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Abstract

Abstract of thesis entitled:

The Effect of Pressure Therapy Intervention on the Maturation of

Hypertrophic Scars: A longitudinal histopathological and clinical study

submitted by Beibei Feng for degree of Master of Philosophy at The Hong Kong

Polytechnic University in October 2011.

Pressure therapy, usually prescribed as pressure garments, has been widely ap-

plied for the management of hypertrophic scars since the 1970’s. Despite its wide

application by clinicians, the effect of pressure therapy on scar controlling has still

not been well recognized by researchers from previous literature evidence. There is

a lack of a standardized method to prescribe pressure therapy and to monitor the

pressure range. It certainly has an impact on the adherence of patients in putting

on the pressure garments and also on the efficacy of this treatment. What is more,

the theory underlying pressure therapy remains unknown up till now. The aims of

the study were two-fold: Firstly, phase I of the study was to validate a standardized

regime in prescription and monitoring of pressure therapy; secondly, the main part

of the study (phase II) aimed to investigate the role of a valid protocol of pressure

therapy on control of hypertrophic scar through histopathological perspective in line

with the clinical characteristics. Results of the study could serve to provide further

scientific evidence to this popular treatment on hypertrophic scars.
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In phase I of the study, a newly developed system for prescribing pressure therapy,

the Smart Pressure Monitored Suits (SPMS), was compared with the conventional

pressure garments (CG) in local hospital settings in terms of their ability to maintain

sufficient interface pressure and the garment properties. SPMS showed a better per-

formance in the sustainability of pressure than the conventional garment. Garment

users rated a higher score for SPMS than that of CG in terms of the overall grading

of garment comfort properties. This newly developed prescription method using the

SPMS was found to provide more efficient therapeutic pressure treatment.

Phase II of the study, the main study of this thesis, was set out to investigate the

underlying mechanism of pressure therapy on the maturation of hypertrophic scars.

Six patients with 10 hypertrophic scars were recruited in the study. A 3-month

standardized pressure treatment was prescribed to the participants. Both clinical

and histopathological assessments of hypertrophic scar tissues were conducted prior

to the pressure intervention, at 1-month and 3-month post pressure treatment.

Clinically, the overall grading of scar thickness and redness were significantly

improved after pressure intervention. Histological staining revealed an obvious re-

duction in dermal cellularity of scar tissues after 3 months of pressure treatment,

while the arrangement of the collagen fibers was changed from the nodular form to

a more wave-like pattern after pressure therapy. There was a significant reduction

of myofibroblasts population after the 3-month pressure intervention. The intensity

of alpha-smooth muscle actin (α-SMA) expression was also decreased significantly as
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early as 1 month after treatment. The apoptotic index in the scar dermis was found to

increase after 3 months’ pressure treatment. In addition, a suppressed keratinocytes

proliferation in scar epidermis was also demonstrated after pressure treatment.

In conclusion, pressure therapy was proven to exert some effects on the histopatho-

logical changes which may be related to the maturation of hypertrophic scars. It was

found that pressure therapy could induce apoptosis of the myofibroblasts and inhibit

the keratinocytes proliferation. It was suggested that pressure therapy intervention

could affect the process of scar maturation through a combined pathway involving

both the epidermal and dermal layers. Further research should be warranted in this

direction for a deeper understanding of the mechanism of pressure therapy interven-

tion on hypertrophic scarring.

Keywords: Pressure Therapy, Hypertrophic Scar, Maturation, Myofibroblast, Ker-

atinocyte, Apoptosis
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Chapter 1

Introduction

1.1 Background

Burn injury, one of the most devastating injuries and global public health crises, is

the 4th most common type of trauma all over the world (Forjuoh, 2006; Peck, Molnar,

& Swart, 2009; World Health Organization (WHO), 2008). According to the report

by the world health organization, in low and middle-income countries (LMIC), the

incidence of burns is 1.3 in every 100,000 population, while, the incidence in high

income countries is 0.14 per 100,000 population. Worse still, the prevalence of burn

injuries that are severe enough to require medical care is almost 20 times higher in the

Western Pacific (including China) region than that in the Americas (WHO, 2008).

An epidemiological study conducted by Yao et al. (2011) has reported that more

than 170,000 burn patients were admitted into the Chinese military hospitals during

a period of seven years, while the statistics have not yet included those burn patients

admitted into other non-military hospitals in China. Despite a large population of

burn patients in China, detailed studies on the effect and efficacy of treatment on

Chinese burn patients are very limited.
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Hypertrophic scar is one of the most common and challenging problems follow-

ing burns, skin trauma or surgeries (Atiyeh, 2007; Baisch & Riedel, 2006; Bombaro

et al., 2003; Kai-Yang et al., 2009). Hypertrophic scar occurs when there is an al-

tered and derailed regulation during the normal cutaneous wound healing process

(Miller & Nanchahal, 2005). In the normal wound healing process after skin injuries,

re-epithelialization is initiated to re-establish the injured epidermis, and fibroblasts

proliferate to repopulate the wound and synthesize collagen after inflammation (Al-

ster & Tanzi, 2003; Altmeyer, Hoffmann, Grammal, & Hutchinson, 1995; van der

Veer et al., 2009). Myofibroblasts, differentiated from fibroblasts, also play an active

role in the synthesis of extracellular matrix (ECM) and wound closure (Desmoulière,

Chaponnier, & Gabbiani, 2005; El Kahi et al., 2009; Junker, Kratz, Tollbäck, &

Kratz, 2008; Nakazono-Kusaba, Takahashi-Yanaga, Morimoto, Furue, & Sasaguri,

2002; Santucci, Borgognoni, Reali, & Gabbiani, 2001), and finally there is a regres-

sion of the ECM production and scar tissues formation in scar remodelling phase

(Alster & Tanzi, 2003; Altmeyer et al., 1995). In hypertrophic scarring, however,

prolonged re-epithelialization and persistent proliferation of dermal cells (fibroblasts

and /or myofibroblasts) as well as abnormal remodelling phase are observed, which

results in thickening of the scars as well as an excessive and irregular deposition of

collagen that lead to tissue deformation and even severe contracture over the joints
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(see Fig. 1.1) (Alster & Tanzi, 2003; Altmeyer et al., 1995; El Kahi et al., 2009;

Junker et al., 2008). Lewis and Sun (1990) found that 91.4% developed hypertrophic

scars after deep thermal injuries and 44.6% had problems of hypertrophic scars after

surgeries among the Chinese population. As reported by a previous study, more than

70% of the Chinese population have developed hypertrophic scar after skin injuries

(Li-Tsang, Lau, & Chan, 2005), which may not only result in aesthetical defects, but

also induce severe functional disabilities and inevitably undermine their quality of

life and living independence (Bombaro et al., 2003; Falder et al., 2009; Kai-Yang et

al., 2009; Li, Peng, Shang, & Liu, 2009; Pellard, 2006).

Figure 1.1: Scar Contracture
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Pressure therapy, literally, refers to the application of pressure as a means of

treatment. In the endeavor of health care and rehabilitation, pressure therapy is

commonly applied via pressure garments in the management of hypertrophic scars

after burn injuries, varicose veins and lymphedema (Bradley, 2001; Korpan, Crevenna

& Fialka-Moser, 2011; Ripper, Renneberg, Landmann, Weigel, & Germann, 2009).

Pressure therapy has been recommended as the first-line non-invasive treatment for

hypertrophic scars since the 1970’s (Engrav et al., 2010; Juckett & Hartman-Adams,

2009). A large body of studies have reported its effect on the management of hyper-

trophic scars such as pacing up scar maturation, improving scar appearance, reducing

erythema and alleviating symptoms of pain and itchiness (Cheng et al., 1984; Engrav

et al., 2010; Juckett & Hartman-Adams, 2009; Lai, Li-Tsang, & Zheng, 2010; Ng,

Lee, & Wong, 1983; Van den Kerckhove et al., 2005; Ward, 1991; Wienert, 1999),

though some researchers still hold reservation on its efficacy due to a lack of enough

scientific evidence on its working mechanism (Macintyre & Baird, 2006; Mustoe et

al., 2002).

In spite of the popular use of pressure therapy in the management of hypertrophic

scars, the exact mechanism of pressure therapy and the way pressure influences the

maturation of hypertrophic scars have not been fully understood so far (Alster &

Tanzi, 2003; Anzarut, Olson, Singh, Rowe, & Tredget, 2009; Atiyeh, 2007). It was
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once suggested that mechanical pressure could induce an ischemic and hypoxic at-

mosphere in scar tissues, where dermal fibroblasts and myofibroblasts whose main

function is to produce collagen and other ECM proteins could not well survive and

proliferate due to a limitation of the blood, oxygen and other nutrients supply. This

would lead to a reduction of dermal fibroblasts and myofibroblasts, and in turn would

prevent over-production and deposition of collagen (Kischer, Shetlar, M., & Shetlar,

C., 1975). However, this hypoxia theory has not yet been validated by thorough

scientific studies (Macintyre & Baird, 2006). Furthermore, it has also been proposed

that mechanical pressure can inhibit the growth and activity of scar fibroblasts in

scar tissue possibly through a reduced secretion of tissue growth factor-beta1 (TGF-

β1) in vitro, an important cytokine involved in the formation of hypertrophic scars

such as stimulating the differentiation of dermal fibroblasts and contributing to der-

mal fibrosis (Chang, Deng, Yeong, Wu, & Yeh, 2008; Dabiri, Tumbarello, Turner,

& Van de Water, 2008; Martin, 1997). Similarly, Costa and his research team also

discovered that pressure induced the disappearance of the myofibroblasts, probably

through apoptosis, and pressure therapy was indicated to accelerate the remission

of scar hypertrophy (Costa et al., 1999). As for the apoptosis theory, another study

using in vitro mechanical compression resembling the use of pressure therapy also

demonstrated the pressure-induced apoptosis phenomenon in the dermis of hyper-
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trophic scar tissues (Sabbatini et al., 2003).

In addition, it has been postulated that pressure therapy may also have a direct

effect on the collagen alignment and organization which is irregular and abnormal in

hypertrophic scars (Baur, Larson, Stacey, Barratt, & Dobrkovsky, 1976; Kischer et

al., 1975; Macintyre & Baird, 2006; Reid, Evans, Naismith, Tully, & Sherwin, 1987;

Ward, 1991). Pressure may in part help restore the atypical and derailed appearance

and organization of collagen in vivo (Costa et al., 1999).

