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Abstract

Background: Diabetes is widely spread in the world, which leads to the occurrence of diabetic
foot disease and diabetic foot ulcers (DFUs), which if left untreated may lead to amputate the foot
and complications may lead to mortality.

Objective: To examine the effectiveness of an integrated therapeutic program of wounds dressing,
debridement treatment, and off-loading therapy on the healing process of DFUs.

Methods: A retrospective study design was used to review and analyze all available medical files
(paper hard copy and electronic forms), for the patients who had been referred to the podiatry clinic
in the Palestine National center of Non — Communicable Diseases (NCDs) from October 2014 to
December 2019.

Results: Data were analyzed using IBM SPSS version 23 software. Data were collected from 192
patients with DFUs, 158 of them had been completed treatment until full healing of the ulcers,
About (60.9%) of the patients were male, (98.4%) of them had type II of diabetes, and (82.3 %.)
of DFUs were classified as neuropathic, with a mean (5.1cm2) of the size of the ulcer and (1.5 cm)
of ulcers depth. 15.6% of the patients had chronic kidney disease. The mean duration of treatment
time was (8.7) weeks. There was a positive significant correlation between chronic kidney disease
and post ulcer size (p<0.012), and a negative significant correlation between duration of using off-
loading and pre ulcer size (p<0.001), and post ulcer size (p<0.001), a positive significant
correlation was found between duration of diabetes and pre ulcer size (p<0.001), and the number
of sessions (p<0.001). Also, there is a positive significant correlation between the location of ulcer
and type of off-loading device (p<0.001). A positive significant correlation was found between the

level of hemoglobin bAlc with pre ulcer size (p<<0.001), and the number of sessions (p<0.001),



Conclusions: There was a significant effect of the integrated dressing, debridement treatment, and
off-loading therapy on the healing process of DFUs (p<0.001). Persistence with treatment,
comorbidities mainly kidney diseases, and duration of diabetes are factors of importance related
to the healing process of DFUs.

A strong relationship was found in our study between the variables of using off-loading devices
and the rest of the other therapeutic measures, which requires the need for physiotherapy to join
the treatment team in Palestine. The results of the study will help in opening broad prospects for

further studies on DFU disease and its treatment procedures.

Keywords: Off-loading treatment; physiotherapy; podiatry; diabetic foot ulcer healing
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Chapter One: Introduction

This is the introductory chapter including study background, problem statement, study

justification, objectives, hypotheses and expected outcomes.

1.1 Background

Diabetes Mellitus (DM) is a chronic disease that occurs either when the pancreas does not produce
enough insulin or when the body can't effectively utilize the insulin it produces. Hyperglycemia,
characterized by high blood sugar levels, is a common symptom of uncontrolled diabetes and over
time can lead to serious damage to many of the body's vital systems, especially the nerves and
blood vessels (World Health Organization, 2018). A person affected with diabetes has a 25%
lifetime risk of developing a diabetic foot ulcer (DFU), which may lead to limb amputation in

approximately one in six DFU patients (Tchque-Fossuo et al., 2016).

Globally in 2014, 8.5% of adults aged 18 years and older had diabetes. In 2016, diabetes was the
direct cause of 1.6 million deaths and in 2012 high blood glucose was the cause of other 2.2 million

deaths (World Health Organization, 2018).

The highest prevalence of diabetes among adults was recorded in the Middle East (10.9%)
(Kharroubi & Darwish, 2015), diabetes is the fourth leading cause of death in Palestine, with a
prevalence of 9.1% in patients aged 20-79 years and it is expected to increase to 20.6% by 2020

(Imam & El Sharif, 2019).



A recent study was published in 2019 quantifying the extent of diabetes mellitus cases in the
Ministry of Health (MOH) diabetes clinic. The results included 5671 new cases with a rate of
210.4 per 100,000 populations, distributed to 2.505 cases amongst males and 3,166 amongst

females (Ministry of Health, 2019).

Damages to the nerves and blood vessels as complications of DM may cause DFU, which may
lead to amputate the foot and complications may lead to mortality (Americ Diabetes Association,
2018). Preventing amputation, decreasing mortality rate due to DFU, and improving the quality of
life of the patient can be achieved through early and effective management of the ulcer (Yazdpah,

Nasiri, & Adarvishi, 2015).

Preventing the amputation of a diabetic foot is possible via infection-halting treatment. There are
several ways to achieve that: antibiotics, debridement (used to remove the necrotic and senescent
tissues leading to decreasing bacteria count and healing the wound), dressing, (using collagen
components in dressing process may be helpful in the healing process of the wound, and also in
skin formation, because its role in creating a biological scaffold matrix, and is a safe method (Park
et al., 2016), physiotherapy which is offloading the ulcerate part (Turan, Ertugrul, Lipsky, &

Bayraktar, 2015; Yazdanpanah et al., 2015)

Increased pressure on the skin leads to developing an ulcer in the area because it limits blood
circulation. Decreasing the pressure will increase blood circulation and improve the health
condition of the skin, this method called off-loading (Sicco A Bus, 2016). Many studies (Sicco A

Bus, 2016; de Oliveira & Moore, 2015; Elraiyah et al., 2016), indicated that using the off-loading



method in the management of DFU patients has improved the healing process of the wound. Using
this technique by the physiotherapist helps in decreasing the risk of recurrence of DFU. In the off-
loading method, different devices can be used, such as total contact cast, cast walker and
therapeutic shoes, etc. (Sicco A Bus, 2016; de Oliveira & Moore, 2015; Elraiyah et al., 2016;

Zheng, Ley, & Hu, 2018).

In the Middle East, a published study in 2019 on the prevalence of type 2 diabetes, it showed that
the prevalence of the disease among male is greater than among female in the countries of Bahrain,
the Kingdom of Saudi Arabia, the United Arab Emirates and Kuwait, and among female, it was

less in Iran and Yemen (Meo et al., 2019).

In Palestine, there are limited resources concerning using off-loading in diabetic foot management.
Therefore, this study aims to examine the efficacy of these methods of treating DFUs. The main
intention of the researcher is to examine a common management approach and its potential
implementation in Palestine for the treatment of DFU. Moreover, a key output of the study will be
measured if the off-loading procedure can increase the recovery process of wound ulcers and

subsequently reducing amputation risk.

1.2 Problem Statement

In the United States, about 9.3% of 29.1 million diabetic patients have a foot ulcer, which leads to
more than 70000 lower-extremity amputations per year, and one-third to one-half of the patients

who had major amputations surgeries died within 2 years post the surgery. The adoption of



treatment strategies from various specialities has been developed to reduce the size of these

complications that afflict the diabetic community and society in general (Pinzur et al., 2016).

The exacerbation of this problem globally increases the financial burden on the government and
the individual alike, and this problem leads to an increase in the number of people dependent on
others, which reduces the productivity of the individual and society (World Health Organization,

2018).

In Palestine, 5671 patients with DM were registered in 2019 (Ministry of Health, 2019). These
patients may develop complications of (DFU), which may increase the risk of chronic infection,

leading to amputation of the ulcerated area, and possibly causing death.

The most used treatment in Palestine for DFU is more limited to conventional treatment that
includes dressing and debridement. However, including off-load might be a useful technique for
enhancing DFU healing and preventing complications. There is a lack of studies on diabetic foot
ulcer management in Palestine, therefore, the aim of this study is to examine the effectiveness of
an integrated therapeutic program of wounds dressing, debridement treatment, and off-loading

therapy on the healing process of DFUs.

1.3 Study Justification

Due to the large spread of diabetes in the world, which in turn leads to many serious complications

that cause damage to many systems in the human body, such as the blood vessels and nervous



system, which leads over time to a dangerous chain that ranges from diabetic foot to DFU to
amputation and it may end in death in many patients. Reducing the occurrence of ulcers is the key

to preventing this sequence that ends with a painful end.

Based on the evidence (Sicco A Bus, 2016; de Oliveira & Moore, 2015; Elraiyah et al., 2016);

using off-loading is considered as an effective intervention in the healing process of the DFU.

In the government medical centers affiliated with the Palestinian Ministry of Health, there is only
one center that provides treatment for DFUs, which is the National Center for (NCDs) in the
Palestine Medical Complex, as it receives patients from all Palestinian areas, which may make it
difficult for patients to access to the center, and they miss the opportunity to complete the treatment

or even get it from the ground up.

An integrated therapeutic program of wounds’ dressing, debridement, and off-loading techniques
may positively contribute to DFU healing among DM patients in Palestine. Studying the
effectiveness of the treatment method that is used in the Diabetic Foot Clinic at the National Center
for (NCDs) provides decision-makers in the Palestinian Ministry of Health to generalize or modify

this method to serve all patients in all Palestinian areas.

The implications of this study are expected to reduce DFU’s complications such as amputation

and decrease the high cost of treatment which burden individuals and government.



1.4 Objectives of the Study

e To examine the effectiveness of an integrated therapeutic program of wounds dressing,
debridement treatment, and off-loading therapy on the healing process of DFUs.
e To determine factors of importance related to the healing process including persistence

with treatment, comorbidities and duration of diabetes.

1.5 Hypotheses of the Study

e There is a positive significant effect of the integrated dressing, debridement treatment,
and off-loading therapy on the healing process of DFUs,
e Persistence with treatment, comorbidities and duration of diabetes are factors of

importance related to the healing process of DFUs.

1.6 Terminology:

Calluses

Develop at increased pressure sites, which progressively thicken, hemorrhage under near than
eventually ulcerate.

Charcot-arthropathy

It is characterized by acute inflammation with the collapse of the foot and/or the ankle.
Debridement

It is a method used to remove the necrotic and senescent tissues leading to decreasing bacteria

count and healing the wound.



Neuropathy

It is a complication that occurs due to of Diabetes Mellitus, which may lead to loss of feeling and
the progression of the disease to the occurrence of ulcers of unknown future in terms of the healing
process.

Off-loading therapy

It is a therapeutic technique in which the load on diabetic foot ulcers is discharged using special
devices.

Semmes-Weinstein Monofilament

It is a sensory assessment tool.

Medical shoes

It is a type of therapeutic shoes that are designed to distribute pressure on the foot to treat diabetic
foot ulcers or not to recur.

Wagner

An international Ulcer classification system to define the calcification of the ulcer, which is

necessary for the evaluation process of the ulcer, and consists of 6 grades.
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Chapter Two: Literature Review

2.1 Theoretical studies

2.1.1 Diabetes

Diabetes is widely spread in the world, according to WHO about 422 million people are affected
by this metabolic disease. The most common type in adults is type 2 diabetes which increasing

intensely in all countries and a majority living in low-and middle-income countries (Rozzo, 2020).

A serious complication that may be developed is diabetic foot disease that may lead to the episode
of DFUs. This may create a critical challenge for governments and societies, in terms of controlling
and reducing serious complications that progress to wound infection and then amputates the

affected limb which may finally lead to death (Gav& Bondor, 2020).

2.1.2 Diabetic Foot Ulcer (DFU)

DFU is defined as a thickening; open sore or wound that occurs in the skin of the foot, management
of DFU may lead to healing the wound and prevent the complications such as infections,

amputation and even death (Gav& Bondor, 2020).

