
 

Comparative study between Negative 

Pressure Wound Therapy (NPWT) and 

Standard Moist Wound Dressing (SMWD) in 

management of diabetic non ischemic foot 

ulcers 

Thesis  

Submitted for partial fulfillment of Master Degree in 

general Surgery 

Presented by 

Shady Mohamed El sayed 

M.B.B.Ch. Ain Shams University 

Supervised by 

Prof. Dr. Ahmed Mohamed Kamal 
Professor of General Surgery 

Faculty of Medicine, Ain Shams University 
 

Dr. Amr Nabil Kamel 
Lecturer of Vascular Surgery 

Faculty of Medicine, Ain Shams University 

 

Faculty of Medicine  

 Ain Shams University 

2019 



  



 

Acknowledgement 

 

First and foremost thanks to ALLAH, the Most 

Merciful. 

I wish to express my deep appreciation and sincere 

gratitude to Prof. Dr. Ahmed Mohamed Kamal, Professor of 

General Surgery, Ain Shams University, for his close 

supervision, valuable instructions, continuous help, patience, 

advices and guidance. He has generously devoted much of his 

time and effort for planning and supervision of this study. It was 

a great honor to me to work under his direct supervision. 

 I wish to express my great thanks and gratitude to      

Dr. Amr Nabil Kamel, Lecturer of Vascular Surgery, Ain 

Shams University, for his kind supervision, indispensable advice 

and great help in this work. 

Last and not least, I want to thank all my family, my 

colleagues,, for their valuable help and support. 

Finally I would present all my appreciations to my 

patients without them, this work could not have been completed.  



List of Contents 

 

Contents 

  Subjects                                                                    Page        

 List of table  ................................................................... I 

 List of Figures .............................................................. II 

 Introduction    .............................................................. 1 

 Aim of the Work .......................................................... 3 

 Review of literature: ...................................................  

Chapter 1: Anatomical Considerations .............................. 4  

Chapter 2: Normal Wound Healing Process 
and Abnormalities in Diabetes ................ 31  

Chapter 3: Diabetic Foot Ulcers ...................................... 48  

Chapter 4: Negative pressure wound therapy 
(NPWT)............................................................... 68 

 Patients And Methods .............................................. 81 

 Results ........................................................................... 89 

 Discussion ................................................................... 110 

 Summary ..................................................................... 113 

 Conclusion and Recommendations .................... 117 

 References .................................................................. 118 

 Arabic Summary .......................................................... -



List of Table  

 

List of Table  

Tab. No. Subject Page 

Table (1) Clinical Signs of Infection 50 

Table (2) Diabetic foot ulcer classification systems 55 

Table (3) 

Detailed description of study data categories 

with the society for vascular surgery (SVS) 

wound, Ischemia, and foot infection (WIFI) 

grades 

57 

Table (4) University of Texas Wound Classification 84 

Table (5) 
$showing sex and risk factors in the study 

population 
89 

Table (6) 
Showing age and smoking as a risk factor in the 

study population 
90 

Table (7) 
Showing lab investigations in the study 

population 
93 

Table (8) Showing ulcer site among the study population 95 

Table (9) 
Showing ulcer depth category among the study 

population 
96 

Table (10) 
Showing ulcer depth in mm among the study 

population 
98 

Table (11) 
Showing presence of ulcer infection among the 

study population 
100 

Table (12) 
Showing bed side debridement of ulcer among 

the study population 
102 

Table (13) 
Showing operative debridement of ulcer among 

the study population 
103 

Table (14) 
Showing University of Texas Classification 

category of ulcer among the study population 
104 

Table (15) 
Showing complete granulation of ulcer among 

the study population 
106 

Table (16) 
Showing some follow up data of ulcer among 

the study population 
108 

 

 



List of Figures  

 

List of Figures  

Fig. No. Subject Page 

Fig. (1) Dorsal View, right foot 4 

Fig. (2) Lateral View, right foot 5 

Fig. (3) Plantar fascia, plantar view of right foot 9 

Fig. (4) Compartments of the foot 19 

Fig. (5) Angiosomes of the foot. 21 

Fig. (6) Anterior tibial artery 23 

Fig. (7) Posterior tibial artery 25 

Fig. (8) 
Schematic illustrating NPWT‘s mechanism of 

action 

72 

Fig. (9) Application of NPWT dressing 76 

Fig. (10) 
Showing application of negative pressure wound 

therapy 

87 

Fig. (11) Showing machine used to create negative pressure 87 

Fig. (12) 
Bar chart showing gender difference in the study 

population 

90 

Fig. (13) 
Bar chart showing gender difference in the study 

population 

91 

Fig. (14) 
Bar chart showing smoking as a risk factor in the 

study population 

91 

Fig. (15) 
Bar chart showing HTN as a risk factor in the 

study population 

92 

Fig. (16) 
Bar chart showing renal insufficiency as a risk 

factor in the study population 

92 

Fig. (17) 
Bar charts showing lab investigations in the study 

population 

94 

Fig. (18) 
Bar chart showing ulcer site in the study 

population 

95 

Fig. (19) 
Bar chart showing Ulcer depth category in the 

study population 

97 

Fig. (20) 
Bar chart showing ulcer depth in mm among the 

study population 

99 

Fig. (21) 
Graph showing ulcer depth in mm among the 

study population 

99 

Fig. (22) 
Bar chart showing presence of ulcer infection 

among the study population 

101 

Fig. (23) 
Bar chart showing bed side debridement of ulcer 

among the study population 

102 



List of Figures  

 

