
could offer the benefit of managing dead zones by allowing
high local antibiotic concentrations and maintaining low sys-
temic antibiotic levels.”*** The material of the antibiotic
cement delivery system can be classified as biodegradable
and non-biodegradable. The use of Cerament Bone Void
Filler, a unique biocompatible and biodegradable material, as
antibiotic beads have been reported in DFO treatment.** Using
this material, the subsequent stage of removing the antibiotic
beats was not necessary. Heat-stable vancomycin could be
used as a common antibiotic and incorporated into the topical
wound therapy system.

Recently, APG has been applied to the clinical treatment of
DFU. Platelet-rich plasma (PRP) contains fibrin and a high
concentration of growth factors and studies suggested that
autologous PRP has the potential to improve DFU healing of
promoting cell proliferation.”® The safety and effectiveness of
APG have been confirmed in the treatment of diabetic chronic
refractory cutaneous ulcers.”® Moreover, PRP also demon-
strated antibacterial and anti-inflammatory roles in diabetic
wounds.”’ " In this case, the topical application of APG
accelerated wound healing. Combined with the application of
NPWT, bilayered acellular matrix grafting, and split-thickness
skin grafting, APG shows obvious effectiveness in foot necro-
tizing fasciitis and gaseous gangrene.'® NPWT could facilitate
wound healing by promoting tissue perfusion and providing
a moist local environment for wound coverage.*'?

Additionally, wound healing is not the ultimate goal of
DFU management. How to prevent ulcer recurrence is an
important issue for clinicians and patients. Recent evidence
suggests that the relative risk of ulceration in patients with
a history of DFU is 10 times higher than in patients without
such history.®® Clinical evidence suggests that offloading
footwear has a protective effect in patients with DFU and
can effectively prevent ulcer recurrence.>**> Moreover,
nearly half of DFUs occur on the plantar surface of the
foot.’® However, the importance of offloading management
for pressure ulcers has not been adequately emphasized in the
literature. Offloading, as an integral part of diabetic foot
management, has been recommended in the updated
International Working Group on the Diabetic Foot guidelines

(2019) which outlines clear offloading treatment suggestions
to heal or prevent a neuropathic plantar ulcer.®’

To the best of our knowledge, this is the first case report
related to both the treatment and prevention of DFU with
osteomyelitis. Furthermore, our pilot FOOT study on custom-
made offloading footwear has shown some beneficial effects
through the study of quantitative dynamic gait and balance
data in patients with DFU. Suitable offloading footwear could
improve dynamic gait as well as relieve foot plantar pressure
to prevent the recurrence of ulcers.

Conclusion

When treating patients with DFU, clinicians must pay more
attention to all contributing issues because some common foot
problems could rapidly worsen and lead to serious complica-
tions. Once the presence of DFO is confirmed, multi-advanced
wound therapeutic technology should be considered for limb
salvage as early as possible. When the wound is healed, pre-
venting foot ulcers among individuals with risk factors is the
key factor to reduce ulcer recurrence. DFU located on the
plantar side of the foot is usually associated with elevated
foot pressure. Therefore, offloading with custom-made foot-
wear to prevent DFU recurrence should be an integral part of
the multidisciplinary standards of care in patients with pressure
ulcers.

Abbreviation

DFU, diabetic foot ulcer; DFO, diabetic foot osteomyeli-
tis; NPWT, negative pressure wound therapy; APG, auto-
logous platelet-rich gel; PRP, platelet-rich plasma.
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