Besides, epidermis is well believed to maintain a close relationship with dermis

throughout the whole process of wound healing (Bellemare et al., 2005; Koskela, En-

gström, Hakelius, Nowinski, & Ivarsson, 2010; Zhang et al., 2009). Keratinocytes

proliferation is important for the repair at the injured site, while abnormal prolif-

eration of epidermal cells can have an impact on the formation and development

of hypertrophic scars (Andriessen, Niessen, Van de Kerkhof, & Schalkwijk, 1998;

Koskela et al., 2010). According to previous reports, the hypertrophic keratinocytes

contribute to a thicker scar dermis and the activities of keratinocytes may affect

the regulation of the fibroblast gene expression and cytokines pertinent to scarring

such as the TGF-β expression during the scarring process (Andriessen et al., 1998;

Bellemare et al., 2005; Ghahary, Marcoux, Karimi-Busheri, & Tredget, 2001; Gha-

hary, Tredget, Chang, Scott, & Shen, 1998; Koskela et al., 2010; Le Poole & Boyce,
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1999). But little is known about the pressure effect on the growth and proliferation

of keratinocytes in hypertrophic scar tissues, on the basis of the literature review.

Previous researchers have devoted to exploring the mechanism of pressure ther-

apy on the control of hypertrophic scars, but the limited body of research has been

undertaken in vitro rather than in vivo, which is therefore inadequate to clarify the

underlying mechanism on how pressure acts on scar maturation because the in vitro

environment may particularly have limitation in its ability to reproduce the in vivo

system that affects ECM production, deposition and degradation (Anzarut et al.,

2009; Atiyeh, 2007).

An in vivo study was conducted by Costa et al. (1999) to observe the effect of

mechanical force on the remodelling of hypertrophic scarring. Their findings demon-

strated that pressure restored in part the ECM organization and reduced the myofi-

broblast population. However, in their study, the observations on scar biopsies were

recorded without well defined timeframes after pressure intervention. And there was

neither baseline data of scar characteristics prior to pressure treatment, nor a longitu-

dinal monitoring of the scar conditions. Furthermore, the pressure treatment regime

had not been reported clearly, without a measurement or monitoring of the magni-

tude of pressure used. And most previous studies have been conducted among the

western population, instead of Asian or Chinese population (Li-Tsang et al., 2005;
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Santucci et al., 2001; Van den Kerckhove et al., 2005).

A review of the past and current pertinent studies reveals that there still exists

a gap for the understanding of the underlying mechanism of how pressure acts on

the hypertrophic scar maturation process. And there is apparently a need to further

explore the effect of pressure intervention with a standardized monitoring protocol

via a longitudinal design on the maturation of hypertrophic scars in vivo.

1.2 Aims of the study

In light of the drawbacks and limitations of previous studies mentioned above, this

study attempted to investigate the mechanisms of pressure therapy on the matura-

tion of hypertrophic scars through comparing the characteristics of scar tissues before

and after pressure intervention over a duration of 3 months. Both the clinical and

histopathological characteristics of hypertrophic scars were taken into account for

analysis. From the histopathological perspective, not only the commonly studied

dermal myofibroblasts were looked into, but also the proliferation of epidermal ker-

atinocytes was investigated in hypertrophic scarring upon the intervention of pressure

therapy.

Therefore, the aims of the whole study are as follows:

a. To validate a standardized pressure therapy treatment protocol.
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b. To examine the effect of the standardized protocol of pressure therapy on the

maturation of hypertrophic scar through in vivo longitudinal study of charac-

teristics of hypertrophic scars.

1.3 Outline of the thesis

The chapters of the thesis are organized as follows:

Chapter 1 Introduction: the current chapter.

Chapter 2 Literature Review: This chapter firstly summarizes a thorough review

of the literature on the prevalence of burns, followed by the introduction of hyper-

trophic scar formation after burn injuries. The prevalence of hypertrophic scars, the

clinical characteristics and etiology of hypertrophic scars are presented. The im-

pact of hypertrophic scar development is then illustrated, before a final introduction

on the pathogenesis of hypertrophic scarring. Secondly, there is a further review

on the pressure therapy intervention. The history of pressure therapy application,

the efficacy of pressure therapy on scar management and the problems associated

with pressure therapy are presented. Furthermore, the current practice in prescrib-

ing pressure therapy and the possible underlying mechanisms of pressure therapy

on controlling scar are carefully examined. A review of the literature has revealed

a gap in the knowledge of how pressure therapy takes effect on the maturation of
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hypertrophic scars and exposed the limitations of early research on the mechanism of

pressure therapy, which thus serves as the rationale for planning the present study.

Chapter 3 Phase I of the Study: In this phase of the study, a standardized method

of prescribing pressure therapy intervention was testified, so as to validate a newly

developed system to provide pressure therapy to patients in need. This phase of

the study was set up to verify the implementation of the standardized treatment

prescription regime in the main study in the following chapter. The newly developed

system of producing pressure garments, the Smart Pressure Monitored Suits (SPMS)

was compared with the conventional method of therapeutic pressure intervention

(CG) in aspects of the sustainability of pressure and the garment fabric properties

for wear.

Chapter 4 The Main Study (Phase II):Objectives and Methodology : This part

presents the research objectives and methodology of the main study of the whole

thesis. The research question of the main study on how pressure therapy acts on

the maturation of hypertrophic scars was raised and specific objectives were clarified

clearly. A detailed illustration of the research methodology employed in the main

study was provided following the presentation of research objectives.

Chapter 5 The Main Study:Results : The findings in changes of hypertrophic scar

tissues before and after 1 month and 3 months of pressure intervention are presented,
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including the clinical characteristics (scar overall grading, scar thickness and color)

and the histopathological characteristics (general microscopic morphology as well as

the population of dermal myofibroblasts, apoptosis and proliferating keratinocytes).

Significant differences were found in this longitudinal study before and after pressure

therapy for both the clinical and histopathological characteristics of hypertrophic

scars.

Chapter 6 Discussion : This chapter provides a thorough discussion on the results

obtained in the previous chapter. The effect of pressure intervention on the changes

of clinical characteristics of hypertrophic scars was asserted which echoed the previ-

ous research. More importantly, the changes of histopathological characteristics of

hypertrophic scar tissues upon pressure treatment were looked into. Through this

discussion, the possible mechanisms of pressure intervention on the maturation of

hypertrophic scars were suggested.

Chapter 7 Conclusion: The conclusion chapter is the summary of the whole study.

The purpose of the study, results and significance of the study are summarized and

concluded in this chapter. The hypothesis pertinent to the objectives of the study

about the working mechanism of pressure intervention on the process of scar matura-

tion was supported. In the last part, the limitations of the present study are pointed

out and recommendations are then made for future research to be conducted in this
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field of endeavour. The conclusion chapter ends with the concluding remarks.

12



Chapter 2

Literature Review

2.1 Introduction

This chapter begins with a review of the literature on the prevalence of burn in-

juries and the formation of hypertrophic scars. An overview of the prevalence of

hypertrophic scars, a delineation of the characteristics of hypertrophic scars and the

etiology of hypertrophic scars are delivered. The impact of the development of hy-

pertrophic scars is then presented. Since hypertrophic scar has been considered as a

result of abnormal wound repair process following skin injuries, the section followed

gives a brief introduction about the process of normal wound healing and scar forma-

tion, and then the pathophysiology of hypertrophic scarring are reviewed in details.

In doing so, the aim is to provide a theoretical framework for the understanding of

hypertrophic scar formation and its impact in order to establish the significance of

providing effective management for hypertrophic scars.

Previous studies on the history and the clinical application of pressure therapy in

scar management are then presented. The efficacy and current state of the application

regimes of pressure treatment including pressure dosage and associated problems
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are specifically taken into consideration. The current practice of the administering

method of pressure therapy intervention would be critically reviewed. The final

section is a critical evaluation of the proposed mechanisms of pressure treatment

on scar maturation. In this chapter, the limitations of previous research on how

pressure works in controlling hypertrophic scarring are also explored.

2.2 Prevalence of burns

More than 300,000 people die from fire-related burn injuries every year, in addition

to numerous mortalities caused by scald, electronic and chemical burns or other types

of burns (Peck et al., 2009). Burn injuries are regarded as the 4th most common type

of trauma all over the world (Forjuoh, 2006; Peck et al., 2009; WHO, 2008). In low

and middle-income countries (LMIC), 1.3 in every 100,000 population suffer from

burns injuries, compared with that of 0.14 per 100,000 population in high income

countries. Worse still, the prevalence of those serious burn injuries requiring medical

care is almost 20 times higher in the Western Pacific (including China) than that in

the Americas (WHO, 2008).

According to Song and Chua (2005), the incidence rate of burn injuries is 0.07

out of every 1000 general population in Singapore. An annual admission of 288 burn

patients was reported in the general hospital of Singapore in their study. And an old
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epidemiological study on burn injuries in Hong Kong reported 8,479 burn patients

were admitted from 1987 to 1988 (Cheng, Lam, Leung & Mak, 1990). Recently, an

epidemiological study conducted by Yao et al. (2011), has reported that more than

170,000 burn patients were admitted into the Chinese military hospitals during a

period of seven years, while the statistics have not yet included those burn patients

admitted in other non-military hospitals in China.

2.3 Hypertrophic scars after burn injuries

This section mainly focuses on the introduction of the prevalence of hypertrophic

scars, the distinct features of hypertrophic scars and the etiology of hypertrophic

scarring, followed by the presentation of the impact of hypertrophic scars. Then

the normal wound healing process is illustrated, followed by a detailed description

of the abnormal healing process to form hypertrophic scars−the pathophysiology of

hypertrophic scars.

2.3.1 Prevalence of hypertrophic scars

Hypertrophic scar formation is one of the most critical problems suffered by pa-

tients after burn injuries. It is a dermal fibro-proliferative disorder after skin trauma

that attacks the dermis layer (Armour, Scott, & Tredget, 2007; Beldon, 2000). Hy-
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pertrophic scars are characterized as raised, rigid and erythematous in appearance

associated with pain and itchiness (Armour et al., 2007; Van den Kerchove et al.,

2005).