Globally DFU Prevalence and Mortality Rate
It is estimated that approximately 15-25% of diabetic patients suffer from DFUs, and the total
number of DFUs may reach 50 million by 2030, also the total cost of treating is between 300-600

million pounds in Britain, and one billion dollars a year in America (Mahdipour& Sahebkar, 2020).
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2.1.3 Diabetic Foot Ulcer (DFU) Evaluation

Diabetes leads, as it was mentioned, to a disorder in the nervous system, which often leads to a
defect in the structure and function of the foot such as ulceration, infection, and also gangrene, so
it is necessary to evaluate the diabetic foot to know the extent of the patient's exposure to risk
factors and thus integrated treatment plan based on the results of the examination (Pérez-Pero,

Ruiz-Muiioz, Cuesta-Vargas, & Gonzalez-Sanchez, 2019).

At the initial visit, The patient's condition must be evaluated comprehensively and accurately,
evaluation of DFU requires a multidisciplinary foot care team, it should include the patient’s
medical history, laboratory values, dermatological, musculoskeletal, neurological and vascular
status (Jorgetto, Gamba, & Kusahara, 2019), past medical history should include blood glucose
values, previous ulcers or amputations, vascular symptoms, surgeries, smoking habit, neuropathic

symptoms, renal and retinal vascular changes.

Physical examinations should determine the size, depth, colour and position of the DFU,
neuropathy which it is the most common symptom, which is distal neuropathy and may lead to
loss of feeling and the progression of the disease to the occurrence of ulcers of unknown future in
terms of the healing process. About a third of patients with diabetic neuropathy report pain,
tenderness, burning and tingling (Calcutt, 2020), ischemia or neuro-ischemia of the foot, bone

exposed, necrosis, infection, and the colour and consistency of exudates.

The musculoskeletal examination should include foot deformities, joint mobility, muscle wasting

and presence of calluses, dryness. Dry skin is considered one of the risk factors for DFU formation
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and its development, and their percentage in a study conducted in Egypt was approximately 62%,
and one of the indicators of the healing of DFUs is the cure of dry skin (Al-Nakeeb, Tarshoby, &

Kyrillos, 2020).

Muscle, cartilage, tendons and ligaments function will be altered due to motor neuropathy, which
will culminate in a limitation of foot mobility and abnormal walking pattern. Besides physical
examination should include common diabetic foot deformities such as claw toes
(metatarsophalangeal joint hyperextension with inter-phalangeal flexion), hammer-toes (distal
phalangeal extension), prominent metatarsal heads, pes-cavus and Charcot foot arthropathy

(Jorgetto et al., 2019).

Calluses develop at increased pressure sites, which progressively thicken, hemorrhage under near
than eventually ulcerate. When any callus appears in the vicinity of a foot ulcer, it must be removed
quickly by debridement to assess the extent of the foot ulcer and classify it to determine treatment

methods (P. R. J. Vas & Edmonds, 2020).

Charcot-arthropathy occurs secondary to neuropathy and most often affects the mid-foot. It is
characterized by acute inflammation with the collapse of the foot and/or the ankle. The patient
initially sustains unperceived injury but continues to walk until a severe inflammatory process
leads to osteopenia, distention of joints, and foot or ankle dislocation. In late stages, the foot
develops and ‘rocker bottom’ appearance. Charcot arthropathy in diabetic patients is a more
complex entity with higher mortality compared with Charcot arthropathy in non-diabetic patients

(Jorgetto et al., 2019).
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The neurological evaluation will evaluate by using the protective sensation with the Semmes-
Weinstein 10-g monofilament. As for the evaluation of blood vessels, it must include examining
the appearance or non-appearance of the pulse in the posterior tibia artery, the femoral, popliteal
and dorsal artery. If the pulse is absent, it must be examined by Doppler and ultrasound (Jorgetto

et al., 2019).

Among the risk factors that must be paid attention to is the change that occurs in the nails, as they
become thick, and measures to reduce these symptoms are to reduce their thickness with
debridement and to teach the patient how to maintain and adapt the shoe so that it does not put

pressure on the area of the toes (Priyadarshini et al., 2018).

To assess the perception and feeling of pain, clinical practice guidelines recommended a level of
evidence And a high grade in a study conducted in 2019 the use of Semmes— Weinstein
monofilament as shown in figure (2.1) see (Appendix I), tuning fork or temperature, (The
specificity of this monofilament is higher than 80%, while the sensitivity is higher than 95%.)
monitoring as it measures superficial sensation, which is a measure of pain and deep sensation that

measures the pressure (Pérez-Pero et al., 2019).
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Figure 2.1: Semmes— Weinstein monofilament figure taken from (Snyder, Munter, Houston, Hoch, & Hoch, 2016).

To define the calcification of the ulcer, which is necessary for the evaluation process of the ulcer,
the international “Wagner ulcer classification system”, which consists of 6 grades as follows see
(Farooque et al., 2020).

0: No open lesions; may have deformity or cellulitis.

1: Superficial diabetic ulcer (partial or full-thickness).

2: Ulcer extension to the ligament, tendon, joint capsule, or deep fascia without abscess or
Osteomyelitis.

Y: Deep ulcer with abscess, Osteomyelitis, or joint sepsis.

4: Gangrene localized to the portion of the forefoot or heel.

5: Extensive gangrenous involvement of the entire foot.
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2.1.4 Management of Diabetic Foot Ulcer (DFU) Therapeutic Program

The treatment of DFUs needs an integrated team of specialists in the medical field, including
podiatrists, endocrinologist, vascular surgeons, physiotherapists, etc., and also a need to use an
integrated treatment regimen that includes improved blood sugar control, non-surgical
debridement. Acute, dressing application, and discharging (Meloni, Izzo, Giurato, Lazaro-

Martinez, & Uccioli, 2020).

The management of DFU treatment remains a major challenge for specialists in its treatment, and
the International Diabetic Foot Working Group published a literature review on the topic of DFU
treatments in 2008, 2012 and 2016 to evaluate existing treatments and consider the possibility of
recommending studies. They found that previous studies did not find it necessary to add advanced
therapies except for the use of negative pressure technique after surgery, but they also found
evidence of the use, including the combined white blood cells, a sucrose-octasulfate dressing, and
topical application of some placenta membrane products. In addition to the fibrin patch and
platelets, all provided that the best usual care is provided, yet the evaluation of treatments still

needs more research (P. Vas et al., 2020).

The time factor is very important in treating DFUs, so the earlier the treatment is started, the more
efficient results are obtained, as studies conducted in Canada have shown that patients who
received early and continuous treatment achieved better results than those who did not follow their
treatment and the recurrence of foot ulcers they have diabetes (Boulton et al., 2018; Roth-Albin et

al., 2017).
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The average days of healing for a DFU was an average in the United Kingdom, reaching 78 days,
while it was high in India by 241 days, while in Kuwait it reached a low average of 52

days(Messenger, Masoetsa, Hussain, Devarajan, & Jahromi, 2018).

2.2 Similar Studies

Studies conducted in many countries in the world recorded that prevalence range of the DFU was
about(6.3%), where the largest incidence of it in North America(13%), and the lowest rate was in
Oceania (3.0%), the study stated that the incidence rate in Africa (7.2%), which is greater than the

rate in Asia (5.5%), besides the lowest rate was in Europe (5.1%) (P. Zhg et al., 2017).

In other studies, the percentage of females with diabetes was 57.5% which is higher than males,
but when studying the progression of the disease to the occurrence of DFU was 90%greater among

males (Madmoli et al., 2019; Yazdanpanah et al., 2018).

In a study by “The International Diabetes Federation Diabetes Atlas” about the mortality
attribution among adults between 20-79 years old diabetes patients according to income groups,
results showed that the number of deaths attributable to diabetes was the highest among the middle-
income countries, where the death rate per 100,000 population was 92.4; the second-high number
was among the low — income countries, the death rate per 100,000 population was 64.1. Finally,
the lowest ratio was among the high — income countries, the death rate per 100,000 population was

62.7 (Saeedi et al., 2020).
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Regarding DFU prevalence in some Arabic countries, a study which was conducted to assess the
prevalence of DFUs in the Arab world showed that the highest prevalence of the disease was in
the Kingdom of Saudi Arabia at (19%), followed by Egypt at (6.1%), then Bahrain at (5.9%),

Jordan (5.3%), and the lowest percentage was in Iraq (2.7%) (Mairghi et al., 2017).

In Palestine, it was difficult to find a study showing the extent of DFU prevalence, as the report of
the Palestinian Ministry of Health and scientific research libraries was searched through the

databases sites.

2.2.1 Diabetic Foot Ulcer (DFU) Risk Factors

According to previous studies, it was found that differences in risk factors were recorded from one
study to other, but the most common of these factors is the history of a previous foot ulcer or
previous amputation, and these results are subject to reasoning because patients who had previous
ulceration may be at risk of developing micro vascular or peripheral nervous system impairment

(Yazdanpanah et al., 2015, 2018)

A similar study has indicated that diabetic patients with kidney diseases are associated with
developing of DFU, as it was found that DFU patients suffer more from the development of foot
ulcers to worse and delayed healing process than those who do not have kidney diseases (Yazdpah

et al., 2018).

Many of the risk factors for developing a diabetic foot to a DFU such as, the long-time of the

duration of diabetes, also, smoking was found as a risk factor for developing diabetic foot into
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DFUs, delaying wound healing and peripheral vascular disease is one of the great risk factors for
increasing the symptoms and complications of the diabetic foot, such as numbness and vascular
dysfunction, and if it is not treated properly, developing consequences that occur in the diabetic

foot may lead to amputation (Nongmaithem et al., 2016).

A statistically significant relationship was found between blood sugar and DFUs, while no
statistically significant relationship was found between blood sugar level and the amputation, but
HbA Iclevel in the blood was significantly associated with the occurrence of DFU (Madmoli et
al., 2019), and a relationship was found between health education and the rate of amputations, as
it was found that the proportion of people, those who are subjected to amputation are less in the

educated and health-educated group (Madmoli et al., 2019).

An important risk factor to be considered is the nature of the shoes that a person with diabetic foot
disease wears, which plays an important role in forming the risk of occurrence, if the shoe does
not guarantee a consistent distribution of pressure at the bottom of the foot, this will increase
pressure on more areas than others, especially the anterior region of the foot (Meloni et al., 2020).
An important factor to prevent the formation of ulcers is the fit of the shoe to be of the medical
type that helps to relieve pressure on the area at the beginning of the ulceration or at the area of
the ulceration itself (Madmoli et al., 2019). A literature review study was conducted in 2019 to
compare the effectiveness of using custom-made shoes and medical shoes for patients with
diabetes in preventing or delaying the occurrence of ulcers using medical shoes, results have shown
that the use of medical shoes greatly contributed to preventing the occurrence or recurrence of

diabetic foot ulcers (Jorgetto et al., 2019).
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2.2.2 Treatment Methods of Diabetic Foot Ulcer (DFU) Therapeutic Program

2.2.2.1 Dressing

A systematic study, which included 43 studies aimed to evaluate the effectiveness and safety of
using hydrogel (which provides and maintains a moist environment, adequate gaseous exchange,
and thermal insulation in the absence of toxic contaminants, also it protects against secondary
infections, inducing tissue regeneration, relieving wound pain, and promoting wound healing
quality) in treating wounds, burns, DFUs and dog bites. The results showed that the use of hydrogel
dressing is associated with reducing the time of wound healing and also increasing the chances of
healing of DFUs and relieving pain at the same time, no statistically significant differences were
found in the wounds that were treated with hydrogel compared with those wounds that were not
used in the treatment of hydrogel, although it was found that the use of hydrogel is safe and

effective for treating wounds (L. Zhg et al., 2019).

