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A COMPARISON STUDY OF FOOT ULCER HEALING BETWEEN DRESSING WITH
MANGOSTIN CREAM AND NORMAL SALINE WET DRESSING IN DIABETIC PATIENT.
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THESIS ADVISOR: SAUVALUCK LEKUTAI, M.S., SUVIMOL KIMPEE, M.Ed.,
JUCKRAPONG PAIBOON, Ph. D.

ABSTRACT

Diabetic foot ulcers can lead to severe complications and may lead to the
possible non-healing foot ulcer. Mangostin cream contains properties that are anti-
inflammatory, anti-bacterial and which precipitate protein synthesis of the foot
ulcer. Wound dressings using mangostin cream have shown the ability to promote
wound healing in diabetic patients. The purpose of this study’s quasi-experimental
research is to compare the healing of foot ulcers in diabetic patients using dressing
with mangostin cream to that of normal saline wet dressing. The population of this
study consisted of diabetic patients with foot ulcer wounds of both sexes, aged
between 25 to 75 years, who have all received wound dressing at the emergency
room of Dumnernsadoak Hospital, located in the province of Ratchaburi. The total
sample size of 20 patients was divided into two groups. The experimental group
contained 13 patients who received treatment with mangostin cream dressing. The
control group of 7 patients was treated with normal saline wet dressing. Research
instruments used in the study consisted of 1) Data collection tools used to record of
demographic data and ulcer characteristics and 2) measurement tools such as
Vernier Calipers used to measure the wound characteristics. The duration of this
research was from January to October of 2002. The width, length and depth of the
wound size were measured at the end of the first, second, and third week from the
commencement of the dressings. Data was then statistically analyzed using the Two-
way ANOVA Repeated Measure.

Results of the study showed that patients who received mangostin cream
dressing treatment earned higher healing rates, characterized by reduced wound
width and length, when compared patients who received normal saline dressing
treatment, with statistic levels of significance of 0.01. However, in terms of wound
depth, the statistic level of significance was no more than 0.05. Moreover, mangostin
cream dressing showed higher wound width healing rates at the end of the third
week than at the end of the first week, with a statistic level of significance of 0.001.
The wound depth healing rate at the end of the second and third were also higher
than at the end of the first week, with a statistic level of significance of 0.01.
Although patients with normal saline wet dressing showed no sign of wound width
healing with a statistic level of significance of 0.05, they reported wound length and
depth healing at the end of the third week, when compared to the end of the first
week, with a statistic level of significance of 0.01.

The recommendation from this study, the mangostin cream is a new
alternative dressing for promoting wound healing.

KEY WORDS: DIABETIC FOOT ULCER/ DIABETIC ULCER HEALING/ WOUND DRESSING
/ MANGOSTIN CREAM / NORNAL SALINE
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CHAPTER1
INTRODUCTION

Background and Significance of the Study

Diabetes Mellitus is a chronic disease with high blood glucose. Diabetic
patients are threaten and jeopardized with the severe complications that result to the
physical abnormalities in the long-term, especially malfunction of arteries and
capillaries including peripheral nervous system. Fifty percentages of diabetic patients
were identified to have above complications (Manosoontorn, 1999: 1). The thickening
vessels cause the poor blood circulation to vital organs and wound sites that increase
the risk of infection and gangrene in foot ulcers of diabetic patients (Boonnak, 1999:
17). American Diabetes Association (American Diabetes Association, 1999: 1)
addressed that the diabetic foot ulcer was the most serious complications in diabetic
population. Tuntanuntana (Tuntanuntana, 1994: 27) also expressed that foot ulcer in
diabetes was the major cause of hospital admission with the long-term stay, more than
other diabetic complications. Average term stay in the hospital of a diabetic patient
was 47 days that referred to the high medical expenses for diabetes. Diabetes Mellitus
is frequently associated with impaired wound healing.

Wound healing deficits in diabetic patients are largely caused by some basic
mechanisms: increased blood sugar impairing blood flow and the release of oxygen;
protein insufficiency and malnutrition leading decreased collagen synthesis; impaired
local immune and cell defenses; and declined anabolic activity with decreased insulin
and growth hormone (Carson, 2001: 1). Studies on diabetic wound healing have
shown reduced phagocytosis, poor chemotactic response in the leukocytes and poor
bactericidal activity. King (King, 2001: 40-41) stated that there were main reasons
why patients with diabetes were more vulnerable to local infection. Non-healing foot
ulcers are the leading cause of such complication in diabetic patients as disability,
infection, and the development of gangrene (Millington, 1999: 1; Pecoraro, 1990: 513-
521).
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Kusoom (Kusoom, 1998: 13) indicated the patho-physiology as thickening
vessels cause to the poor blood circulation and less oxygenation at the wound sites.
Delayed wound healing in diabetic foot ulcer leads to a serious complication, infection
that limited the movement of the lower extremities. It may develop the amputation of
feet or legs. Approximately 85% of all diabetic amputations are preceded by non-
healing foot ulcer (Longobardi, et. al., 2000: 1; Millington, 1999: 1). Diabetic patients
are 15 times more likely to have amputations than non-diabetes (Millington. 1999: 1).
In extreme cases of infection, a patient may develop septicemia, which is a serious
blood infection. An undiagnosed or untreated ulceration can cause death (O’Halloran,
2001: 2).

Hence, foot ulcers in diabetic patients have negative impacts on emotion and
quality of life. Treatment of diabetic ulcers is often prolonged intensive and costly.
Treatment failures are too common. Thus, appropriated techniques of wound care that
can decline the rates of amputation are essential prevention strategy (American
Diabetes Association, 1999: 1).

Medicinal Plant Research Institute Department of Medical Sciences, Ministry
of Public Health of Thailand (2000: 1) reported any emphasizing medical condition
such as peripheral vascular disease or uncontrolled diabetic, was the first step in the
management of the patient with diabetic ulcers. However, once the appropriated
medical management was instituted, local wound care became integral in the long-
term management of patients with diabetic ulcers. In order to help healing a wound, it
must be debrided, cleaned and dressed on a regular basis. Medical plants and herbs
had been a part of everyday life Thai people for a long time. During the last decade,
there has been a renaissance of both herbal medicine and traditional health practices.
Consequently, the use of herbal remedies had remarkably increased.

Lengkobkij (Lengkobkij, 2000: 4) also stated that the herbal medicine was
selected alternative medicine for treating chronic disease. Mangosteen hulls in Thai
folk medicine were used for healing skin infection and wounds. Mahabusarakam
(Mahabusarakam, et. al., 1986: 239-242) believed the mangostin extract from
Garcinia mangostana showed the inhibitory effects against the growth of
Staphylococcus aureus both regular and penicillin-resistant strains. The best activity

against both strains was found in mangostin (GM-1). Mangostin expressed no activity
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on Candida albicans and Cryptococcus neoformans, but exhibited moderate activities
against Trichophyton mentagrophytes and Microsporum gypseum.

According to the study of Phongpaichit (Phongpaichit, et. al., 1994: 339-405),
the extracts of Garcinia mangostana pericarps, for instance mangostin, gamma
mangostin and mixture mangostin, showed inhibitory effects against the growth of
Methicillin-resistanct S. aureus, which equaled to inhibitory of Vancomycin.
Furthermore, mangostin prohibited the growth of all Enterococcus spp.

As the research of Ilinuma (linuma, et. al.,, 1996: 861-865), the extract of
Garcinia mangostana pericarps earned activity against both S. aureus and Methicillin-
resistant S. aureus (MRSA). Sutapaha (Sutapaha, et. al., 1997: 1) discovered the
extract of Garcinia mangostana pericarps exhibited no activity against Escherichia
coli and Pseudomonas aeruginosa including the minimum inhibitory concentration
(MIC) and the minimum bactericidal concentration (MBC) of mangostin on MRSA
was respectively 20 and 100 times better than Methicillin. Chaigaew (Chaigaew,
1988: 83) also stated that mangostin employed anti-inflammatory effect involving with
both acute and chronic phases of inflammation. Chuaprapaisilp (Chuaprapaisilp, et.
al., 1993: 45) addressed that inhibitory effects of mangostin against anti-inflammation
was 3 times more effective than aspirin activity.

As the preliminary toxicological study of mangostin by Sornprasit (Sornprasit,
et. al., 1987: 51-57), mangostin extract was safer than Paracetamol usage. Panchinda
(Panchinda, 1992: 70) provided a follow up study of chronic ulcer healing dressing
with 1.5% mangostin cream that showed the evidence of the improved wound healing.
The wounds with delayed healing as well as pressure sore and necrotic ulcer, were
become the first one that showed healing expression. Panchinda (Panchinda, 1992:
70) also indicated that the cultures from discharge of the wounds presented a lot of
gram-positive bacteria as S. aureus. This study included with one case of diabetic
ulcer.

As the mention above, mangostin can be concluded to earn the ability of
promoting wound healing in diabetic patients. Appropriated wound care shall be
addressed as the independent role of nurses for achieving the objective of wound

healing promotion and absolutely leading the substantial benefits to all patients.
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Hence, the researcher is interested in the research of the comparative effects
between the 1.5% mangostin cream dressing and normal saline wet dressing, called as
standard dressing, in diabetic foot ulcers. These research results will establish and
motivate the further benefits and useful guidelines of diabetic and non-diabetic wound
cares for all nurses with the objectives of reducing wound complications and

enhancing wound healing.

Conceptual Framework

Diabetes Mellitus is a serious chronic disease that normally encountered with
impaired wound healing. In general, diabetic patients have a high susceptibility to
infection that, therefore, compromises to the healing process (Meyer, 1996: 195).
Witte and Barbul (Witte & Barbul, 1997: 509) indicated the 3 phases or stages of
wound healing: 1) inflammatory phase, 2) proliferative phase, and 3) remodeling or
maturation phase. The defects in the inflammatory phase mainly multiplied the poor
wound healing. Diabetes is frequently referred as the major cause of delayed wound
healing because all phases of healing are interrupted. As the inflammatory phase, the
one of patho-physiological abnormalities is found as the thickening basement
membrane of blood vessel wall leading to poor blood circulation and bad oxygenation
at the wound sites. Green, Krentz and King (Green, 1985; Krentz 2000 quoted in
King, 2001: 40) addressed that with poor blood glucose control, the Aldose reductose
enzyme was released to transform abnormal amounts of glucose to sorbital, which
accumulated in cells, leading to more osmosis of water into cells, swelling and tissue
damage. As the damaged endothelium was repaired, the basement membrane became
thicker and reduced the capillary permeability. Carson and King (Carson, 2001: 2;
King, 2001: 41) stated that diabetic wound healing had shown decreased phagocytosis
and poor chemotactic response in leukocytes, although there was no evidence of
defective opsonins or complement in diabetes. This wound implied that the defect was
in the white blood cells themselves, reducing their phagocytosis and bactericidal
ability. Other abnormalities of inflammatory phase in diabetic patients concludes with
decreased white blood cells, neutrophils, monocytes/macrophages, and declined

phagocytosis because of poor chemotaxis that reacted for persuading white blood cells



Fac. Of Grad. Studies, Mahidol Univ. M.N.S (Adult Nursing) / 5

into the wound sites. The defect of white blood cells results the delayed or non-healing
of diabetic wounds and elevates the risk of infection. Fewer leukocytes, declined
phagocytosis and poor bactericidal activities are the main reasons of vulnerability to
local infection in diabetic patients.

As the proliferative phase in diabetes, the defects in leucocyte activity from the
first phase of wound healing lead the failures of fibroblast growth, collagen synthesis
and cross-linking of collagen that reduce tissue strength and abnormal contraction of
the wound. Growth factors involve with granulation and epithelialization of the wound
healing process. The defects of wound healing process enhance the delayed wound
healing in diabetic patients. Persons with diabetes are often slow healer, and one of the
reasons for this may be their wound healing proteins or growth factors are defective
(Healthquest-nf, 2001: 2). Growth factors are proteins that play an important role in
the wound healing process. Without functional growth factors, an ulcer can get stuck
in a non-healing phase (Healthquest-nf, 2001: 2).

Maturation or remodeling phase is the final phase in the healing process,
starting at 21 days up to 2 years. This phase consists of the increased tensile strength
of the collagen structure, maturation of epidermals and dermal tissue layers, the
remodeled collagen matrix, and maturation of scar. Deep dermal wounds in non-
diabetic patient heal by contraction and granulation tissue formation; 80-90 percent of
the wound closure is due to contraction rather than re-epithelialisation. Contraction
speeds the healing process because it reduces the amount of scar tissue required for
repair. In contrast, diabetic wound closure is predominantly the result of granulation
formation and re-epithelialisation. One of the reasons behind this anomaly could be
the difference in the levels of PDGF found in the injured tissue in diabetic and non-
diabetic individuals. After injury, non-diabetics would initially show much higher
growth factor levels, which would then fall significantly by day 20 to allow
contraction to close the epithelial gap. In people with diabetes, the level of PDGF
would initially remain low and rise slightly by day 20, thereby stimulating further
granulation and epithelialisation (King, 2001: 5). The defects establish keloid, the scar
that grows over the wound edge and hypertrophic scar that forms an overgrowing

tissue inside the wound edge.
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Garcinia Mangostana Linn. (Family Clusiaceae) is known as mangosteen.
Thai people call it Mangkut. The mangosteen hulls have been used in Thai herbal
medicine for healing skin infection and wounds. In Chaigaew’s study (Chaigaew,
1988: 83), the extract of mangosteen hulls showed anti-inflammatory effect involving
with both acute and chronic inflammatory phases. Mahabusarakum (Mahabusarakum,
et. al., 1986: 239-242) stated that the extract of Garcinia mangostana showed the
effect against the growth of both normal Staphylococcus aureus and penicillin-
resistant strains. The best activity against both strains was found in mangostin (GM-
1). Mangostin expressed no activities on Candida albicans and Cryptococcus
neoformans, but showed moderate activity against Trichophyton mentagrophytes and
Microsporum gypseum. Sutapaha (Sutapaha, et. al., 1997: 1) indicated that the extract
of Garcinia mangostana hulls presented no activity against Escherichia coli and
Pseudomonas aeruginosa. The minimum inhibitory concentration (MIC) and the
minimum bactericidal concentration (MBC) of the mangostin extract on MRSA were
20 and 100 times better than Methicillin. As linuma’s study (linuma, et. al., 1996:
861-865), the mangostin extract exhibited activity against both S. aureus and
Methicillin-resistant S. aureus (MRSA). Reynolds (Reynolds, 1996:1757) reported
that the rind of mangostin contained the astringent for precipitated proteins synthesis
and formed a superficial protective skin.

Conclusions, the extracts of Garcinia mangostana pericarps demonstrate the
activities of anti-inflammation and prohibiting the growth of gram-positive bacteria in
the inflammatory phase including motivating the appropriation of fibroblast growth
and collagen synthesis, proteins that relate to the good and complete wound healing in
the maturation phase. Figure 1 demonstrates the visible conceptual framework of the

study.
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Research Questions

1. Are there the different results of the foot ulcer healing measuring by width,
length and depth of the ulcers, in between the experimental group with the 1.5%
mangostin cream dressing and the control groups with the standard dressing-normal
saline wet dressing?

2. How is the healing of foot ulcers in both experimental and control groups,

measuring in width, length and depth?

Purposes of the Study

1. To compare the healing of diabetic foot ulcers measuring in width, length
and depth, in between the experimental group with the 1.5% mangostin cream dressing
and the control groups with the standard dressing-normal saline wet dressing.

2. To study the healing of diabetic foot ulcers measuring in width, length and

depth, in both groups.

Hypothesis
The diabetic foot ulcer healing in width, length and depth in the experimental
group with 1.5% mangostin cream dressing is better than in the control group with

standard dressing-normal saline wet dressing.

Scope of the Study

This research is a comparative study of the diabetic foot ulcer healing in
between the experimental group with the 1.5% mangostin cream dressing and the
control groups with the standard dressing-normal saline wet dressing. Patients in both
groups received the dressings at the Emergency room, Dumnersadoak Hospital,

Ratchaburi Province, Thailand.
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Expected Outcomes and Benefits

1. The result of this study may take as a guideline to develop the appropriated
nursing care plan and implementation for chronic foot ulcers in diabetic patients.

2. The research outcomes may be beneficial to promote natural herbs for
enhancing the healing process of chronic foot ulcers in diabetic patients, leading to
reduce the medical expenses of the foreign medicines that were presently used for

chronic foot ulcer treatment.

Definition of Terms

Diabetic foot ulcer refers to the chronic wound in diabetes is normally an
open wound with damaged tissue or slough or secretion of infectious wound. The

largest part of the ulcers had been measured more than 0.5 cm.

The rate of wound healing refers to the percentage of the decreased wound
size in width, length and depth after admitting the daily dressings until 3 weeks. In this

study, a measuring tool is Vernier caliper measuring in centimeter (cm.).

The width of wound is the widest part from one edge of the wound to the

others, horizontally measuring of patient’s body.

The length of wound is the longest part from one edge of the wound to the

others, vertically measuring of patient’s body.

The depth of wound is to the deepest part of the wound measuring from the

bottom of the wound to skin border.

The healing rate of each dimension is calculated as the following formula:

= The decreasing size of each dimension (cm.) x 100

The first size measurement of each wound dimension (cm.).
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The mangostin cream refers to the extract of Garcinia mangostana hulls
(pericarps) that comprised of the 86% mangostin (GM-1)-15 grams, and mixed this
extract with the oil-in-water cream base until the mangostin cream weighed 1000
grams. Nutraceutical Centre with Professor Dr. Pichaet Wiriyachitra’s authorization

manufactures the mangostin cream that are used in this study.

Standard dressing is the wet dressing with 0.9% normal saline with sterile

technique.
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CHAPTER IT
LITERATURE REVIEW

As this study, the researcher gathered and researched related articles, literatures
and researches that involved with the following topics:
1. Diabetic ulcer
2. Diabetic wound healing process
3. Influenced factors of diabetic wound healing
4

Mangostin cream and diabetic wound treatment

1. Diabetic Ulcer

Diabetic ulcers are chronic opened sores that are hard to heal because of poor
blood circulation at the wound sites in diabetic patients. The diabetic patho-
physiology leads to serious complications, for instance vascular disease, neuropathy,
poor blood circulation, slow wound healing process, declined growth of new tissues,
wound infection, gangrene, chronic opened sores, and recurrent wounds.