In some previous studies, the incidence of hypertrophic scar ranged from 5% to

37% among the White race population (Alhady & Sivanantharajah, 1969; Elliot,

Cory-Pearce & Rees, 1985). But in Bombaro et al.’s study (2003), the prevalence of

hypertrophic scar was 62% in the White people; while the rate was 80% among the

non-White population, including Hispanic, Black, Asian and American Indian people.

Lewis and Sun (1990) found that 91.4% of the patients developed hypertrophic scars

after deep thermal injuries and 44.6% out of surgeries among the Chinese population.

A recent study by Li-Tsang et al. (2005) similarly discovered prevalence as high as

more than 70% after skin surgeries, and it is not difficult to project an even higher

incidence of hypertrophic scar on burn wounds in the Chinese population.

2.3.2 Clinical characteristics of hypertrophic scars

Normal scar tissues formed after wound reparative process are thin and appear pale

in color, pliable in texture, which quite simulates the normal skin and those fully

mature scars, therefore, it does not affect patients’ normal life (Richard & Staley,

1994). However, hypertrophic scars resulting from deregulated wound repair process
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display different features from normal scar tissue. Clinically, hypertrophic scars are

characterized as erythematous in color, elevated above the adjacent normal skin sur-

face and rigid in skin pliability, which are limited to the initial border of the injuries

(see Fig.2.1) (Ehrlich et al., 1994; Kischer & Brody, 1981; Ladak & Tredget, 2009;

Linares, Kischer, Dobrkovsky, & Larson, 1972; Li-Tsang et al., 2005). Very often,

patients may complain of pain and pruritus (Ehrlich et al., 1994; Ladak &Tredget,

2009; Li-Tsang et al., 2005). And the most severe complication of hypertrophic scar-

ring is the occurrence of scar contracture which usually develops when there is a scar

growing across the joint (Dewey, Richard, & Parry, 2011; Ehrlich et al., 1994; Kischer

& Brody, 1981).

Figure 2.1: Hypertrophic Scar
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2.3.3 Etiology of hypertrophic scars

The etiology of hypertrophic scars is said to be multi-factorial and complicated, which

is still unclear up till now.

It has been reported previously that hypertrophic scars occur with equal frequency

among males and females (Davies, 1985), and although hypertrophic scars can form

at any age, those patients in the range of ten to thirty years old are more likely to be

affected (Datubo-Brown, 1990; Urioste, Arndt, & Dover, 1999), which may be due to

the fact that younger individuals have more elastic skin nature rendering them more

prone to trauma, compared with the elderly (Davies, 1985).

In terms of the genetic predisposition, unlike the keloids, the other different type

of pathological scars whose primary risk factor is darkly pigmented skin, hyper-

trophic scars seem to have a less chance to be associated with the skin type of

the patients (Brissett & Sherris, 2001; Butler, Longaker, & Yang, 2008; Juckett &

Hartman-Adams, 2009); though previous studies found a higher prevalence of hyper-

trophic scars in the pigmented race than that among the white population (Bayat,

Mc Grouther, & Ferguson, 2003; Li-Tsang et al., 2005; Rockwell, Cohen & Ehrlich,

1989).

Those body regions with a high concentration of melanocytes were once suggested

to be more susceptible to an abnormal or excessive scarring, but this is especially
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evident in the development of keloids rather than hypertrophic scars; and a single

healed region of the body may contain areas of both hypertrophic response and

normal scarring (Rockwell et al., 1989).

Skin or wound tension has been recognized as a critical factor in the formation

of abnormal scars and it is quite likely to develop hypertrophic scars out of inci-

sions beyond the relaxed skin tension lines (Stegman, Tromovitch, & Glogau, 1990;

Strucker & Shaw, 1992). According to Weiss and Jayson (1982), fibroblasts under

tension could produce more collagen with secreted fibrils following the direction of

that tension. Another predisposing factor for hypertrophic scarring is the formation

of scars that cross joints or skin crease at a right angle because of the constant tension

forces (Rudolph, 1987).

The abnormal scarring may occur if the injured wounds fail to be covered by

epithelium; also if the wounds remain unhealed for a longer time than normal healing,

namely longer than three weeks (Deitch, Wheelahan, Rose, Clothier, & Cotter, 1983).

Hypertrophic scars are commonly seen if a burn injury extends into the deep layer of

the dermis (deep partial-thickness burns) (Deitch et al., 1983; Page & Barclay, 1980).

A delayed healing process of the injured skin sites due to infection or severe trauma

also frequently leads to the formation of hypertrophic scars (Ketchum, 1977). What is

more, the full-thickness burn body regions healed by re-epithelialization and grafting
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with a great deal of granulation tissues formation and contraction, are most probably

subject to the occurrence of pathological excessive scarring (Richard & Staley, 1994).

Those donor sites for grafting in burns patients that have been deeply harvested

and/ or frequently reharvested also have a high tendency to develop hypertrophic

scars (Richard & Staley, 1994).

2.3.4 Impact of hypertrophic scars

Hypertrophic scars could bring about substantial problems in both physical and psy-

chological aspects to the patients (Falder et al., 2009; Kai-Yang et al., 2009; Li

et al., 2009; van Baar et al., 2011). Extensive scarring can result in raised, ery-

thematous and rigid scar tissues, which cause cosmetic defect in appearance (Parry,

Walker, Niszczak, Palmieri, & Greenhalgh, 2010; van Baar et al., 2011). The excessive

scar deposition also contributes to a hyper-pruritic and irritated wound (Thomas &

Critchley, 2006). The irritating itchiness caused by hypertrophic scarring may cause

patients to scratch, which might lead to creation of new wound, skin breakdown and

infection. And pain associated with hypertrophic scars may restrict the activities of

patients. A retarded motion and prolonged immobilization might result in muscle

weakness, joint stiffness and the worst deformity of contracture (Jensen & Parshley,

1984). The severe complication of scar contracture over a joint, for instance, the
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shoulder or wrist joint, would undoubtedly hinder the normal joint movement. Due

to the limitation in range of motion caused by a stiff or deformed joint, the functional

ability of a scar patient will be inevitably undermined (Parry et al., 2010).

With the disfiguring hypertrophic scars, patients may also suffer from some psy-

chosocial problems including anxiety, depression, sleep disturbance and social avoid-

ance (Esselman, 2007; van Baar et al., 2006). In addition, the post-traumatic stress

disorder and stigmatization are other psychosocial sequelae that might impair the

patient’s quality of life (Esselman, 2007). Additionally, pediatric victims may expe-

rience retarded growth and development and have behavioral problems (Liber, List,

Van Loey, & Kef, 2006).

2.3.5 Wound healing and scar formation

Scar formation is a type of normal tissue repair process when skin trauma, burns or

surgeries extend into the dermis layer of the skin. Normal wound healing is a com-

plex and carefully orchestrated physiologic response to cutaneous injuries, composed

of three overlapping phases, namely the inflammatory phase, proliferative phase and

remodeling phase (Altmeyer et al., 1995; Garg & Longaker, 2000; Miller & Nan-

chahal, 2005). In the inflammatory phase, inflammatory mediators are released and

inflammatory cells such as neutrophils, macrophages, epithelial cells, mast cells, en-
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dothelial cells and fibroblasts are attracted to rid the wound of foreign tissue and

fight infection. The proliferative phase includes angiogenesis and fibroblasts prolif-

eration, as well as extracellular matrix formation. Fibroblasts, the master cells in

scar dermis, are attracted into the wound to secrete ECM which comprised procolla-

gen, elastin, proteoglycans and hyaluronic acid and forms a repair framework for the

injured wound. Myofibroblasts, differentiated from fibroblasts and characterized by

the presence of α-smooth muscle actin and desmin-expressing myofilaments, mainly

function to produce collagen and contract the wound and finally lead to wound clo-

sure. Once the wound is closed, the immature scar tissues can move on to the final

phase, the remodeling phase. It involves collagen remodeling, matrix alignment and

disappearance of cells that are no longer required, as well as a resolution of inflamma-

tion and angiogenesis (Gauglitz, Korting, Pavicic, Ruzicka, & Jeschke, 2011; Niessen,

Spauwen, Schalkwijk, & Kon, 1999; Wolfram, Tzankov, Pülzl, & Piza-Katzer, 2009).

Deregulations of the normal wound healing process such as prolonged inflamma-

tion, perpetuating proliferation and abnormal remodeling, may lead to the disruption

of a delicate balance between ECM proteins deposition and degradation, thus may

eventually resulting in exuberant scar formation such as hypertrophic scars (Armour

et al., 2007; Brown & Bayat, 2009; Garg & Longaker, 2000; Miller & Nanchahal,

2005).
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2.3.6 Pathophysiology of hypertrophic scarring

Hypertrophic scar, as is well known, is a result of an altered regulation of the repar-

ative process after skin injuries, for example, the chronic or prolonged inflamma-

tion phase acting as stimulus for non-stop collagen synthesis and angiogenesis, or

prolonged and abnormal proliferative and remodeling phases (Gauglitz et al., 2011;

Slemp & Kirschner, 2006).

Under microscope, hypertrophic scar tissues display an obvious thickened epider-

mis, compared with normal skin tissues or normal scar tissues (Andriessen et al.,

1998; Gauglitz et al., 2011). A distinct feature of hypertrophic scar is that it ex-

hibits nodular structures in scar dermis in which a high density of cells and collagen

are present (Ehrlich et al., 1994, Linares &Larson, 1974; Linares et al., 1972). These

nodules are cigar-shaped, running parallel to the surface of the skin. They are mainly

located in the middle or deeper layer of the scar, with the orientation along the ten-

sion lines of the scar (Kischer & Brody, 1981). A large majority of fibroblasts and

myofibroblasts are found in the dermis of hypertrophic scars (Baur, Barratt, Brown,

& Parks, 1979; Ehrlich et al., 1994). Over-production and deposition of ECM espe-

cially collagen fibers are well seen in hypertrophic scars (Verhaegen et al., 2009). By

contrast, there is a significantly lower cellularity in the dermis layer of normal skin

tissues; also the collagen in dermal skin is randomly and loosely deposited and shows
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a regular pattern with a marked waviness and a predominantly parallel orientation

to the epidermis, which is similarly found in fully mature scar tissues (Ehrlich et al.,

1994; Linares et al., 1972).