In 2018, a multicenter study aimed to evaluate the safety and efficacy of using collagen in DFU
treatment, compared with standard therapy, according to Wagner grade II-III calcification, it was
found that the intervention group had better outcomes regarding the increase of complete
epithelialization than the control group post 4 weeks of the treatment, the authors indicated that

using collagen in the dressing of the DFU is a safe and effective procedure (Stupin et al., 2018).

A prospective single-center study which had been conducted between 2011 and 2014 aimed to
study the efficient of collagen material in treating DFU. The dressing had been performed for two

or three times per week, and the rate of complete ulcer healing had been evaluated to compare the
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difference of results between control and intervention groups; the results supported the using of
100% collagen in dressing process because it had better outcomes than not using it (Stupin et al.,

2018).

In a similar study, the efficacy of using natural rubber latex of alginate for treating wounds was
evaluated, and the results indicated that it helps in tissue formation and thus facilitates tissue
adhesion that in turn leads to wound healing. The use of this bandage helps to regulate the
secretions necessary for wound healing, in addition to nourishing the wound area has proteins,
nutrients, cells and the environment conducive to cell regeneration. However, it must be taken into
consideration not to produce excess secretions, and for this, a highly absorbent bandage was
developed, and the results of laboratory tests showed that for cell proliferation, the use of this

bandage increased the proliferation of fibroblasts (de Barros et al., 2020).

Among the methods of treating DFUs is the use of growth factors and recombinant proteins, and
in a systematic review, which was conducted in 2020 by 3 reviewers on 26 studies, which
summarized that DFUs leads to a defect in growth factors, which leads to a weakness in the wound
healing process. Therefore, the use of factors that help regulate growth factors is necessary,
according to FDA it has been found that the use of a platelet-derived growth factor to treat foot

ulcers is efficient and safe (Mahdipour & Sahebkar, 2020).
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2.2.2.2 Debridement

Wound debridement is one of the necessary therapeutic methods for treating DFUs, and it is the
removal of damaged cells, allowing the opportunity for the growth of living tissues, and this
process needs an expert in debridement to take into account not to damage the developing living
tissues, and debridement is divided into several sections, the most important of which is surgical
debridement. and acute debridement, as surgical debridement is often performed in operating
rooms, while acute debridement is done in clinics specialized in treating DFUs (Kavitha et al.,

2014).

The benefits of ulcer debridement are clear, but there has been some confusion as to the best
method. Current diabetic foot ulcer training concentrates mainly on sharp or surgical debridement,
largely because it is the fastest method of preparing the wound bed. Speed is a compelling factor,
but not the only important one. When co-morbidities, vascular status, level of infection, location
of the ulcer and patient preference are also be taken into consideration, practitioners may find
another debridement method works better either as the primary treatment option or in tandem with
options over time. In some situations, like early-onset ischemia, sharp or mechanical debridement

is not just sub-optimal, it’s a bad idea

Patients often need additional debridement with each dressing change or for the wound bed to
become sub-optimal by the next visit. Though sharp/surgical debridement is the preferred method
due to its immediate results, other methods are also valid treatment choices. For example, in areas

where district nurses are not permitted to carry out sharp debridement, products that use micro-
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fibers instead of a blade to remove debris around the wound are popular (Lazaro Martinez et al.,

2019; P. Vas et al., 2020).

2.2.2.3 Physiotherapy program (Off-loading)

Physiotherapy methods play a role in improving the healing of DFUs, such as Neuromuscular
Electrical Stimulation, (Goodall, Lgridge, Le, Davies, & Shalhoub, 2020), low-level laser therapy
(LLLT), (Stos, Rocha, Hazime, & Cardoso, 2020), the use of the Extracorporeal shock wave

therapy (ESWT) device(Hug et al., 2020).

As a result of the long period of diabetes, bony protrusions appear, which in turn lead to the
concentration of pressure in the foot on a small area, and with repeated pressure on this area,
specifically when standing and walking, and with a lack of innervation and blood supply, the
chance of callus formation increases, which in turn leads to the occurrence of diabetic foot
ulceration, so to treat these complications, the conditions of these tissues must be improved by
allowing for better blood flow, which increases the chance of cell regeneration and eases infection
which is achieved by relieving pressure on these areas, and this goal is achieved by using off-

loading devices. (S A Bus & Ulbrecht, 2020).

Results of a systematic review indicated that the most effective method in treating and preventing

DFU recurrence is the off-loading method. Several studies in this review have stated that using

non-removable long cast is more effective than the removable device, but its cost is high. Other
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trial studies in the prevention of the recurrence of DFU showed that off-loading method has a good

result than non-using off-loading (Sicco A Bus, 2016).

Another systematic review was conducted in 2015 by Martins de Olivera to compare between
different devices of off-loading used in the treatment of DFUs. The compared devices were
cast/plaster, cast/surgical, and cast/shoes. The results of the 15 studies enrolled in the review, stated
that using the total contact casts is more effective than other devices in improving ulcer healing

(de Oliveira & Moore, 2015).

In many studies in the world, there are recommendations for the use of medical shoes as an
alternative to pressure relievers, but when reviewing studies comparing the use of medical shoes
and pressure-relieving devices, the results showed that the use of pressure-relieving devices
recorded much better results than medical shoes, in a recent systematic review study that was
conducted between 2014-2018, which included 41 studies, 6 of which were meta-analysis. A
comparative study was made between the methods of using different off-loading devices and the
extent of their impact on helping to heal DFUs, it was found that some studies support the use of
non-removable devices that reach the knee or short fixed ones for the treatment of ankle and mid-
foot ulcers and anterior plantar nerve ulcers. On the other hand, some studies support the use of
removable devices provided the patient adheres to wearing them and does not support the use of

medical shoe (P. Vas et al., 2020).

Evidence suggests that using integrated dressing, debridement and off-loading techniques are

useful in enhancing healing of DFU. A systematic review and meta-analysis of off-loading
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methods for DFUs included 13 RCT studies with 1605 patients of DFU, the methods of off-
loading that been used are, total contact casting, cast walker, therapeutic shoes, and physiotherapy,
the results showed that using total contact casting and irremovable cast walkers in the treatment of
DFUs lead to complete wound healing, and shortening time to full recovery, reducing amputation,
infection, and relapse rates, when compared with participants, used regular footwear (Elraiyah et

al., 2016).

2.3 Summary

Dealing with diabetes patients must be subjected to an integrated and organized framework to
ensure the best outcomes for prevention and treatment. Diabetics must undergo a comprehensive
periodic assessment of the foot to determine the risk factors that may lead to the development of
the disease into dangerous scenarios. For this reason, these patients must undergo health education,
and raising awareness sessions to recognize the complications and risks of DM. Patients should be
advised to visit the diabetes clinic as soon as they notice any strange change in their feet, whether
they had previously had a DFU or are suffering from it at present or more importantly they have

not had it yet(P. Vas et al., 2020)

One of the important specialists in the treatment of DFU is a podiatrist, who plays a role in
evaluating the diabetic foot before and after the occurrence of DFUSs, as he/she assesses the risk
factors, and works to provide recommendations regarding the appropriate lifestyle to limit the
development of the diabetic foot to a DFU. In addition to providing treatment of DFUs such as

dressing and debridement(Ntuli, Vincent-Lambert, & Swart, 2018).
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Among the members of the diabetic foot care, team and actively participating in the treatment of
DFUs s is the physiotherapist (PT), the Pts. participate in assessing the foot and providing treatment
by various physical therapy interventions such as electrical stimulation by helping the
angiogenesis stimulation process (Goodall et al., 2020), Laser therapy which helps in increasing
fibroblast proliferation and formation of granulation (Stos et al., 2020), shock wave therapy which
can effectively improve the complete cure rate, shorten the healing period of DFUs and
significantly reduce treatment ineffectiveness by helping in increasing collagen synthesis (Hug
et al., 2020). The most important physiotherapy interventions are the off-loading method, which
contributes greatly to the healing of DFUs (Sicco A Bus, 2016; de Oliveira & Moore, 2015;

Elraiyah et al., 2016).
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Chapter Three: Conceptual Framework

3.1 Conceptual Framework

This chapter presents the factors that are associated with the conceptual framework components

for the integrated therapeutic program for DFU.

The conceptual framework for this study shown in Figure 2 and contains the following variables:

Patient demographics: (e.g. age at diagnoses, sex, and Address).

Ulcer etiology: (e.g. neuropathic, ischemic, and neuro-ischemic)

Ulcer size: (e.g. width, length and depth)

Location of ulcer: such as big toe, toes, planter area, mid-foot and heel.

Ulcer shape: (e.g. oval, round and irregular).

Wagner classification: (e.g. 0= no ulcer, but high-risk foot, 1= superficial full-thickness
ulcer, 2= deep ulcer, may involve the tendon, no bone involvement, 3= deep ulcer with
bone involvement, Osteomyelitis, 4= localized gangrene e.g. toes and 5= gangrene of
whole foot).

Ulcer assessment exudates: (e.g. amount, colour and consistency).

Ulcer assessment: (e.g. maceration, edges, epithelization and granulation tissue).

Outcomes: (e.g. ulcer size, ulcer shape, ulcer calcification).
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+ Examine the effectiveness of integrated dressing, debridement treatment and off-loading therapy on
healing of diabetic foot ulcer.

+ Shed light on the techniques that are implicated in the therapeutic program.

+ Challenges and facilitators that are implicated with therapeutic program technique.

+ Reduce ulceration.

+Dependent variables (size & depth of ulcer, callus, dryness & thick nail).

Figure 3.2: Conceptual Framework of the Study
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3.2 Operational Framework

Operational definitions must therefore be determined before the collection of data starts when
collecting data, assigned staff that is responsible to access the system must have identical
understanding, knowledge and skills for retrieving data using same steps. Collecting data is a
systematic and consistent procedure that requires well-trained staff to perform the tasks effectively,
the same protocol is constructed to be applied by all team members in the same manner. This will
help to ensure validity that the data is reliable, and it was conducted through a comprehensive

operational definition of terms.

In our study the operational definitions will be as follows:
1. Assess: Measure the level of knowledge about Foot care among diabetic patients.
2. Effectiveness: Outcome of the intervention is measured in terms of numerical scores.
3. Structured teaching program: It is a set of learning activities consists of knowledge
regarding foot care among diabetic patients .

4. Knowledge: the information regarding foot Care for diabetic patients.

The conceptual framework includes several independent factors associated with the integrated
therapeutic program of DFU, which is divided into patient demographics, laboratory findings and
other risk factors. In addition to the process (implementation phase), and ending with the
outcomes in terms of healing outcomes of the DFU. These factors were used to build this study’s
conceptual framework. This chapter is the foundation for analysis in the approaching results as

well as the discussion and conclusion.
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Chapter Four: Methodology

This chapter provides a detailed description of our study methods including the study design,
setting, subjects, sample size, data collection methods and measurements, data management, data

analysis, and ethical consideration.

