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ABSTRACT

Amputation may result from a common complication known as diabetic foot infection. Osteomyelitis outside of the context
of the diabetic foot has a poor prognosis when it is present at the histopathologic margin of resection. In the prospective
study design, we sought to evaluate clinical complications, healing, and microbiological evaluation of osteolyelitic and
related amputations in patients with diabetes. We evaluated the frequency of amputation, the length of hospitalization, the
causative organism's microbial culture, and histological parameters. Out of 18 patients, 12 had below-knee-above-ankle
(major) amputations, and 6 had below-ankle (minor) amputations. The average age of the amputee patients was
approximately 67.2 years. The length of hospitalization was longer in cases of major amputations. The pattern of microbial
growth was similar in major vs. minor amputation osteomyelitis, and a similar range of microorganisms was reported in
swabs, soft tissue, and bone cultures. Evaluation of osteomyelitis may help in planning for amputaions, which require the
assessment of associated complications and related biochemical and histological parameters. We suggest that critical
pathological evaluation of osteomyelitis may help in the determination of an antibiotic regimen post-amputation.
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INTRODUCTION mellitus are well-known and continue to be a

A recent IDF diabetes atlas predicted that the global
prevalence of diabetes among people aged 20 to 79
would be 10.5% (536.6 million) in 2021 and 12.2%
(783.2 million) in 2045 [1]. Between 2021 and 2045,
middle-income countries are predicted to experience
the largest relative increase in the prevalence of
diabetes (21.1%), followed by high-income (12.2%)
and low-income (11.9%) nations. Diabetes-related
medical expenses were projected to cost 966 billion
USD globally in 2021 and 1 054 billion USD globally
by 2045 [1]. The common complications of diabetes
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significant burden for millions of those who have the
disease. Patients who have diabetes may develop a
number of pathologies. The usual complications
include microvascular conditions, including diabetic
kidney disease, retinopathy, peripheral neuropathy,
and diabetic foot infection and macrovascular
conditions, such as coronary heart disease, stroke and
peripheral arterial disease [2].

One of the most frequent complications of patients
with poorly controlled diabetes mellitus is diabetic
foot ulcers. Approximately 5% of people with diabetes
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mellitus experience foot ulcers, and 1% require an
amputation [3]. It is usually the result of poor
glycemic control, underlying neuropathy, peripheral
vascular disease, or poor foot care. If left untreated,
these wounds may develop into osteomyelitis, an
infection that affects both soft tissue and bone. About
10%-15% of moderate and 50% of severe infectious
cases of osteomyelitis are caused by non-healing
ulcers [4]. Numerous of these cases necessitate
hospitalization, and surgical amputation is 4 times
more likely if the patient has osteomyelitis versus just
a soft tissue infection [5].

Osteomyelitis is classified as either acute or chronic
based on histopathological findings rather than the
length of the illness [6]. Infiltrates of neutrophils,
thrombosed or clogged blood vessels, and
microorganisms are the main histopathological
findings in acute osteomyelitis [6]. On the other hand,
necrotic bone is the distinctive histopathological
finding in chronic osteomyelitis. Other characteristics
of chronic osteomyelitis include a predominance of
mononuclear cells, granulation replacing osteoclast-
resorbed bone, and fibrous tissue causing bone loss
and the pathognomonic formation of sinus tracts [7].
Staphylococcus bacteria, which are frequently found
on the skin or in the nose of even healthy people, are
the primary cause of the majority of osteomyelitis
cases. There are many ways in which germs can enter
a bone, including through the bloodstream. Antibiotic
resistance has been rising in the diabetic population
recently, and multi-resistant organisms (MDRO) are
frequent in such infections. Methicillin-resistant
Staphylococcus aureus (MRSA) develops as a result of
hospitalization, surgery, and protracted antibiotic
therapy [8].