Majority of previous studies have been conducted in the past decade to investi-

gate the possible cellular and pathological causes of hypertrophic scars development

(Alster & Tanzi, 2003; Ladak & Tredget, 2009). The development of hypertrophic

scarring may probably be related to a prolonged re-epithelialization after skin injuries

(Gauglitz et al., 2011; van der Veer et al., 2009). The function of re-epithelialization

serves to provide an epidermal layer to prevent infection and loss of fluid. Cells

from the epidermis structure can play a role in pacing up the wound closure (Taylor,

Lehrer, Jensen, Sun, & Lavker, 2000). Hence, it is of great importance to have com-

plete re-epithelialization at the injured site, since wounds that close with a longer time

such as more than three weeks are more susceptible to develop hypertrophic scars

(Deitch et al., 1983). Moreover, keratinocytes also maintain a delicate and close in-

teraction with dermal cells in different activities such as migration, proliferation and

differentiation (Werner, Krieg, & Smola, 2007).

According to previous research, the keratinocytes in hypertrophic scar tissues

show increased proliferation and differentiation, compared with normal scar and

mature scars (Andriessen et al., 1998; Hakvoort et al., 1999; Machesney, Tidman,
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Waseem, Kirby, & Leigh, 1998). Also, keratinocytes can release interleukin-1α

(IL-1α), a cytokine that serves to activate fibroblasts and attract endothelial cells

and lymphocytes, which might eventually lead to the prolonged wound healing pro-

cess, including both the inflammatory and proliferative phases (Freedberg, Tomic-

Canic, Komine, & Blumenberg, 2001). Active keratinocytes may as well increase the

platelet-derived growth factor (PDGF) expression, which may subsequently stimulate

more fibroblasts to produce collagen fibers (Niessen, Andriessen, Schalkwijk, Visser,

& Timens, 2001). Briefly, keratinocytes might affect the progression of hypertrophic

scarring through an interacting signal transmission with the dermal fibroblasts, mak-

ing more ECM, especially collagen is synthesized (Gauglitz et al., 2011).

Above all, one most important feature of hypertrophic scarring is the over-production

and deposition of collagen in the wound area (Gauglitz et al., 2011; Niessen et al.,

1999; van der Veer et al., 2009). The rate of collagen production was reported to

have significantly increased in hypertrophic scars, compared with normal skin and

normal scar (Cohen, Keiser, & Sjoerdsma, 1971; Craig, 1975). In normal wound

healing process, fibroblasts are responsible for producing collagen and other ECM

components to repair the injured skin site (Altmeyer et al., 1995). Also, the myofi-

broblasts are playing an active role in the production of more ECM components than

normal fibroblasts, and contribute to the contraction of scar tissues and strengthening
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of the wound, with its contractile characteristics (Hinz, 2007; Nedelec, Shankowsky,

Scott, Ghahary, & Tredget, 2001). An increased density and proliferative activities

of fibroblasts and myofibroblasts were observed in hypertrophic scars (Desmoulière

et al., 2005; Hinz, Dugina, Ballestrem, Wehrle-Haller, & Chaponnier, 2003), and the

increment of these master cells in hypertrophic scars would inevitably lead to exces-

sive production and deposition of collagen fibers and other matrix proteins (Miller &

Nanchahal, 2005; van der Veer et al., 2009; Wang et al., 2008).

The down-regulation of collagen degradation, on the other hand, may also be

a factor contributing to hypertrophic scarring. Matrix metalloproteinases (MMPs)

have been regarded as important mediators in proteolytic degradation of the ECM

during tissue repair and wound healing (Madlener, Parks, &Werner, 1998; Stern-

licht & Werb, 2001). It was shown that during abnormal scarring, the activity of

MMPs was suppressed in hypertrophic scars, leading to progressive fibrotic reaction

(Tanriverdi-Akhisaroglu, Menderes, &Oktay, 2009; Ulrich, D., Ulrich, F., Unglaub,

Piatkowski, & Pallua, 2010). The activation of specific collagenase could, to some

extent, impede the process of scarring in ways of resolving excessive collagen (Renò et

al., 2002). As well, the atypical structure of collagens existing in hypertrophic scars

but absent in normal skin, might partially contribute to decreased susceptibility to

collagen degradation (Moriguchi & Fujimoto, 1979; van der Slot-Verhoeven et al.,
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2005).

In addition, the activities of scar fibroblasts such as fibroblasts migration, pro-

liferation, synthesizing ECM and anti-collagen degradation, were suggested to be

affected primarily by those fibrogenic growth factors involved in scarring process,

namely PDGF, insulin like growth factor (IGF), and TGF-β (Niessen et al., 1999).

Activation and promotion of fibroblasts activities can be seen with an up-regulation

of the TGF-β1 in an in vitro model (Choi et al., 2007; Mishra, Zhu, Exkert, & Si-

monson, 2007). According to Chang et al.’s study (2008), the suppression of TGF-β1

secretion in vitro inhibited the deposition of collagen fibers and attenuated the growth

of scar fibroblasts both quantitatively and with respect to their doubling time.

Apart from the proliferation of the fibroblasts and myofibroblasts, a hypothe-

sis related to the cell death of fibroblasts and myofibroblasts was also proposed as

a possible explanation for the development of hypertrophic scarring (Armour et al.,

2007; Desmoulière, Badid, Bochaton-Piallat, & Gabbiani, 1997; Gauglitz et al., 2011;

Greenhalgh, 1998; Nedelec et al., 2001). Apoptosis, or programmed cell death, is a

physiological suicide mechanism that naturally occurs during normal tissue turnover,

tissue homeostasis, embryogenesis and so forth (Kerr, Wyllie, & Currie, 1972). For

example, the differentiation of fingers and toes in the development of human embryo

relies on the cell apoptosis to separate the digits. Unlike necrosis, in which the cells
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are being killed, apoptosis is the self-dominated process of a cell. Due to external

injuries, necrosis is characterized by cell swelling, chromatin digestion and plasma

membrane disruption and finally extensive DNA hydrolysis. However, apoptosis in-

cludes blebbing, cell shrinkage, nuclear fragmentation, chromatin condensation and

chromosomal DNA fragmentation. Apoptotic bodies, the cell fragments generated

by apoptosis can be removed by phagocytic cells before the contents of the cell spill

out and cause damage as seen in necrosis (Van Cruchten & Van Den Broeck, 2002).

In general, cells undergoing apoptosis display a characteristic pattern of structural

changes, associated with extensive damage to chromatin, resulting in DNA-cleavage

into oligonucleosomal length DNA fragments upon well-regulated endogenous en-

donuclease activity (Compton, 1992). After skin injury, fibroblasts are attracted to

the damaged site and repair the wound by secreting collagen. During granulation

tissue formation, myofibroblasts are differentiated from those fibroblasts that have

acquired the contractile feature so as to facilitate the contraction of granulation tis-

sues (Desmoulière, Redard, Darby, & Gabbiani, 1995; Gabbiani, Ryan, & Majno,

1971; Schurch, Seemayer, & Gabbiani, 1992). It is suggested that the transient ex-

istence of myofibroblasts is crucial to the proliferative and remodeling phases during

normal wound healing (Desmoulière et al., 1995). Upon the late stage of wound

healing, when wound contraction has been completed, the myofibroblast phenotype
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normally undergoes apoptosis and eventually disappears. However, the persistence

of myofibroblasts is observed in hypertrophic scars. This will then result in excessive

ECM deposition as well as occurrence of scar contracture, accounting for the pathol-

ogy of hypertrophic scarring (Gauglitz et al., 2011; van der Veer et al., 2009). Most

likely, the failure of excessive dermal cells in hypertrophic scars to undergo apop-

tosis would lead to an unexpected high cellularity, especially the accumulation of

fibroblasts and myofibroblasts in the wound area, thus resulting in abnormal fibrotic

process that perpetuates the production of ECM (Costa et al., 1999; Nedelec et al.,

2001; Sabbatini et al., 2003; Tiede et al., 2009).

Besides, an atypical remodeling process for the ECM and especially collagen may

be associated with the abnormal scarring (Kresse & Schönherr, 2001; van der Veer et

al., 2009). In the remodeling phase, disturbances in the maturation of ECM and the

architecture of collagen become apparent in hypertrophic scars. A well-functioned

ECM mainly relies on the architecture of the collagen network, the assembly of col-

lagen fibrils and the maturation into larger structures (Kresse & Schönherr, 2001).

Collagen fibrils in normal skin tissues contain both type I and type III collagen. Type

III collagen, constituting approximately 20% of all collagen fibers, was suggested to

play a role in the fibrillogenesis and the determination of the collagen fibril diameter

(Liu et al., 1997; Wess, 2005). After skin injuries, the type III collagen expression
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increases more than the type I collagen during the formation of granulation tissues,

with a ratio up to 50% type III collagen (Hayakawa, Hashimoto, Myokei, Aoyama,

& Izawa, 1979). As a scar matures, the ratio decreases again to normal levels, while

in hypertrophic scars both types of collagen are highly expressed (Zhang, Garner,

Cohen, Rodriguez, & Phan, 1995). The abnormal phenomenon of excessive collagen

synthesis was said to be related to decorin, a most common proteoglycan in the extra-

cellular matrix of scar tissues (Scott, Dodd, Ghahary, Shen & Tredget, 1998; Zhang

et al., 2007). With its contractile characteristics, decorin inhibits cell proliferation

and down-regulates the production of collagen I and the secretion of TGF-β1 in scar

fibroblasts during normal scar remodeling process (Zhang et al., 2007). However,

the expression of decorin is down-regulated in hypertrophic scars (Scott et al., 1998),

which thus contributes to the over-production of collagen. Also, a special crosslink

between collagen molecules that partially determines the collagen structure is present

in hypertrophic scars, but absent in normal skins, which might make collagen fibres

less susceptible to degradation (Moriguchi & Fujimoto, 1979; van der Slot-Verhoeven

et al., 2005).

The accurate pathophysiology of hypertrophic scarring has thus far not yet been

fully understood, though a large body of research has been conducted in the past

decade. In essence, the state of knowledge about hypertrophic scarring involves both
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the epithelial layer and the dermal layer of scar tissues. The abnormal proliferation of

keratinocytes plays a role in perpetuating the process of excessive scarring. In dermis,

fibroblasts and myofibroblasts are of critical importance in the over-production and

deposition of collagen in hypertrophic scars, and the persistent activation and pro-

liferation and /or reduced disappearance in these dermal cells are mainly accounted

for the excessive scar tissue formation. Also, the atypical remodeling phase may con-

tribute to the abnormal expression of collagen types and interconnection in structure,

thus resulting in the irregular collagen pattern seen in hypertrophic scars.