Most diabetic ulcers are often located at patients’ feet and legs because of poor
blood supply to the lower limbs and feet. Diabetic foot ulcers possibly occur on many
areas of the feet that got pressure while walking and/or standing such as the sites of
big and small toes including the plantar (sole). Diabetic foot ulcers are primarily
happened from small accidents, for instance deep nail clipping and fitted shoes
wearing. Lack of attention and undection of small accidents with diabetic foot can
cause serious complication that some can lead the life threats and danger. As the
diabetic patho-physiology, there are other important factors that lead to foot ulcers and

become big problems of diabetic ulcer treatment, as the followings:
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1.1 Etiology of diabetic foot ulcer
The pathogenesis of diabetic foot ulceration is believed to be
multifactorial. The main etiology factors are neuropathy and peripheral vascular
disease (Kaczander &Nguyen, 2002: 2).
1.1.1 Neuropathy
Neuropathy is any functional and/or pathologic change in the
peripheral nervous system. Neuropathy is found in approximately 60% to 70% of
diabetic patients. Chronic high blood glucose levels damage the surrounding cells of
the nerves and the nerve damage causes a loss of sensation in the feet. The three types
of neuropathy are sensory, motor, and autonomic including they often exist
concomitantly (Fowler, 1999: 358).
1.1.1.1 Sensory neuropathy

Sensory neuropathy is the most important in the three
types of peripheral neuropathy. Common symptoms of sensory neuropathy are
feelings of burning, numbness, tingling, pain and lacked sensation (Folwer, 1999:
358). The impairment of sensory nerve function is the most important risk factor
leading to ulceration. Sensory impairment can lead to trauma of the feet, without any
pain to warn patients. Sources of trauma include improper footwear, foreign bodies in
shoes, and even burns of the feet from hot bath water, hair dryer, and other sources
(Millington, 2001: 1). Trauma from a poorly fitted shoes, callus, blister, or from
standing in hot water, on hot pavement, or hot sand can result in an ulcer in a diabetes.
Because a person with diabetic neuropathy may have diminished or no protective
sensation in the foot, he or she unknowingly allows the initial insult to continue which
eventually leads to skin breakdown. Clearly, a person with neuropathy should never
go barefooted (Fowler, 1999: 358).

Testing for neuropathy is very critical. Initial symptoms
begin with paresthesias (pins and needles) or dysesthesias (hypersensitivity) and
processing to complete loss of sensation (Bhargava, 2001: 1).

1.1.1.2 Motor neuropathy

Motor neuropathy contributes to deformity by the way

of contractures. It can cause an intrinsic minus foot, with clawing of toes and

depression of metatarsal heads. The flexion deformities of the interphalangeal joints,
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in claw toes caused pressure against the toe box of the shoe leading to ulceration
(Bhargava, 2001: 2).

Muscles may atrophy due to motor neuropathy, resulting
in imbalances that alter the natural resting position of muscle (Millington, 2001: 2).
Kaczander and Nguyen (Kaczader & Nguyen, 2002: 2) stated that motor neuropathy
caused foot drop and tripping. Diabetic patients may have neuromuscular
abnormalities such as decreased or absent reflexes, stocking-glove distribution
paresthesia, and intrinsic muscle wasting. Furthermore, foot deformities may develop
such as digital contractures, cavus feet, plantar fat pad atrophy, and prominent
metatarsal heads which can result in high areas of plantar pressures and callus
formation.

1.1.1.3 Autonomic neuropathy

Autonomic neuropathy causes loss of normal sweating
and skin temperature regulation, so that the skin becomes dry, scaly, and stiff, leading
to fissures through the dermis, callus formation and subsequent ulceration that serve as
portals of infection (Bhargava, 2001: 1; Fowler, 1999: 358; Kaczander & Nguyen,
2002: 2). The dysfunction of autonomic and sympathetic nervous systems result feet
edema that lead to pressure sores from fitted shoes.

1.1.2 Peripheral vascular disease

Bhargava (Bhargava, 2001: 2) indicated that in diabetic patients,
atherosclerosis and capillary basement membrane thickening occurred more frequently
and lead to occlusion. These involved with arteries and capillaries. Blood flow
insufficiency and limited oxygen including inadequate nutrients resulted to ischemic
foot ulcer that frequently found on the toes and the heels. Ischemia may be the cause
of ulcers and gangrene in diabetic patients.

Ruston (Ruston, 2001: 2) described that vascular ulcers may be
classified as either arteries or veins. Arterial ulcers were usually in the lower
extremities and were caused by a lack of blood flow to the skin and subcutaneous
tissue. Venous ulcers were also commonly in the lower extremities but due to
incompetent values of the leg veins leading to a series of events, which resulted in
vulnerable skin tissue. Any minor trauma to this weakened skin surface resulted in

ulceration.
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Atherosclerosis and occlusion are occurred not only with the
lower extremities but also with cardiovascular and cerebrovascular. Smoking, high
cholesterol levels and high blood pressure are the supportive factors that rapidly
increase the atherosclerosis incidence.

Lower leg edema is common in people with diabetic foot ulcers.
Increased leakage from the capillaries leads to the transcapillary escape of albumin.
As albumin and other macromolecules escapes into tissue, they draw fluid with them
by osmosis. When feet are edematous, pressure from shoes can increase the risk of

ulcer development (Krasner, 1998 quoted in Fowler, 1999: 359).

1.2 Diabetic foot infections

Infection is frequently found with foot ulcers in diabetic population from
either neuropathy or vascular disease. Good blood glucose level controlling and no
complications may lead to good diabetic wound healing process. Bacterial infection is
the significant complication of diabetic. The infected foot in diabetic people is the
most common cause of admission to the hospital and also is a major pathway to
ultimate amputation (Saltzman, 2001: 1).

Infections in diabetic foot ulcers are generally polymicrobail. Many
researches reported that the most diabetic infected ulcers consisted of mixed aerobic
and anaerobic bacteria in average of 3 to 6 bacterial types. Anaerobic bacteria are
identified as Bactericides, Peptococci, Anaerobic Streptococci and Clostridium.
Aerobic bacteria are comprised of gram negative and gram-positive bacteria. Many
researches indicated that vary types of bacteria frequently infected in diabetic ulcers.
Early researches underlined the detection of anaerobic bacteria infection but current
researches reported about aerobic bacteria that were ordinarily infected in diabetic
ulcers, especially gram positive cocci Staphylococcus aureus was found the most.
Gram-negative bacilli were more detected than Clostridium that caused the gas
gangrene in diabetic ulcers.

Diabetic foot ulcer with infection is usually very painful. Diabetic
patients with infected foot ulcers may have high fever and bacteremia including
necrosis. Diabetic ulcers with severe infection normally present the area around the

wounds with inflammation, erythema, induration and edema. The necrotizing faciitis
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is a severe infection that spreads to the fascia. It gains poor diagnosis with bad odor
and also involves with aerobic gram-negative bacilli and anaerobic bacteria.

Halpin-Landry (Halpin-Landry, 1999: 3) expressed that the surface
infections usually resulted from aerobic gram-positive cocci (Streptococcus,
Staphylococcus); Fungi may cause nail infection. Deeper, more serious infection may
also involve aerobic gram-negative bacilli and anaerobic organisms. Superficial foot
ulcers with cellulites infected with Staphylococci or Streptococci were ordinarily non-
limb threatening. Deeper ulcers with polymicrobail, mixed with gram-negative and
gram-positive infections extending into the subcutaneous tissue were limb-threatening
ulcers. Diabetic foot ulcers with exposure of tendon, muscle, or bone carried a higher
probability of deep infections and delayed healing time. These delayed healing
wounds may become seriously infected, which in turn can lead to gangrene and
possible amputation.

Severe infected foot ulcer with complications and inappropriate wound

care in diabetics may lead to uncontrolled infection, septic shock and finally death.

2. Diabetic Wound Healing Process

When tissues are injured, human body responses with natural mechanism to
keep inside chemical balance that processes the wound healing. As Jone’s study (Jone,
1990: 263), wound healing was a process of self-defense, cellular proliferation and
remodeling that occurred when tissue structures were damaged.

Wound healing is a complex process of cells and biochemical changes until
remodeling of collagen and maturation of the scar. The wound healing consists of
major factors as the capillary, neutrophil, monocyte/macrophage, fibroblast, collagen,
oxygen, and growth factors (Bennett & Moody, 1995: 13-14 quoted in Kusoom, 1998:
21).

Hence, the biochemical process is responsible for acute wound healing occurs
in a sequential but overlapping manner. The phases of healing are 1) inflammatory, 2)
proliferative, and 3) remodeling (Witte & Barbul, 1997: 509 quoted in Kusoom, 1998:
21-25; Flynn, 1996: 115).
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2.1 Hemostasis and inflammatory phase

In general, inflammation is the initial phase of wound healing and occurs
at the moment of injury including extends approximately 3 to 6 days of post injury
(Flynn, 1996: 116; Witte & Barbul, 1997: 509).

Witte and Barbul (Witted & Barbul, 1997: 509) identified that the
inflammatory phase was an essential phase of healing, characterized by increased
vascular permeability, chemotaxis of cells from the circulation into the wound milieu,
local release of cytokines and growth factors, and activation of migrating cells.

Inflammatory phase is the first phase of wound healing involved with
vascular events (including hemostasis and vasodilatation) and cellular events that
serve to wall-off the wounded area and defend the area against bacterial infection.
Proper functioning of platelets, polymorphonuclear leukocytes (PMN), and monocytes
are vital in this early phase of wound healing (Rosenberg, 1990: 253).

Blood vessels react to diminish blood loss by releasing Catecholamine-
Epinephrine that result vasoconstriction in 5 to 10 minutes after injury. As the same
moment, collagen of damaged vessels and tissue stimulate a clot formation by platelet
activation. Fibrin and blood coagulation also perform hemostasis. Cell membranes
release enzymes that motivate the synthesis of prostaglandins and leukotrines.
Increased permeability of the capillary wall leads to cell edema that is indicated into 2
stages. The first stage is the immediate swelling after histamine releasing. The second
stage involves with permeability of capillary wall. Cytokines known as the operation
of mediator and peptide, brings up white blood cells to move to the injured areas by
chemotaxis. Neutrophils, lymphocytes and monocytes work as macrophages that
continue with the phagocytosis activities at the wound sites in 24 to 72 hours after
injury. In this phase, neutrophils do not play the big role. Macrophages earn the
outstanding ability of working in the wound sites, with low oxygen level. Wound
healing process become impossible without macrophage activities. Macrophages
release lymphocytes, mast cells and growth factors that quite limit the chemotactic
substances in some cells such as leucocytes, fibroblasts, and cells of smooth muscle,
and also motivate matrix synthesis, angiogenesis and collagen activities.

Inflammatory reaction can be observed by the presence of erythema,

heat, edema, and discomfort that these signs are a consequence of increased blood-
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flow to the area and the accumulation of fluid in the soft tissue (Flannagan, 1996
quoted in Sawyer, 2001: 2). Dead tissue or infection in the wound sites delay the
inflammatory phase and interrupt the wound healing process.

Laila King (King, 2001: 40) stated that inflammation immediately
following trauma where blood vessels were damaged, small vessels constricted to
minimize blood loss, and a clot formed as platelets stick to each other and to the
developing fibrin meshwork. Promoting the release of histamine from basophils soon
followed vasodilation. Hyperemia, the increased amount of blood flow to the sites
manifest as local redness and heat. Histamine also increased the permeability of the
capillary wall, allowing macromolecules, for instance neutrophils, monocytes
(macrophages) and plasma proteins, to leave the blood vessels.

Witte and Barbul (Witte & Barbul, 1997: 511-512) also indicated that
neutrophils, macrophages, and lymphocytes predominated during inflammation, but
the contribution of each cell population to the successful outcome of wound healing
was variable. Macrophages and lymphocytes exerted critical roles but neutrophils
were not essential, provided that no bacterial contamination was present, because their
role in phagocytosis and antimicrobial defenses may be taken over by macrophages.
Activation of macrophages had fundamental implications in several aspects of wound
healing, for instance debridement, matrix synthesis and angiogenesis.

King (King, 2001: 39) mentioned about the typical signs of inflammation
were not often manifested in the wound of a patient with diabetes. The compensatory
vasodilatation response was limited because of the rigidity of the thickened basement
membrane of the capillary endothelium with 98% of diabetic people in one study
showing this feature (Renwick, et. al., 1998 quoted in King, 2001: 39). With poor
glycaemia control, an enzyme called Aldose reductase is known to convert abnormal
amounts of glucose to sorbital, which accumulates within cells, leading to osmotic
movement of water into cell, swelling and tissue damage (Green, 1985; Krentz, 2000
quoted in King, 2001: 39). As the damaged endothelium is repaired, it becomes thicker
due to deposition of proteins, which also changed the membrane changes, resulting in
altered capillary permeability.

In the diabetic population, the defects in the inflammatory phase lead to

poor diabetic wound healing. The defects in diabetes are related to each other.
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Diabetic wound healing process earns limited vasodilatation of blood vessels that
causes poor leukocyte infiltration because cell basement membrane thickening is
resulted by the blood vessel repair from the damage of high blood glucose. High
blood glucose in diabetic patients affects glycosylation and aggregation of blood cells
and increases viscosity of blood.

High glucose levels make all these blood cells more adhesive, allowing
them to stick to each other and aggregate, especially as the plasma is made abnormally
viscous by raised levels of fibrinogen (Alberti & Press, 1992 quoted in King, 2001:
39).

Delayed wound healing in diabetic patients is identified by multi-
conditions, for instance poor chemotaxis, decreased free radicals, poor tissue
oxygenation, and increased risk of infection. King (King, 2001: 40) also addressed
that white blood cells had special receptors on their surface that enable them first to
recognize, and second to engulf, invading micro-organisms. This process of enhanced
phagocytosis was opsonisation (coating of bacteria with substance that promote
phagocytosis). Neutrophils produced lysosome and interrupted the wound healing
process that contained highly toxic enzyme, and chemicals that fused with the
engulfed bacteria and killed them. Neutrophils also produced free radicals to kill
bacteria. As free radicals are highly toxic to all tissue, they are quickly mopped up by
peroxisomes when they are no longer needed (Phillips, et. al., 1999 quoted in King,
2001: 40). Tooke (Tooke, 1994 quoted in King, 2001: 40) stated that poor diabetic
control increased the arte of free radical production. These particles contribute to the
widespread damage of the vessel walls.

Abnormal oxygen carrying of erythocytes involves with glycosylation
coating that prevents them from passing through smaller capillaries to deliver oxygen
required for healing. The activity of neutrophils in wound healing process required
adequate oxygen. Glycosylation is harmful for the oxygen level in the tissue. Hence,
hypoxia in diabetic wound is occurred.

As King’s study (King, 2001: 40-41), abnormal adhesiveness and
aggregation of blood cells may conduct to a complete obstruction of the capillaries

that results in ischemia and finally in necrosis. Fewer leukocytes, reduced
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phagocytosis, poor bactericidal activity, and build-up debris are main reasons why

diabetic patients are more vulnerable to local infection.

2.2 Proliferative phase

The second phase of wound healing process, the proliferative phase is the
production of granulation tissue. This phase begins within 72 hours after injury and
may last up to 21 days. This primary processes are continued with angiogenesis,
fibroblast, collagen activity, wound contraction and re-epithelialazation. Angiogenesis
and fibroblasia coexist and are codependent (Skokan, 1993: 223 quoted in Flynn,
1996: 117).

Rosenberg (Rosenberg, 1990: 253) indicated that proliferative or
regenerative stage was the second stage of wound healing and was characterized by
growth of new capillaries, collagen fibers, and epithelial cells. Proliferation of
fibroblasts was important for the build-up of collagen during this stage.

Flynn (Flynn, 1996: 117) believed that the proliferative phase involved
with the continuous process of angiogenesis, fibroblasts and collagen activities.
Macrophages released growth factors and chemical substances for stimulating
fibroblasts production. Platelets also produced cytokines that were responsible for
motivating the collagen synthesis and other connective tissue substances. Fibroblasts
migrated to the wound sites and the collagen synthesis promoted the surface of sealing
of the wound. This was not the complete healing process in this phase; it was
approximately 80% of wound healing. Collagen was the protein that provides tensile
strength for the wound.

King (King, 2001: 41) reported that monocytes released angiogenesis
factors and also were responsible for the formation and multiplication of fibroblasts.
Fibroblasts started laying down a gel-like ground substances and collagen fibers. It
became to the red-pink tissue that was called granulation tissue and was the wound
bed filling. The epithelialization and wound contraction lately occurred in this phase.

Superficial wounds, partial-thickness wounds, and closed surgical
wounds were healed by primary intention. Wounds healing by secondary intention
were full-thickness wound. Contraction of the wound healing by secondary intention

also will be initiated, decreasing the wound’s surface area (Gilmore, Provo & Stotts,
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1993: 32; Norris, 1990: 545; Skokan & Davis, 1993: 223; Stotts & Whitney, 1993:
1167 quoted in Flynn, 1996: 117-118). The healthy wound will show red, moist,
friable, and granulating in the proliferative phase of healing.

In the diabetic patients, the defects in the proliferative phase involve
with the imperfection of leukocyte activities that cause a failure of fibroblast growth
and collagen synthesis. Its collagen content is greatly reduced in diabetes (Yue, et. al.,
1986: 221-225 quoted in King, 2001: 41) and the collagen strands show an abnormal
cross-linking. The defects are identified as reduced fibroblast number, decreased
growth factors, low collagen content in granulation tissue and absence of cross-linking
in collagen fibers. All these reasons impair and delay the wound healing process in

diabetic patients.

2.3 Maturation or Remodeling phase

Remodeling phase is the final phase of wound healing process. It starts
at 21 days up to 2 years.

Sawyer (Sawyer, 2001: 2) indicated that remodeling or maturation phase
continued for up to 1 year or even longer. It began when the wound had been closed
by connective tissue and epithelialization. Vascularity decreased, fibroblasts shrank,
collagen fibers turned red and granulation tissue turned white that were activities in
this phase. The wound “scab”, essential to and part of the natural healing process,
should now slough off as the epidermis was restored to its natural thickness.