Surgical resection followed by a protracted course of
intravenous antibiotics is the standard course of
treatment for osteomyelitis [9]. The majority of the
evidence in favor of this strategy comes from case
studies with relatively few diabetic foot cases. If
surgery is chosen, it is common practice to examine
the histopathologic margin for signs of osteomyelitis.
To support suggestions for treating osteomyelitis of
the diabetic foot, more proof is required. This study
aims to evaluate the relationship between the
histopathologic margin and the osteomyelitis outcome
in the diabetic foot.

MATERIALS AND METHODS

STUDY DESIGN, INCLUSION,
EXCLUSION CRITERIA

This was a prospective study carried out over a period
from November 2021 to February 2023. This study
included patients who were hospitalized with
osteomyelitis, a severe diabetic foot infection, and it
represented a single academic medical center.
According to the criteria for admission, the patient had
to have an osteomyelitis admitting diagnosis based on
clinical and laboratory data. The infection was
diagnosed according to the Infectious Diseases Society
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of America criteria and graded as moderate or severe
[10]. According to the guidelines for systemic
inflammatory response syndrome (SIRS), severe DFI
is described as having two or more objective findings
of systemic toxicity and/or metabolic instability at the
time of initial assessment [11]. A mild DFI or being
hospitalized for a foot infection while undiagnosed
with diabetes were both exclusion criteria.

Positive bone culture and/or bone histopathology
results that show the presence of an inflammatory
response, bone necrosis, and/or bone fragmentation
were used to confirm the diagnosis of osteomyelitis
[12]. All patients with suspicion for DFO (ie,
abnormal imaging study and/or positive probe to bone
test) had a bone biopsy to confirm the presence of
OM.

CLINICAL PARAMETERS

We evaluated the frequency of amputation, the length
of hospitalization, the causative organism's microbial
culture, and histological parameters. Major amputation
was defined as an amputation at or proximal to the
knee joint. A minor amputation was defined as
amputation at or below the ankle joints or removal of a
part of the foot at or distal to the transverse tarsal joint.
After seeking advice from colleagues in infectious
disease,  plastic  surgery, vascular  surgery,
anesthesiology, and pathology, the decision to proceed
with the major amputation was made. Our infectious
disease specialists assessed each participant in this
study and discussed with the DFO patients the
advantages and disadvantages of long-term antibiotic
therapy. Plastic surgery examined the potential for
local, regional, and distant flaps to cover large soft
tissue wounds in patients with associated DFO. A
vascular surgeon assessed the patient to determine
whether open or endovascular reconstruction was
necessary for those with peripheral arterial disease. An
orthopaedic surgeon, determined whether osseous
reconstruction was possible. Major amputations were
ultimately only performed when the lower extremity
was determined to be irreparably damaged due to
significant bone defects, an inability to adequately
cover soft tissue, or vascular disease that could not be
repaired. All patients met with medical professionals
from our physical medicine and rehabilitation service
before having a major amputation. These doctors
along with physical therapists and prosthetists,
supervised our amputee clinic.

SPECIMEN COLLECTION

From each patient, three cultures were taken. Swab
cultures from the base of the ulcer for each patient
were taken at admission (without use of antibacterial
drugs). The ulcer wound was flushed with saline
solution, and the necrotic tissue and exudates on the
surface were removed. Swabs were immediately
scrubbed and rolled in a “Z” pattern onto the ulcer
surface by nurses and then were placed in sterile test
tubes. During an amputation, plastic surgeons
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collected samples of soft tissue and bone tissue. For
the collection of bone specimens, if the patient with
DFO had a fracture before the operation, the bone
tissues on both sides of the broken ends were
collected; in the absence of fracture, the bone tissue at
the exposed area of the bone or near the proximal end
of the ulcer was collected. The soft tissue at the
boundary between necrotic and non-necrotic tissue
was carefully extracted for soft tissue specimens.
Within an hour, three cultures were delivered to the
microbiology lab for pathogen culture.