4.1 Study design

This study used a retrospective design of the available medical report at National Center for
(NCDs) in the Palestine Medical Complex to achieve the aims of the study. The two sources of
data were (1) Dataset as paper records from the National Center for (NCDs) in the Palestine

Medical Complex and (2) the Dataset as electronic medical records located in Avicenna program.

4.2 Study Sample

The study was conducted in West Bank (WB) in Palestine in the National Center for (NCDs) in

the Palestine Medical Complex.

4.2.1 Sampling Methods

All available medical records for patients (between October 2014 and December 2019)who met
the inclusion criteria were included in this study, using the dataset from the National Center for

(NCDs) and the dataset as electronic medical records located in Avicenna program.
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4.2.2 Sample Size

A total of 192 medical papers and electronic records were reviewed since we requested the data
for the study from the archives of the National Center for (NCDs), we found 192 files, which are
the available files between October 2014 and December 2019. The average taken time for each

record (paper and electronic) was 30 min (range 20-40 min).

4.2.3 Inclusion Criteria

- Participants are diagnosed with Diabetes Mellitus (DM) type 11.
- Both males and females above 18 years old.
- Complaining of diabetic, and received treatment for DFU at the National Center for (NCDs)

between October 2014 and December 2019.

4.2.4 Exclusion Criteria

1. Any paper medical record that not found in the Archive of National Center for (NCDs) at
the time of collecting data.

2. Any paper or electronic records before October 2014 or after December 2019.

4.3 Data Collection

Data collection was conducted for review medical report between August 2020 and October 2020
at the National Center for (NCDs) in the West Bank.
The dataset extracted from paper and electronic medical records depends on the objectives of the

study and its conceptual framework was classified into three categories. The first is the patient’s
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demographics, which identifies the diabetic patient’s age, gender, address, duration of diabetes.
The second category is related to laboratory findings, which are glycosylated hemoglobin
(HbA1c), Hemoglobin, which may correlate with Diabetes mellitus severity, and the category three
is any additional risk factors such as, History of an acute vascular event, Chronic heart disease,
Chronic kidney disease, End-stage renal disease, Retinopathy, Coronary artery revascularization,
Peripheral artery revascularization, History of DFU, and History of Osteomyelitis which may
delay the healing process of the ulcer.

The independent factors are summarized as follows:

o Age
e (QGender
e Address

e Duration of diabetes

e Hemoglobin HbAlc

e Type of diabetes

e Offloading Device such as felt, wedge shoes, Darco Heel wedge (DHW) and Total contact
casting (TCC).

e Treatment: such as ulcer dressing, offloading, and debridement.

e Number of sessions

e Duration of treatment

e Health education

e Other diseases such as cardiovascular disease, chronic kidney disease, Retinal vascular

changes, and arthritis.
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The dependent variables are:

Size of the ulcer

e  Depth of the ulcer
e  Dryness

e Callus

° Thick Nail

4.3.1 Tools of Data Collection

Examination of the dataset of reported cases is conducted by reviewing and documenting the data
in the National Center for (NCDs) depending on the following used outcome measures.
At baseline, assessment method using an assessment form that is used by the clinic of the DFU

treatment, in addition to the following tools:

1. Semmes-Weinstein monofilaments (Rinkel et al., 2018), it is a valid method to examine
the Neurological status to determine whether the patient has “protective sensation,”
which means determining whether the patient is sensate to the 10-g monofilament.

(Appendix I)

2. Vascular assessment: it is important for eventual ulcer healing and is essential in the
evaluation of diabetic ulcers. It includes checking: Pedal pulses, the dorsal pedis on the
dorsum of the foot, and the posterior tibial pulse behind the medial malleolus, as well as

capillary filling time to the digits. (Appendix I)
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3. Tape measure for the size of the wound manifestation, it is a tap measurement of cm to
measure the length, wide and depth of the wound.

4. Wagner classification (ulcer grade) it is a classification of ulcer of feet in diabetes, it
classifies the grades of the ulcers numbering from 0-5 which zero means No ulcer, but
high-risk foot bony prominences, callus, claw toe, etc. and 5 means Gangrene of the

whole foot(Kumar & Moghadam, 2017). (Appendix I)

4.3.2 Study Procedures

The ethical approval was obtained from Al-Quds University and the Palestinian Ministry of
Health to conduct the study. Then, contact was made with officials at the National Center for Non-
Communicable Diseases, and all the available paper files for diabetic foot ulcer patients were
collected, which included:

1. A demographic and clinical questionnaire was filled by each participant (Appendix I and

110)

2. Documentation of the Assessment (Pre- tests) for the participants was performed, which
included:
e Neurological assessment.
e Vascular assessment.
e Dermatological assessment.
e Nail assessment.

e Musculoskeletal assessment.
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Ulcer assessment, including: (exudates, maceration, edges, epithelization, and
granulation tissues).

Off-loading devices.

Etiology of the ulcer.

Size of the ulcer including: (width, length and depth).

Ulcer shape.

Wagner calcification (ulcer grade).

With the study’s outcomes measure including sensation, blood circulation, and size of the ulcer,

which are mentioned in the assessment form (Appendix I and III).

3. Management methods were documented which included:

Drugs, (oral or IV).
Debridement using an advanced method such as, (Alginate, Silver, Hydrogel, Growth-
factors and Zenume). (Appendix II)

Dressing by an expert nurse who is a specialist in DFU treatment, using an advanced

method for two sessions per week (Appendix II)

An off-loading device by providing the patient with a suitable device for each patient
depending on the condition of each ulcer. (Appendix II)

Re-assessment was conducted post completing the treatment.

Then the electronic program which is Avicenna had been used to collect other pieces of

information as living statues, HbAlc levels an comorbidities.

4. Finally, the data had been managed and analyzed using the SPSS analytic program

version 23.
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4.4 Statistical Analysis

Data were managed and analyzed using Statistical Package for the Social Sciences (SPSS) 23
(IBM Corporation, 2016), a software package used for statistical analysis for the transformed
quantitative data. Descriptive statistics were used to categorize the patients according to age, sex,
co-morbidity, ulcer classification and others. Paired sample tests were used to compare the mean
value between the pre and post-tests results. Spearman’s rank correlation coefficient was used to

examine the correlation between the study variables. Statistical significance was set at P < 0.05.

4.5 Ethical Consideration

The study approval was obtained from the Research Ethical Committee at Al Quds University, Ref
No: 114/REC/2020Appendix IV. After that, approval to use the National Center for (NCDs)
Appendix V and Avicenna program was granted by the MOH Appendix VI and Appendix VII. All

patients’ records were processed anonymously to ensure the patient’s confidentiality.
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Chapter Five: Results Presentation, Analysis & Discussion

5.1 Results Presentation and Analysis
5.2 Results Discussion

5.3 Study Limitations
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Chapter Five: Results Presentation, Analysis & Discussion

This study was conducted using two sources of data were dataset as paper records from the
National Center for (NCDs) in the Palestine Medical Complex and the Dataset as electronic
medical records located in Avicenna program. Our results depending on dataset review will help

us to achieve our aim of the study.

5.1 Results Presentation and Analysis

5.1.1 Descriptive Statistics

A total number of 192 patients were assessed at baseline, the mean age of the participants was
60.2+11.9; about 61% were males, and 59% of the participants living in villages. According to the
electronic medical files which are Avicenna, 86% of the patients are alive, a percentage of 98%
were typed 2 diabetes, also about 82% of the participants completed their treatment, a percentage
of 54% of them had health education. Patients with Cardiovascular disease was recorded of about
35%, and those who had retinal vascular changes about 28%, which it is equal to patients who are
free of other diseases, a percentage of 27% had more than one disease. The mean of the duration
of diabetes, number of sessions and duration of treatment by weeks of the patients were
consecutively 15.348.5, 11.5+19, 8.5+15.3, and the mean of Glycosylated hemoglobin (HbAlc)

was 8.6+2.1. Clinical characteristics of the participants are illustrated in Table (5.1).
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Table 5.1: Demographic and clinical characteristic of the participants (n=192)

Total sample 192 Frequency Percentage
(n)

Sex

Male 117 60.9

Female 75 39.1

Living status

city 73 38.0
village 114 59.4
camp 5 2.6
Mortality
Still alive 165 85.9
Decease 27 14.1
Type of diabetes
IDDM/type 1 3 1.6
IDDM/type 11 121 63.0
NIDDM/type 11 68 35.4
Received treatment
Completed treatment 158 82.3
Didn’t complete treatment 34 17.7
Had health education 104 54.2
Morbidity
Cardiovascular disease 67 349
Chronic kidney disease 30 15.6
Retinal vascular changes 54 28.1
Arthritis 46 24
More than one disease 52 27.1
Free of other diseases 54 28.1
No. weeks
One week 69 359
Two weeks Yo 10.4
Three weeks 16 8.3
mean standard
deviation(z)
Age 60.2 11.9
Duration of diabetes 15.3 8.5
Glycosylated haemoglobin 8.6 2.1
(HbAlc)
Number of sessions 11.5 19
Duration of treatment by weeks 8.5 15.3
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The majority of the participants of the ulcer etiology was diagnosed with neuropathic 82%, about
48% of the participant had the ulcers in the toes areas, according to the ulcer shape, the majority
of participants had irregular ulcer about 79%, the means of ulcers size and depth were, 5.14+5.4,
1.5£1.3, about 70% of the ulcers was calcified as grade I based on Wagner calcification, as Ulcer

characteristics and assessment of the participants are illustrated in Table (5.2).

Table 5.2: Ulcer characteristics and assessment

Total sample 192 Frequency (n) Percentage
Ulcer aetiology

Neuropathic 158 82.3
Ischemic 3 1.6
Nero-ischemic 28 14.6
Others 3 1.6
Wagner

calcification

0 31 16.1
1 132 68.8
2 23 12.0
3 5 2.6

Location of ulcer

Big toe 50 26.0
Toes 43 22.4
Planter area 50 26.0
Mid-foot 30 15.6
Heel 19 9.9
Ulcer shape

Oval 5 2.6
Round 15 7.8
Irregular 152 79.2
other 20 10.4

mean standard deviation(%)

Ulcer area (cm2) 5.1 5.4
Ulcer depth (cm) 1.5 1.3
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5.1.2 Univariate and multivariate analysis & Correlations

Statistical tests related to correlations, pre and post-tests were conducted on who had completed
the post-test. Out of the 192 patients, a number of 34 participants had been excluded because they
did not have the post-test. Correlation and paired sample tests analysis were conducted on 158

patients who completed the treatment program.

Spearman's rho correlations analysis in this study was conducted for related variables, each
variable was dealt with separately and its relationship with the other variables was measured based

on significant spearman correlation and (P-value) was set at 0.05 levels.

As shown in table no (5.3), there is a negative significant correlation (p<<0.001) between duration
of using off-loading and (post ulcer size, post ulcer depth, and the number of sessions). Also, there
is a positive significant correlation between the location of ulcer and type of off-loading device, a
positive significant correlation has been found between chronic kidney disease and post-tests of

ulcer size and depth (p=0.012).
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Table 5.3: Correlations between variables bivariate analysis (n= 158)
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**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

Light shading means correlation at 95 % Confidence interval. Grey shading means correlation at 99 % Confidence interval.
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Also, there is a positive significant correlation between chronic kidney disease and post-tests of
ulcer size and depth (p=0.012); but there was no correlation between duration of diabetes and post-

tests of ulcer size and depth as shown in table no (5.4).