2.4 Pressure therapy

Given the detailed review of the literature about the prevalence and significant impact

of hypertrophic scars, there is a demand for the exploration of effective management

methods for this prevalent disease. Pressure therapy in the form of pressure garments

(Fig. 2.2), a widespread and universally recognized treatment for hypertrophic scars,

will be introduced here in this section. The history of this intervention is traced

and the current state of its clinical application will then be discussed, and finally,

the possible mechanisms of pressure therapy on scar management will be further

investigated.
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Figure 2.2: Samples of Pressure Garment (Pressure Therapy)
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2.4.1 History of pressure therapy for scar treatment

Pressure therapy, by word, means applying pressure as a treatment method. A

variety of media such as elastic bandages, pressure garments and other elastic tubular

materials can be employed to exert pressure (Macintyre & Baird, 2006; Todd, 2011).

Pressure intervention was prescribed as the treatment of hypertrophic scars as

early as the 16th century (Linares, Larson, &Willis-Galstaun, 1993). Larson, Abston,

Evans, Dobrkovsky and Linares (1971) discovered that hypertrophic scarring after

skin thermal injuries was decreased with pressure intervention. Ever since the 1970’s,

pressure therapy has become a popular and first-line intervention in many burns units

or scar centers in the world (Larson et al., 1974). The form of pressure garments has

been generally perceived as the most effective way to exert pressure intervention

(Macintyre & Baird, 2006).

2.4.2 Efficacy of pressure therapy on hypertrophic scars

As a widespread intervention for hypertrophic scars, pressure therapy has been demon-

strated by previous studies to have an impact on the maturation of hypertrophic scars.

Pressure therapy can hasten scar maturation, decrease the incidence of contractures

and reduce the need for surgical reconstruction (Larson et al., 1974). The clinical ap-

pearance of hypertrophic scars such as thickness and erythema can also be improved
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with the application of pressure therapy (Linares et al., 1993; Van den Kerckhove

et al., 2005; Ward, 1991). As well, it is accepted that the application of pressure

commonly alleviates the itchiness and pain associated with active hypertrophic scars

(Macintyre & Baird, 2006).

However, a review of the previous research on the effect of pressure therapy reveals

that some researchers hold reservation on that efficacy. Chang et al. (1995) found

no significant differences in the conditions of hypertrophic scars between subjects

with pressure treatment and those in the control group. In this study, a between-

subject randomized comparison was employed, with sixty-four participants in the

experimental group and fifty-eight in the control group. However, the study failed

to provide enough information about the management of the wounds, the ethnicity

of the participants and the body regions of the scar involved. It did not set the

minimal or maximal limit for the scar onset time and the degree of scar maturity

in subject recruitment was not controlled. Lacking the objective measurement tools

for a quantitative assessment on scars and the introduction about implementation of

pressure treatment regime were another two defects of their study.

According to Mustoe et al. (2002), the international recommendation for burns

scar management purports silicone and pressure garment as the first-line therapeutic

methods, although there remains limited significant evidence for the exact efficacy
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of pressure intervention. In a meta-analysis by Anzarut et al. (2009), it stated

that there was lack of enough solid evidence for pressure effect on the maturation of

hypertrophic scars, though pressure treatment was recognized as having a beneficial

effect on reducing the height of hypertrophic scars.

On the other hand, in a randomized control trial of seventy-six wounds from sixty

Caucasian patients by Van den Kerckhove et al. (2005), significant improvements

in scars were found after pressure therapy intervention. Scars were selected on the

forearm or calf healed spontaneously and two levels of pressure, namely 15 mmHg and

10 mmHg with a duration of three months were employed on two groups randomly.

Both groups showed a significant reduction in scar thickness and the higher 15 mmHg

group had thinner scars, compared with the lower pressure group.

In Li-Tsang, Zheng and Lau’s study (2010), similar outcomes were found in the

pressure treated group of subjects with scars. With a sample size of more than one

hundred Chinese participants, the study showed significant reduction in scar thickness

for both the pressure treatment group and the combined treatment group (pressure

therapy combined with silicone gel).

Furthermore, more recent appealing evidence can be found to support the efficacy

of pressure therapy on the management of hypertrophic scarring. A randomized

clinical study has demonstrated significant thinning of scars and decreases in scar

35



redness under both high and low pressure levels groups and the high pressure group

achieved better outcomes than that of the low pressure group (both p < 0.05) (Lai et

al., 2010). In a recent paper on the 12-year within-wound study of the effectiveness of

pressure therapy, participants prescribed with pressure treatments displayed softer,

thinner and improved clinical appearance in their scar conditions (Engrav et al.,

2010).

2.4.3 Magnitude of pressure on effective scar management

Despite pressure therapy has been widely used in the clinical practice, there is still a

lack of universal agreement in terms of the optimal magnitude of pressure intervention

on managing hypertrophic scars (Atiyeh, 2007). Theoretically, it is claimed that the

pressure to be used to treat hypertrophic scars should be equal to or above 25mmHg,

a pressure approaching the capillary pressure and thus may work to control the

microcirculation in scar tissues and eventually control hypertrophic scarring (Baur

et al., 1976; Larson et al., 1971). However, in a study by Naismith (1980), a pressure

level of 15 mmHg was demonstrated to be necessary to achieve beneficial effects

on scarring. While higher pressure levels might lead to greater treatment effects as

patients tolerated, complications may occur if the amount of pressure exceeded 40

mmHg. Linares et al. (1993) also agreed with the amount of 15 mmHg to be used in
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effective scar management.

In Van den Kerckhove et al.’s (2005) study, a normal pressure amount of 15 mmHg

was implemented and the result showed a significantly improved scar outcome with

the application of this pressure level. The effect of pressure treatment with a pressure

level around 15 mmHg or lower than 25 mmHg has also been supported in another

recent study (Lai et al., 2010).

The amount of effective pressure generated by a given pressure garment remains

controversial (Anzarut et al., 2009; Cheng et al., 1984; Macintyre & Baird, 2006).

Worse still, there is a general lack of documentation on pressure magnitude used

in giving pressure garment intervention in clinical practice (Atiyeh, 2007; Chang et

al., 1995). Few studies in the past have supplied with enough detailed information

on the regime of pressure intervention they adopted (Cheng et al., 1984). This

would undoubtedly lead to variations in the quality of pressure therapy provided

to patients, hence possibly causing unexpected outcomes such as poor compliance,

complications of deformity and ineffectiveness of scar controlling (Cheng et al., 1984;

Macintyre & Baird, 2006; Meyer, Keseru, Krenzer-Scheidemantel, & Hocht, 2008;

Stewart, Bhagwaniee, Mbakaza, & Binase, 2000). It is therefore doubtlessly of critical

significance for researchers and clinicians to pay more attention on the provision of

appropriate pressure treatment protocol with regular monitoring for scar victims, in
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order to achieve the best therapeutic efficacy.

A pressure monitoring system called the Pliance X system has recently been

validated as a reliable and sensitive tool to measure the interface pressure generated

by pressure garments (Lai & Li-Tsang, 2009). This newly validated system can serve

as an objective monitoring instrument for the pressure therapy in terms of its pressure

magnitude.

2.4.4 Duration of pressure therapy intervention

Besides the selection of optimal amount of pressure to treat hypertrophic scars, the

duration for this intervention should also be taken into consideration. The matu-

ration course of hypertrophic scars usually lasts from several months to even more

than one year (Abston, 1987; De Oliveira et al., 2001; Ketchum, Cohen, & Masters,

1974). It has been suggested that the implementation of pressure therapy should

be initiated as early as possible, depending on the healing of the wounds. As long

as the completion of the heal-up of the wound, pressure intervention can be started

and pressure treatment has been recommended to patients for 6 to 12 months until

the scars become fully mature (Niessen et al., 1999; Tilley, McMahon, & Shukalak,

2000).

In the previous longitudinal studies, the duration of pressure intervention em-
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ployed varies from one study to another. In Chang et al.’s study (1995), no informa-

tion was found in terms of the wearing time of pressure treatment prescribed for the

participants. However, duration of three months’ time for the treatment of pressure

therapy has shown significant improved scar outcomes (Van den Kerckhove et al.,

2005). Similarly, significant differences have also been demonstrated in scar condi-

tions after the first few months of pressure treatment (Lai et al., 2010; Li-Tsang et

al., 2010).

2.4.5 Problems associated with pressure therapy

Though pressure therapy is the first-line treatment of hypertrophic scarring, there

still exist a few problems with this popular intervention (Atiyeh, 2007; Macintyre

& Baird, 2006). One shortcoming for pressure therapy lies in the discomfort and

perspiration when wearing pressure garments in hot weather such as during summer

time (Brown, 2001; Stewart et al., 2000). Friction, blistering, or even scar breakdown

might happen due to much too high pressure, and these are other reasons for the

discontinuing of pressure treatment in some burns patients (Leung, K., Cheng, Ma,

Clark, & Leung, P., 1984; Reid et al., 1987). It has also been reported that overdose of

pressure applied to children may cause skeletal and dental deformity (Fricke, Omnell,

Dutcher, Hollender, & Engrav, 1999).
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Problems of pressure loss of the garments over time and problems with compliance

of the patients using the garments are yet other factors complicating the entire issue

(Macintyre & Baird, 2005; Macintyre & Baird, 2006; Stewart et al., 2000).

2.4.6 Current practice of administrative methods of prescrib-

ing pressure therapy intervention

As mentioned in the history of pressure therapy, the most effective and popular form

of pressure intervention is using elastic pressure garments. This section focuses on the

introduction about the current practice of the administration method of this popular

treatment all over the world.