MICROBIOLOGICAL ASSESSMENT

Utilizing a K-B (Kirby-Bauer) method and an
automatic microbiological analyzer, bacteria isolates
were identified at the species level. The Clinical and
Laboratory Standards Institute protocol was followed
to identify and test each strain that was cultured from
the three specimens for antibiotic susceptibility. The
standard definitions of multidrug-resistant, extensively
drug-resistant, and pandrug-resistant bacteria were
used to evaluate multi-drug resistant (MDR) strains
[13].

SURGICAL AMPUTATION PROCEDURE

A tourniquet, fluoroscopy, large amputation blade,
oscillating bone saw or manual saw, drill and bit set
for myogenesis of muscle to bone ends, silk hand ties,
rongeur, and a suction drain are all included in a
standard orthopedic surgical set. The operation took
place while the patient was in the supine position
under spinal anesthesia with an antibiotic cover. In
order to internally rotate the operative extremity so
that the knee and ankle are vertically oriented, the
patient was prepared and draped while lying on their
side. The surgical team consisted of the operating
surgeon, anesthesiologist, scrub tech, and
circulator. The patient's nutritional status was
evaluated. Physical examination and monofilament
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testing were used to identify the existence and
proximal extent of any neuropathy.

RESULTS

PATIENT CHARACTERISTICS

The study cohort included 18 patients who underwent
below-knee amputation due to diabetes at the medical
center over a 16-month period. Out of 18 patients, 13
were men (72.2%). The patients with amputees were,
on average, 67.2 years old. There was a high
prevalence of comorbid medical conditions (Table 1).
The most common comorbidities in these diabetic
patients were hypertension (9, 50.0%), dyslipidemia
(5, 27.7%), and chronic kidney disease (3, 16.6%).
The average duration of diabetes was 15.6 + 5.7 years,
and the mean glycated hemoglobin level was 9.3% =+
1.3% and albumin 27.4+ 2.6 mg/dL. A total of 14
patients had a wound duration of more than 30 days
before admission, and the average duration of ulcers in
patients was 42.6 + 5.6 days (Table 1).

LEVEL OF AMPUTATION

The level of amputation did not significantly correlate
with the patients' age or gender. Additionally, all
comorbidities except for CKD did not significantly
correlate with the level of amputation (Table 1).

LENGTH OF HOSPITAL STAY

After amputation surgery, the total number of days
spent in the hospital was significantly correlated with
the degree of amputation. In comparison to those who
underwent below-ankle amputation, those who
underwent below-knee above-ankle amputation had a
significantly (P0.05) longer length of hospital stay
(Table 2). The average hospital stay for below-knee-
above-ankle amputations was 10.9+1.6 days and for
ankle amputations, it was 7.7+£0.9 days (P 0.05) (Table
2). But there was no statistically significant link
between LOS and any comorbidity or aetiology (Table

1).

Table 1: Clinical and Functional assessment after proximal fibular osteotomy

Preoperative and postoperative variables | Number (Mean + SE) %0
Sex
Male 13 61.4
Female 5 38.6
Age (years) 62.9+1.1
The duration of diabetes (Years) 15.6%£5.7
Comorbidities
Hypertension 9 50.0
Dyslipidaemia 5 27.7
Chronic kidney disease 3 16.6
Other 1 5.6
Laboratory values
Albumin 274+2.6
HbAlc (%) 93+1.3
Duration of the ulcer (Days) 426 +5.6
30 days or less 4 22.2
Over 30 days 14 77.7
Level of amputation
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Below knee-above ankle (Major) amputation 12 66.6
Below ankle (Minor) amputation 6 333
LOS (mean + SE, days)
Below knee-above ankle (Major) amputation 10.9+1.6
Below ankle amputation (Minor) 7.7+0.9
Side
Right 8 44.4
Left 9 50.9
THE  DISTRIBUTION OF BACTERIAL the strains. The average number of isolates per

PATHOGENS FROM SWABS, SOFT TISSUE,
AND BONE SPECIMENS ACCORDING TO
CULTURE TECHNIQUE

According to Table 2, 15 patients (83.3%) had positive
results for bone tissue, 14 patients (17.7%) had
positive results for soft tissue, and 16 patients (88.8%)
had positive results for swab cultures.