Table 5.4: Correlation between chronic kidney disease and post-test ulcer size and depth

Correlations
Chronic post ulcer size,| post ulcer
Duration  of] kidney width*length, | assessment

Spearman’s rho diabetes disease cm? Depth cm
Duration of diabetes Correlation Coefficient | 1 -.090 -.002 -.002

Sig. (2-tailed) .260 985 985

N 158 158 158 158
Chronic kidney disease | Correlation Coefficient | -.090 1 .198" .198"

Sig. (2-tailed) .260 012 012

N 158 158 158 158
*_Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).

Moreover, there is a positive significant correlation between duration of diabetes and pre-tests of

ulcer size and depth as a table no (5.5) below.

Table 5.5: Correlation between duration of diabetes and pre-tests of ulcer size and depth

Correlations
Duration
of pre ulcer size,| pre ulcer assessment
diabetes | width*length, cm? Depth cm
Spearman’s rho | Duration of diabetes Correlagon 1,000 167" 194™

Coefficient

Sig. (2-tailed) |. 021 .007

N 192 192 192

*_Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
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5.1.3 A curve estimation Regression analysis: has been conducted to predict the effect

of duration of diabetes and level of Hemoglobin bAlc, on the ulcer occurrence and the healing

period.

There is a positive significant correlation between duration of diabetes and ulcer size, (R=.103),
and (P>0.001), as it is shown in figure (5.3), also there is a positive significant correlation between
duration of diabetes and number of sessions, (R=.103), and (P>0.001), as it is shown in figure

(5.4).

There is a positive significant correlation between hemoglobin bAlc and ulcer size, (R=.121), and
(P<0.008), as it is shown in figure (5.5), also there is a positive significant correlation between

hemoglobin bAlc and the number of sessions (R=.120), and (P>0.006), as it is in figure (5.6).
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Figure 5.3: Regression analysis between DOD & pre ulcer size
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Figure 5.5: Regression analysis between HbAlc & pre ulcer size
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Figure 5.6: Regression analysis between HbAlc & Number of sessions

5.1.4 Paired-Sample T-Test

There is a significant difference between the mean of pre ulcer size @ is about 4.11 G & post

ulcer size @ @ is about 0.023 @ & (p .001) as it is illustrated in table no (5.6), and figure no (5.7).
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Mean,cm2

Table 5.6: Paired-Sample Statistics of pre and post ulcer size, width*length cm?2

Paired -Sample Statistics
N Mean Std. Std. Error Sig. (2-
Deviation Mean tailed)
pre ulcer size, width*length(cm?) 158 4.1131 5.06324 40281 0.000
post ulcer size, width*length (cm?) 158 .0228 .28640 .02278

=
4
31
7]
1
|ll.l]23|

o= T

pre ulcer size post ulcer size

Variables

Figure 5.7: Paired sample statistics mean of pre and post ulcer size, width*length cm’
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Also, there is a significant difference between the mean of pre ulcer depth @ @is about 1.23 & @

post ulcer depth is about 0.0116) &h(p<0.001). As it is illustrated in table no (5.7) and figure no

(5.8).
Table 5.7: Paired-Sample Statistics of pre and post ulcer assessment depth cm
Paired-Sample Statistics
N Mean Std. Std. Error Sig. (2-
Deviation Mean tailed)
pre ulcer Depth cm 158 1.2342 1.20407 .09579
0.000
post ulcer Depth cm 158 .0114 .14320 .01139
1.27
1.0
E 0.8
<
c
[
U
= 067
0.4
0.2
Il].l]11
0.0= T
pre ulcer Depth post ulcer Depth
Variables

Figure 5.8: Paired sample statistics mean of pre and post ulcer assessment depth cm
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In the third dependent variables, there is a significant difference between the mean of pre
Dermatological assessment dryness right/left is about (1.1) post Dermatological assessment
dryness right/left is about 2(p <0.001). As it is illustrated in table no (5.8) and figure no (5.9)

below.

Table 5.8: Paired-Sample Statistics of pre and post Dermatological dryness right/ left

Paired-Sample Statistics
N Mean Std. Std. Sig. (2-
Deviation Error tailed)
Mean
pre Dermatological dryness right 158 1.0949 .33459 .02662 0.000
post Dermatological dryness right 158 1.9810 .30851 .02454
pre Dermatological dryness left 158 1.1582 36611 .02913 0.000
post Dermatological dryness left 158 1.9747 15758 .01254 '

2.0
1.5
(1]
=
m
1 1]
E 10-
01.8%
0.57 1.082
0.0

T T
pre dryness right (Yes) post dryness right (No)  pre dryness left (Yes) post dryness left (Mo)
Variables

Figure 5.9: Paired sample statistics mean of pre and post dermatological dryness right/ left
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Also, in another dependent variable, there is a significant difference between the mean of pre

Dermatological assessment callus right/left is about (1.70) (1.62) post Dermatological assessment

callus right/left is about (2.02) (1.96) (p<0.001). As it is illustrated in table no (5.9) and figure no

(5.10).

Table 5.9: Paired-Sample Statistics of pre and post dermatological callus right and left

Paired-Sample Statistics

N Mean Std. Deviation | Std. Error | Sig. (2-
Mean tailed)
pre Dermatological callus right 158 | 1.7025 | .48558 .03863
0.000
post Dermatological callus right 158 | 2.0253 | .22430 .01784
pre Dermatological callus left 158 | 1.6266 | .48525 .03860
. 0.000
post Dermatological callus left 158 | 1.9620 | .19174 .01525
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Figure 5.10: Paired sample statistics mean of pre and post dermatological callus right and left

The last dependent variables showed a significant difference between the mean of pre Nail
Assessment thick nail is about 1.13 post-Nail Assessment thick nail is about 1.97F(p<0 .001) As

it is illustrated in table no (5.10) and figure no (5.11).

Table 5.10: Paired-Sample Statistics of pre and post Nail thick nail

Paired-Sample Statistics
N Mean Std. Std. Error | Sig. (2-
Deviation Mean tailed)
pre Nail thick nail 158 1.1392 .34730 .02763 0.000
post Nail thick nail 158 1.9747 15758 .01254
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5.2 Results Discussion

The main findings regarding the research questions are abstracted, an explanation of how our
results confirm or diverge from those of previous researchers was discussed. General conclusions
are illustrated based on the results of the study presented in this thesis. Also, the strengths and
limitations of this thesis are considered, and recommendations are given for further research. This

chapter will contribute to providing policymakers and researchers with recommendations.

According to our knowledge, (when searching about the studied topic in this thesis using relevant
keywords of DFU, the search strategy was included searching researches unit in Palestine MOH,
and by using the global search databases including PubMed, Scopus, PEDRO, Google scholar and
others, no similar studies related to this topic was conducted in Palestine), this is the first study
conducted in Palestine, which aimed to study the effectiveness of an integrated treatment program

that includes dressing, debridement and offloading on DFUs.

Our study included many variables that we expected to have a correlation and an effect on helping
in the occurrence of the disease or an effect on the healing process, such as gender, place of
residence, type of diabetes, level of Glycosylated hemoglobin (HbA1c), duration of diabetes DOD
and other diseases that patients had been diagnosed with, such as Heart disease, chronic kidney

disease, retinopathy and arthritis.

The study also included variables related to the healing process for DFUs, such as the type of
treatment provided, the duration of treatment, dressing, and debridement, also the use of offloading
devices, ulcer size, depth, location and health education.
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Globally in 2014, 8.5% of adults aged 18 years and older had diabetes. In 2016, diabetes was the
direct cause of 1.6 million deaths(World Health Organization, 2018).In Palestine, Diabetes is the
fourth leading cause of death, with a prevalence of 9.1% in patients aged 20-79 years and it is

expected to increase to 20.6% by 2020 (Okuda et al., 2019).

This high rate of diabetes makes it a high-risk disease that affects all societies in the world, and
which leads to many complications such as DFUs that can develop into gangrene, leading to

amputation, and then increases the risk of death.

In this study, approximately 59.4% of the participants live in villages and the others live in cities
and camps, and the vast majority of the participants have type 2 diabetes (98.4%), this percentage

is internationally comparable, as it reached nearly 90% with type 2 diabetes (Zheng et al., 2018).

The results in our study indicated that the number of diabetics among females is greater than that
of males in Palestine, but the percentage of DFUs were 60.9% higher in males, and this percentage
is similar to the proportion in the world based on a study published in 2017, this can be attributed
that the spread of DFUs may be greater in males than in females, that the nature of male lifestyle
requires more time outside the home, as well as the nature of their work requires placing a greater
load on the feet, which is the risk factor for the development of a diabetic foot to a DFU. (P. Zhang

et al., 2017).

The percentage of participants in the study who had not been diagnosed with other diseases was

28.1%, and those who had been diagnosed with more than one disease are 27.1%. Our results
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indicated that there is a positive statistically significant correlation with chronic kidney disease
and the healing process of DFU, and there were no significant correlations recorded between the
other diseases (cardiovascular disease, retinal vascular changes and arthritis), and the healing
process. this result is similar to a study that was conducted in Kuwait in 2018 (Messenger et al.,

2018).

Duration of diabetes (DOD) had a positive correlation with the ulcer’s occurring, and time of the
healing process (Nongmaithem et al., 2016). However, our results showed a positive significant
correlation between DOD and the occurrence of the ulcers pre-test (p=0.007) of ulcer size and pre-
test (p=0.021) of its depth, and the regression analyzing results showed that the increase in the
duration of diabetes will increase the like hood of DFU occurrence and time of healing. The reason
for this relationship may be between the long periods of diabetes, affecting the rest of the body
systems such as the peripheral nervous system and the peripheral vascular system, which may
increase the risk of DFU formation, and also the delay in the healing of the ulcer may be related

to the same reasons.

The level of HbAlc that ranged from 7.0% to 8.0% during treatment would be more helpful for
wound healing in DFU patients than other levels. It seemed that there was no association between
baseline HbAlc levels and ulcer healing, but better baseline HbAlc level would benefit wound
healing if the HbA 1c is maintained between 7.0% and 8.0% during treatment (Xiang et al., 2019),
in our study the mean of hemoglobin bAlcis 8.6 %, the results of regression analysis showed that

the increase in hemoglobin bAlc will increase the like hood of DFU occurrence and time of
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healing, this indicates that controlling the level of hemoglobin bAlc in the blood at a certain level

range, helps to reduce the formation of DFUs and reduce the period of healing.

The largest percentage of the participants in our study were suffering from neuropathic peripheral
vascular system about 82.2%, neuropathy; the most common symptom is distal neuropathy, which
leads to loss of feeling and the progression of the disease to the occurrence of ulcers. About a third
of patients with diabetic neuropathy report pain, tenderness, burning and tingling and this
percentage is the largest in the world (Calcutt, 2020; Jorgetto et al., 2019). This may be attributed
that one of the causes of complications of circulatory diseases is defects in the body's peripheral

vascular system, and this disorder leads to the possibility of developing a large DFU.