Witte and Barbul (Witte & Barbul, 1997: 515) addressed that the main
feature of maturation phase was the deposition of collagen in the wound. This was the
most important phase of healing because the rate, quality, and total amount of matrix
deposition determined the strength of the scar.

King (King, 2001: 41) expressed that the remodeling phase consisted of
the reduced angiogenesis, the decreased fibroblasts and the transformed fibroblasts
into myofibroblasts that filled up and sealed the wound.

The primary characteristics of this phase were the increased tensile
strength of the collagen structure, maturation of epidermal and dermal tissue layers,
remodeling of collagen matrix to the pre-injured formation, and maturation of the scar

(Flynn, 1996: 118). The wound healing in this phase includes the tissue contraction.
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The new epithelial appear red and turn to white for a period of time. The
epithelialization rapidly becomes strength. Abnormal collagen synthesis results the
hypertrophic scar that forms a tough and overgrowing tissue inside the wound edge.
Keloid is the scar that grows over the wound edge.

Deep dermal wounds in non-diabetic patients heal by contraction and
granulation tissue formation; 80% to 90% of the wound closure is due to contraction
rather than re-epithelialization (McLatchic, 1990 quoted in King, 2001: 4).

In diabetic population, many healing deficiencies become clinically
manifest secondary to poor collagen deposition, although the emphasized cause may
vary. The poor matrix deposition is in the part due to reduced inflammation (Witte &
Barbul, 1997: 515). The defects in diabetes involve with the reduced contraction and
prolonged granulation including low growth factors level.

Patients with diabetes experience more wound healing problems than
those without. Reduced leukocytes decreased phagocytosis, poor chemotaxis leave
debris in the wound sites and contribute to the increased risk of infection. Other
abnormal mechanisms behind the impaired healing process include poor oxygen in the
wound site, reduction of growth factors, the increased aggregation and adhesion of
glycosylated blood cells. In diabetes, superficial wounds can be repaired but deeper
wounds are severely impaired because of defects in collagen formation.
Hyperglycemia in diabetes initiates catabolic condition, breaking-down protein and
declined depository. A catabolic state decelerates wound healing.

Leaper and Harding (Leaper & Harding, 1998) reported in the Oxford
University Press that older patients with poorly controlled diabetes faced with a

delayed in wound closure of up to 3 times that of older non-diabetic patients.

3. Influence Factors of Diabetes Mellitus on Wound Healing

3.1 Intrinsic factors
3.1.1 Age
Aging affects almost every stage of wound healing. The process

of wound healing in elderly patients is noticeably delayed. With advanced age, there
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is a decreased thickness of the dermis and the subcutaneous tissue (Resnick, 1993:
935) as well as a decrease in sensation. Small vessels in the aged tissue begin to
regress, jeopardizing tissue perfusion and oxygenation. Age-associated changes in the
immune system also negatively affect wound healing (Flynn, 1999: 805). Both the
inflammatory and proliferative phases of wound healing appear to be prolonged in the
older patients. Fibroblast activity is slow, causing a declination of collagen production
and resulting in decreased wound tensile strength and elasticity (Gerstein, Phillips &
Rogers, 1993: 749; Norris, Provo & Stotts, 1990: 545; Weingarten, 1993: 238 quoted
in Flynn, 1996: 119). A lowing in cell activity delays epithelialization, potentiating
the risk of wound infection (Flynn, 1996: 119).
3.1.2  Nutritional status

Nutrition has a significant effect on the wound healing process
and malnutrition may result in delayed or impaired wound healing. Protein is one of
the most consequential nutrients.

Flynn (Flynn, 1996: 120) stated that protein deficiency lead to
impairment of the various segments of proliferative phase, including fibroblast
proliferation, collagen synthesis, and angiogenesis. Inadequate protein supplies may
suppress the immune system (Fitzsimmons, 1994: 1; Telfer & Mory, 1993: 729)
increasing the patient’s risk of systemic and local wound infection.

Protein deficiency also affects phagocytosis, leading to a higher
risk of wound infection. Increasing age, obesity, and poorly controlled diabetes can
also lead to malnutrition (Meyer, 1996: 198).

Flynn (Flynn, 1996: 120-121; Flynn, 1999: 805) addressed that
inadequate essential fatty acid resulted in delayed healing of wound. Several vitamins
and mineral also affected the effective wound healing process. Vitamin C was
necessary for maturation of fibroblasts, collagen synthesis, capillary formation,
capillary stability, and tensile strength of the healed wound. Vitamin A enhanced
epithelialization, probably through the control of growth factors and their receptors.
Deficiency in these vitamins may cause abnormalities of the host defense mechanisms,
increasing the risk of infection. Deficiency of the vitamin B complex may also lead to

immune deficits. Several trace elements such as zinc, iron and copper may impair
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wound healing. Appropriated supplements of these trace elements were necessary for
protein synthesis and collagen cross-linkage.

Obesity can be a deterrent to healing because adipose tissue is
poorly vascularized, thus affecting delivery of oxygen and nutrients at the wound
sight. Overweight individuals have frequently poor nutritional habits and are less
mobile (Sawyer, 2001: 3). An extensive review of 23,649 surgical wounds over a 5-
year period found significant association between obesity and wound infection, with a
rate of 13.5% in obese patients compared with 1.8% in non-obese patients (Cruse &
Ford, 1973: 206-217).

3.1.3  Oxygen and perfusion imbalance

Effective wound healing is dependent on adequate oxygenation
and perfusion. The rate of healing and resistance of the wound to infection are related
directly to the patient’s ability to provide necessary oxygen and perfusion to the
wounded tissues. Oxygen in the wound enhances phagocytic defense, facilitates
angiogenesis, stabilizes cell structures, and is vital to the synthesis of collagen (Norris,
Provo & Stotts, 1990: 545 quoted in Flynn, 1996: 120; Flynn, 1999: 805).

Oxygen and nutrients in microcirculation play a big role in wound
healing process. Diabetes normally obtains the thickening of the capillary basement
membrane, resulting in reduced local blood-flow. Insufficient blood-flow in diabetic
patients delays the healing process. Hypoperfusion associated with critical illness
further compromise blood flow, thereby suspending wound healing (Meyer, 1996:
199).

Flynn (Flynn, 1996: 119) believed that anemia had not been
associated with poor wound healing, unless the condition in severe with hematocrit <
20 g/dl.

3.1.4  Hyperglycemia

Hyperglycemia in diabetes results the reduced macrophages, the
decreased fibroblasts, the declined collagen synthesis, the impaired collagen
deposition, the reduced angiogenesis, and endothelial proliferation. These defects
cause the deficient immunity and the defective phagocytosis and migration of cells
important in the inflammatory response. Neutrophil function involving bactericidal

ability, phagocytosis and chemotaxis may be affected. The blood glucose level in a
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diabetic patient is necessarily controlled at 150 to 200 mg/dl. Some studies showed
the high blood glucose-over 250 mg/dl lead to the defection of phagocytosis and
resulted in the increased risk of infection (Vichayannarat, 1992: 205). The
hyperglycemia reduces blood flow and the migrating ability of red blood cells that
declined the off-leading oxygen level, resulting in the impaired diabetic wound
healing. The good controlled blood glucose level decreases the complications in
diabetes.
3.1.5  Duration of diabetes

As the prolonged diabetic condition, vascular insufficiency is
often found, however a diabetic patient has good controlled blood glucose.
Neuropathy and ischemia in diabetic patients indicate the ease of skin breakdown and
the delayed wound healing that challenge the wound infection and the reduced
phagocytosis.

Pathophysiologically, diabetic neuropathy occurs over the course
of many years of prolonged periods of hyperglycemia. In a human being body, this
long-term disturbance in glucose metabolism will eventually reduce blood flow, as
well as damage sensory nerve fiber conduction and impair the normal vasoconstrictive
impulses (Halpin-Landry, 1999: 26-33).

3.1.6 Hormone

Insulin is a hormone that promotes glucose transfusion into cells
and increases cell metabolism. Estrogen is an anabolic steroid that inspires protein
synthesis in wound healing process (Treeporn, 1988: 35). Estrogen plays a major role
in wound healing. In one study, aging in healthy females was associated with a
reduced rate of wound healing and decreased levels of transforming growth factor 31
beside an improved quality of scarring. Estrogen replacement therapy for 3 months
significantly reversed these age-related delays in wound healing in a small clinical
trial, but these data should be substantiated in larger studies (Bello & Phillips, 2000:
716).

3.1.7 Cigarette smoking

Cigarette smoking is the influent factors of the wound healing. It

affects the perfusion and oxygenation in cells. Carbon monoxide covers hemoglobin

and decreases the hemoglobin’s ability to transport oxygen. Nicrotine in cigarette
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leads vasoconstriction and inclined coagulability (David, 1986 quoted in Sawyer,
2001: 3).
3.1.8  Stress

Stress is another threat in both mental and physical to the healing
process. It has been implicated as a potential cofactor in impaired wound healing
because of its effects as a) serum levels of corticosteroids, which directly affect
immune function, and b) the sympathetic nervous system (Kiecott-Glaser, et. al., 1995
quoted in Sawyer, 2001: 3). Increased stress hormone promotes the impaired wound
healing process.

Meyer (Meyer, 1996: 199) addressed that increased levels of
“stress” hormone-epinephrine, cortisol, glycogen, and growth hormone stimulated
gluconeogenesis and counteracted the effects of circulating insulin, causing a rise in

blood glucose levels and impairing leukocyte function.

3.2 Extrinsic Factors
3.2.1 Wound types

Wounds are categorized as acute and chronic wounds. Acute
wounds are the wounds, which are occurred by accidents or trauma and heal with an
orderly and timely anatomic restoration and functional integrity. Chronic wounds are
the wounds that do not heal in a timely fashion. They usually obtain prolonged
healing process and also include skin ulcers and infectious wounds. However, skin
ulcers from diabetes, vascular and arterial disease may be initiated by trauma and
accident as acute wounds are, but the wound healing processes are difficult and slow
that may consider these ulcers as chronic wounds.

The wound healing process comprises with 3 phases as
inflammatory, proliferative, and remodeling phase. Chronic wounds appear to be
stuck in the inflammatory or proliferative phase that present deficient activities of the
internal biochemical and cell such as reduced collagen synthesis, decreased growth
factors and so forth. These influence the wound healing. The healing can be identified
as primary and secondary intentions that indicate the different types of wound.
Primary-intention wound healing is for superficial wounds, partial-thickness wounds,

and closed surgical wounds that epithelial cells move toward one another from all
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surfaces of the wound, sealing the approximated surface. Epithelialization is rapid,
usually occurring within 72 hours. Little or no tissue granulation forms that lead a
small typical scar. Wound healing by secondary intention are a full-thickness wound
that epithelial cells move forward from the edges of the wound only, toward in each
until completely resurfacing the wound (Flynn, 1996: 117). Tissue loss wounds need
secondary intention healing sealing with granulation that cause the delayed healing in
all phases. Prolonged healing process offers the contamination and promotes the risk
of infection.
3.2.2 Location of wounds

Location of wounds appear to influence the wound healing
because of the consideration of the blood circulation at the wound sites, for instance
facial wounds heal better than that wound of legs or feet because faces have more
blood supply than legs and feet. Restless wound cause the prolonged wound healing.

3.2.3 Wound surrounding condition

Ruston (Ruston, 1998: 6) indicated that devitalized tissue could
be categorized as either slough or eschar. Slough was normally yellow in color while
eschar is usually black in the form of a scab-like covering over the wound bed. The
devitalized tissue must be removed before any topical treatments can be applied to the
wound bed because it was an ideal host environment in which bacteria can generate
and result clinical infection. Necrotic tissue provided a barrier to new tissue growth
impeding wound healing. Wound depth or degree of injury cannot be determined until
all necrotic tissue has been removed from the wound base.

Serious damaged or necrotic tissue at the wound site lead to the
delayed wound healing because poor blood circulation and inadequate nutrient that
elevate the opportunity of infection. Likewise, the thick scab covering the wound can
impede epithelialisation as it restricts the migration of newly formed cell. Edema of
wounds delays angiogenesis and epithelialization.

Flynn (Flynn, 1996: 119) stated that edema in the area of the
wound may increase the diffusion distance between the capillary beds and the wounds,
causing a decrease in the delivery of oxygen and other metabolites to the wound
edges. This results in a delay in healing and a greater susceptibility of the wound to

bacterial invasion.
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3.2.4 Desiccation

Cell, enzymes and growth factors cannot function in a dry
environment. Drying kills the surface cells and increases the reparative requirements.
Granulation tissue is fragile and ease to damage. In particular, the removal of dry
dressing can disrupt the wound healing process and return it to an earlier
(inflammatory) phase of healing (MacLellan, 2000: 4).

3.2.5 Moist wound

A wound normally begins to dry in 2 to 3 hours. The cells in the
wound site become to necrosis with the approximated depth 0.2-0.3 mm. that
contribute to the impaired epithelialization and the delayed wound healing.

Delayed wound healing is able to prevent by preserving the moist
of the wound. The moist of the wound enhances the rapid epithelialization and
angiogenesis.

Ruston (Ruston, 1998: 6, 15-16) reported that maintaining a moist
wound environment facilitated wound healing. There are several beneficial effects of
moist wound healing. Beneficial effects of moist wound healing are prevention of
tissue dehydration and cell death, increased autolytic debridement, reduced pain,
barrier to bacteria, enhanced healing rate, and stimulated angiogenesis.

3.2.6 Foreign body of the wound

As natural mechanism of wound healing, foreign body in the
wound site needs to be eliminated. The foreign body delays the healing process
because it stimulates the prolonged inflammatory phase, the reduced epithelialization
and contributes the chance of infection.

Trevelyan (Trevelyan, 1996: 45) addressed those foreign bodies
that had entered the wound such as a small piece of wood, fragments of metal or glass
and contamination with infectious microorganisms induced inflammatory reactions
that retarded the course of healing.

3.2.7 Infection

Infection affects to the impaired wound healing process that leads
the prolonged inflammatory phase. Chemical base environment at the wound sites that
occurred by the elimination or death of some bacteria interrupts the off-loading of

oxygen in the wound tissue. Chemical acid condition of the wound area encourages
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hemoglobin’s activities of carrying can releasing oxygen to the wound sites.
Prolonged wound healing process enhances the abnormal collagen synthesis and
granulation with the stimulation of macrophages by the germs and their toxics that
cause unsealing and enlarge wound area (Treeprom, 1988: 37). Sawyer (Sawyer, 2001:
3) believed that infection caused the impaired epithelialization, the reduced wound
contraction and the incomplete collagen formation. Wound infection lead the
uncomfortable feeling and promoted more stress that linked to the prolonged healing.

Ruston (Ruston, 1998: 4) expressed that wounds became
clinically infected and may result in redness, swelling, increased warmth and pain in
the area, multiplied purulent drainage, discolored granulation tissue, changed odor,
and most importantly delayed wound healing.

Kaczander and Nguyen (Kaczander & Nguyen, 2002: 4) reported
that the presence of a diabetic foot infection would not only impair wound healing, but
it may also cause limb loss. Diabetic infections could vary from acute to chronic. The
etiology of diabetic infections is similar to that of diabetic foot ulceration. Once again,
neuropathy and peripheral vascular disease were involved. Other contributory factors
to consider were foreign bodies, poor hygiene, and patient non-compliance with
keeping the wound non-weight bearing.

Bhargava (Bhargava, 2001: 1-2) discovered the most common
organism cultures are the aerobic gram-positive cocci: Staphylococcus aureus,
Staphylococcus epidermidis, group B Streptococcus, and Enterococci. The gram-
negative organism included Proteus, Escherichia coli and Psuedomonas. The study of
Tentolouris, et al (1997: 767-771) was found that MRSA infection is common in
diabetic foot ulcers and is associated with previous antibiotic treatment and prolonged
time to healing.

An effective factor in diabetic patients induced the infection and
delayed healing process is the malnutrition that offers the decreased nutrients for
wound cells, resulting in abnormal vascular and peripheral nervous system, including
poor function of macrophages. A diabetic wound particularly infects with multi-
bacteria. Some study indicated that the most infectious germ of the wound was gram-

positive  bacteria as Staphylococcus aureus (Suriyawongpisal, 1996: 23;
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Vichayanratana, 1992: 52); McDowell & Gordon, 1996: 194) and Haemolytic
Streptococci (Foster, 1999: 52).
3.2.8 Pharmacologic agent

Many medicines that frequently used in critical ill patients result
the negative wound healing, for instance Non-steroidal anti-inflammatory drug
(NSAID). The NSAID also causes the impaired fibroblasts, the reduced white blood
cells that declined the ability of eliminating germs and foreign bodies, resulting in the
severe infection of wounds (Kumtaweeporn, 1999: 28). Antiseptic or bacteriostatics
are also irritable to wound tissue (Treeprom, 1988:36).

Flynn (Flynn, 1996: 120) indicated that systemic drugs may
influence collagen synthesis, inflammatory mediators and the immune response.
Anticoagulants had been shown to delay wound healing through their action on the
clotting cascade during the inflammatory phase. Non-steroidal anti-inflammatory
drugs administered in therapeutic doses did not seem to influence wound healing
adversely. Nevertheless, they should be avoided during the early phase of wound
healing because of their irreversible antipletelet effects (Kirsner R. & Eaglestein,
1993: 629; Telfer & Moy, 1993: 729).

3.2.9 Duration of wound

Margolis (Margolis, et. al., 1999: 692-695) stated that the study
on risk factors for delayed healing of neuropathic diabetic foot ulcers had shown the
duration of the wound at the start of treatment associated with the wound healing
within 12 or 20 weeks of standard care. The standard care was defined as

debridement, good wound care and was offloading of the ulcer.

4. Mangostin Cream and Diabetic Ulcer Treatment

Garcinia mangostana Linn., family Clusiaceae is commonly known as
Mangosteen. In Thailand, It is called Mangkut. The Mangosteen tree is 10-12 meters
height with smooth dark brown outer bark, yellow inner bark, and elliptic, oblong-
lanceolate, deep-green glossy leaves with 6-11 cm. Width and 15-25 cm. Length. Its
fruit is round, 5-7 cm. In diameter, smooth rind firm, thick, and dark purple peel.