In overseas countries such as the United States or Australia, there are two main

sources of supply for clinical application. One type of garments is the ready-to-

wear garments, and the other is the custom-made garments based on individual

body dimension (Macintyre & Baird, 2006). The former type is also called pre-

sized garments, off shelf from manufacturers. The advantage of the ready-made

garments is that a variety of sizes and styles of the garments for different body regions

are available, and they can be immediately ordered from a number of commercial

companies when needed. However, these ready-made garments do not normally fit

the patients perfectly, and most often, adjustments are required for fitting.
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The latter, the custom-made garments, by contrast, usually can provide a better

degree of comfort and fitting for patients (Macintyre & Baird, 2006). The custom-

made garments can either be produced by occupational therapists or occupational

therapist assistants, or constructed by commercial manufacturers. Procedures made

in-house by therapists usually include firstly measuring the patient’s body dimensions

around the wound or scar area, then normally taking a reduction factor ranging from

10% to 20% of the original circumferential measurements, followed by drafting the

paper pattern from the reduced measurements and finally constructing and sewing the

garments based on the pattern. The fitting of pressure garments is usually assessed

subjectively by the occupational therapists. Most commonly, the therapists may

insert two fingers under the edge of the garment to feel the tightness of the garment

the patient is wearing. Also, the fitter may lift a seam and allow it to snap back on

the skin. On the other hand, commercial companies can manufacture the pressure

garments for patients in need. Usually, measurements on specific body parts are

collected and sent to the manufacturer’s factory, using their measuring charts and

tapes. Then the companies may employ a specialist computer aided design (CAD)

system to aid the construction of the pattern. The selected fabric is then sewn

together based on the pattern by professional machinists using various types of stitch

forms, which may result in more attractive style of garments. Then the completed
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garments are sent back to the hospital or burn centre for fitting. The fit of the

garments again is done by occupational therapists. If alterations are required, the

garments should be sent back to the company for adjustments, and then re-assessment

will be done when the garments are returned (Macintyre & Baird, 2006).

There are some disadvantages for producing custom-made garments in-house by

therapists or therapists’ helpers (Macintyre & Baird, 2006). Firstly, the routine of

manually drafting a paper pattern varies from one therapist to another, depending on

the experiences of each individual therapist as well as their senior mentors. Secondly,

the selection of fabric to make pressure garments does not have a uniform standard

for various clinical settings such as hospitals or burn centers. Thirdly, simply using

a single reduction factor to generate a pattern for garment sewing is quite unlikely

to consistently produce an identical pressure, since the interface pressure a garment

delivers may be affected by the shape of the body parts, the design and draft of the

pattern. Worse still, the fitting of pressure garment is based on empirical experience

of those therapists, without an objective monitoring of the interface pressure be-

tween scar/garment. By contrast, the commercial custom-made garments may have

the privileges in garment production and sewing techniques, however, the garments

delivery and adjustment for fitting would cause time delay for the treatment of pa-

tients. Moreover, though it is often assumed that ‘correct’ pressure can be generated
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by commercially produced garments, previous studies revealed a range of different

pressure levels delivered by those commercial garments (Macintyre & Baird, 2006;

Mann, Yeong, Moore, Colescott, & Engrav, 1997).

In Hong Kong, the general practice is that occupational therapists make pressure

garments for patients in-house within the hospital settings (Leung, Yuen, Ng, &Shi,

2010). During clinical visits, occupational therapists take the measurements of the

patients in terms of the body size of wounds or scars affected, and tailor make the

compression garments. A range of 5-20% percentage strain is used by occupational

therapists to obtain the required level of pressure. Considering the curvature of a

particular body part, discrepancies in garment pressure may occur due to merely

applying a single reduction factor on different patients.

The condition of pressure therapy provision in mainland China has been far from

satisfactory up till now, due to the delayed introduction and development of rehabili-

tation discipline (Li, Xu, Wu, &Zheng, 2009; Xie, 2010; Yue, Jiang, & Huang, 2008).

There is still a lack of the popularization of employing pressure garment therapy on

patients post burn injuries. In clinical settings, most patients in the burns units in

mainland China are discharged when their wounds heal up but with little education

on the prevention and management of post-burn hypertrophic scars. Few surgeons or

physicians in the burns or plastic units have reported to undertake a routine referral
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of these burns patients to the occupational therapists to receive pressure therapy or

other scar management programs. What is more, the rehabilitation medicine de-

partments in the hospitals in mainland China are mostly limited in equipping an

independent and specialized section for prescribing pressure garments for burns and

scar patients. Of those clinical settings which can provide pressure garments therapy,

there is a general lack in the standardization for provision of the pressure treatment

in a wide spectrum of aspects such as fabrics selection, paper pattern drawing and

sewing skills and so forth. In terms of the commercial companies, little is known

about the quality and delivery of service for treatment provision in the big area of

China from present literature review. Given the large population of burns patients

in mainland China, doubtlessly, there is a great demand for the pressure garment

therapy service and rehabilitation program after burn injuries (Li et al., 2009; Xie,

2010).

In short, a lack of the standardization of pressure therapy intervention prescribing

protocol has been revealed by the previous research. In order to ensure the effective-

ness of pressure therapy, a valid and efficient method for prescribing pressure therapy

is necessary. Recently, an innovative invention of pressure garment product has been

developed in Hong Kong, called Smart Pressure Monitored Suits (SPMS) (Li-Tsang,

2009). The fabric selected for making SPMS was tested to find a most suitable type
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for making the smart pressure monitored garments, in terms of its air permeabil-

ity, color, dimensional changes after laundering, elongation and tension ability. A

computerized software program called YUKA system was subsequently developed to

generate different patterns of garments to suit body parts. The pattern of garments

can be automatically generated after inputting the measurements of the body dimen-

sions of the patients either by three-dimensional scanning or manual measurement.

The pressure exerted onto the body is adjusted based on the calculation of percent-

age strain derived from the measurements of body dimensions. The blueprint of the

SPMS will then be produced by a printer, and the fabric will be cut out based on the

drafted pattern for sewing and finishing. This system can help to simplify the steps

of pattern drafting and calculation of tension of garment. The SPMS fabric is shown

to be more aesthetic, comfortable with better air permeability and durability. The

figure below shows the procedure of the new system to produce SPMS to prescribe

pressure therapy (Fig. 2.3).
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Figure 2.3: Procedure of Producing SPMS
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2.4.7 Proposed mechanisms of pressure therapy on manage-

ment of hypertrophic scars

Despite the widespread use of pressure therapy as the standard treatment method

for hypertrophic scarring, the working mechanism of pressure intervention has yet to

be fully understood hitherto (Atiyeh, 2007; Macintyre & Baird, 2006).

The possible mechanisms proposed by previous researchers mainly focus on the

theories of hypoxia, biochemical changes and cellular changes (Atiyeh, 2007; Chang

et al., 2008; Kischer et al., 1975; Renò et al., 2005; Sabbatini et al., 2003).

Kischer and his co-workers (1975) proposed that mechanical compression induced

by pressure therapy might create a hypoxic environment, which then resulted in the

degeneration of dermal fibroblasts and the control over collagen production, due to a

lack of enough blood supply, oxygen and other nutrients to the scar tissue. However,

no further solid evidence has been found to elucidate this hypoxia theory (Macintyre

& Baird, 2006).

Biochemically, several cytokines involved in the process of hypertrophic scarring

were of interest to researchers in exploring the mechanisms of mechanical pressure

on scars. The role of prostaglandin E2 has been recognized in the process of hyper-

trophic scarring (Atiyeh, 2007; Renò et al., 2001). It was suggested that mechanical

compression could stimulate the release of prostaglandin E2 in the remission phase of
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the excessive scarring and prostaglandin E2 increased the expression of collagenase

in scar tissues which in turn helped degrade the excess collagen in the hypertrophic

scar (Renò et al., 2001). Furthermore, it was also found that the release of IL-1β, tu-

mor necrosis factor-alpha (TNF-α), two pro-inflammatory/fibrogenic cytokines that

were believed to participate in the deregulation of ECM production in hypertrophic

scars, could be modulated by mechanical loading in vitro, which contributed to the

regression of hypertrophic scarring (Sabbatini et al., 2003).

As for the collagenous aspects, a review of the previous studies has disclosed

that pressure therapy can encourage the realignment of collagen bundles present in

hypertrophic scars, especially the disappearance of the typical nodular or whorl-

like structure of hypertrophic scar tissue (Baur et al., 1976; Kischer et al., 1975;

Macintyre & Baird, 2006; Reid et al., 1987; Ward, 1991). There is also evidence to

indicate the effect of pressure to partially restore the abnormal ECM organization

seen in hypertrophic scar tissues in vivo and pressure was suggested to accelerate the

remission phase of the post-burn reparative course (Costa et al., 1999). Apart from

these, as hypertrophic scarring process was believed to be related to a disturbance of

the balance between collagen synthesis and degradation (van der Veer et al., 2009;

Verhaegen et al., 2009), previous studies also explored the activities of collagenase in

scar tissues after exerting mechanical pressure (Renò et al., 2002; Renò et al., 2005).
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Mechanical compression has been indicated to regulate the scar remodeling process

of wound healing by altering the release and activities of matrix metalloproteinase,

a kind of collagenase capable of degrading extracellular matrix proteins, which thus

facilitated the degradation of collagen and other ECM proteins during hypertrophic

scarring (Renò et al., 2002; Renò et al., 2005).

The cellular theories proposed by previous researchers mainly focus on fibroblasts

and myofibroblasts activities. Chang et al. (2008) demonstrated that pressure inhib-

ited the growth and activity of human scar fibroblasts in vitro, and this inhibitory

effect of pressure on scar fibroblasts was found to be significantly related with the

reduced secretion of TGF-β1. TGF-β1 has been shown to up-regulate the fibroblast

activity and to stimulate collagen production in vitro, and decline in TGF-β1 secre-

tion could hence attenuate the collagen deposition and fibroblast growth (Abdou,

Maraee, Al-Bara, & Diab, 2011; Chang et al., 2008). Moreover, the activity of fibro-

genic myofibroblasts has also been accounted for the remission of hypertrophic scars

induced by pressure therapy (Costa et al., 1999). In Costa et al.’s study, a comparison

of pressure-treated and non-pressure-treated hypertrophic scars was conducted, and

results showed that there was a reduction in the population of dermal myofibroblasts

in those hypertrophic scar tissues treated with pressure. Such reduction of the myofi-

broblasts population was believed to be related with the occurrence of apoptosis. In
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fact, Sabbatini et al. (2003) also reported that by applying mechanical compression

in resembling the use of pressure therapy onto hypertrophic scar tissues in vitro, a

significant increase in apoptosis was detected. In short, according to previous re-

search, pressure may have an impact in slowing down the proliferation of scar dermal

fibroblasts and myofibroblasts and/ or inducing the disappearance of myofibroblasts

by induction of apoptosis, which would finally lead to a reduced collagen production

and deposition present in hypertrophic scars.