As for the location of the site of DFU in our study, it was approximately 48% of the ulcers in the
toes, and 26% were in the planter area. This can be understood as a lot of people choose completely
closed shoes, and their lifestyle required to spend a long time wearing their shoes; this may increase
pressure on the front area of the foot more than the other areas and increases the possibility of DFU
occurrence in the toes and plantar area (Meloni et al., 2020; Sutkowska, Sutkowski, Sokotowski,

Franek, & Dragan, 2019).

The average days of healing for a DFU in the United Kingdom was 78 days, while it was high in
India by 241 days, in Kuwait, the average is about 52 days (Messenger et al., 2018). In our study,
the results showed that the average recovery time was 8.5weeks, which is equivalent to 59 days,
and it is consistent with the results of the study had been conducted in Kuwait(Messenger et al.,

2018). This can be attributed that the National Centre of (NCDs) specializing in the treatment of
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DFUs does not deal with critical cases in which the size of the ulcer is very large, so the average
size of ulceration among the participants in the study was 5.1(cm?), and the depth of ulceration
was 1.5(cm), and about 70% of the ulcers were classified as grade I based on Wagner calcification,
indicating that most of the DFU cases do not need a long time to heal, as the results of our study
showed that approximately 36% of the participants needed only one week to recover, 10.5%

required 2 weeks, and 8.3% required 3 weeks.

In a study conducted in Saudi Arabia, it showed that there is a positive relationship between
chronic kidney disease, which is in its final stages, and the possibility of wound healing (Alzahrani,
Wang, Alzahrani, & Hu, 2015). While in our study, we found a correlation between chronic kidney
disease and the healing of the ulcer (p=012), in the other side, there was no relationship between

the other diseases such as heart disease, retinopathy, arthritis, and the degree of healing of a DFU.

Also, there was a negative significant correlation between duration of using off-loading, and the
completed healing ulcer, post-test of ulcer size and depth (p <0.001). As one of the conditions for
wound healing is to relieve pressure in order to increase the chances of the new tissues’ granulation
and decrease the infection process which helps to stimulate the healing process, as blood easily
reaches the site of the lesion and helps to nourish the tissues around and in the ulceration, and this

is the main goal of using off-loading techniques (Elraiyah et al., 2016).

We found a positive significant correlation (p <0.001) between the location of the DFU and the
type of off-loading devices that was chosen by the podiatrist at the National Centre of (NCDs),

this means that matching the type of off-loading device with the type and location of the ulcer was
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appropriate to some extent, but to obtain greater accuracy in choosing the device, it should not be
depended on one profession, an integrated treatment team is required, including podiatrist,
orthotists, and physiotherapist, to ensure the greatest possible amount of pressure relief on the

ulceration to achieve the optimal outcomes (Sicco A Bus, 2016; Elraiyah et al., 2016).

And by comparing between the results and post-test according to the size and depth of the ulcer
we obtained in our study, they showed a significant improvement in the size and depth of DFUs
pre and post-test (4.11-.022), (1.23-.011) respectively, (P<0.001). Various studies worldwide
aimed to study the effectiveness of different treatments on healing DFUs, and many of them have
shown positive results that have led to partial healing of the ulcer. A study in the UK showed that
the application of an integrated treatment program for the treatment of DFUs led to a complete
recovery of more than 50% of patients after 12 weeks of treatment, the reason for the delay or non-
healing among other patients is due to the large size of the ulcer and other risk factors (Alzahrani
etal., 2015). According to the American Diabetes Association (ADA), arecent study in 2018 based
on scientific evidence, it indicated that about 25% of patients did not reach full recovery as a result
of pathological factors and other complications such as infection, as well as not adhering to
treatment regularly, but the recovery time ranged for patients who completed treatment between
4-12 weeks, with an average of 8 weeks (Boulton et al., 2018), and this result is close to the result
indicated by our study that showed a significant improvement in the size and depth of DFUs pre

and post-test respectively (P<0.001).

When analyzing the results of the examination conducted at the National Centre for (NCDs)

concerning the dermatological test, which included (hair loss, fissure, dryness, callus, redness,
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corn, tineapedis, shiny skin and edema), the most of the cases were suffering from dryness and
callus. As a result of the statistical analysis on pre and post-testing, these cases improved by a high
rate (P<0.001), according to a study had been conducted in Egypt the percentage of dryness skin
was approximately 62%, and one of the indicators of the healing of diabetic foot ulcers is the cure

of dryness skin (Al-Nakeeb et al., 2020; Jorgetto et al., 2019).

Calluses develop at increased pressure sites, which progressively thicken, hemorrhage underneath
and eventually ulcerate. When callus appears in the area of a foot ulcer, it must be removed quickly
by debridement to assess the extent of the foot ulcer and classify it to determine treatment methods,
following up on removing the callus; it reduces its recurrence, in addition to adapting the shoe so
that it is comfortable and appropriate. In this approach of DFUs, it was proved that the treatment

of callus greatly helps in healing DFUs (P. R. J. Vas & Edmonds, 2020).

Regarding monitoring risk factors that promoting wounds’ healing and limit the development of
wounds into worse scenarios; foot care in terms of using appropriate shoes is an important issue
to reduce the risk factors of developing DFU. The role of the physiotherapist and the podiatrist is
to assess and reevaluate any change that occurs in the nails, as they become thick, and to use
procedures to reduce thickness with debridement and to teach the patient how to maintain and
adapt the shoe so that it does not put pressure on the area of the toes (Priyadarshini et al., 2018).
At the National Centre for (NCDs), the podiatrist would recommend the patient to use suitable
shoes, and in our study, all patients who completed the treatment had an inappropriate shoe type,
and all patients were required to wear appropriate shoes. The result of our study also showed a

remarkable improvement in nail thickness after performing a pre-and post-test (P<0.001).
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5.3 Study Limitations

A major limitation to this retrospective cross-sectional design is the absence or missing of some
important variables related to the studied topic such as smoking habits, BMI, nutrition status, and
others which may prevent computing important associations with these variables related to DFU
healing process,

It was planned that our study would be prospective, but due to the occurrence of the Corona
pandemic, we decided to adopt a retrospective design, which helped us to achieve our study
objectives. Future prospective studies are necessary to identify other related important

associations.

Another limitation is that the information we obtained were available in paper records format, and

part of it was on the patients' electronic program, which consumed a lot of time and effort regarding

retrieving data out of paper forms.
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Chapter Six: Conclusions & Recommendations

6.1 Conclusions

6.2 Recommendations
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Chapter Six: Conclusions & Recommendations

6.1 Conclusions

Based on our results we conclude:
- There was a significant association of the integrated dressing, debridement treatment, and
off-loading therapy on the healing process of DFUs (p<0.001)
- Persistence with treatment, comorbidities mainly kidney diseases, and duration of diabetes

are factors of importance related to the healing process of DFUs.

A strong relationship was found in our study between the variables of using off-loading devices
and the rest of the other therapeutic measures, which requires the need for a physiotherapist to join
the health care professional team in Palestine. The results of the study will open broad prospects

for further studies on DFU disease and its treatment procedures
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6.2 Recommendations

1- Disseminating the experience and expertise of the National Center for (NCDs) to all clinics
of diabetes of the Palestinian Ministry of Health based on the positive results that our study
showed,

2- Adding evaluation forms to the electronic health program that the information of DFU
patients is saved electronically.

3- Adding information about important data variables that were not included in the
information we obtained, such as smoking, weight and lifestyle.

4- Including physiotherapists in the care and treatment team for DFUs patients, due to the
important role that our study demonstrated.

5- Highlighting on the management of DFU, and the role of physiotherapy in both
undergraduate and graduate programs at the Palestinian Universities.

6- Conducting follow-up and future studies that may include other therapeutic techniques to
enrich the Palestinian and international literature with evidence related to this important topic.

7- Conducting future studies (prospective, RCT and qualitative) that may include risk factors,
such as lifestyle, BMI and comorbidities to study its relationship with DFUs occurrence and
healing.

8- Conducting future studies on the cost of treating DFUs, to help and motivate decision-
makers to develop strategic plans for treating this disease, to reduce the financial burden, whether

it is on the government or individuals in Palestine.

66



References

Al-Nakeeb, A., Tarshoby, M., & Kyrillos, F. (2020). Risk factors for foot ulceration among adult
patients with diabetes on chronic hemodialysis in Dakahlia governorate, egypt. In 22nd
European Congress of Endocrinology (Vol. 70). BioScientifica.

Alzahrani, H. A., Wang, D., Alzahrani, A. H., & Hu, F. B. (2015). Incidence of diabetic foot
disorders in patients with diabetes in Jeddah, Saudi Arabia. International Journal of Diabetes
in Developing Countries, 35(2), 115-122.

American  Diabetes  Association. (2018). Foot Complications. Retrieved from
https://www.diabetes.org/diabetes/complications/foot-complications

Boulton, A. J. M., Armstrong, D. G., Kirsner, R. S., Attinger, C. E., Lavery, L. A., Lipsky, B. A.,
... Steinberg, J. S. (2018). Diagnosis and management of diabetic foot complications.

Bus, S A, & Ulbrecht, J. S. (2020). Biomechanics of the Diabetic Foot for the Uninitiated. 7The
Foot in Diabetes, 125.

Bus, Sicco A. (2016). The role of pressure offloading on diabetic foot ulcer healing and prevention
of recurrence. Plastic and Reconstructive Surgery, 138(3S), 179S-187S.

Calcutt, N. A. (2020). Diabetic neuropathy and neuropathic pain: a (con) fusion of pathogenic
mechanisms? Pain, 161, S65-S86.

de Barros, N. R., Ahadian, S., Tebon, P., Rudge, M. V. C., Barbosa, A. M. P., & Herculano, R. D.
(2020). High absorption dressing composed of natural latex loaded with alginate for exudate
control and healing of diabetic wounds. Materials Science and Engineering: C, 111589.

de Oliveira, A. L. M., & Moore, Z. (2015). Treatment of the diabetic foot by offloading: a
systematic review. Journal of Wound Care, 24(12), 560-570.

Elraiyah, T., Prutsky, G., Domecq, J. P., Tsapas, A., Nabhan, M., Frykberg, R. G., ... Murad, M.
H. (2016). A systematic review and meta-analysis of off-loading methods for diabetic foot
ulcers. Journal of Vascular Surgery, 63(2), 59S-68S.

Farooque, U., Lohano, A. K., Rind, S. H., Rind Sr, M. S., Karimi, S., Jaan, A., ... Cheema, O.
(2020). Correlation of Hemoglobin Alc With Wagner Classification in Patients With
Diabetic Foot. Cureus, 12(7).

Gavan, N. A., & Bondor, C. 1. (2020). Diabetic Foot in Romania and Eastern Europe. The Foot in
Diabetes, 67-73.

Goodall, R. J., Langridge, B., Lane, T., Davies, A. H., & Shalhoub, J. (2020). A narrative review

67



of the use of neuromuscular electrical stimulation in individuals with diabetic foot ulceration.
The International Journal of Lower Extremity Wounds, 1534734619898978.

Huang, Q., Yan, P., Xiong, H., Shuai, T., Liu, J., Zhu, L., ... Liu, J. (2020). Extracorporeal shock
wave therapy for treating foot ulcers in adults with type 1 and type 2 diabetes: a systematic
review and meta-analysis of randomized controlled trials. Canadian Journal of Diabetes,
44(2), 196-204.

IBM Corporation. (2016). SPSS Software. USA.