Fig. No. Subject Page 

Fig. (24) 
Bar chart showing operative debridement of ulcer 

among the study population 

103 

Fig. (25) 

Bar chart showing University of Texas 

Classification category of ulcer among the study 

population 

105 

Fig. (26) 
Bar chart showing complete granulation of ulcer 

among the study population 

107 

Fig. (27) 
Bar chart showing Number of days on dressing 

among the study population 

108 

Fig. (28) 
Bar chart showing follow up duration in weeks 

among the study population. 

109 

Fig. (29) 
Diabetic ulcer treated with negative pressure 

wound therapy 

113 

Fig. (30) Postoperative picture of the healed ulcer 113 



 Abstract  

 

ABSTRACT 

Background and aims: Diabetes is rapidly increasing in prevalence worldwide and 

surgery in patients with diabetic foot is becoming more common. Foot complications 

are a major cause of admissions in diabetic patients, and comprise a disproportionately 

high number of hospital days because of multiple surgical procedures and prolonged 

length of stay in hospital. Diabetic foot is an umbrella term for foot problems in 

patients with diabetes mellitus. Foot disorders such as ulceration, infection and 

gangrene are the most common, complex and costly sequelae of diabetes mellitus. The 

optimal therapy for diabetic foot ulcers remains ill-defined. Saline-moistened gauze has 

been the standard method; however, it has been difficult to continuously maintain a 

moist wound environment with these dressings. This has led to the development of 

various hydrocolloid wound gels, which provided more consistent moisture retention. 

Refinements in topical ointments have resulted in the addition of various 

pharmacological agents including growth factors and enzymatic debridement 

compounds. Hyperbaric oxygen therapy and culture skin substitutes are other wound 

therapies that have been advocated. All these therapies are associated with significant 

expense and are being utilized in some situations without sufficient scientific evidence 

demonstrating their efficacy. Methods: we performed a cohort study involving 30 

patients with active diabetic foot ulcers, in a high volume tertiary referral vascular 

center. They were divided into 2 groups: 15 patients (group A) were prescribed NPWT 

and the other 15 patients (group B) received SMWD. During follow up visits, progress 

of healing was evaluated and documented in the form of change in wound diameter, 

depth, up or down scaling along UTWC, wound status at 2, 4, 8, and 12 weeks and 4 

weekly thereafter till complete epithelialization. Results: As regard to ulcer depth 

there were statistically significant difference between the 2 groups during follow up 

duration of the study after 4 weeks with group A showing faster decrease in ulcer 

depth than group B denoting faster formation of granulation tissue. As regard to 

complete granulation of ulcer there were statistically significant difference between the 

2 groups during follow up duration of the study markedly shown after 6 weeks with 

group A showing complete ulcer granulation faster than group B, with statistically 

significant difference as regard to number of days on dressing and follow up duration in 

weeks between the 2 groups with group A showing lesser number of days on dressing 

and shorter follow up duration in weeks than group B. Conclusion: NPWT has a 

definitive role in promotion of proliferation of granulation tissue, reduction in the 

wound size, by and rapid clearing of bacterial load. Our data demonstrates that 

negative pressure wound dressings decrease the wound size more effectively than 

saline gauze dressings over the first 4 weeks of therapy. It is suggested that NPWT is a 

cost-effective, easy to use and patient-friendly method of treating diabetic foot ulcers 

which helps in early closure of wounds, preventing complications and hence promising 

a better outcome. 
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Comparative, Negative, Standard, SMWD, Diabetic, Ischemic  
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Introduction 

Diabetes is rapidly increasing in prevalence worldwide 

and surgery in patients with diabetic foot is becoming more 

common. Foot complications are a major cause of 

admissions in diabetic patients, and comprise a 

disproportionately high number of hospital days because of 

multiple surgical procedures and prolonged length of stay 

in hospital (Ahmed et al., 2002) 

Diabetic foot is an umbrella term for foot problems in 

patients with diabetes mellitus. Foot disorders such as 

ulceration, infection and gangrene are the most common, 

complex and costly sequelae of diabetes mellitus (Singh et 

al., 2005). 

The optimal therapy for diabetic foot ulcers remains 

ill-defined. Saline-moistened gauze has been the standard 

method; however, it has been difficult to continuously 

maintain a moist wound environment with these dressings. 