There are 4 to 8 seeds with juicy, white or pinkisk-white delicious pulp.
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Parts untilized: Pericarp (peel) that is used as medicine is separated from the
edible portion and is sliced into desired size immediately after the fruit is opened. The
pericarp pieces are strung and dried immediately to avoid fungi infection. Sun-dried
pericarp yields the highest tannin concentration of 5.5% (Philippine Medical Plants,
2002: 1). The rind contains a very astringent juice. The bitter and astringent rind of
the fruit of Garcinia mangostana contains tannin, resin, and crystallizable mangostine
(Felter & Lloyd, 2002: 1-2, Morton, 1999: 2).

The peel of mangosteen consists of Xanthone derivatives such as Mangostin
(GM-1), Gartannin (GM-2), y-Mangostin (GM-3), B-Mangostin (GM-4), and so forth.
The bitter and astringent rind of mangosteen contains 31.29% of red anthocyanin and
7-14% of Tannin (Longkobkij, 2000: 5).

Phutiyanan (Phutiyanan, 1999: 105) indicated that the extract of mangosteen
peel included with high tannin, resulting in the promoted wound healing and the

antiseptic.

4.1 Qualification of the mangostin cream
Mangostin cream is the extract from the mangosteen hulls, which
comprise with mangostin (GM-1) and perform into oilment.
4.1.1 Antibacterial
The study of structures and biological activities of compounds
from pericarps (peels) and aril of Garcinia mangostana of Mahabusarakam (1985: 46-
55) reported that the extract of the fruit hulls resulted in the isolation of several
xanthone derivatives. The xanthone have isolated: Mangostin (GM-1), Gartannin
(GM-2), y-Mangostin (GM-3), 3-Mangostin (GM-4), 1-isomangostin (GM-6), GM-7,
3-isomangostin (GM-8), GM-9, and GM-12. The screening of antibacterial activity of
chemicals from Garcinia mangostana found that mangostin showed the activity
against Staphylococcus aureus, both normal and penicillin-resistant strains
(Mahabusarakam, et. al., 1983: 337-340).
Mangostin, Gartannin and y-Mangostin expressed no activity
against Cadida albicans and Cryptococcus neoformans, but exhibited moderate
activities against Trichophyton mentagrophytes and Microsporum gypseum

(Mahabusarakam, et. al., 1986: 239-242).
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The research of Phongpaichit (Phongpaichit, 1994: 399-405)
addressed that the extract of Garcinia mangostana pericarps such as mangostin, y-
Mangostin, and mixture mangostin showed inhibitory effects against the growth of
Methecillin-resistent Staphylococcus aureus (MRSA), which was equivalent to
inhibitory of Vancomycin, and prohibited the growth of Enterococcus spp.

Accordingly, the study of linuma (linuma, et. al., 1996:1) showed
that the extract of Garcinia mangostana pericarps presented the activity against both
S. aureus and MRSA. Furthermore, Sutapaha (Sutapaha, et. al., 1997:1) stated that the
extract of Garcinia mangostana pericarps had no inhibitory effects on Escherichia coli
and Pseudomonas aeruginosa. This meant that the extract had no effect on gram-
negative bacilli. The minimum inhibitory concentration (MIC) and the minimum
bactericidal concentration (MBC) of mangostin on MRSA were respectively 20 and
100 times better than Methicillin.

4.1.2 Anti-inflammation

As the study of Mahabusarakam (Mahabusarakam,1985: 75-78)
related to the structures and the biological activities of compounds from pericarps and
aril of Garcinia mangostana Linn., mangostin showed inhibitory effects against anti-
inflammatory on experimental animal model, as evidenced by the activity of
mangostin to inhibit caragenin-induced paw edema and showed inhibitory effect like
activity with aspirin.

According to the study of Chaigaew (Chaigaew, 1988: 71-84), it
expressed the marked anti-inflammation effect, which was found to involve with both
acute and chronic phases of inflammation, as evidenced by the ability of mangostin to
prohibit caragenin-induced paw edema, adjuvant induced primary and secondary
lesions as well as cotton pellet granuloma. The mangostin demonstrated the
significant edema inhibition and the magnificent effects on cotton pellet-induced
granuloma formation. Aspirin indicated less effect than mangostin on this granuloma
formation. The mechanism of anti-inflammatory action of mangostin is postulated to
be the inhibition of prostaglandin biosynthesis. Other possible mechanisms could be
the interaction of mangostin to inflammatory mediators (kinins, histamine, etc.).

Mangostin are histamine and serotonin receptor antagonist (Furukawa, et. al., 1997:
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153p), the inhibition of leukocytic mobilization and cell exudation as well as of
connective tissue proliferation.

Hence, the comparative research between the effects of mangostin
and aspirin indicated the mangostin presented higher inhibitory effect on
prostaglandins activity than aspirin did at the 6™ hour of determination. The inhibitory
effect against anti-inflammatory of mangostin was 3 times better than aspirin
(Chuaprapaisilp, et. al., 1993: 45).

4.1.3 Accelerative protein synthesis

Mangosteen has been established as the outstanding anti-bacterial,
anti-inflammatory, anti-oxidant and astringent activities. In Thailand, mangosteen has
been investigated and incorporated into series of cosmetics for skin nourishment
(Medicinal Plant Research Institute, Department of Medical Sciences, Ministry of
Public Health, Thailand, 2000: 3).

The rind of Garcinia mangostana contains a very astringent juice.
The astringent agent of mangosteen precipitates protein synthesis and forms a
superficial protective skin. Astringents are used with harder skin, to check the
exudative secretions and minor haemorrhage for ulcers (Reynolds, 1996: 1757).

Panchinda (Panchinda, 1992: 72) conducted the study relating to
the follow-up of chronic ulcer healing with 1.5% mangostin cream dressing that
indicated the mangostin cream’s ability to improve the wound healing. Wounds in 18
patients were completely healed within 3 weeks.

4.1.4 Study of toxicity

Sornprasit (Sornprosit, et. al., 1987: 51-57) developed the
preliminary toxicological study of the comparative effects between mangostin and
paracetamol that had been forcedly fed to rats. This study indicated that paracetamol
affected to increase the activities of serum glutamic oxaloacetic (SGOT) and serum
glutamic pyruvic transaminase (SGPT) much more than mangostin. The amounts of
total liver protein of paracetamol treated rats were reduced significantly, whereas that
of mangostin treated rats were not changed.

Hence, the mangostin (GM-1) is safety and have not any toxic

symptoms with skin (Balasubramanyam, 1999: 1; Chuaprapaisilp, et. al., 1993: 45).
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4.2 The mangostin cream promotes the diabetic wound healing

Carson (Carson, 2001: 2) stated that the major cause of wound healing
deficits in diabetic patients was the effects on neutrophil function involving with
bactericidal ability, phagocytosis and chemotaxis.

Mangostin has been as anti-bacterial, anti-inflammatory and astringent
activities. Mangostin (GM-1), the extract of Garcinia mangostana can be the
treatment for chronic infected wounds until they are normally healed and earned good
quality of wound healing. Furthermore, mangostin also improved on the diabetic
wound healing (Chuaprapaisilp, et. al., 1993: 45).

As Panchinda’s research (Panchinda, 1992: 70) related to the follow-up
study of healing in chronic ulcers with daily 1.5% mangostin cream dressing in 30
patients until their ulcers were completely healed or the 21* days of the research. The
research conclusion implied the improvement of wound healing with this special

dressing.

The capability of wound healing in diabetic patients is interfered by micro
vascular, macro vascular changes, poor glycaemia control, and loss of sensation. The
ending outcomes from those associated changes are poor perfusion, unfavorable
oxygenation of wound sites, failure of epithlialization, slow contraction, delayed
collagen formation, impaired chemotaxis and reduced phagocytosis. Loss of blood
glucose control leads to increase the risk factors of infection and further compromising
wound healing. Hence, other factors that affected the quality of wound healing are the
age of patients, the nutritional status, cigarette smoking and the pharmacologic agents.
The extract of Garcinia mangostana, mangostin presents activities as anti-
inflammation, anti-bacterial and astringent that precipitates protein synthesis and
forms a superficial protective layer. Hence, the mangostin cream earns the ability of

promoting the wound healing in diabetic patients.
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CHAPTER III
METHODOLOGY

Research Design
This study was the Repeated Measures Design which aimed to compare the
diabetic foot ulcer healing between mangostin cream dressing and normal saline wet

dressing.

Population and Sampling

The population of this study was both male and female diabetic patients whose
age ranged from 25 to 75 years with the diabetic foot ulcer and received the dressing at
the emergency room, Dumnernsadoak Hospital, Ratchaburi Province.

The participants of this study were selected by inclusion and exclusion criteria

as follows:

Inclusion criteria

1. Have a foot ulcer with size more than 0.5 centimeter whether in width,
length, and depth,

2. Foot ulcer penetrated through the epidermis and into the dermis with minor

exposure of bone or tendon.

Exclusion criteria

1. Foot ulcer penetrated through tendon, ligament, and bone,

2. Have cellulitis and osteomyelitis.

After having the sample as inclusion criteria, they were divided into control
and experimental groups by simple random sampling technique. With a table of
random numbers, the sample would choose a number. Then, the odd numbers would

be selected into the experimental group whereas the even ones would be selected into
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the control group. The experimental group was a group who received the dressing with
the mangostin cream whereas the control one was those received the dressing with
normal saline wet dressing. The total numbers of participants were 20 diabetic patients
divided into 13 patients in the experimental group and 7 patients in the control group.

The duration of this research procedure was between January and October 2002.

Setting
The setting was in the emergency room, Dumnernsadoak Hospital, Ratchaburi
province. This hospital has a policy to promote alternative medicines by using herbs as

a therapeutic management for patients.

Research Instruments

The instruments of this study divided into two sections, the instrument for data
collection, and the one for the research procedure.

Section I Instrument for data collection consisted of:

1. Demographic data included gender, age, duration of diabetes, blood
sugar level, body mass index, the ulcer history (the duration of occurring, the causes,
and the position), history of smoking, medication history and present therapy, and the
history of amputation.

2. Ulcer data included the characteristics, the size both in width, length,
and depth, infection and type of bacteria infection.

Section II Instrument for the research procedure comprised:

1. Sterile Vernier Caliper by autoclave for measured the width, length, and
depth of the ulcer in centimeter.

2. Dressing ulcer materials comprised:

2.1 Sterile set dressing which contained of a tooth and a non-tooth
forceps, two cups for adding solution, 10 —20 cotton balls, 5 — 10 pieces of 4 x 4
gauze, 1 -3 pieces of top dressing.

2.2 0.9% Normal saline for dressing.
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2.3 1.5% Mangostin cream manufactured by Nutraceutical Centre
under controlled of Prof. Dr. Wiriyachitra, Pichaet.
2.4 A curette and scissors for debridement.
2.5 Play fairs.
2.6 Sterile swab culture tube.
2.7 A plaster and disposable gloves.
2.8 A small disposable bag or paper.
3. The procedure of ulcer dressing by mangostin cream
A procedure of ulcer dressing by mangostin cream was successfully
constructed by reviewing from the textbook and literature reviewed. The detail of this

procedure was as follows: See Appendix C.

Content validity

The procedure of ulcer dressing by mangostin cream was validated by a group
of four experts, a doctor, a nurse instructor and two specialist nurses, who were
specialist in wound care for content validity. Then the procedure was revised in

content according to the experts’ recommendation.

Data Collection Procedure

In this study, there was a research assistance who was a nurse working in the
emergency room. She would help to evaluate the size of the ulcer in both experimental
and control group without knowing who were in such groups. Research assistant was
introduced to use Vernier caliper to measure wound size and test to measure the
wound in width, length and depth regarding to the definition of measuring the wound
size. The other procedure was performed by the researcher as follows:

1. The formal letter from the Graduate Office of Mahidol University was sent
to the Director of Dumnernsadoak Hospital for asking for permission to perform this

study.
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2. After receiving the permission, the researcher met the head nurse of the
emergency room, staff nurses, and the doctors of the Surgical Department to explain
the nature of the study and the research procedure.

3. After selected the sample according to the inclusion criteria of this study, the
researcher approached the patients in the emergency room and informed about the
objectives and the nature of the study to get informed consent.

4. After informed consent was obtained, the participants were randomized
sampling into the control and the experimental group and demographic data was
interviewed.

5. Fasting blood sugar level was recorded in the first day of the study and the 7,
14 and 21 day after dressing procedure.

6. The discharge from the ulcer was swab before performing ulcer dressing and
was sent to culture for microorganisms at Microbiology Laboratory, Dumnernsadoak
Hospital at the first day of the study and the 7, 14 and 21 day after dressing procedure.

7. Patients would receive ulcer dressing once a day between 9 to 12 o’clock
AM or between 1 to 3 o’clock PM every day until three weeks as follows:

7.1 Patients in the experimental group received ulcer dressing with the
mangostin cream according to the procedure of ulcer dressing by mangostin cream.

7.2 Patients in the control group received ulcer dressing with normal
saline dressing (saline moist gauze). Normal saline was chosen as the treatment for
control group because it was the standard dressing for diabetic foot ulcers.

8. The researcher assistance measured the size of ulcers by sterile Vernier
Caliper in width, length, and depth in the first day of the study and the 7, 14 and 21
day after dressing procedure.

9. The ulcer data was also collected in the first day of the study and the first,
second and third week after dressing procedure.

Plan for the research procedure showed in figure II

Protection of Human Subjects
Before being asked to participate in the study, all subjects were informed about
the objectives of the study and the study’s procedures. They also informed about their

right to refuse to participate in this study or to stop joining through the procedure at
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any time that they wanted. There was not any effect on their healthcare services that

they received.

Copyright by Mahidol University
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Patients with djabetic foot ulcers

Simple randomized sampling into control and experimental groups
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Data Analysis

The program SPSS/ FW (Statistical Package for the Social Science Personal
Computer Plus/ For Window) was used to analyze the data as follows:

1. Frequency was used to describe the demographic data.

2. Mean and standard deviation were used to describe the healing rate of
diabetic foot ulcer in each dimension after the first, second and third week of dressing.
The healing rate of diabetic foot ulcer in each dimension (width, length, and depth)
was calculated by the following formula:

Healing rate in each dimension

= The decreasing size in each dimension (cm) x 100

Measured size at the initial time of the study in each dimension (cm)

3. To compare the variance of diabetic foot ulcer healing rates in width,
length, and depth between the experimental and control groups after 1, 2, 3 weeks of
dressing by using Two-way ANOVA Repeated Measure when F-Test indicated the
difference with the statistic level of significant in the criteria. The multiple
comparisons was provided to detect the difference of each couple by LSD test.

4. Frequency was used to describe the founding bacterial type at the first day
of the study and the first, second and third week after dressing of both experimental

and control groups.
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CHAPTER 1V
RESULTS

This quasi experimental research purposed to compare the diabetic foot ulcer
healing between the mangostin cream dressing and normal saline wet dressing.
Sampling groups were 20 diabetic patients with diabetic foot ulcers who perceived the
wound dressing at the Emergency room, Dumnernsadoak Hospital, Ratchaburi
province divided into an experimental group with 13 patients and a control group with
7 patients. The research results are presented by tables with captions defining in three
parts as the followings:

Part 1: Demographic: Data personal information

Part 2: Clinical Data: wound characters, types of bacteria in the diabetic foot
ulcers of both experimental and control groups

Part 3: The comparison in the percentages of the diabetic foot ulcer healing

between experimental and control groups
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Table 1: Numbers of samples classified by age, duration of diabetes, duration of

diabetic ulcer, blood sugar and BMI value

Demographic data

Experimental Group

(n=13)

Control Group (n=7)

Persons

Persons

Age (years)
Early adulthood (18-35)
Middle adulthood (35-60)
Young old (60-75)
Duration of diabetes (years)
0-5
6-10
16-20
Over 20
Duration of diabetic ulcer
Less than 2
2-4
5-8
More than 8
Blood sugar (mg./dl)
Good, 80-120
Fair, 121-140
High, 141-160
Need revision, more than 160
BMI Value (kg./ m?)
Less than 20
20-25

more than 25

w ~ W = —_ L N W

AN W W =
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As the table 1, most samples in both groups were elders age 60-75 years. The
inferior ages were in the middle adulthood, 35-60 years. The most of even 5 samples
in the experimental group stated their duration of diabetes as 0-5 years and 16-20
years. The inferior duration of diabetes was 6-10 years. Most samples in the control
group indicated the duration of diabetes as 6-10 years and the inferior one was 16-20
years. Both experimental and control groups determined the duration of diabetic ulcer
as 2-4 weeks. Blood sugar in the experimental group needed to revise because its level
was over 160 mg./dl. The control group showed the blood sugar in the fair level of
121-160 mg./dl. Most BMI value in both groups represented in the normal range of
20-25 kg./m*.
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Table 2: The comparison on demographic data between the experimental and

control groups classified by age, duration of diabetes, duration of diabetic ulcer,

blood sugar and BMI value with the statistic Mann—Whitney U Test

Characters Exp. Group (n=13) Con. Group (n=7) Mann- P-value
of Samples Mean Sum Mean Sum Whit U.
Rank Ranks Rank Ranks

Age 10.85 141.00 9.86 69.00 41.00 0.719™
Duration of diabetes ~ 10.00 130.00 11.43 80.00 39.00 0.590™
Duration of ulcer 11.04 143.50 9.50 66.50 38.50 0.559™
Blood sugar 11.19 145.50 9.21 64.50 36.50 0.454™
BMI value 10.15 132.00 11.14 78.00 41.00 0.692™
"P>0.05

As the table 2: after comparing the difference of demographic data e.g. age,

duration of diabetes, duration of diabetic ulcer, blood sugar and BMI value in both

experimental and control groups by the statistic Mann—Whitney U Test, the

demographic data in both groups indicated the difference with no statistic level of

significant (P>0.05).
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Table 3: Numbers and percentages on demographic data in both experimental
and control groups classified by gender, smoking history, history of antibiotic
administration and location of diabetic ulcer and comparison of demographic

data with the statistic Fisher’s exact test

Demographic data  Exp. group (n=13) Con. group (n=7) P-value

persons Yo persons %o
Gender 0.329™
Male 6 46.2 1 14.3
Female 7 53.8 6 85.7
Smoking History 1.000™
Yes, smoking 3 23.1 1 14.3
Never smoking 10 76.9 6 85.7
Antibiotic History 0.651™
Yes 9 69.2 4 57.1
No 4 30.8 3 42.9
Wound Location 0.354™
Plantar foot 8 61.5 6 85.7
Dorsal foot ) 38.5 /f 14.3

" P>0.05

As the table 3, in both experimental and control groups, most samples were
female more than male as 53.8% and 85.7% respectively and presented non-smoking
history as 76.9% and 85.7% respectively. Most subjects in the experimental and
control groups expressed the history of antibiotic administration as 69.2% and 57.1%
subsequently. Most favorite location of diabetic ulcer was found at the plantar foot in
the experimental group as 61.5% and in the control group as 85.7%. After testing by
the statistic Fisher’s exact test, demographic data in the experimental and control

groups showed the difference with no statistic level of significant (P>0.05).