Besides dermal cells, epidermal cells as well are of critical significance to the

process of wound healing and scar formation (Andriessen et al., 1998; Koskela et

al., 2010). The keratinocytes in hypertrophic scars have been shown to contribute

to the formation of a thicker scar dermis (Andriessen et al., 1998; Bellemare et al.,

2005; Ghahary et al., 2001; Ghahary et al., 1998; Koskela et al., 2010; Le Poole &

Boyce, 1999). The proliferation, differentiation and activities of keratinocytes have

been recognized to have an effect in the regulation of the pertinent gene expression

and the TGF-β1 secretion in fibroblasts (Andriessen et al., 1998; Bellemare et al.,

2005; Ghahary et al., 2001; Ghahary et al., 1998; Koskela et al., 2010; Le Poole &

Boyce 1999). A review of past evidence, however, revealed little evidence showing

how pressure affects the proliferation and activities of keratinocytes in hypertrophic

scars.
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Although numerous studies have been conducted previously to investigate the way

pressure influences the developmental process of hypertrophic scars, the majority of

them were undertaken in vitro, rather than in vivo (Chang et al., 2008; Renò et al.,

2002; Renò et al., 2005; Sabbatini et al., 2003). The defect of using an in vitro model

is the failure to reproduce an exact environment that pressure therapy is used on

the human scar sites, compared with in vivo studies (Costa et al., 1999). Still, the

previous in vivo study by Costa et al. did not include the assessment of the baseline

scar conditions before pressure therapy. The observations on scars were recorded not

on a regular or fixed timeframe, but a mixture of time points ranging from two to

seven months after pressure treatment without indicating the discrepancies between

different time points. Neither was there a uniform and defined regime for pressure

therapy, nor a longitudinal monitoring of pressure was conducted in their study.

Moreover, previous studies have mainly focused on the role of mechanical force

on the dermal contents during hypertrophic scarring; few studies have ever explored

the effect of pressure on the epithelial activities of hypertrophic scars (Chang et al.,

2008; Renò et al., 2002; Renò et al., 2005; Sabbatini et al., 2003). In addition, the

limited past research has been focused predominantly on the Caucasian population

rather than the Asian or Chinese population (Bayat et al., 2003; Costa et al., 1999;

Ehrlich et al., 1994; Kischer et al., 1975; Santucci et al., 2001).
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So far, the exact mechanism of the widely used pressure intervention on man-

aging hypertrophic scars and the role of pressure during the maturation of hyper-

trophic scarring remains far from clear and some existing theories are still hypothet-

ical (Atiyeh, 2007; Macintyre & Baird, 2006). In this section, a detailed review of

the past and current literature on the possible working mechanisms of pressure inter-

vention has been comprehensively summarized, sufficiently discussed and critically

analyzed.

2.5 Summary

This chapter presents a review of literature on the problems of burns injuries and hy-

pertrophic scars and the mainstay treatment of hypertrophic scars−pressure therapy.

Per the provision of an impressive view of the past and current state of knowledge

about pressure treatment on hypertrophic scarring, we are able to have an idea about

the limitations of the past research. Particularly, a gap of understanding of the under-

lying working mechanism of pressure therapy on the maturation of hypertrophic scars

has been revealed. In light of this gap, there is a need for further research to be con-

ducted to investigate the way how pressure intervention influences the hypertrophic

scarring. Therefore, a research question about how pressure affects scar maturation

is to be raised and the objective and the rationale for designing this study based on
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this compressive review will be illustrated in the following chapter. In addition, there

is still a lack of the standardization in prescribing pressure therapy intervention thus

far; therefore, a validation of a standardized pressure therapy intervention should be

conducted before the main study.
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Chapter 3

Phase I of the Study: Validation of a

Standardized Method for Prescribing

Pressure Therapy

3.1 Introduction

Pressure therapy, is usually prescribed as pressure garments in the management of

post-burn hypertrophic scars, varicose veins and lymphoedema (Bradley, 2001; Kor-

pan et al., 2011; Ripper et al., 2009). Pressure garments can either be made in-house

by occupational therapists in the hospital or burns units; or they can be supplied by

commercial companies (Macintyre & Baird, 2006). These elastic garments may be

either tailor made based on each individual’s body dimension measurements and spe-

cific requirements, or be ready-to-wear, available on the shelf of the companies. The

pattern design for garment fabrication and the fitting of pressure garments mainly de-

pend on the empirical experience of occupational therapists. Worse still, the interface

pressure of the garments has sparsely been measured and monitored in the clinical

prescription practice (Lai & Li-Tsang, 2009; Macintyre, 2007; Macintyre & Baird,
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2006; Mann et al., 1997). There is still no universal standardized regime to prescribe

pressure garments to patients in need. A validation study was conducted to exam-

ine a standardized method for prescribing pressure therapy intervention, compared

with the conventional method for pressure garment prescription. The Smart Pressure

Monitored Suits (SPMS) and conventional garments (CG) were both prescribed to

subjects, each type of garment for one month’s wearing. The interface pressures of

both types of garments were measured and subjective feedback from the patients was

collected regarding the comfort of wear, elasticity and durability properties of the

garments.

3.2 Objectives of the validation study

The objectives of this phase of study are:

• to compare the pressure sustainability of SPMS and CG; and

• to find out the differences of the garment properties of SPMS and CG.
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3.3 Materials and methods

3.3.1 Study design

An experimental pretest-posttest design was employed in this phase of the study.

Participants recruited in the study were randomly assigned into two groups. One

group of the subjects received CG for one month followed by SPMS for one month,

while the other group received one-month intervention of SPMS followed by one-

month intervention of CG.

3.3.2 Sampling

A total of 26 subjects who required pressure therapy were recruited in the depart-

ment of occupational therapy in two regional hospitals in Hong Kong. They were all

patients with varicose veins. The reasons why choosing varicose vein patients for the

validation study were as follows: a) it aimed to validate a standardized system to

prescribe pressure therapy; and this system was assumed to be unified across differ-

ent medical conditions including burns, varicose veins and lymphoedema etc; b)this

study needed to be conducted in HK so as to compare with local conventional prac-

tice, since there was not even a routine for pressure therapy prescription in mainland

China; c) there were more patients with varicose veins than other types of diseases

and they had more homogenous needs for pressure therapy; d)more complications
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and considerations exist if the SPMS system were validated on different burn pa-

tients, i.e. in between surgery, blisters/wounds, different regions involved (where

varicose vein patients mainly focused on the lower limb). The inclusion criteria of

the participants were: 1) 18 years old or above; 2) having the experience of wearing

pressure garments; 3) recognized by the therapists as having good compliance with

the treatment provided. Those who had difficulties in filling in the questionnaires

and attending the follow-up assessment sessions in the study were excluded from the

study. All participants were asked to sign the consent form prior to engaging in the

study.

Participants recruited were then randomly distributed into two groups, namely

group 1 and group 2. In group 1, subjects were given CG for one month followed by

one month’s SPMS treatment, while subjects in group 2 received one month’s SPMS

followed by CG treatment for one month.

3.3.3 Outcome measures

Objective measurement of interface pressure exerted by pressure garments

Lai and Li-Tsang (2009) have validated the application of the Pliance X system to

provide an objective and quantitative measurement of the interface pressure gener-

ated by pressure garments. Hence, the Pliance X system was used in the study for
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measuring the interface pressure exerted by the two types of pressure garments, so

as to compare their ability to provide pressure and sustain pressure. Fig. 3.1 shows

the Pliance X system used for the interface pressure measurement.

Figure 3.1: The Pliance X System

Assessment on the properties of garment fabrics

The properties of the garment fabrics mainly contain the following aspects: 1) ap-

pearance of the garment; 2) comfort of wear of the garment; 3) joint mobility and

movement when wearing the garment; 4) ability in retaining elasticity of the garment;

5) ease of garment handling. Therefore, a self-reported questionnaire was given to

each individual subject for evaluation after wearing both the CG and the SPMS.
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A questionnaire comprised 14 questions was adopted here so as to assess the

properties of the two types of garments. An expert panel with three experienced

occupational therapists, two undergraduates from the Institute of Textile and Cloth-

ing, two undergraduates from School of Nursing and one pressure garment user was

formed for reviewing the validity of this self-administered questionnaire. In addition,

the content validity of questionnaire was compared with previous studies (Johnson

et al., 1994)

The first 6 questions are for collection of the demographic information about

the participants. Questions 9 to 12 are to compare the differences in terms of the

properties between SPMS and CG. Questions 9 and 10 employ a five-point scale (1

indicates very dissatisfied while 5 represents very satisfied) to assess the satisfaction

of garment users towards the two types of garments. Question 11 aims to compare

the displacement tendency of the two types of garments. Question 12 concerns the

perceived elasticity of the garments after wearing for one month’s time using a five-

point scale where 1 indicates very low and 5 means very high. The last two questions

seek the subjective overall grading of the two types of garments from the participants.

(A sample of the questionnaire can be found in Appendix A&B.)
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3.3.4 Assessment protocol

All participants were prescribed with two sets of pressure garments, either CG or

SPMS depending on their grouping. At the initial assessment, the interface pressure

of the pressure garments was measured. One month later, the pressure was assessed

again for those garments. Then the participants switched to receive the other type

of garments for another month. The pressure of the other type of garments was

measured immediately when trying on and again after one month’s wearing.

All participants were asked to fill in the questionnaire after they finished wearing

the CG and SPMS each for one month’s time.

A flow chart for the assessment protocol in the study was shown in Fig. 3.2.

Figure 3.2: Flowchart of the Assessment Protocol

3.3.5 Statistical analysis

For the statistical methods, paired t test was used to find out the differences in the

interface pressure generated by both types of pressure garments before and after 1
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month’s wear. Independent t test was employed to compare the sustainability of the

two types of garments. Wilcoxon sign rank test was employed to analyze the items

in the subjective self-administered questionnaire for the comparison of the two types

of pressure garments. P<0.05 indicated significant differences. All the statistics were

performed using SPSS 17.0.