This has led to the development of various hydrocolloid 

wound gels, which provided more consistent moisture 

retention. Refinements in topical ointments have resulted in 

the addition of various pharmacological agents including 

growth factors and enzymatic debridement compounds. 

Hyperbaric oxygen therapy and culture skin substitutes are 

other wound therapies that have been advocated. All these 

therapies are associated with significant expense and are 

being utilized in some situations without sufficient 
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scientific evidence demonstrating their efficacy. Therefore, 

the search for an efficacious, convenient and cost-effective 

therapy continues. 

Negative Pressure Wound Therapy (NPWT) is a 

newer noninvasive adjunctive therapy system that uses 

controlled negative pressure using Vacuum-Assisted 

Closure device (VAC) to help promote wound healing by 

removing fluid from open wounds through a sealed 

dressing and tubing which is connected to a collection 

container. The use of sub-atmospheric pressure dressings, 

available commercially as a VAC device, has been shown 

to be an effective way to accelerate healing of various 

wounds. (Schwien et al., 2005) 

Till today, very limited data is available on the role of 

negative pressure dressing in healing of diabetic foot 

ulcers. Therefore, we endeavor to put forward a study to 

evaluate the role of negative pressure dressing in healing of 

diabetic foot ulcers using VAC device.  
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Aim of the work 

The aim of this study is to compare wound outcome, 

limb salvage, and cost effectiveness between Negative 

pressure wound therapy (NPWT) and Standard moist 

wound therapy (SMWT) in management of diabetic non 

ischemic foot ulcers.. 
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Chapter (1) 

Anatomical Considerations 

The human foot is a flexible highly developed, 

biomechanically complex structure, capable of conforming 

to variations in surface and load to maintain effective force 

transmission between the lower limb and the ground. (Luke 

et al., 2014) 

Bones of the Foot 

The 26 bones of the foot, separated into the three main 

sections of the foot: Forefoot, Midfoot, Hindfoot, is 

summarized below: (Standring et al., 2015) 

 
Fig. (1): Dorsal View, right foot (Standring et al., 2015) 
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Fig. (2): Lateral View, right foot (Standring et al., 2015) 

Joints of Foot 

The fore foot 

The forefoot consists of five metatarsals starting with 

the first to the fifth; and five toes, each of which consists of 

three bones (except for the big toe which consists of two). 

The bones of each toe are the proximal phalanx, the middle 

phalanx, and the distal phalanx (except the big toe which 

has only proximal and distal). Between each of these bones 

is a joint which allows for the movement necessary of each 

section of the foot. (Standring et al., 2015) 

  



 Review of literature 
 

(6) 

Chapter (1) 

The joints of the fore foot are: 

1. MTP joint - metatarsal phalangeal joint - between 

the metatarsal and the proximal phalanx of the 

adjacent toe. 

2. PIP joint - proximal interphalangeal joint - between 

the proximal phalanx and the middle phalanx of 

each toe. 

3. DIP joint - distal interphalangeal joint - between the 

middle phalanx and the distal phalanx of each toe. 

4. The big (―great‖) toe has only one joint between its 

two phalanges and therefore this joint is called the 

great (or ―big‖) toe interphalangeal joint. 

Metatarsal head is the end of the metatarsals, which 

articulate with the joints of the adjacent bones (generally 

used to describe the distal metatarsal head, the portion that 

articulates with the proximal phalanx of the adjacent toe.) 

(Standring et al., 2015) 

The Mid foot 

The Mid foot consists of five bones with numerous 

articular surfaces (surfaces which articulate by way of 

joints with other bones).  

1. Navicular 

2. Cuboid 

3. Three cuneiform bones: medial, middle and lateral 
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Distally, the fourth and fifth metatarsals articulate 

with the cuboid bone. The first, second and third 

metatarsals articulate with each of their respective 

cuneiform bones. Each of these has an individual joint 

capsule but all are wrapped in one big capsule as well to 

form the tarso-metatarsal joint (the ―Lis Franc joint‖). 

Proximally, the talonavicular and calcaneocuboid 

joints, together form the combined articulations of the 

midtarsal joint (of ―Chopart‖). (Standring et al., 2015) 

The Hind foot 

The tibia articulates with the dome of the talus and 

thereby transmits the forces of the leg to the ankle. This is 

commonly called the ―Tibialtalar joint‖ or simply the 

―Ankle joint‖. In turn, the talus articulates with the 

calcaneus, the main weight-bearing (and the largest) bone 

of the foot by way of the subtalar joint. 

The subtalar joint, known as the ―agility joint‖, is a 

key joint in the ankle. It has three surfaces of articulation 

with three separate facet joints. A great deal of the 

movement in the ankle happens in this joint - the rest of the 

movement happens at the tibialtalar joint. (Standring et al., 

2015) 

  