Kusuma Kumjorn Results / 46

Part 2: Clinical Data—wound characters, types of bacteria in the

diabetic foot ulcers of both experimental and control groups

Table 4: Numbers of sampling groups classified by wound characters, secretion,
and characters of skin around the diabetic ulcer in pre study and post 3 week

wound dressings

Characters Experimental Group (n=13) Control Group (n=7)
of Samples Pre study  Post 3 weeks Prestudy Post 3 weeks
Wound color
Red 4 13 1 1
Yellow 6 - 4 6
Black 3 - 2 -
Secretion
No secretion 1 7 2 1
Serous 2 2 1 1
Sanguineous - - - -
Serosanguineous 1 - 1 1
White muddy 6 3 3 4
Purulent 3 1 - -

Surrounding skin

Normal color - 7 - 3
Decomposed - - 3 -
Inflammatory 6 1 1 2
Yellow callus 7 5 2 2

As the table 4, most subjects in the experimental group addressed the wound
characters before the study as yellow wound color with white muddy secretion and
yellow callus edge and after 3 week dressing as red wound color without secretion and

normal skin color around the diabetic ulcer.
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In the control group, the wound characteristics in pre study were yellow wound
color with white muddy secretion and decomposed skin around the diabetic ulcer. The

wound characteristics in post 3 week dressing were yellow wound color with white

muddy secretion and normal skin around the diabetic ulcer.
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Table 5: Numbers of sampling groups who had bacterial infection at diabetic foot
ulcers classified by types of bacteria in pre study and post 1, 2 and 3 week

dressing in experimental and control groups

Types of Experimental Group Control Group
Bacteria (n=13) (n=7)
Week No. Week No.
0 1 2 3 0 1 2 3
Microbial infection 8 7 7 8 4 3 4 4
Polymicrobial infection 5 6 3 - 3 4 3 3
Total infection 13 13 10 8 7 7 g/ 7
No infection - - 3 5 - - - -

As the table 5, all subjects in both experimental and control groups showed the
evidence of bacterial infection in diabetic foot ulcers. Most diabetic foot ulcers
demonstrated one bacterial infection. In the experimental group, some subjects
infected with mixed bacteria in each diabetic ulcer. After 2 week dressing the wound
exhibited the decreased infection and after 3 weeking dressing no mixed bacterial
infection had been found in each wound. Hence, after 2 week dressing, total 10
subjects in experimental group disclosed the mixed bacterial infection and decreased
to 8 samples with mixed bacterial infection in after 3 week dressing. On the other
hand, in control group, mixed bacterial infection was found in all subjects along the

study.
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Part 3: Comparison in the percentages of the diabetic foot ulcer

healing rate between the experimental and the control groups

Table 6: Percentage means and standard deviations of diabetic foot ulcer healing

rate in width classified by sampling groups and duration

Groups N Wk1 Wk2 Wk3

Mean SD Mean SD Mean SD
Experimental 13 22.929 18.070 39.479 24.807 55.521 24.749
Control 7 4.603 6.377 8.487 11.105 12.774 12.776

As the table 6, the percentage means of diabetic foot ulcer healing rate in width
after 1 week dressing in the experimental group was higher than in the control group
(X =22.929 and 4.603 respectively). Both groups revealed higher percentage means
of diabetic foot ulcer healing rate in width regarding to longer duration.
Consequently, the percentage means of diabetic foot ulcer healing rate in width in the
experimental group was higher than in the control group after perceiving the

mangostin cream dressing.
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Figure 3: The percentage means of diabetic foot ulcer healing rate in width of the
experimental group (dressing with mangostin cream) and of the control group

(dressing with normal saline) by estimating the post study

As the figure 3 with the analysis of variance, after 1, 2, 3 week dressings, the
percentage means of diabetic foot ulcer healing rate in width of the experimental
group (dressing with mangostin cream) was higher than of the control group (dressing

with normal saline) in every period.
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Table 7: The result of analysis of variance in diabetic foot ulcer healing rate in

width between the experimental and the control groups at the different duration

Sources of Variances SS df MS F P-value
Between subjects Effects 31848.543 19
Group 12854.982 1 12854.982 12.183  0.003**
Error 18993.561 18 1055.198
Within subjects Effects 6760.441 40
Time 3780.336 2 1890.168  41.934  0.000%*%**
Interactions time and group ~ 1357.394 2 678.697 15.057  0.000%*%*
Error G207 11 36 45.075

*+P<0.01, ***P<0.001

As the analyzed result of the table 7, the experimental group indicated the

different percentages of diabetic foot ulcer healing rate in width from the control

group with the statistic level of significant as 0.01. Different duration influenced to the

different diabetic foot ulcer healing rate in width with the statistic level of significant

as 0.001. Different duration and sampling groups displayed the different diabetic-foot

ulcer healing rate in width with the statistic level of significant as 0.001.
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Table 8: Comparison of the differences on the percentage means of diabetic foot

ulcer healing rate in width at the vary duration of the experimental group by the

statistic LSD test
Time Wk. 2 Wk. 3
MD SE Sig. MD SE Sig.
Wk. 1 16.551 8.928 0.072"™ 32.592 8.928 0.001*%**
Wk. 2 - - - 16.042 8.928 0.081™
*P<(.,001, "™ P>0.05

As the table 8, the experimental group indicated the percentage means of
diabetic foot ulcer healing rate in width between after 1 week dressing and 3 week
dressing were different with the statistic level of significant as 0.001. But the
percentage means of the diabetic foot ulcer healing rate in width between post 1 week
and 2 week dressings; and post 2 week and 3 week dressings were showed the

differences with no statistic level of significant as 0.05 (P>0.05).
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Table 9: Comparison of the differences on the percentage means of diabetic foot
ulcer healing rate in width at different periods of the control group by the

statistic LSD test

Time Wk.2 Wk.3
MD SE Sig. MD SE Sig.
Wk.1 3.884 5.583 0.495™ 8.171 5.583 0.161™
Wk.2 - - - 4.287 5.583 0.452™
“P>0.05

As the analysis of table 9, the control group stated that the percentage mean of
diabetic foot ulcer healing rate in width after 1 week dressing was different from the
percentage means of diabetic foot ulcer healing rate in width after 2 and 3 week

dressings with no statistic level of significant as 0.05 (P>0.05).
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Table 10: The percentage means of diabetic foot ulcer healing rate in length

classified by sampling groups and duration

Groups N Wk1 Wk2 Wk3

Mean SD Mean SD Mean SD

Experimental 13 17.963 15.014 31.636  20.185 50.837 24.189
Control 7 2.044 1.904 6.356 5.745 10.939  8.200

As the table 10, after 1 week dressing, the percentage mean of diabetic foot
ulcer healing rate in length of the experimental group was higher than in the control
group (X = 17.963 and 2.044 subsequently). Both groups demonstrated higher
percentage means of diabetic foot ulcer healing rate in length regarding to the duration
of the study. Therefore, the experimental group expressed higher percentage mean of
diabetic foot ulcer healing rate in length after dressing with the mangostin cream than

in the control group.
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Figure 4: The percentage means of diabetic foot ulcer healing rate in length of the
experimental group (dressing with mangostin cream) and the control group

(dressing with normal saline) by monitoring the post study

As the Figure 4 with analysis of variance, after 1, 2, and 3 week dressings, the
percentage mean of diabetic foot ulcer healing rate in length of the experimental group
(dressing with mangostin cream) was higher than of the control group (dressing with

normal saline) in every period.
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Table 11: The result of the analysis of variance in the percentages of diabetic foot
ulcer healing rate in length between the experimental and the control groups at

different periods

Sources of Variances SS df MS F P-value
Between Subjects Effects 23049.928 19
Group 9974.840 1 9974.840 13.732  0.002**
Error 13075.088 18  726.394
Within Subjects Effects 7486.941 40
Time 3994.415 2 1997.207 33.234  0.000%**
Interactions time and group  1329.120 2 664.560 11.059 0.000%**
Error 2163.406 36 60.095

**P<0.01, ***P<0.001

As the analyzed result of the table 11, the experimental group indicated the
different percentages of diabetic foot ulcer healing rate in length from the control
group with the statistic level of significant as 0.01. Different periods influenced to the
percentages of diabetic foot ulcer healing rate in length with the statistic level of
significant as 0.001. Different duration and groups stated the effects on the
percentages of diabetic foot ulcer healing rate in length with the statistic level of

significant as 0.001.
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Table 12: Comparison on the different percentage means of diabetic foot ulcer
healing rate in length at every period of the experimental group by the statistic

LSD Test

Time Wk.2 Wk.3

MD SE Sig. MD SE Sig.
Wk.1 13.673 7.903 0.092™ 32.874 7.903 0.000%**
Wk.2 - - - 19.201 7.903 0.020*

#P<0.05, ***P<0.001, ™ P>0.05

As the analyzed result of the table 12, the experimental group indicated the
percentage means of diabetic foot ulcer healing rate in width between after 1 week
dressing and 3 week dressing were different with the statistic level of significant as
0.001. But the percentage means of diabetic foot ulcer healing rate in length with 1
week dressing demonstrated the difference from the ones with 2 week dressing with
no statistic level of significant as 0.05 (P>0.05).

The percentage means of diabetic foot ulcer healing rate in length with 2 week
dressing showed the difference from the percentage means of diabetic foot ulcer
healing rate in length with 3 week dressing with the statistic level of significant as
0.05.
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Table 13: Comparison on the different percentage means of diabetic foot ulcer
healing rate in length at different periods of the control group by the statistic
LSD Test

Time Wk.2 Wk.3
MD SE Sig. MD SE Sig.
Wk.1 4311 3.145 0.187™ 8.894 3.145 0.011%*
Wk.2 - - - 4.583 3.145 0.162™
*P<0.05, ™ P>0.05

As the table 13, the result analysis determined that the percentage means of
diabetic foot ulcer healing rate in length with 1 week dressing in the control group
exhibited the difference from the ones with 3 week dressing with the statistic level of
significant as 0.05. On the other hand, the percentage means of diabetic foot ulcer
healing rate in length with 1 week dressing in the control group illustrated the
difference from the ones with 2 week dressing with no statistic level of significant as
0.05 (P>0.05).

The percentage means of diabetic foot ulcer healing rate in length with 2 week
dressing in the control group was different from the percentage means of diabetic foot
ulcer healing rate in length with 3 week dressing in the control group with no statistic

level of significant as 0.05 (P>0.05).
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Table 14: The percentage means of diabetic foot ulcer healing rate in depth

classified by sampling groups and duration

Groups N Wk1 Wk2 Wk3

Mean SD Mean SD Mean SD

Experimental 13 13.215 10.209 24.648 19.721 40.895 22.763
Control 7 4.840 7.722  16.053 11.964 23.330 13.938

As the table 14, the percentage mean of diabetic foot ulcer healing rate in depth
after 1 week dressing in the experimental group was higher than in the control group
(X=13.215 and 4.840 respectively). Both groups showed the evidence of the
periodical increased percentage means of diabetic foot ulcer healing rate in depth
according to the monitoring period. Hence, the experimental group, after perceiving
mangostin cream dressing earned higher percentage means of diabetic foot ulcer

healing rate in depth than the control group did.
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Figure 5: The percentage means of diabetic foot ulcer healing rate in depth of the
experimental group (dressing with mangostin cream) and the control group

(dressing with normal saline) by monitoring the post study

As the Figure 5 with analysis of variance, the percentage means of diabetic
foot ulcer healing rate in depth after 1,2 and 3 week dressing of the experimental
group (dressing with mangostin cream) was higher than ones of the control group

(dressing with normal saline) in every period.
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Table 15: The result of the analysis of variance in percentages of diabetic foot
ulcer healing rate in depth between the experimental and the control groups at

different periods

Sources of Variances SS df MS F P-value
Between Subjects Effects 12511.212 19
Group 1808.860 1 1808.860  3.042  0.098™
Error 10702.352 18 594.575
Within Subjects Effects 8915.687 40
Time 4850.294 2 2425.147 22.884  0.000%**
Interactions time and group ~ 250.234 2 125.117  1.181 0.319™
Error Bisd 199 36 105.977
Total 21426.899 59

#44P<0.001, ™ P>0.05

As the analysis of table 15, the experimental group and the control group
influenced the different percentages of diabetic foot ulcer healing rate in depth with no
statistic level of significant as 0.05 (P>0.05). Different periods affected to the
different percentages of diabetic foot ulcer healing rate in depth with the statistic level
of significant, 0.001. Both different periods and different sampling groups had impact
on the different percentages of diabetic foot ulcer healing rate in depth with no statistic

level of significant as 0.05 (P>0.05).
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Table 16: Comparison on the different percentage means of diabetic foot ulcer
healing rate in depth at different periods of the experimental group by the
statistic LSD Test

Time Wk.2 Wk.3

MD SE Sig. MD SE Sig.
Wk.1 11.433 7.201 0.121™ 27.681 7.201 0.000%**
Wk.2 - - - 16.248 7.201 0.030*

#P<0.05, ***P<0.001, ™ P>0.05

As the analyzed result, the experimental group demonstrated the different
percentage means of diabetic foot ulcer healing rate in depth after 1 week dressing
from the ones after 3 week dressing with the statistic level of significant as 0.001.
However, the percentage means of diabetic foot ulcer healing rate in depth after 1
week dressing was different from the ones with 2 week dressing with no statistic level
of significant as 0.05 (P>0.05).

The percentage means of diabetic foot ulcer healing rate in depth after 2 week
dressing was different from the ones with 3 week dressing with the statistic level of

significant as 0.05.
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Table 17: Comparison on the different percentage means of diabetic foot ulcer
healing rate in depth at different periods of the control group by the statistic LSD
Test

Time Wk.2 Wk.3
MD SE Sig. MD SE Sig.
Wk.1 11.213 6.149 0.085™ 18.490 6.149 0.008*%*
Wk.2 - - - 7.277 6.149 0.252™
*+P<0.01, ™ P>0.05

As the analysis of table 17, the percentage means of diabetic foot ulcer healing
rate in depth after 1 week dressing of the control group was different from the
percentage means of diabetic foot ulcer healing rate in depth after 3 week dressing
with the statistic level of significant as 0.01 but it was different from the ones after 2
week dressing with no statistic level of significant as 0.05 (P>0.05).

The percentage means of diabetic foot ulcer healing rate in depth after 2 week
dressing and 3 week dressing showed the difference with no statistic level of

significant as 0.05 (P>0.05).
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As monitoring the diabetic foot ulcer healing rate in the experimental group, the

results of the mangostin cream dressing are summarized as the followings:

Case 1: A female patient age 62 years with 16-year diabetes had a diabetic foot
ulcer at the top of Rt. foot for one month. This diabetic ulcer generated from the burst
bleb from the hot bag because diabetic patients had numb feet with impaired hot-cold
perception. The wound character was black gangrene. A physician had to debride it
until being red fresh wound but still had much yellow sloughs instead. There was a
hole, size 3.86x7.67x0.06 cm. at the lateral malleolus with no bad odor and yellow
secretion. After one-week dressing, the wound became red, shallower, less slough,
narrower and divided into small 2 wounds. As the wound healing, yellow slough
could be removed and the deposition of collagen should replace at the wound until
complete healing. The wound with yellow muddy secretion was found the infection of
pseudomonas aeruginosa and a physician ordered the wound dressing until having the
good prognosis of wound healing. After dressing, the wound defined positive
production of granulation tissue. After 2-week dressing with mangostin cream, one
ulcer was completely healed except the other one at the lateral malleolus that still had
a small hole with less secretion. The yellow dried slough at the wound edge was
peeled off, and then the wound became red and shallower. After 3-week dressing, the
wound at the lateral malleolus still remained with yellow muddy secretion and no bad
odor but it was shallower and narrower. The wound size after intervention was
2.01x3.08x0.42 cm. The healing rates were in width as 47.93%, in length as 59.84%
and in depth as 30.00%.

As the observation, diabetic foot ulcers with mangostin-cream dressing
demonstrated the positive production of granulation tissue and fewer sloughs. Its prior
white thick slough in the ulcers became friable and thin with the deposition of collagen

and growing tissues.
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Case 2: A male patient age 29 years with 18-year diabetes had a diabetic foot
ulcer at his toe for three weeks by tight shoes. Improper shoes made a bleb bursting to
be a wound. Patients provided self-dressing at home but no indicator of wound
healing. His wound had bad odor, decomposed edge, bruise at surrounding skin, poor
skin hygiene, existed secretion, yellow hard slough and pale wound bed. After
desloughing, the wound size was 0.62x1.83x0.95 cm. After one-week dressing,
yellow hard slough was easy to peel off with no decomposed edge. After 3-week
dressing, the wound showed better healing of wound edge, red wound bed filling,
obvious decreased wound size, good wound condition, declined secretion and fast
wound healing respectively.  The foot ulcer became smaller with the size
0.26x1.11x0.57 cm. The healing rate was defined in width as 58.06%, in length as
39.34% and in depth as 40.00%.

Case 3: A male patient age 55 years with 5-year diabetes had a diabetic foot
ulcer at his toe for one month caused by a bleb bursting to be a wound. The wound
characters were unventilated, yellow existed secretions, bad odor, yellow wound edge,
yellow hard slough, pale wound bed. After debridement, the wound size was
0.74x0.45x1.10 cm.. After one-week dressing, yellow hard edge eased to peel off with
pale wound bed and no bad odor. After 2-week dressing, yellow hard wound bed
filling was disappeared and the wound became red, less secretion and bad odor. After
3-week dressing, the wound characters indicated the better healing of wound edge, red
wound bed filling, shallower, narrower, smaller wound size and less secretion. The
wound size was decreased to 0.18x0.19x0.33 cm. The healing rates were in width as

75.68%, in length as 57.78% and in depth as 70.00%.