There were 46 different bacterial strains found in the
swab specimens, of which 26 (56.5%) were Gram-
positive, 15 (32.6%) were Gram-negative, and five
(10.9%) were fungi. The mean number of isolates per
swab specimen was 1.71 (range, 1-3).

Gram-positive bacteria made up 22 (45.2%) of the 42
strains of bacteria isolated from the soft tissue
specimens, while Gram-negative bacteria made up 18
(42.8%) of the strains. Fungi made up two (4.7%) of

specimen of soft tissue culture was 1.32 (range, 1-3).
The 43 bacteria strains that were isolated from the
bone samples included two (4.6%) fungi, 18 (41.7% of
them Gram-negative), 23 (53.5%) Gram-positive, and
43 (43.0%) gram-negative strains. The mean number
of isolates per bone specimen was 1.14 (range, 1-3).
Our findings showed that the pathogens (Gram-
positive bacteria, Gram-negative bacteria, and fungi)
cultured in the three types of specimens did not differ
significantly from one another. The most prevalent
Gram-positive bacterium was Staphylococcus aureus,
which made up 55.5%, 44.4%, and 38.9% of the
Gram-positive bacteria in swabs, soft tissues, and bone
tissues, respectively. The most common type of Gram-
negative bacteria was E. coli. The percentage of Gram-
negative bacteria in the three specimens was 22.2%,
11.1%, and 16.6%, respectively.

Table 2: Distribution of Bacterial Pathogens Isolated in Ulcer Swab, Soft Tissue, and Bone Specimen

Culture from Patients

Pathogens Swab Specimens | Soft Tissue Specimens | Bone Specimens
(n=18) (n=18) (n=18)
Positive specimens 16 14 15
No. of isolates 46 42 43
Mean no. of isolates per specimen 1.71 1.32 1.14
MDR 6 (33.3%) 3 (16.6%) 7 (38.9%)

Gram-positive bacteria 26 22 23
Staphylococcus aureus 10 8 7
Coagulase-negative staphylococci 2 2 2
Other Staphylococcusa 2 2 1
MRSA 3 1 3
Streptococcus 4 4 3
Enterococcus 3 3 5

Other Gram-positive bacteria 2 2 2

Gram-negative bacteria 15 18 18
Escherichia coli 4 2 3
Klebsiella pneumoniae 1 2 1
Enterobacter cloacae 1 1 2
Klebsiella aerogenes 1 1 1
Proteusbacillus vulgarisb 3 2 3
Citrobacter freundii 1 2 2
Serratia marcescens 1 2 1
Morganella morganii 1 2 3
Pseudomonas aeruginosa 1 1 1
Acinetobacter baumannii 0 2 1
Other Gram-negative bacteria 0 1 1
Fungus 2 2 2

Candida albicans 1 1 0
Candida parapsilosis 0 1 1
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Candida tropicalis

O =

Trichosporon asahii

DISCUSSION

Major lower extremity amputations have a greater
impact in developing countries because of poverty, a
lack of health insurance, and cost-control measures
[14]. Additionally, the indications reported vary
greatly for major lower extremity amputation. In the
present study, major lower extremity amputation due
to diabetic foot infection was studied for
microbiological, histopathological, and clinical
assessment. Infection of the diabetic foot is the most
common indication for major lower extremity
amputation [15,16]. Given that diabetes causes
peripheral arterial disease and that diabetic patients
account for 75 percent of major lower extremity
amputation procedures, this is not unexpected [17].