Imam, A., & El Sharif, N. (2019). Current Status of Diabetes in Palestine: Epidemiology,
Management, and Healthcare System Keywords Epidemiology Risk factors Prevention
Complications Management protocols Compliance Quality of life Diabetes strategy
Challenges Arabs Palestine Diabetes mana (pp. 1-29). https://doi.org/10.1007/978-3-319-
74365-3 43-2

Jorgetto, J. V., Gamba, M. A., & Kusahara, D. M. (2019). Evaluation of the use of therapeutic
footwear in people with diabetes mellitus—a scoping review. Journal of Diabetes & Metabolic
Disorders, 1-12.

Kavitha, K. V., Tiwari, S., Purandare, V. B., Khedkar, S., Bhosale, S. S., & Unnikrishnan, A. G.
(2014). Choice of wound care in diabetic foot ulcer: a practical approach. World Journal of
Diabetes, 5(4), 546.

Kharroubi, A. T., & Darwish, H. M. (2015). Diabetes mellitus: The epidemic of the century. World
Journal of Diabetes, 6(6), 850—867. https://doi.org/10.4239/wjd.v6.16.850

Kumar, V. H., & Moghadam, A. G. B. (2017). A study to test the validity of diabetic ulcer severity
score (DUSS) at tertiary care hospital. International Surgery Journal, 4(12), 4010—4014.

Lazaro Martinez, J. L., Alvaro-Afonso, F. J., Ahluwalia, R., Baker, N., Rios-Ruh, J. M., Rivera-
San Martin, G., & Van Acker, K. (2019). Debridement and the diabetic foot. D-Foot
International.

Madmoli, M., Dehcheshmeh, Z. M., Rafi, A., Kord, Z., Mobarez, F., & Darabiyan, P. (2019). The
rate of some complications and risk factors of diabetes in diabetic patients: Study on cases of
3218 diabetic patients. Medical Science, 23(95), 63—68.

Mahdipour, E., & Sahebkar, A. (2020). The role of recombinant proteins and growth factors in the
management of diabetic foot ulcers: a systematic review of randomized controlled trials.

Journal of Diabetes Research, 2020.

68



Mairghani, M., Elmusharaf, K., Patton, D., Burns, J., Eltahir, O., Jassim, G., & Moore, Z. (2017).
The prevalence and incidence of diabetic foot ulcers among five countries in the Arab world:
a systematic review. Journal of Wound Care, 26(Sup9), S27-S34.

Meloni, M., Izzo, V., Giurato, L., Lazaro-Martinez, J. L., & Uccioli, L. (2020). Prevalence,
Clinical Aspects and Outcomes in a Large Cohort of Persons with Diabetic Foot Disease:
Comparison between Neuropathic and Ischemic Ulcers. Journal of Clinical Medicine, 9(6),
1780.

Meo, S. A., Sheikh, S. A., Sattar, K., Akram, A., Hassan, A., Meo, A. S., ... Ullah, A. (2019).
Prevalence of type 2 diabetes mellitus among men in the Middle East: a retrospective study.
American Journal of Men’s Health, 13(3), 1557988319848577.

Messenger, G., Masoetsa, R., Hussain, 1., Devarajan, S., & Jahromi, M. (2018). Diabetic foot ulcer
outcomes from a podiatry led tertiary service in Kuwait. Diabetic Foot & Ankle, 9(1),
1471927.

Ministry of Health. (2019). Health Annual Report.

Nongmaithem, M., Bawa, A. P. S., Pithwa, A. K., Bhatia, S. K., Singh, G., & Gooptu, S. (2016).
A study of risk factors and foot care behavior among diabetics. Journal of Family Medicine
and Primary Care, 5(2), 399.

Ntuli, S., Vincent-Lambert, C., & Swart, A. (2018). Risk factors for diabetic foot ulceration in
diabetic patients presenting at primary healthcare clinics in South Africa.

Okuda, N., Miura, M., Itai, K., Morikawa, T., Sasaki, J., Asanuma, T., ... Okayama, A. (2019).
Journal of Food & Nutritional Sciences. Journal of Food & Nutritional Sciences, 1(1), 27—
36.

Park, Y. J., Hwang, Y., Park, K. H., Suh, J. W., Shim, D.-W., Han, S. H., ... Choi, W. J. (2016).
Collagen Dressing in the Treatment of Diabetic Foot Ulcer: A Prospective, Randomized,
Placebo-Controlled, Single-Center Study. Foot & Ankle Orthopaedics, 1(1),
2473011416S00080.

Pérez-Panero, A. J., Ruiz-Munoz, M., Cuesta-Vargas, A. 1., & Gonzalez-Sanchez, M. (2019).
Prevention, assessment, diagnosis and management of diabetic foot based on clinical practice
guidelines: A systematic review. Medicine, 98(35).

Pinzur, M. S., Dart, H. C., Hershberger, R. C., Lomasney, L. M., O’Keefe, P., & Slade, D. H.
(2016). Team approach: treatment of diabetic foot ulcer. JBJS Reviews, 4(7).

69



Priyadarshini, J., Abdi, S., Metwaly, A., Lenjawi, B. A., San Jose, J., & Mohamed, H. (2018).
Prevention of diabetic foot ulcers at primary care level. Dermatol Open J, 3(1), 4-9.

Rinkel, W. D., Rizopoulos, D., Aziz, M. H., Van Neck, J. W., Cabezas, M. C., & Coert, J. H.
(2018). Grading the loss of sensation in diabetic patients: A psychometric evaluation of the
Rotterdam Diabetic Foot Study Test Battery. Muscle & Nerve, 58(4), 559-565.

Roth-Albin, I., Mai, S. H. C., Ahmed, Z., Cheng, J., Choong, K., & Mayer, P. V. (2017). Outcomes
following advanced wound care for diabetic foot ulcers: a Canadian study. Canadian Journal
of Diabetes, 41(1), 26-32.

Rozzo, N. (2020). Pathophysiology of Diabetes Mellitus. Pathophysiology.

Saeedi, P., Salpea, P., Karuranga, S., Petersohn, 1., Malanda, B., Gregg, E. W., ... Williams, R.
(2020). Mortality attributable to diabetes in 20—79 years old adults, 2019 estimates: Results
from the International Diabetes Federation Diabetes Atlas. Diabetes Research and Clinical
Practice, 108086.

Santos, C. M. dos, Rocha, R. B. da, Hazime, F. A., & Cardoso, V. S. (2020). A Systematic Review
and Meta-Analysis of the Effects of Low-Level Laser Therapy in the Treatment of Diabetic
Foot Ulcers. The International Journal of Lower Extremity Wounds, 1534734620914439.

Snyder, B. A., Munter, A. D., Houston, M. N., Hoch, J. M., & Hoch, M. C. (2016). Interrater and
intrarater reliability of the semmes-weinstein monofilament 4-2-1 stepping algorithm. Muscle
& Nerve, 53(6), 918-924.

Stupin, V. A., Silina, E. V, Gorskij, V. A., Gorjunov, S. V, Zhidkih, S. Y., Komarov, A. N., ...
Sinel’nikova, T. G. (2018). Efficacy and safety of collagen biomaterial local application in
complex treatment of the diabetic foot syndrome (final results of the multicenter randomised
study). Khirurgiia, (6), 91-100.

Sutkowska, E., Sutkowski, K., Sokotowski, M., Franek, E., & Dragan, S. (2019). Distribution of
the highest plantar pressure regions in patients with diabetes and its association with
peripheral neuropathy, gender, age, and BMI: one centre study. Journal of Diabetes Research,
2019.

Tchanque-Fossuo, C. N., Ho, D., Dahle, S. E., Koo, E., Li, C., Isseroff, R. R., & Jagdeo, J. (2016).
A systematic review of low-level light therapy for treatment of diabetic foot ulcer. Wound
Repair and Regeneration, 24(2), 418-426.

Turan, Y., Ertugrul, B. M., Lipsky, B. A., & Bayraktar, K. (2015). Does physical therapy and

70



rehabilitation improve outcomes for diabetic foot ulcers? World Journal of Experimental
Medicine, 5(2), 130—139. https://doi.org/10.5493/wjem.v5.i2.130

Vas, P. R. J., & Edmonds, M. E. (2020). Approach to a New Diabetic Foot Ulceration. The Foot
in Diabetes, 481-493.

Vas, P., Rayman, G., Dhatariya, K., Driver, V., Hartemann, A., Londahl, M., ... Game, F. (2020).
Effectiveness of interventions to enhance healing of chronic foot ulcers in diabetes: a
systematic review. Diabetes/Metabolism Research and Reviews, 36, ¢3284.

World Health Organization. (2018). Diabetes. Retrieved from https://www.who.int/news-
room/fact-sheets/detail/diabetes

Xiang, J., Wang, S., He, Y., Xu, L., Zhang, S., & Tang, Z. (2019). Reasonable glycemic control
would help wound healing during the treatment of diabetic foot ulcers. Diabetes Therapy,
10(1), 95-105.

Yazdanpanah, L., Nasiri, M., & Adarvishi, S. (2015). Literature review on the management of
diabetic foot ulcer. World Journal of Diabetes, 6(1), 37.

Yazdanpanah, L., Shahbazian, H., Nazari, 1., Arti, H. R., Ahmadi, F., Mohammadianinejad, S. E.,
... Hesam, S. (2018). Incidence and risk factors of diabetic foot ulcer: a population-based
diabetic foot cohort (ADFC study)—two-year follow-up study. International Journal of
Endocrinology, 2018.

Zhang, L., Yin, H., Lei, X., Lau, J. N. Y., Yuan, M., Wang, X., ... Shu, B. (2019). A systematic
review and meta-analysis of clinical effectiveness and safety of hydrogel dressings in the
management of skin wounds. Frontiers in Bioengineering and Biotechnology, 7, 342.

Zhang, P., Lu, J., Jing, Y., Tang, S., Zhu, D., & Bi, Y. (2017). Global epidemiology of diabetic
foot ulceration: a systematic review and meta-analysis. Annals of Medicine, 49(2), 106—116.

Zheng, Y., Ley, S. H., & Hu, F. B. (2018). Global aetiology and epidemiology of type 2 diabetes

mellitus and its complications. Nature Reviews Endocrinology, 14(2), 88.

71



APPENDICES

Appendix I: Assessment Instrument

Appendix II: Treatment Methods

Appendix III: Assessment Form

Appendix IV: Research Ethics Committee
Appendix V: Mission Facilitating Letter NCDs

Appendix VI: Correspondence to the university to the Ministry of
Health

Appendix VII: Mission Facilitating Letter MOH

72



APPENDICES

Appendix I: Assessment Instrument

Al — Quds University
College of Graduate Studies
Master Physiotherapy Program

Assessment Instruments

2020

Title of thesis: The Effect of an integrated therapeutic program of wounds’ dressing,
debridement and off-loading techniques on diabetic foot ulcer

Student’s Name: Karam Albarghouthy
Supervisor: Dr. Hadeel Halaweh

E-mail address: karamph@gmail.com

73



U] Sensation assessment

Neurological status can be checked by using the
Semmes-Weinstein monofilaments to determine
whether the patient has “protective sensation,” which
means determining whether the patient is sensate to the
10-g monofilament

. Use the (5.07) 10-gram filament to test for

“protective sensation”

. Apply the filament perpendicular to the skin's

surface.