Case 4: A male patient age 64 years with 3-year diabetes had the diabetic foot
ulcer at his big toe for 15 months. The foot ulcer occurred from a bleb that was from
walking on the hot surface and leaked out inside fluid by a needle including trimed
epidermis. His job made him walk all the time and prolonged pressure made the ulcer
worse. The wound characters were hard edge, hyperkeratosis at surrounding skin and
secretion. He provided self-dressings at home. His wound expressed dirty wound

surface with some dust and dark red wound color. To dressing his wound had to cut
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the hard edge off with deslough wound bed. The prior wound size was
1.19x0.98x0.44 cm. After 3-week dressing, wound edge was softer and thinner.
White slough at the wound edge eased to cut off until found the red edge with small
bleeding ooze and the wound bed was red. The wound was narrower with the size as
0.36x0.29x0.30 cm. The healing rates were in width as 69.75%, in length as 70.41%
and in depth as 31.82%.

Case 5: A male patient age 67 years with 10-year diabetes earned a diabetic
foot ulcer at his small toe of foot sole for 5 months. His wound came from the tile-cut
but the wound got worse with deep cavity, white slough around, hard edge, red wound
bed, less secretion and the wound size after debridement as 1.22x1.31x1.61 cm. After
3-week dressing, the wound showed red shallower wound bed with softer-thinner
slough edge but still had a deep cavity with blood-ooze during debridement. Its size
was narrower as 0.27x0.66x1.42 cm. The healing rates were in width as 77.87%, in

length as 49.62% and in depth as 11.80%.

Case 6: A male patient age 72 years with 30-year diabetes had chronic diabetic
foot ulcer at his toe for 7 years. His wound came from shell-cut. His past illness was
leprosy that caused poor foot sensory perception. His wound characters were red hard
wound bed, yellow hard edge, and bad odor with existed secretion including pale at
unventilated spot. After prolonged wound dressing, the wound was not healed but he
intended to have wound dressing at home with periodical antibiotic administration.
After participating in this study, his wound was debrided and his wound size was
2.78x2.50x0.65 cm. After 3-week dressing with mangostin cream, the wound was not
showed obvious healing but generated narrower wound as 2.43x2.30x0.44 cm. The
healing rates were in width as 12.59%, in length as 8.00% and in depth as 32.31%.
Noticeably, it indicated better and softer wound bed with fresh vascularity under
yellow hard slough because of the indicator as some blood ooze after debridement.
There were some thin yellow tissue covering over the red wound tissue leading to
shallow wound bed and soft slough. Better wound healing characterized with blood

ooze at the wound bed and edge including less yellow slough influenced physicians to
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provide further skin graft. This patient satisfied and returned to be treated with

dressings even if the study was over.

Case 7: A female patient age 61 years with 20-year diabetes had diabetic foot
ulcer at Lt. top of foot for 2 weeks. This wound came from a bleb by a hot bag
because she had numb at both feet. The wound characters were black slough covering
over the wound surface with inflammatory surrounding skin. As the post debridement,
the wound size was 3.48x3.00x0.54 cm. with pale wound bed, yellow slough at the
edge, yellow existed secretion and bad odor. After one-week dressing, inflammatory
surround skin disappeared. The black slough was diminished. After 3-week dressing,
the wound showed fresh red color with no slough at the wound bed but except pale
edge. The red wound bed was shone after peeling off the pale edge. The wound size
after intervention became 2.59x2.28x0.30 cm. The healing rates were in width as

25.57%, in length as 24.00% and in depth as 44.44%.

Case 8: A female patient age 49 years with 7-year diabetes had diabetic foot
ulcer at her toe of her sole for 6 weeks. The wound cause was an infectious blister.
The wound no sign of healing. Its characters were white slough around with bad
unventilated odor, decomposed surrounding skin, yellow existed secretion and
extensive granuloma over the wound edge without epidermis. The wound bed was red
and the toe was inflamed that indicated the infection with pale wound edge. After
desloughing and debridement, the wound size was 2.40x2.68x0.30 cm. After one-
week dressing, the wound expressed bad odor, yellow existed secretion on gauze and
white slough at the edge. After 2-week dressing, the wound demonstrated better
healing but still had less secretion on gauze, no decomposed surrounding skin, obvious
white wound edge and red wound bed. As the post debridement of white slough,
decreased slough was found. After 3-week dressing, the wound was narrower, good
ventilation, no bad odor, obvious wound edge and red fresh wound bed without the
production of granuloma. The wound size was down to 1.69x1.46x0.21 cm. The

healing rates were in width, 29.58%; in length, 45.52%; and in depth, 30.00%.
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Case 9: A female patient age 41 years with 9-month diabetes had a diabetic
foot ulcer at the top of her foot for 10 days because of kicking a brick. The wound
was infectious, inflammatory, red, warm, black gangrene at Lt. 2" toe that needed to
amputate and debride. The wound characters were red wound bed with yellow slough
covering around and its size was 2.36x17.88x2.55 cm. After 3-week dressing,
surrounding skin showed diminished inflammation, easy peeled-off slough, red wound
edge, red wound bed, manifest narrower and shallower wound. The wound started to
be narrow from the lower end. While dressing, superficial tissues with mangostin
cream were scratched out and no secretion was found including no new slough. The
wound size after intervention was 1.50x11.78x1.97 cm. The healing rates were in

width, 36.44%:; in length, 34.12%; and in depth, 22.75%.

Case 10: A female patient age 35 years with 5-year diabetes had a diabetic foot
ulcer at a toe on the sole for 2 weeks. The cause of wound was an unhealed burst
blister. The wound characters were yellow dried hard edge, pale wound bed, a bit
yellow muddy secretion on gauze and bad odor. The prior wound size was
0.74x1.11x0.57 cm. After 1- and 2-week dressing, the wound was defined narrower,
easy peeled-off yellow dried hard edge, pink wound bed, and dried wound without

secretion. After 3-week dressing, the wound was complete healing.

Case 11: A male patient age 65 years with 4-year diabetes had an
inflammatory wound at the top of a foot for approximately 3 weeks. The wound was
opened to relieve much clear secretion out with inflammatory signs. Its initial size
was 1.86x2.63x0.26 cm. After one-week dressing, the wound still exhibited its
infectious, inflammatory, red, warm, black slough at the surrounding skin and clear
secretion. After 2-week dressing, the wound was less inflammation but red infectious
surrounding skin was still remained. After 3-week dressing, the infectious sign was
disappeared but a small clear secretion was still on gauze, more dried and narrower
wound. Its size after intervention was 0.80x1.45x0.16 cm. The healing rate was in

width as 56.99%, in length as 44.87% and in depth as 38.46%.
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Case 12: A female patient age 61 years with 18-year diabetes had a diabetic
foot ulcer on the top of a foot for 2 weeks. This wound came from a bleb by a hot bag
because she had numb at both feet. The initial noticeable wound characters were
black slough covering the whole wound with infectious inflammatory surrounding
skin. After debridement, the wound size was 1.46x2.15x0.25 cm. After one-week
dressing, the infectious and inflammatory signs were disappeared. After 2- and 3-
week dressings, angiogenesis was active by finding small red granulation tissues on
the wound surface leading to sufficient blood supply, shallower wound, no new
slough, and positive epithelialization. The wounds size after intervention was
0.35x0.37x0.12 cm. The healing rates were in width as 76.03%, in length as 82.79%
and in depth as 52.0%.

Case 13: A female patient age 62 years with 20-year diabetes had numb both
feet with deformities of big toes as twisted oblique toes to the 2" toes. She had a
diabetic foot ulcer at the sole for 6 weeks. The wound characters were a yellow thick
hard pressure sore, red wound bed, existed secretion on gauze, obvious white
epidermis layer separating from red wound bed while sloughing off. The initial
wound size was 1.61x1.66x0.82 cm. After 3-week dressing, the wound exhibited the
evidences of better healing as no split white epidermis from the red wound bed, red
tissue under the bed of white thick skin attaching to the red wound bed, narrower but
less shallower and remained secretion on gauze. The wound size after intervention
was 0.72x0.92x0.59 cm. The healing rates were in width as 55.28%, in length as
44.58% and in depth as 28.05%.

Patients have no complain about uncomfortable feeling and diabetic foot ulcer
showed no irritation or burning feeling of mangostin-cream dressing in the
experimental groups.

Infection of diabetic foot ulcer has no effect on diabetic-foot-ulcer healing in
granulation because mangostin-cream dressing did not show obvious result on the
elimination of infectious wound with Pseudomonas aeruginosa. But there was growing

granulation with narrow wound.
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As monitoring the diabetic foot ulcer healing rate in the control group, the results

of the normal saline wet dressing are summarized as the followings:

Case 1: A female patient age 62 years with 18-year diabetes had a diabetic foot
ulcer on her Rt. Sole for 3 years. The wound was from a blister. The wound
characters presented dried thick surrounding skin as well as Hyperkeratinosis and pale
dried wound bed. After debridement, the wound size was 1.93x2.26x0.89 cm. After
3-week dressing with normal saline, the wound expressed a little change, no obvious
indicator of narrow wound, dried thick edge with remained dried thick surrounding
skin, red softer wound bed with blood ooze in some part, unventilated odor and existed
secretion on gauze. The wound size after normal saline dressing was 1.86x2.19x0.81
cm. The healing rates were in width as 3.63%, in length as 3.10% and in depth as
8.99%.

Case 2: A female patient age 61 years with 5-year diabetes had an infectious
blister at her Rt. Foot for 14 days. The wound characters were inflammatory—red and
warm surrounding skin, white muddy secretion, yellow slough at wound bed, and no
pain. The initial wound size was 1.41x1.03x1.74 cm. After one-week dressing with
normal saline, the wound looked clean. White and yellow slough was removed. After
3-week dressing with normal saline, the wound indicated the yellow slough at wound
bed, narrower wound edge but the wound was still deep with pale wound bed. The
wound size after normal saline dressing was 1.20x0.95x1.44 cm. The healing rates

were in width as 14.89%, in length as 7.77% and in depth as 17.24%.

Case 3: A female patient age 62 years with 6-year diabetes had a diabetic foot
ulcer at her heel for 2 weeks. The ulcer came from penetrating hard dried heel with a
needle and getting abscess. The initial wound size was 0.56x0.56x1.95 cm. The
wound characters were deep hole with pale edge. During debridement, yellow slough
came out with some blood and existed secretion with bad odor. After 3-week dressing
with normal saline, the yellow slough covered the red wound bed. The wound had

less bad odor and smaller size. The final wound size after normal saline dressing was
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0.48x0.50x1.35 cm. The healing rates were in width as 14.29%, in length as 10.71%
and in depth as 30.77%.

Case 4: A female patient age 56 years with 25-year diabetes had a diabetic foot
ulcer at her toe from a burst bleb for 7 days. The wound characters were decomposed
pale edge and pale red wound bed. After debridement, the wound size was
1.06x0.93x0.15 cm. After 3-week dressing with normal saline, the wound was clean,
no decomposed edge and pale red wound bed. The final wound size after normal
saline dressing was 1.00x0.87x0.12 cm. The healing rates were in width as 5.67%, in

length as 6.46% and in depth as 20.00%.

Case 5: A male patient age 46 years with 6-year diabetes had a diabetic foot
ulcer at the Rt. 2" toe for 4 weeks. It was from kicking object and became black
gangrene leading to the amputation 2™ toe of Rt. foot. The wound characters were
pale wound bed with no slough, white thick edge and the existed secretion with bad
unventilated odor. After debridement, the initial wound size was 1.21x1.56x0.48 cm.
After 3-week dressing with normal saline, the wound was clean with no bad odor but
still had some secretion. The wound showed no obvious change, no slough at pale
wound bed, and remained white thick edge. The final wound size was 1.15x1.47x0.44
cm. The healing rates were in width as 4.96%, in length as 5.77% and in depth as
8.33%.

Case 6: A female patient age 62 years with 20-year diabetes had a diabetic foot
ulcer on the top of her foot for 6 weeks. This wound came from a bleb by a hot bag
because she had numb at both feet. She had self-dressings at home but it was not
healed. The wound characters were a black slough in the middle of the wound bed,
black wrinkle surrounding skin and yellow clear secretion. After debridement, the
initial wound size was 1.38x1.40x0.38 cm. After one-week dressing with normal
saline, the wound was red but the middle wound bed became white. It had yellow
clear secretion. After 2-week dressing, the wound was narrower edge, less secretion
and had white slough in the middle wound bed that needed to slough out. The black

slough could be peeled off. After 3-week dressing, the evidence demonstrated
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narrower wound, red wound bed with yellow slough in the middle of wound bed. The
final wound size after normal saline dressing was 0.83x1.02x0.20 cm. The healing

rates were in width, 39.86%; in length, 27.15%; and in depth, 47.37%.

Case 7: A female patient age 48 years with 7-year diabetes had a diabetic foot
ulcer at her sole for 2 weeks from a infectious bleb. The wound characters were bad
slough covering the wound, unventilated and bad odor wound, secretion, pale edge
and decomposed surrounding skin. After debridement, the wound size was
0.98x2.88x1.60 cm. After one-week dressing with normal saline, the wound still had
yellow slough, white muddy secretion, bad odor and pale edge. After 2- and 3-week
dressings, the wound looked good, narrower, red wound bed with less yellow slough
covering, pale edge and white muddy secretion with no bad odor. The wound size
after normal saline dressing was 0.92x2.43x1.11 cm. The healing rates were in width,

6.12%; in length, 15.63% and in depth, 30.63%.
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CHAPTER V
DISCUSSION

This comparative study on diabetic foot ulcers healing between the dressings
with mangostin cream and normal saline wet dressing purposed to compare diabetic
foot ulcer healing among width, length and depth between the experimental group
with mangostin cream dressing and the control group with normal saline dressing. As
this study, the expectation was the mangostin cream may enhance and promote the
effective healing of diabetic foot ulcers and will be an alternative of safe treatment.

Details of discussion are as the followings:

Comparison on diabetic foot ulcer healing in both experimental and

control groups

1. Comparison on diabetic foot ulcer healing between the experimental

and control groups
Diabetic foot ulcer healing in width and length of the experimental
group with mangostin cream dressing indicated the obvious differences from of the
control group with normal saline wet dressing except no obvious different result in
depth was found. Dressing with mangostin cream enhanced faster diabetic foot ulcer
healing than the dressing with normal saline (Figure 3, 4 and 5). To illustrate, dressing
with mangostin cream promoted diabetic foot ulcer healing. Generally, human bodies
have physical mechanism to keep inside equilibrium enhancing the ulcer healing and
also repair any physical damages of human bodies. Those outcomes presented as
damage repair, production of granulation tissue and epithelialization (Treeprom, V.,
1986: 18). Normal saline wet dressing usually helped to keep wound clean, moist and
protected surrounding skin and wound. It also diminished secretion and eliminated
bacteria (Kusoom, V., 1998: 73-74). That motivated normal wound healing. As the

experimental group, their diabetic foot ulcer healing showed positive signs of healing
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because of the natural mechanism and mangostin cream reaction. In the experimental
group, diabetic foot ulcer healing was processed as natural healing combining with the
mangostin cream. Mangostin cream was the extract from the mangosteen hulls
consisting of Mangostin that promoted wound healing by infectious and inflammatory
prohibition (Mahabussarakhum, V., 1985: 78; Chaikaew, A., 1988: 73). It enhanced
normal healing in diabetic ulcers as well as the diabetic foot ulcer healing in the
experimental group with mangostin cream dressing. In the case 7%, 9", 11" and 12",
their diabetic foot ulcers had demonstrated obvious red, warm, infectious and
inflammatory signs. After one week dressing with mangostin cream, surrounding skin
showed no sign of inflammation—red and warm.

According to the study of Chaikaew A. (1988: 76) about anti-
inflammatory effects of mangosteen and combined substance between mangostin and
gamma mangostin, the evidence indicated mangostin agent, Carrageenin, had the
reaction of anti-inflammation as induced paw edema in white rats. Carrageenin had
the effect on both acute and immune inflammation. In the experiment, cotton balls
were the arousal of the granuloma formation. Mangostin promoted granuloma
formation as treatment of chronic inflammation. In the case 8th, a patient had a
diabetic foot ulcer at a Rt. toe for 6 weeks. This ulcer came from an infectious blister
with no sign of healing. The ulcer had white sloughs, decomposed surrounding skin,
yellow secretion and unventilated bad odor. This wound showed overgrowing
granuloma with no epidermis. Wound bed was red and this toe was edema. After 3
week dressing with mangostin cream, the wound exhibited less secretion, no bad odor,
no decomposed surrounding skin, obvious wound edge, red wound bed with no
growing granuloma and smaller wound size. The healing rates after intervention were
in width as 29.58%, in length as 45.52% and in depth as 30.00%. In addition,
mangostin agent earned the astringent ability stimulating protein synthesis an
epithelialization that promoted wound healing in diabetic ulcers (Reynold, 1996:
1757).