In our sample, 72.2% of the participants were men,
which is consistent with other reports [17—19]. The
population in this study had a mean age of 67.2 years,
which is similar to other study populations in the
literature [17,18]. The reason for this finding is that
diabetes is affecting the population at an early age and
gradually causing complications that lead to the risk of
amputation at a geriatric age. The length of hospital
stays still has a big impact on how effective healthcare
is, how much it costs overall, how happy patients are,
and how well-off they are [20]. The level of
amputation had a significant impact on how long
patients stayed in the hospital. For below-ankle
amputations, the mean acute postoperative length of
hospital stay in our study was 7.7 = 0.9 days, which
was comparable to that reported by Wise et al. [21].
Major amputations (below the knee, above the ankle)
require a stay that is significantly longer (10.9 + 1.6
days) than minor amputations (below the ankle). The
length of our hospital stay overall was shorter than that
described in recent reports from developed nations.
This is a result of our hospital not having rehabilitation
services. When the patient's pain is under control and
the wound is beginning to heal, the hospital releases
them to go home.

This study also examined the antimicrobial
susceptibility  of  bone  samples to  offer
recommendations for the care of patients who have
had an amputation due to osteomyelitis. According to
previously published findings [22], the distribution of
pathogenic bacteria cultured in three specimens was
dominated by Gram-positive bacteria. Gram-negative
bacteria were alsocounted among the pathogenic
bacteria cultured from three specimens. Therefore, the
results suggest that empirical antibacterial treatment
decisions for treating osteomyelitis-related
amputations should consider both Gram-positive and
Gram-negative bacterial infections. Our findings also
confirmed that Staphylococcus aureus was the most
prevalent bacterium isolated from matching swab, soft
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tissue, and bone tissue cultures, as previously reported
in the studies [23].

CONCLUSION

Our results indicate that osteomyelitis is associated
with the significant development of a microbial
organism that worsens the infection. This infection is
present at the soft tissue level as well as in the bones.
When infection cannot be controlled by antibiotic
therapy, amputations are necessary. Amputations are
not linked with the associated comorbidity but with
the level of infection, and surgical implications are
associated with the level of amputations, viz., below
the ankle or below the ankle amputations.
Postoperative complications are also based on this.
The study may aid in determining initial empirical
clinical antibacterial therapies and subsequent targeted
antibacterial treatments for patients with amputation
due to osteomyelitis in diabetic patients.

REFERENCES

1. Sun H, Saeedi P, Karuranga S, Pinkepank M,
Ogurtsova K, Duncan BB, Stein C, Basit A, Chan JCN,
Mbanya JC, Pavkov ME, Ramachandaran A, Wild SH,
James S, Herman WH, Zhang P, Bommer C, Kuo S,
Boyko EJ, Magliano DJ. IDF Diabetes Atlas: Global,
regional and country-level diabetes prevalence
estimates for 2021 and projections for 2045. Diabetes
Res Clin Pract. 2022;183:109119.

2. Tomic D, Shaw JE, Magliano DJ. The burden and risks
of emerging complications of diabetes mellitus. Nat
Rev Endocrinol. 2022;18:525-539.

3. Oliver TI, Mutluoglu M. Diabetic Foot Ulcer. Treasure
Island (FL): StatPearls Publishing; January 2023.

4. Giurato L, Meloni M, Izzo V, Uccioli L. Osteomyelitis
in diabetic foot: A comprehensive overview. World J
Diabetes. 2017 Apr 15;8(4):135-142.

5. Mutluoglu M, Sivrioglu AK, Eroglu M, et al.. The
implications of the presence of osteomyelitis on
outcomes of infected diabetic foot wounds. Scand J
Infect Dis 2013; 45:497-503.

6. Hatzenbuehler J, Pulling TJ. Diagnosis and
management of osteomyelitis. Am Fam Physician.
2011;84(9):1027-33.

7.  Momodu II, Savaliya V. Osteomyelitis. Treasure Island
(FL): StatPearls Publishing; January 2023.

8. Eleftheriadou I, Tentolouris N, Argiana V, Jude E,
Boulton AJ. Methicillin-resistant ~ Staphylococcus
aureus in  diabetic = foot infections.  Drugs.
2010;70:1785-1797.