. The approach, skin contact and departure of the

filament should be 1.5 seconds.

. Apply sufficient force to cause the filament to

bend.

. Do not allow the filament to slide across the skin or make repetitive contact at the test site.

. Randomize the selection of test sites and time between successive tests to reduce patient guessing.
. Ask the patient to respond “yes” when the filament is felt and record the response on the diabetic
foot.

. Apply the filament along the margin of and not on the ulcer, callus scar or necrotic tissue.

. Have the patient close his/her eyes while the filament test is being performed.

. Vascular assessment

Vascular assessment is important for eventual ulcer healing and is essential in the evaluation of diabetic
ulcers. Vascular assessment includes checking pedal pulses, the dorsal pedis on the dorsum of the foot, and
the posterior tibial pulse behind the medial malleolus, as well as capillary filling time to the digits. The
capillary filling time is assessed by pressing on a toe enough to cause the skin to blanch and then counting
the seconds for skin colour to return. A capillary filling time > 5 seconds is considered prolonged.

If pedal pulses are no palpable, the patient should be sent to a non-invasive vascular laboratory for further
assessment, which may include checking lower extremity arterial pressures by Doppler and recording pulse
volume waveforms, The ankle-brachial index is often not helpful because of high pressures resulting from
no compressible arteries. However, toe pressures are very useful in determining the healing potential of an
ulcer.
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° Assessment of the wound size

For wound’s size, the researcher will use the tap measure for width and length, and swap stick for the depth
of the ulcer.

Wagner classification (ulcer Grade)

Llo 11 12 13 L14 Lls

Wagner ulcer grades

Grade 0: No ulcer, but high-risk foot (bony prominences, callus, claw toe, etc.)
Grade 1: Superficial full-thickness ulcer

Grade 2: Deep ulcer, may involve tendons, no bone involvement

Grade 3: Deep ulcer with bone involvement

Grade 4: Localized gangrene, e.g. toes

Grade 5: Gangrene of whole foot
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Debridement Method

It will be performed by an expert nurse who 1s a specialist in wound care Debridement; it 1s
the removal of necrotic tissue to decrease the risk of infection and to promote wound
closure. Debridement should remove all necrotic tissue, callus, and foreign bodies down to
the level of viable bleeding tissue.

Recommended for diabetic patients “Debridement is essential for the removal of nonviable
cells and for healing. Per wound callus must also be removed, as it may contribute to per
wound pressure and incomplete wound contraction. Ulcers may also be obscured by the
presence of callus.

Debridement is contraindicated in patients with significant vascular compromise, without
healing potential, or when they are placed at greater risk. Debridement of dry Escher in the
compromised patient may not be necessary.

Special considerations include inadequate blood flow, immunosuppressive therapies, poor
nutrition, inadequate diabetes control, and high levels of anticoagulants. Consideration of
risk versus benefit must be made in cases where deeper structures, such as tendon, bone, or
capsule, may be exposed as a result of debridement. Clean, granulating wounds should not
be debrided.

1. Dressing
It will be performed by an expert nurse who is a specialist in wound care, Successful wound

management involves the use of:

1. Dressing or agents to control the moisture content.

2; Insulate the wound from its surroundings.

3. Provide an environment that reduces bacterial burden and inflammation without
harming the cells involved in the repair process.

The characteristics for optimal wound :

Should be free from particulate or toxic contaminants.
Should remove excess exudates and toxic components.
Should maintain a moist environment at the wound/dressing interface.

N O R S

Should be impermeable to microorganisms, thus protecting against secondary
mfection.

N

Should be easily removed without trauma.
Should Allow gaseous exchange.
Should be transparent, or changed frequently, thus allowing monitoring of the wound

00 =¥ oh

Should be acceptable to the patient, conformable and occupy a minimum of space in
the shoe.
9. Should be cost-effective.
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10. Should be available in hospitals and community health care centre.

Functional parameters of dressings:

L. The overall goal is to select the appropriate dressing for restoring and maintaining
normal wound physiology.

2 To aid in the proper selection of dressing material, an accurate description of the
wound characteristics should be obtained.

3. Attention to be given to the color of the wound bed, the size and location of the
wound, the wound margins (to identify sinus tracts and undermining), and the characteristics
of the exudates (type, amount, color, consistency, odor, and adherence to the wound base).
4. A simple rule may be followed when selecting the appropriate dressing for diabetic
plantar foot ulcers.

5 High levels of exudates warrant the choice of a moisture-absorbing material, which
may include alginates, foams, collagen-alginate combinations, car boxy-methylcellulose
materials, or gauze.

6. Low exudates and desiccated wounds respond well to hydrogels.

2. Offload

It will be performed by an expert of physiotherapy as followed:

The easiest way to decrease force overtime is to decelerate the foot onto the ground and
shorten the time the foot is on the ground. However, most patients with DFUs have
significant neuropathy and they strike the ground more rapidly than those without
neuropathy. For a device to be effective in decreasing the rate and absorbing the force, it
must extend above the ankle.

The literature supports the following devices as having reproducible ability to heal wounds:
cast walkers (e.g., DH Pressure Relief Walker, Bledsoe Conformer Diabetic Boot, Three-D
Dura Steppers [3-D], CAM Walkers), Charcot Restraint Orthotic Walkers (CROW )/total
contact brace, patellar tendon bearing (PTB) braces, ankle-foot or theses (AFOs) in shoes,
and regular or instant total contact casting (TCC). These methods work because they
decelerate the foot onto the ground, and decrease weight bearing if they are used for
walking. See Figure 10 for examples of off-loading devices the key to effective off-loading
is to have an ankle brace that is fixed to the foot bed. [5]
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Figure 2.
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Wagner Ulcer Grades Grade 0 : no ulcar, but high risk foot { bony prominences, callus, claw tos, ate. 5
Grade 1 : Superficial full-thickness ulser

Grade 2 : Deap Ulcer, may invalve tendons, no bone involvemant

Grade 3 Deep Ulcer with bane involvement, osteomyslitis

Grade 4 : Localized gangrene, o.g.loes,

Grade 5 - Gangrena of whole foot.
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Appendix IV: Research Ethics Committee

Al-Quds University sl pan Il AUl gy

Jerusalem

Deanship of Scientific Research

Research Ethics Committee
Committee’s Decision Letter

cadl) daala
()
(alad) Candl Balas

Date: 23 March 2020
Ref No: 114/REC/2020

Dears Dr. Hadeel Halaweh, Mr. Karam Hatem Albarghouthy, Mr. Rasheed Adel Tayem, Dr.

Thaer Ibrahim Radwan

Thank you for submitting your application for research ethics approval. After reviewing your

application entitled “The Effect of a suggested integrated therapeutic program of wounds’

dressing, debridement and off-loading techniques on diabetic foot ulcer ". The Research

Ethics Committee confirms that your application is in accordance with the research ethics

guidelines at Al-Quds University.

We would appreciate receiving a copy of your final research report/ publication. Thank you

again and wish you a productive research that serves the best interests of your subjects.

PS: This letter will be valid for two years.

Nuha E1 Sharif, PhD-
Research Iﬁyﬁ'géfnmmee Chair

Cc. Prof. Imad Abu Kishek - President
Cc. Members of the committee
Cc. file

Abu-Dies, Jerusalem P.O.Box 20002
Tel-Fax: #970-02-2791293 research@admin.alquds.edu

20002 .08 outdl) (ud gl
#970-02-2791293 ; S<SUlI

85



Appendix V: Mission Facilitating Letter NCDs

State of Palestine - Crabaeatd 4455
w=bl —da 5515,
all bl Aaladl gyl

Ministry of Health - Nablus
General Directorate of Education in Health
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Tl usnle il daga gy oyl o cdaall byl e dalpa lGay
e gl Lol 7 colyies Cuny gha¥ Analy sty aila a8 ekl
b RS dah e dual) Rty ol pntly speid i atcee
s L5)5”.” byl (ilaasl] iyl sz.l ,,m ol Cliukilly gila (Jof
%\ﬂf; ﬁﬁﬁ«ji%ja I\ 2l gwee : 0l (i L ;ﬁﬁﬂob@
S W et 0 b gl S -

LSl s i g il Y el Com (oSl e e g (sl

o Zilaglaafl 4y u_lr-&balﬁ L-;-‘d"-" [N e PO (n)-LLkn bl o

wealsgalil galy f-ﬂmj 15

o 14 jopa -

P.0 .Box: 14
Tel.«09-2333901 09-233390] ;i
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Appendix VI: Correspondence to the university to the Ministry of Health

Al-Quds University sl ealy
Faculty of Health Professions doeal! &é-“-!" als”

J..,niﬂlj i;"“hjl :}wl Ele:

ol yi — u..:d_a.“

Physiotherapy & Rehabilitation Dep.

Jerusalem - Abu Dies

16/06/2020

da_foall (iage gl Jal 5 giSall §_uiaa
A 8 daal) 51 3 g /eaal) addailf 3 i3 ale 5 _ala

sy g Ak Aa
Sy Al A

s ) aila a S (b FIS siiwale) Lilal) cba )al) calth Aags Juges @ £ e gal)

A8 gally o SH oS5 pias e g i LeBhaat il daals 8 halill ) candall = 3lall 3 5000 aS0gS
OV s Adiay A o el el e

adillda B o Jaadl Al g 7 g adl el s Al Ul JalSia N mald g dnleld)
(Asa)

(Effectiveness of an integrated therapeutic program of wounds’
dressing, debridement and off-loading techniques on diabetic foot ulcer)

el oaly (b Z3e ieale) Lle il o callds a5 gt i) Sl o S SULY) a8 Cus
, Aoama il Gl eSSl 38 5l L8 4c Ll 2y (g3l el gali ) didels Jpa ) o
S S asallda B e g sl il D & 0 e g Sl iim ye 2 0le gt (o3

,wﬂlhag@MLm@uﬁ@/st;daﬁ 5580l Cal il Gt Al jall o &g
Ol sz S 58al o Sl Gl el Aasd Cal Ll a5l el Al Apadal) Cilapkaill

gAhe pul Gar) L a5 &g Sudll 23l Z3ke B ituale Glo duals 585 a5 208 ) (i jeall
pludl Gany 5 5 5 e sl o S anhll #3all aliaial Sl | 38 el 8 3 jSudl sl
Asalls ) 3y 8 sl Anhll Cileasll Zalall 3 oY1 8 _anhll ~Dlall
2020/11/30-2020/7/1 3w sall o) sy das gial) 3 5l o 3 LAY aa

il SN L3 aa
138
Research proposal and related documents -
Getdl) dnals B alal) ) U BNA Aia) B8 g -

5 g8a Jaaa 2
fecalall zrali p Al -
St Gl
JoaLil g adall mSlat) 5 i (J£/
Bl Aadls \
Tel + 02 2799753 - +02 2791243  E-Mailk: s AN 5 + 02 2799753 —+ 02 2791243 :0 385
Fax. 02+2796110 hhalaweh@staff.alquds.edu 02+2796110 : Sé

Mobile: 0599349554
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Appendix VII: Mission Facilitating Letter MOH

State of Palestine Oabaald 4144

oalls —2aall 503,
mall pabesl] Lalall )l

Ministry of Health - Nablus

General Directorate of Education in Health

_— coe-\avwl e o s
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