Most diabetic foot ulcers in both experimental and control groups
expressed yellow wound and white muddy secretion. Yellow hard edge was mostly

found in the ulcers of the experimental group and decomposed surrounding skin was
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often found in the wounds of the control group (Table 4). Those were special
characteristics of diabetic ulcers in diabetes with neuropathy, ischemia or infection
(Srimada, V., 2000: 245). Yellow wounds could be assumed to have microbial
infection with fibrinous sloughs. Colors of wound secretion were muddy-yellow,
yellow-green, or yellow-red. Fibrinous sloughs in wound bed were the good medium
for bacterial growth, so debridement with desloughing should be done to diminish
microbial infection. And then, the granulation formation could be occurred (Krasner,
1995: 44-46). Diabetic patients, who had mangostin cream dressing demonstrated
good wound conditions as positive granulation formation, decreased fibrinous sloughs,
thinner keratin. After desloughing wound edge, red shallow wound bed presented to
indicate positive granulation formation. Similar to the case 6™, a male patient age 72
years with 30 year diabetes had chronic diabetic foot ulcer for 7 years by shell cut.
His past illness was leprosy causing poor foot sensory perception (Sommer, 2001: 1),
numb feet and deformities of feet. His wound bed was red hard skin. Wound edge
was yellow callus. His wound had bad odor with much secretion. After 3 week
dressing with mangostin cream, no obvious sign of healing but slight narrower wound
was found with red soft wound bed. Red wound bed indicated angiogenesis. Red
color under yellow callus represented collagen fibers that showed undivided layers
from the wound bed. After debridement, red fresh blood oozed from the wound bed.
In the case 13", a female patient age 62 years with 20 year diabetes had
numb feet with deformed toes attaching to the 2" toes and a diabetic foot ulcer for 6
weeks. Her wound looked like a pressure ulcer with yellow hard wound edge and red
wound bed. White thick skin was divided from the wound bed. After debridement,
the wound size became huge. After 3 week dressing with mangostin cream, the
wound was better, no divided skin, red skin under white thick layer. It was not
shallower but narrower. The healing rates were in width as 55.28%, in length as
44.58% and in depth as 28.05%. It might due to age that affected to wound healing in
the inflammatory and proliferative phases. Elders addressed prolonged healing
(Gestein, et al., 1993: 749). Diabetic patients with prolonged diabetes even if showing
good blood sugar control, vascular insufficiency was often exhibited leading to poor

blood supply and late wound healing.
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However, no evidence confirms the mechanical of mangostin extract to
promote protein synthesis and epithelialization. As the objective study, mangostin
from mangosteen hulls motivated diabetic wound healing by promoting granuloma
formation. As this study, prior wound characters demonstrated inflammatory, yellow
sloughs with no sign of better healing. After dressing with mangostin cream, the
wound became better with increased granulation formation; red wound bed and less
yellow sloughs. It was different from the control group dressing with normal saline,
the wound was pale and after debridement, the wound size was almost the same. The
wound upper surface was covered up but under there, the wound bed was not healing
yet. This reason could explain why diabetic looked small less than in the controlled
group when compared with in the experimental group. It was harmonious with the
study of Martinez-de Jesus, et al. (Martinez-de Jesus, et. al., 1997: 98) about diabetic
ulcer healing by Ketanserin dressing. The surface of diabetic wound was covered up
and was a barrier of wound healing because lower tissues could not have positive
formation, so the wound bed was not shallower. Additionally, diabetic ulcers in the
experimental group expressed fewer slough and after cutting out those slough, the red
new granulation tissue was presented leading no obstacle on wound healing. The
wound size after dressing with mangostin cream was smaller than after dressing with
normal saline. Panchinda, W., (1992: 70) studied the wound healing by dressing with
1.5% mangostin cream in 30 patients with chronic wounds. The results showed
positive trend as smaller wound size.

As the experiment, diabetic ulcer healing in depth between the
mangostin cream dressing and the normal saline dressing indicated no difference. As
the observation, large diabetic wound stated different or uneven depth of wounds. As
the dressing with normal saline, the wound was cleaned all over by normal saline. As
the dressing with mangostin cream, superficial wound bed was contacted with
mangostin cream but the deep wound bed did not. Deep wound with secretion made
ineffective astringent ability of the mangostin cream. Secretion also barred to the
granulation formation and promoted infection. Hence, the evidence on wound healing
in depth in both groups was not different. For instance, in the case 1* who had

mangostin cream dressing, a diabetic patient with 1 month diabetic foot ulcer had a
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black sloughs wound. After debridement, the wound size was 3.86x7.67x0.60 cm.
with yellow sloughs and uneven wound bed. After 2 week dressing, the deepest
wound bed became shallower. The wound was narrower in width, length and depth.
But the initial shallow wound bed became the deepest wound bottom instead. After 3
week dressing, the wound presented very narrow and shallow wound and the wound
size was 2.01x3.08x0.42 cm.

The control group expressed slower wound healing than the
experimental group did. But the wound showed the better condition along with the
dressing duration because the dressing was to help wound clean, diminish microbial
infection and promote wound healing. But poor blood circulation, vasculosclerosis,
and insufficient oxygenation caused slow wound healing in diabetic patients.
Decreased granulation formation elevated infection, sloughs and difficult wound
healing (Kusoom, V., (1998: 13). However, diabetic wounds had regular dressing to
clean out some secretion but the pathology of diabetic ulcer made slow wound healing.
Hence, the diabetic foot ulcer healing in the control group with normal saline dressing
demonstrated the difference from the diabetic foot ulcer healing in the experimental
group with mangostin cream dressing.

As the study on infection of diabetic foot ulcers in pre study of both
groups, most diabetic foot ulcers exhibited polymicrobial infection in one wound.
Most bacteria were in gram positive group. In the experimental group, Staphylococcus
aureus was mostly found. In some reports, there was some evidence indicated
polymicrobial infection in each diabetic ulcer and most of them were in gram positive,
especially S. aureus (Vichanrat, A., 1992: 204; Spollett, 1998: 638). As the report of
Halpin-Landry & Goldsmith (1999: 27-28), superficial foot ulcer was most found the
infection of gram positive as Staphylococcus or Streptococcus. Deeper ulcer in the
subcutaneous mostly infected polymicrobial both gram positive and negative.
Similarly, Pellizzer, et al. (2001: 825) studied the infection in superficial and deeper
diabetic ulcers. The study indicated the evidence of most infections by gram positive,
Staphylococcus spp. and gram negative, Proteus mirabilis and Escherichia coli.

As this study, after week 1%, 2" and 3™ of dressing, the infection of

Staphylococcus aureus in the experimental group was decreased more than in the
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control group. However, some samples were found the remained infection of S.
aureus. but the amounts of bacteria were less. Diabetic foot ulcers in the experimental
group were detected with Methicillin Resistant Staphylococcus aureus (MRSA)
infection but after 3 week dressing with mangostin cream, MRSA was decreased
(Appendix D). Pseudomonas aeruginosa as gram negative bacteria was found in both
groups. Some samples in the experimental group had it before the study but some
reported the infection of Pseudomonas aeruginosa after 1, 2 and 3 weeks of dressing
as well as in the control group. That due to most samples had continuous antibiotic
administration from physician’s orders or self-orders causing the bacteria are not
responded with antibiotics. Consequently, the laboratory test confirmed the remained
infections in both pre study and mid study. It was harmonious with some reports
about prolonged antibiotic administration caused no response to antibiotics of bacteria
such as MRSA-Staphylococcus aureus had no response with Penicillin (Spollett,
1998: 638). Halipn-Landry & Goldsmith (1999: 27-28) stated that patients who had
generalized antibiotic administration expressed the anti-reaction to other antibiotics
and infected Pseudomonas aeruginosa, Xanthomonas and Enterobacter. In some
subjects of this study, diabetic foot ulcers showed the infection of Pseudomonas
aeruginosa resulting lots of yellow muddy secretion. As those cases, physicians
suggested they could be in the study because their wounds demonstrated rapid growth
of red granulation formation, obvious shallow wound bed and no new sloughs after
debridement. Dressing was the proper way to clean wounds and reduce infection.

As this study was found on infection of diabetic foot ulcer has no effect
on diabetic foot ulcer healing in granulation. The infected diabetic foot ulcer still has

the process of healing.

2. Comparison on diabetic foot ulcer healing after 1, 2, and 3 week
dressing in both experimental and control groups

As the comparison on percentage means of diabetic foot ulcer healing

rate, the experimental group with mangostin cream dressing gained higher percentage

mean of diabetic foot ulcer healing in the week 3 than in the week 1 with the statistic

level of significant as 0.001. The control group with normal saline dressing presented
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no difference on the percentage means of diabetic foot ulcer healing in each week of
dressing. The experimental group with mangostin cream dressing had higher diabetic
foot ulcer healing rates in width and depth in the 2 and 3 weeks of dressing than in the
1 week with the statistic level of significant as 0.05. The control group with normal
saline dressing defined higher diabetic foot ulcer healing rates in length and depth in
the 3 week of dressing than in the 1 week with the statistic level of significant as 0.05.

The wound healing in the control group was processed as natural
wound healing because dressings with normal saline helped to clean wounds and
eliminate secretion as a barrier of wound healing. The proliferative phase of wound
healing was normally started in the 4™ —21% dates of injury. Damaged tissues were
replaced with new connective tissues at the wound site by continuous process of
angiogenesis. The formation and multiplication of fibroblasts were occurred to cover
new connective capillaries. Collagen synthesis as basic agent of protein presented the
cross-linking of collagen fibers to enhance tensile strength of new tissues (Kusoom,
V., 1998: 23). Epidermis surrounding the wound grew into wound bed in the lateral
growth phase until the adhesives, and then the vertical growth of new tissues was
occurred (Triprom, V., 1986: 30). In huge wound, the proliferative phase would take
approximately 21 days according to physical condition of patients (Edward, et. al.,
1997: 704-705). Slow diabetic foot ulcer healing due to poor blood circulation as the
diabetic pathology, vasculosclerosis, insufficient oxygenation and less production of
granuloma formation (Kusoom, V., 1998: 13). As in the study, the control group with
normal saline dressing showed the different diabetic foot ulcer healing in the week 3.
In the experimental group, diabetic foot ulcer healing was processed as natural healing
combining with the mangostin cream activities that promoted faster diabetic foot ulcer
healing indicated by the different healing in the 2 week after dressing.

As the study, the experimental group with mangostin cream dressing
addressed slower healing in width than in length and in depth. It can explain as
locations of diabetic foot ulcer at the top and sole of foot influence the wound healing
because of the pressure while walking. If the ulcer location at the sole, the ulcer will
be enlarged in width during patient’s walking with the pressure on the ulcer. That

disturbs wound healing.
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Dressing with mangostin cream influences to different wound healing from
regular dressing with normal saline. Diabetic foot ulcers demonstrated better healing
with granulation formation, less sloughs, good wound condition and less infection.
Diabetic foot ulcer healing in width, length and depth of the experimental group
exhibited obvious positive signs after 2 and 3 weeks dressing with mangostin cream.
Those defined that continuous dressings with mangostin cream promote diabetic foot

ulcer healing.
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CHAPTER VI
CONCLUSION

The Summary of the Study

This quasi-experimental study was conducted with the style of Repeated
Measures Design aiming to compare diabetic foot ulcer healing between mangostin
cream dressing and normal saline wet dressing. Samples in this study were male and
female diabetic patient’s age 25-75 years with diabetic foot ulcers and were treated in
the Emergency Unit, Dumnonesadouk Hospital, and Ratchaburi Province. Sampling
group was selected from subjects who met inclusion criteria. Random sampling
provided the sampling selection with a table of random numbers. Total samples were
20 diabetic patients divided into 13 patients in the experimental group and 7 patients in
the control group. The experimental group received the mangostin cream dressing and
the control group had the normal saline wet dressing.

Research instruments consisted of 2 parts; data collection tools such as the
record of demographic data—personal information and ulcer characters; and
measurement tools such as Vernier Caliper for measuring wound in width, length and
depth, dressing set, and the procedure of mangostin cream dressing. The procedure of

mangostin cream dressing was past the content validity testing by 4 experts.

Data Collection

The researcher provided the data collection and had one assistant assisting to
assess the ulcer sizes in both sampling groups. The research assistant was not allowed
to know which groups were the experimental or control groups. The researcher
selected samples regarding to the inclusion criteria into the experimental and
controlled groups by random sampling selection as a table of random numbers. The
researcher also collected data relating to demographic data—personal information, ulcer
characters, wound size in width, length and depth at the first day of the study and in 1,

2, 3 weeks of dressings. The wound sizes were measured by Vernier Caliper. Blood
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sugar and infections were collected at the first day of the study and in 1, 2, 3 weeks of
dressings in both sampling groups. Both sampling groups had one daily dressing for 3
weeks. The experimental group had the mangostin cream dressing and the control
group had the normal saline dressing including measuring the wounds in width, length
and depth since the starting date of the study to the week 1, 2 and 3 of dressings. The
Statistic Package of Social Science for Windows (SPSS/FW) was used for the research
analysis with the following procedure:

1. The demographic data—personal information was presented in the
statistic: frequencies.

2. Diabetic foot ulcer healing rates in each dimension and in both
experimental and control groups after 1, 2, 3 weeks of dressings were exhibited in the
statistics: means and standard deviations. The diabetic foot ulcer healing rates were
computed by:

Ulcer healing rates in each dimension = decreased wound size in each dimension (Cm.) X 100

Wound sizes before the study
3.  To compare the variance of diabetic foot ulcer healing rates in width,
length, and depth between the experimental and control groups after 1, 2, 3 weeks of
dressing by using Two-way ANOVA Repeated Measure when F-Test indicated the
difference with the statistic level of significant in the criteria. The multiple
comparison was provided to detect the difference of each couple by LSD test.
4.  The microbial infections in pre study and post 1, 2, 3 weeks of dressings

in both experimental and control groups were presented in the statistics: frequencies.

Research Result

1. Diabetic patients who had mangostin cream dressing earned higher
diabetic foot ulcer healing rates in width and length than diabetic patients who had
normal saline dressing with the statistic level of significant as 0.01 but in depth with
no statistic level of significant as 0.05

2. Diabetic patients with mangostin cream dressing expressed higher
diabetic foot ulcer healing rates in width of the 3 week dressing than of the 1 week

dressing with the statistic level of significant as 0.001. The diabetic foot ulcer healing
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rates in length and depth in the 2 and 3 weeks of dressings were higher than in the 1
week of dressing with the statistic level of significant as 0.01.

3. Diabetic patients with normal saline wet dressing had no sign of wound
healing in width with the statistic level of significant as 0.05 but they gained higher
diabetic foot ulcer healing rates in length and depth in the 3 week of dressing than in
the 1 week of dressing with the statistic level of significant as 0.01.

4. The dressing duration and the dressing procedure interacted to the
percentages of diabetic foot ulcer healing rates in width and length with the statistic

level of significant as 0.001 except in depth no statistic level of significant as 0.05.

Implications and Recommendations

Recommendation for utilization

Mangostin cream is the other alternative of diabetic ulcer treatment that
had effective astringent activities promoting wound healing, minimized wound size
and safer to dressing as well as normal saline. Hence, the promotion on mangostin
cream dressing will be grateful for diabetic foot ulcers that were knew their prolonged
wound healing because the diabetic pathology was a big obstacle in wound healing.
The recommendations for utilization are as follow:

1. Nurses who care diabetic foot ulcers should select the mangostin
cream dressing for promoting wound healing. The mangostin cream is a new
alternative for promoting wound healing with small cost because of inbound
production.

2. For dressing in the deep wound, nurses should attempt to put as
much as mangostin cream and as deep as they can into the deep wound that enhance
the cream cover the whole wound and promote effective wound healing because some
cream normally remain with the swab.

3. For dressing in diabetic ulcers with much secretion or deep hole,

nurses should provide daily twice dressings for cleaning and eliminating bacteria.
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Recommendations for further studies

1. The comparative studies on diabetic foot ulcer healing or other
chronic wounds such as pressure ulcers between mangostin cream dressing and normal
saline dressing by multiplying samples and longer monitoring period of diabetic foot
ulcer healing should be conducted.

2. The repeated comparative study on diabetic foot ulcer healing
between mangostin cream dressing and normal saline dressing should be done for
confirming obvious wound healing in depth.

3. The further research should also study the factors that may affect the
diabetic foot ulcer healing, the finding on the another covariate with mangostin cream
dressing by using Multivariate Analysis of variance (MANOVA) should be done for
confirming obvious improve wound healing.

4. The comparative study on diabetic-foot-ulcer healing between
mangostin-cream dressing and cream-base dressing should be performed for
confirming obvious wound healing by the mangostin cream.

5. The further research should also study the factors about blood sugar

level: Glycosylated hemoglobin (HbAlc) and/ or fructosamine.