9. Waldvogel FA, Medoff G, Swartz MN. Osteomyelitis:
a review of clinical features, therapeutic considerations
and unusual aspects. N Engl J Med 1970; 282:198-206.

10. Lipsky BA, Berendt AR, Cornia PB, et al. 2012
Infectious Diseases Society of America clinical practice
guideline for the diagnosis and treatment of diabetic
foot infections. Clin Infect Dis. 2012;54(12):e132—
el73.

11. Wukich DK, Hobizal KB, Raspovic KM, Rosario BL.
SIRS is valid in discriminating between severe and

1783



International Journal of Life Sciences Biotechnology and Pharma Research Vol. 12, No. 2, April- June 2023

12.

13.

14.

15.

16.

17.

moderate diabetic foot infections. Diabetes Care.
2013;36(11):3706-3711.

Jeffcoate WJ, Lipsky BA. Controversies in diagnosing
and managing osteomyelitis of the foot in diabetes. Clin
Infect Dis. 2004;39(suppl 2):S115-S122.

Magiorakos AP, Srinivasan A, Carey RB, et al.
Multidrug-resistant, extensively drug-resistant and
pandrug-resistant bacteria: an international expert
proposal for interim standard definitions for acquired
resistance. Clin Microbiol Infect. 2012;18(3):268-281.
Boulton AJ, Vileikyte L, Ragnarson-Tennvall G,
Apelqvist J. The global burden of diabetic foot disease.
Lancet. 2005;366:1719-24.

Unnikrishnan EP, Rollands R, Parambil S.
Epidemiology of major limb amputations: across
sectional study from a south Indian tertiary care
hospital. Int Surg J. 2017;4:1642-6.

Yusof NM, Rahman JA, Zulkifly AH, Che-Ahmad A,
Khalid KA, Sulong AF, et al. Predictors of major lower
limb amputation among type II diabetic patients
admitted for diabetic foot problems. Singapore Med J.
2015;56:626-31.

Cruz CP, Eidt JF, Capps C, Kirtley L, Moursi MM.
Major lower extremity amputations at a veterans affairs
hospital. Am J Surg. 2003;186:449-54.

©20231Int. J. Life Sci. Biotechnol. Pharma. Res.

18.

19.

20.

21.

22.

23.

ISSN: 2250-3137

de Jesus-Silva SG, de Oliveira JP, Brianezi MHC, Silva
MAM, Krupa AE, Cardoso RS. Analysis of risk factors
related to minor and major lower limb amputations at a
tertiary hospital. J Vasc Bras. 2017;16:16-22.

Shah SK, Bena JF, Allemang MT, Kelso R, Clair DG,
Vargas L, et al. Lower extremity amputations: factors
associated with mortality or contralateral amputation.
Vasc Endovascular Surg. 2013;47:608—13.

Chalya PL, Mabula JB, Dass RM, Ngayomela IH,
Chandika AB, Mbelenge N, et al. Major limb
amputations: a tertiary hospital experience in
northwestern Tanzania. J Orthop Surg Res. 2012;7:18.
Wise ES, McMaster WG Jr, Williamson K, Wergin JE,
Hocking KM, Brophy CM. Pre-operative predictors of
30-day mortality and prolonged length of stay after
above-knee amputation. Ann Vasc Surg. 2016;31:124—
33.

Elamurugan TP, Jagdish S, Kate V, Chandra Parija S.
Role of bone biopsy specimen culture in the
management of diabetic foot osteomyelitis. Int J Surg.
2011;9(3):214-216.

Senneville E, Melliez H, Beltrand E, et al. Culture of
percutaneous bone biopsy specimens for diagnosis of
diabetic foot osteomyelitis: concordance with ulcer
swab cultures. Clin Infect Dis. 2006;42 (1):57-62.

1784