Limitations

As this study, extrinsic factors influenced diabetic-foot-ulcer healing that were
unable to control for instance, occupation causing patients had activities all the time
with no wound rest, high or low blood sugar, antibiotic administration by self-order

and complications such as sensory neuropathy and peripheral vascular disease.
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Appendix A

List of Experts Consulted on Validation of the Procedure

The contents of the procedure of ulcer dressing was validated by four experts as
follows:

1. Asst. Prof. Wornuch Kiettipongthavorn

Department of Surgiical Nursing, Faculty of Nursing, Mahidol University

2. Colonel. Arom Khunphasee

Department of Physical and rehabilitation, Phramongkutkloa Hospital

3. Major. Chantana kamolsilp

Department of Physical medicine and rehabilitation unit, Phramongkutkloa

Hospital

4. Captain Jiraporn Tukjakt

Department of Physical medicine and rehabilitation unit, Phramongkutkloa

Hospital
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Appendix B

Consent form
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The Procedure of Ulcer Dressing
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Appendix D

More Results

TUNATBILHALLINWIIWIY 3 611 (cm) TUNENNAASY NEUNNIANEIUAZAIEUAINITNULA 1,

2 az3 dumnif

P v v v Y =
@ﬂ’}ﬂ ATUNIN ATHYTI ATUAN

aian alan

o
=)
o
=)
o
=1

5197 d1lan

1] 3.86| 3.16|] 2.99| 2.01| 7.67| 6.30| 5.80( 3.08| 0.60( 0.53| 0.48| 0.42

2| 0.62| 0.50| 0.31| 0.26| 1.83f 1.70] 1.55( 1.11] 0.95[ 0.93| 0.90( 0.57

31 0.74| 0.47| 0.24| 0.18| 045 031) 0.22 0.19] 1.10[ 0.84| 0.67| 0.33

4 1.19] 1.00f 0.72] 036 0.98] 0.89 0.65] 0.29( 0.44] 032 0.32]| 0.30

51 1.22| 058 034 027 1.31] 1.15] 0.92] 0.66( 1.61| 1.53| 1.51| 142

6| 2.78| 2.70( 2.66| 2.43| 2.50| 2.40| 2.32| 230 0.65| 0.60| 0.56| 0.44

71 3.48( 3.15] 2.84| 2.59| 3.00| 2.66| 2.63( 2.28| 0.54| 0.35| 0.33| 0.30

8| 2.40| 230 2.17| 1.69| 2.68| 2.34| 1.80| 1.46( 030 0.29| 0.26] 0.21

9 236 2.04| 2.00] 1.50|17.88]16.04| 15.81(11.78| 2.55| 2.50| 2.30| 1.97

10| 0.74] 0.31| 0.20( 0.00( 1.11f 0.42] 0.20] 0.00| 0.57| 0.48( 0.12] 0.00

11] 1.86] 1.53] 1.25( 0.80( 2.63| 2.24| 1.70] 1.45| 0.26( 023 0.22| 0.16

12] 1.46| 0.87| 047 035 2.15| 1.74] 1.13] 0.37| 0.25| 022 0.18] 0.12

13 1.61| 146 096| 0.72 1.66] 1.30( 1.19] 092 0.82] 0.70{ 0.62| 0.59
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WIATBIUNALLININUIA 3 F11 (cm) TUNguAILAN NEUNIIANHIUATNEUAINITNUNS 1,

2 WAzl dumif

PR v v v Yy =
@‘]J’J‘(’J ATUNIN ATUHY1 aA1Uan

5197 Flarin Flarin Fain

0 1 2 3 0 1 2 3 0 1 2 3

1] 1.93] 1.90] 1.88] 1.86| 2.26| 2.24| 2.21| 2.19] 0.89| 0.88] 0.85] 0.81

2| 1.41] 1.35] 1.30] 1.20|] 1.03] 1.01] 0.97| 0.95] 1.74| 1.74] 1.50] 1.44

3] 0.56] 0.55] 0.53] 0.48| 0.56] 0.56] 0.55| 0.50] 1.95| 1.92] 1.53] 1.35

4] 1.06f 1.04] 1.02| 1.00f 0.93| 0.92] 0.90] 0.87| 0.15| 0.15] 0.14| 0.12

5| 1.21] 1.20| 1.18] 1.15] 1.56 1.54] 1.50] 1.47| 0.48] 0.47| 0.46] 0.44

6| 1.38| 1.12| 0.92] 0.83] 1.40| 1.35| 1.35| 1.25] 0.38] 0.36] 0.35| 0.33

71 0.98] 0.95| 0.94] 0.92| 2.88] 2.72] 2.60f 2.43] 1.60| 1.26] 1.16] I1.11
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AN9NTDUATNIIUIEUBIUHA LULAAZHR TUNANNARES NENRINITNIUNEA 1, 2 uay 3 dlai

6

snepanlaandann 1.5 wefidus

ftlae ANUNT ALY AOUAN
9181 &aniin &lmniin &lanein
1 2 3 1 2 3 1 2 3

111813 | 2254 | 47.92 | 17.86 | 24.38 | 59.84 | 11.67 | 20.00 | 30.00

211935 | 50.00 | 58.06 | 7.10 | 16.30 | 39.34 | 2.11 | 526 | 40.01

3 |36.49 | 67.57 | 75.68 | 31.11 | 51.11 57.78 | 23.64 | 39.09 | 70.00

411597 | 3950 | 69.75 | 9.18 | 33.67 | 70.40 | 27.27 | 27.27 | 31.82

515246 | 7213 | 77.87 | 1221 | 29.77 | 4962 | 497 | 6.21 11.80

6| 288 | 432 | 1259 | 400 | 7.20 8.00 | 7.69 | 13.85 | 32.30

7| 948 | 18.39 | 25.57 | 11.33 | 12.33 | 24.00 | 35.19 | 38.89 | 44.45

8| 417 | 958 | 29.59 | 12.69 | 32.84 | 4553 | 3.33 | 13.33 | 30.00

91356 | 16.25 | 36.44 | 10.29 | 11.58 | 3412 | 196 | 9.80 | 2274

10 | 68.11 | 72.97 | 100.00 | 62.16 | 81.98 | 100.00 | 15.79 | 78.95 | 100.00

11| 17.74 | 3280 | 56.98 | 14.83 | 35.36 | 44.87 | 11.54 | 15.38 | 38.47

12 | 40.41 | 67.81 76.03 | 19.07 | 47.44 | 82.79 | 12.00 | 28.00 | 52.00

13| 9.32 | 40.37 | 5529 | 21.69 | 28.31 | 4459 | 14.63 | 24.39 | 28.05
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AN9NTDUATNIIUIEUBILAA LULAAZHA TUNGNAILAN NEUAINITNUNE 1, 2 uay 3 a1

13 % I & o a
AREILNINAAURTUARNLUNA

ftlae ANUNT ANUENY AIUAN
9181 A1laniin &1lanein A1laniin
1 2 3 1 2 3 1 2 3

1] 155 259 | 363|088 | 221| 3.09| 1.12| 449| 8.98

2| 426| 7801490 |194 | 583 | 7.7/6 | 0.00|13.79| 17.24

3| 1.79| 5.36|14.29|0.00 | 1.79 10.72 | 1.54 | 21.54 | 30.77

41 189 | 377 | 567|108 | 3.23| 646 | 0.00| 6.67|20.00

5| 083| 248 | 496|128 | 3.85| 576| 208 | 4.17| 8.33

6| 18.84 | 33.33 | 39.85 | 3.57 | 17.86 | 27.15 | 7.89 | 34.21 | 47.37

7| 3.06| 4.08| 6.12|556 | 9.72 | 15.63 | 21.25 | 27.50 | 30.62
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WA NIGUYMT N9lAiueddous  ene sreznanresnisidulsawnany sraznantes

i 4
nmafiauNa ARALsALENAa WEASA BMI lungunnass

Ao | me | magqu | mal&Suen | e1g | ssuzmaifa | szesinan | Aunde | BMI

310 s [U§swe | @) | Tsmwmu | maida | sedy

1) KA 1hena

(Fland) | luiden
1 v | higu | ldsuven |62 |16 4 151.75 | 20.96
2 MY | gu lasven |29 |18 3 196.75 | 18.21
3 Mo | gu lasuen |55 |5 4 198.50 | 19.38
4 e | lugu | ldsven |64 |3 60 19450 | 26.87
5 we | gy | ldldsven |67 |10 20 138.00 | 26.87
6 e [qu | Tdld 7 B 288 112.25 | 27.61
7 v | Mgy | 185uen |61 |20 2 163.50 | 21.88
8 v | lugu | dsven |49 |7 6 156.00 | 22.67
9 vl | ligu | 185uen |41 | 075 1.42 26625 | 18.67
10 v | ldgu | Tdl&suen (35 |5 2 138.50 | 19.38
11 we | ligu | lildsuen |65 |4 2.57 156.50 | 26.99
12 vl | ligu | 185uen b st 18 2 203.00 | 2031
13 vl | gy | 1d5uen |62 |20 6 121.00 | 20.31
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= Yo an 3
WA MITPUYNT f‘lﬁllﬂ'i‘]_lﬂ1ﬂ§]‘]f’3u$ 27Y izammmmmsLﬂuTsmmmm I2YSLINTIVBINIT

v Y
nauwa Anndeszaviimalu@on BMI lunguaiuau

e | we | magu | msldsuen | oy | szesmisiia | ssuzom | Aunde | BMI
s10fi s [ U§swe [ @) | Tsmwww | maifa | sedy
@al) LMD 1hea
(dlavd) | luidon
1 wage | gy | dsven |62 |18 144 175.00 | 22.00
2 v | ligu | 1dsuwen |61 |5 2 136.50 | 24.44
3 v | ligu | 1dsven |62 |6 2 18425 | 30.29
4 wige | ligy | ldldsuen | s6 | 25 1 122.00 | 24.03
5 e [qu | Wildsuen |46 |6 4 14525 | 20.78
6 wage | gy | ldsven | e2 |20 6 100.50 | 2031
7 v | higu | ldldsuen |48 |7 2 15525 | 23.28
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v I
szauiigalu@on ApUMIANET MeNaanINma 1, 2 naz3 e uazAnasveITeal

Y

o = 1
maluaealunqunanes

RRCERTIL srduinaludon (unaa)

AeunsAny | dlawiil | dleniiz | §annddi 3 Aunae
1 315 132 82 78 151.75
2 285 153 148 201 196.75
3 220 212 208 154 198.50
4 129 264 196 189 194.50
5 125 142 133 152 138.00
6 112 122 108 131 118.25
7] 162 171 167 154 163.50
8 146 193 148 137 156.00
9 225 304 286 250 266.25
10 82 153 150 169 138.50
11 118 225 87 196 156.50
12 256 184 202 170 203.00
13 140 122 118 104 121.00
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v I
szauiigalu@on ApUMIANET MeNaanINma 1, 2 naz3 e uazAnasveITeal

Y

o = 1
maluaealunquatuguy

GRS srdminaludon (un./aa.)

AoumsAny | dlawiil | dleniiz | §annddi 3 Aunae
1 162 167 146 225 175.00
2 160 70 155 161 136.50
3 240 162 148 187 184.25
4 118 110 128 132 122.00
5 122 155 192 112 145.25
6 154 44 72 132 100.50
7] 193 148 126 154 155.25
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AUNUIVOIHD TUNAVDINTINALHE 1Azl IA Amputate Y9INgNAIRE1 I UNGUNAADY

Athe | Auvisueauwa | @uvgueImIsnauKg 1523@ amputate 1911
~
3167
v Y + g/ Y =
1| vdwin woannnsziinihiou 1
' 9 "l Y < =)
2| dum BHagUIINB AN LM Taid]
' 9 R k% < =)
3 | dum uraguiweaaniluuwa Taid]
TIR a & Ay 12
4 | dum HNANBININAUDUN U UNTOY Taigi
] 9 a = dy 1=
5 | duin AUIMBILIAYN 321D Taj
6 | nlaenwesing i
v 9 2’ J =
7 | vaam weannnsznihion 1
g | fhwh LHANNDY Taidi
v 9 Y a =
9 | naum 1NZNUDY i
EJ FJ
1 o W [~ '
10| fui uwadiguiime iy uaniluume Taid]
11 | vawi LNAD NI Taidi
2
12 | waum nszdinidou Taigi
13 | duin HHanaiy Taidi
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AUNUIVOIHA TUNAVRINTINALKE 1Azl 30 Amputate ¥DINGUFIDE TUNGUAILAY

AU | AWHUUBALHD AUNAVDINTINALHD 1/523@ amputate 1911
1| dhwh LHANDY Taidi
2 | dwih LHAYNDIONIEL Taid]
3 | dwih dudeoundad I Fdungawdunues | laidl
RG]

4 | i TGN i
5 | dwin IAUAZUDY il

6 | wauih nsziinihZou Taids
7 | dwih UHANNDY Taidi
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TUATBILTAULIATIFE NAUNITANHY NEUAININIULE 1, 2 waz 3 dilaf Tungunaaes

filog FiareateuLATie SuanTsadeuUATiB
eid nau 1ddent | 24&dan | 3 4denidt
NNTANEN

1 Pseudomonas aeruginosa Numerous | Numerous | Numerous | Numerous

2 Proteus mirabilis Numerous | Numerous | - -
Staphylococcus aureus Moderate Moderate Moderate -
Streptococcus agalactiac | - - Moderate -

3 Staphylococcus aureus Few Moderate - -

4 Staphylococcus aureus Numerous | - - -
Pseudomonas aeruginosa | Moderate Numerous | Few -

Proteus mirabilis - Numerous | - -

5 Staphylococcus aureus Numerous | - - -

Proteus mirabilis - Moderate | - -
Enterobactor cloacae - Numerous | - -

6 Enterobactor cloacae Numerous | Numerous | Numerous | Numerous
Staphylococcus aureus - Moderate | - -
Streptococcus agalactiac | - - Moderate | -

7 Acinetobacter spp. Numerous | Moderate - -
Methicillin Resistant Moderate - - -

Staphylococcus aureus
(MRSA)
Pseudomonas aeruginosa | - - Numerous | Numerous

8 Proteus mirabilis Numerous | - - -
Staphylococcus aureus - Moderate Numerous | Few

9 Staphylococcus aureus Few Moderate Moderate Few

10 Proteus mirabilis Numerous | Numerous | - -
Staphylococcus aureus Moderate Moderate Moderate Few
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a dy S A 1 = [ o [ 4 1 [
BUAVDIUBDUUANLIY NDUNITANYT NYUAINITNUNG 1, 2 1A 3 duann Gluﬂi]llﬂﬂﬁl’:]ﬁ (919)

Y a tﬂy S A o dy S A
I%J‘]J%EJ FUAUDIUBDUUANLTY TUIUVDUBDLUUANLTY
j’]ﬂﬁ 1 1] 4 Y] 4 [ 4
AOUNIS 1ddanvi | 2ddenwt | 3 dlend
=1
ANKI
11 Pseudomonas aeruginosa | Numerous | Few Numerous | Numerous
Proteus mirabilis Numerous | - " -
12 Staphylococcus aureus Few Few - -
13 Staphylococcus aureus Moderate - - -
Acinetobacter spp. - Numerous | Moderate -
Methicillin Resistant - Moderate Moderate Few

Staphylococcus aureus

(MRSA)
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k4
a 1 ] o 1% 4 1
%uﬂm@%%ﬂuﬂﬂﬁGﬂﬂ@ﬂﬂWﬁﬁﬂEﬁﬂﬂﬁﬁﬂﬂﬁVﬂMWﬁ1,2&ﬁ$3ﬁﬂﬂ?ﬁ1uﬂﬁﬂﬂﬂﬂﬂu

FJ J
A1lae FUAVDUTOULATITY SruveurenuaiiGe
~ J o o @ 4 @ 4
3780 NOUNI 1aded | 2ddeamt | 3 ddensd
=1
ANH
I Acinetobacter spp NS - -
Methicillin Resistant Moderate | Moderate | Few Few
Staphylococcus aureus
MRSA
( ) - Numerous | Numerous | Numerous
Numerous Pseudomonas
aeruginosa
2 Proteus vulgaris Numerous | - - -
Methicillin Resistant - Numerous | Numerous | Numerous
Staphylococcus aureus
(MRSA)
3 Pseudomonas aeruginosa | Numerous | Numerous | Numerous | Numerous
Proteus vulgaris - Moderate | - -
Proteus mirabilis - - Moderate | Moderate
Escherichia coli - Numerous | - -
Klebsiclla - - Numerous | -
4 Enterobactor cloacae Few Moderate | - -
Staphylococcus aureus Few Moderate | Moderate | Moderate
5 Staphylococcus aureus Numerous | Numerous | Numerous | Numerous
Group-D Streptococci Numerous | Numerous | Numerous | Numerous
6 Staphylococcus aureus Moderate | - - -
Acinetobacter spp - Numerous | Numerous | -
Methicillin Resistant - - - Moderate
Staphylococcus aureus
(MRSA)
7 Staphylococcus aureus - Moderate | Moderate | Moderate
Proteus mirabilis Numerous | - - -
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Y v
TIUVINGUAIEN T WUNMNT AV UTPUUATITENINUNDUMIANYT LAZMEHAINTIT

@ J 1 1
UWa 1,2 uag 3 ﬁﬂﬂ’]ﬁsllﬂ\iﬂqurﬂﬂaﬂq HagnNqQuAIuaN

23
THpUaTdanUAN T NANNAADY (n=13) NANAILAN (N=7)

0 1 2 3 0 1 2 3

Gram-positive aerobes

- Staphylococcus aureus 8 7 5 3 3 3 3 3
- Streptococcus agalactiae g = 2 - - b - -
- Group D non-enterococcal - - = = 1 1 1 1
streptococci

- MRSA 1 1 1 1 1 2 1 3

Gram-negative aerobes

- Enterobacter sp 1 1 - - 1 1 - -
- Acinetobacter sp 1 2 1 = 1 1 1 -
- Klebsiella sp b > 3 = = 3 1 -
- Proteus mirabilis 4 3 - = 1 - - 1
- Proteus vulgaris = i 7 = 1 1 - -
- Escherichia coli < : 4 3 ) 1 - -

- Pseudomonas aeruginosa 3 2 3 - 2 4 2 2
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APPENDIX E

TESTING ASSUMPTIONS OF TWO-WAY ANOVA REPEATED

MEASURE
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Testing Assumptions of Two-Way ANOVA Repeated Measure

The assumptions were tested before using Two-Way ANOVA Repeated

Measure including normality, homogeneity of variance, homogeneous of baseline and

characteristics of subjects. The results for each assumption were presented as follows:

1. Test of Normality

Kolmogorov-Sminov goodness of fit test was used to test normal distribution

of each variable including size of ulcers in width, length, and depth in the first, second

and third week after dressing procedure as shown in this table .

Table Kolmogorov-Sminov Goodness of Fit Test

Dimension Mean K-S P-Value

Width

1 week 16.52 1.051 220"

2 week 28.63 766 601"™

3 week 40.56 .702 708 ™
Length

1 week 12.39 .863 446 ™

2 week 22.79 .684 737"

3 week 36.87 571 900"
Depth

1 week 10.28 .693 722"

2 week 21.64 715 685"

3 week 34.75 .873 430™

" P>.05

Test distribution is normal.
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2. Test of Homogeneity of variance
Levene’ s test was used to test of homogeneity of variance of each variable
including size of ulcers in width, length, and depth in the first, second and third week

after dressing procedure as shown in this table.

Table Levene’ s test of Equality of Error Variances

Dimension F dfl df2 P-value
Width
1 week 7.603 1 18 013™
2 week 6.659 1 18 .019™
3 week 3.124 1 18 094 ™
Length
1 week 3.551 k 18 076™
2 week 3.522 1 18 077"
3 week 3.925 1 18 063"
Depth
1 week .652 1 18 430™
2 week 460 1 18 506"
3 week .565 1 18 462™
" P>.01

Test the null hypothesis that the error variance of the dependent variable is

equal across groups.
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3. Homogeneous of baseline
Mann-Whitney U test was used to test homogeneous of baseline of
each variable including size of ulcers in width, length, and depth in the first day of the

study as shown in this table.

Table Mann-Whitney U test

Dimension Experimental Gr. (n=13) Control Gr. (n=7) Mann-Whitney U P-value

Mean Rank Sum of Ranks Mean Rank Sum of Ranks

Width 11.85 154.00 8.00 56.00 28.00 0.165*
Length 11.77 153.00 8.14 57.00 29.00 0.191*
Depth 10.08 131.00 11.29 79.00 40.00

0.663*

*P>0.05

The size of ulcers in both groups indicated the difference with no statistic level

of significant (P>0.05).

4. Characteristics of subjects
The demographic data in both groups indicated the difference with no
statistic level of significant (P>0.05) as shown in Table 2 and Table 3.
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