3.4 Results

3.4.1 Demographic information

In total, 26 subjects were recruited in the study; the average age was 56.0±9.68 years

old. Most of them are female (N=23) and 3 of them are male. The demographic

information of the subjects were summarized in Table 3.1.

Table 3.1: Demographic information
Demographic information (N=26)

Age 56.0±9.68 years
Gender F = 23;M = 3
Nature of disease mild = 13;moderate = 13
Duration of disease 9.7±9.61 years

3.4.2 Sustainability of pressure

Significant differences were found in the interface pressure generated by the two

types of pressure garments before and after 1 month’s wearing. However, there was a
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significant difference in terms of the deterioration of pressure between CG and SPMS

(t=2.71, p=0.042). See Table 3.2 and Fig. 3.3 for detailed results.

Table 3.2: Pressure generated by the CG and SPMS
Garment Initial pressure Pressure after 1 month’s wearing

CG 16.7±6.31 6.3±6.59∗

SPMS 15.0±6.70 9.6±6.80∗†

Remark 1. † represents significant differences found in sustainability of pressure

between CG and SPMS; while ∗ represents significant differences between initial pres-

sure and pressure level after 1 month’s wearing.

Figure 3.3: Comparison of Pressure Sustainability Between CG and SPMS
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3.4.3 Subjective feedback from the questionnaire

Garment Properties

Totally, 7 out of 13 items obtained higher mean values after wearing SPMS than

wearing CG. Two out of thirteen items got the same means and the means of the

rest three items were lower for SPMS in comparison with CG (Table 3.3). But no

significant differences were found between the two types of pressure garments.
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Table 3.3: Rating of Satisfactory Level on Garment Properties
Items CG SPMS
Level of itchiness 3.7 ±0.95 4.1±1.46

Level of softness 4.2±0.98 4.4±0.54

Ease of cleaning 4.6±0.54 4.6±0.79

Ease of drying 4.7±0.49 4.4±0.79

Ease of donning and doffing 4.6±0.55 4.6±0.79

Color 4.6±0.54 4.7±0.49

Neatness of sewing connection 4.6±0.54 4.1±0.70

Cutting 4.6±0.54 4.6±0.54

Joint mobility 4.4±0.54 4.7±0.49

Smell 4.7±0.76 4.9±0.38

Permeability after sweating 4.3±0.76 4.1±1.07

Tightness after one-month use 3.4±1.27 4.1±0.69

Elasticity maintenance after washing 3.9±0.90 4.3±0.95
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Overall evaluation

The satisfaction on overall efficacy of SPMS was significantly higher than that of CG

(Table 3.4). Generally speaking, participants were more satisfied with SPMS than

CG in terms of the overall evaluation of pressure therapy.

Table 3.4: Rating of Satisfactory Level on Overall Evaluation of CG and SPMS
Items CG SPMS
overall efficacy 3.4± 0.98∗ 4.0± 0.58∗

overall rating 7.0± 2.31 8.3± 1.50

Note: ∗ represents P < 0.05, comparing CG and SPMS.

3.5 Discussion

The effectiveness of pressure therapy has largely relied on the optimal pressure dosage

prescribed and the sustainability of pressure (Atiyeh, 2007; Cheng et al., 1996; Lai &

Li-Tsang, 2009). It is therefore of crucial significance to ensure enough and effective

pressure exerted on patients by pressure garments given. In the present phase of

study, the initial pressure generated by both CG and SPMS was around 15 mmHg,

which echoes the recommended pressure range commonly applied in clinical practice

(Linares et al., 1993; Van den Kerckhove et al., 2005). After 1 month’s wearing,

the interface pressure deteriorated for both types of garments. However, significant
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differences were found in terms of the garment performance of retaining sufficient

pressure. The SPMS showed a 35% decline of pressure after 1 month’s use, compared

with a 62% deterioration of pressure in CG which is almost twice the loss of pressure

seen in SPMS. Hence, from the results of the validation study, SPMS demonstrated a

more favourable performance in maintaining the interface pressure than conventional

garments. Results of this validation study also indicated that a higher range of initial

pressure might have to be employed onto patients in order to achieve a targeted range

of pressure magnitude when needed, taking into account the deterioration of pressure

in one month’ s time.

Considering the loss of pressure over a period of time, results from this phase

of the study also justified a need to check and monitor the pressure on a regular

basis such as once in a month. With a regularly monitoring routine, more detailed

information about the pressure therapy can be obtained and controlled, such that

appropriate adjustments can be made to ensure an appropriate range of pressure

exerted onto patients, which echoes with opinions of previous researchers (Lai et al.,

2010). This study further confirmed the importance of using the objective pressure

measuring method, the Pliance X system in the prescription of effective pressure

therapy intervention (Lai &Li-Tsang, 2009).

Though no significant differences were found in most of the items of the garment
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properties between the two types of garments except the displacement tendency of

the garments, participants had a preference to wear the SPMS rather than CG. They

rated a significantly higher score for SPMS in terms of the overall efficacy of pressure

garments, which indicated SPMS was better fit for the participants than CG when

wearing.

A higher level of satisfaction was graded by subjects towards SPMS among most of

the items in the rating of garment properties, including the level of itchiness, softness,

color, joint mobility after wearing garment, smell, tightness after one month’s use and

elasticity maintenance after washing. The level of comfort during wearing pressure

garments is a critical determinant for patients’ good compliance with the pressure

therapy (Cheng et al., 1996; Ripper et al., 2009). Subjects in this study felt that

SPMS was more comfortable to wear and they reported less itchy sensation when

wearing and found SPMS fabric materials softer, compared with CG. The appearance

and smell of SPMS were also more acceptable than those of CG, due to that SPMS

had a lighter color that was simulated to normal skin color with no obvious smell as

reported.

Allowing normal joint mobilization activities when wearing compression garment

is also a consideration for patients. Discomfort and limitation of range of motion

may probably lead to discontinuation of the pressure treatment (Ward, Hayes-Lundy,
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Reddy, Brockway, & Mills, 1992). Joint mobility was more favorable when wearing

SPMS than CG, based on the feedback of patients. In addition, elasticity and durabil-

ity of the garment are important considerations for clients or clinicians when choosing

a garment product (Ng & Hui, 2001; Ripper et al., 2009). SPMS had higher rating

scores for items of tightness after one month’s use and elasticity maintenance after

washing in the questionnaire, in contrast with CG. Although there were no significant

differences found in the rating scores for the two types of garments in most of the

items, SPMS appeared to be a more acceptable choice in the clinical practice.

Besides, with a computerized program, this new standardized system of SPMS

enabled users to adjust the required pressure level and style of the garment pattern

conveniently by simply making changes in the plotting pattern program in the com-

puter. The whole process of fabricating pressure garments and prescribing pressure

therapy could therefore be standardized, such as controlling the reduction factor, the

pattern design of garment type; unlike the conventional method that largely depended

on different therapists’ clinical experiences.

3.6 Summary

This phase of the study mainly aimed to verify the use of a recently developed

system−SPMS to construct pressure garments and provide pressure-monitored ther-
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apeutic treatment. In this study, SPMS was found to have a better ability to sustain

the interface pressure compared with the conventionally made garments. Moreover,

in terms of the overall grading on the comfort of wear and efficacy of the pressure gar-

ments, participants had a preference towards wearing SPMS than CG. The SPMS also

provided a standardized procedure to objectively generate the pattern for garment

fabrication for each patient in need by using computerized software. Furthermore,

the regime of pressure monitoring in pressure therapy prescription in this phase of

study served to give a hint on ensuring an appreciated pressure level for pressure

intervention in the main study.

To sum up, this set of standardized system using SPMS to provide pressure inter-

vention to patients, with a carefully pressure monitoring program was supported to

be used in clinical practice for a more precise and standard prescription of pressure

therapy.
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Chapter 4

The Main Study (Phase II): Objectives

and Methodology

4.1 Introduction

In this chapter, the research hypotheses of the main study to investigate the effect

of pressure therapy on the management of hypertrophic scars are presented. The

objectives of the whole work are listed out, followed by an introduction of the research

methodology of the study.

4.2 Objectives of the main study

Reviewing the previous literature on hypertrophic scar formation and pressure ther-

apy on scar management, there is an appeal to explore the possible theories to explain

the effect of pressure therapy intervention on hypertrophic scars, so as to provide sci-

entific evidence for this wide-spread mainstay treatment method. The objectives of

the main study are:

1) to further confirm the clinical characteristics of scar before and after 1 month
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and 3 months of pressure therapy intervention;

2) to compare the basic histomorphology of pre-pressurized hypertrophic scar tis-

sues versus post-pressurized scar tissues;

3) to compare the proliferation of keratinocytes in hypertrophic scars before and

after both 1-month and 3-month pressure intervention;

4) to explore the alterations in the population and activities of dermal fibroblasts

and myofibroblasts upon the 3-month pressure intervention;

5) to examine the occurrence of apoptosis in scar dermis before and after 1 month

and 3 months of pressure intervention.

There are several hypotheses raised in the present study. It was assumed that

there were significant differences in the clinical characteristics of hypertrophic scars

such as overall condition, thickness and color of scar before and after pressure treat-

ment. In terms of the histopathological properties of hypertrophic scars, hypotheses

include: a) the morphology of scar tissues including the cellularity and collagen orga-

nization can be altered after the 3-month pressure intervention; b) differences exist

in the keratinocytes proliferation in scar epidermis before and after pressure inter-

vention; c) there is a change in the fibroblasts and /or myofibroblasts distribution
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and differentiation before and after pressure therapy; d) apoptosis of dermal cells is

induced in hypertrophic scar tissues upon pressure therapy intervention.

4.3 Research methodology

4.3.1 Study design

A within-sample design was adopted in this study, which was advantageous for con-

trolling the potential influence of individual differences. A pretest-posttest approach

was employed. This approach served to investigate the effect of pressure therapy on

hypertrophic scars in a longitudinal way.

4.3.2 Sampling

Subjects were recruited in the burns unit of a regional hospital in Guangdong, China,

through convenience sampling. Informed consent was obtained from all subjects

prior to their participation in the study. All participants in the study were from

the Chinese population and had post-burn hypertrophic scars. The clinical diagnosis

of hypertrophic scars was based on the standard clinical criteria as described by

Sahl and Cleve (1994), which included signs of scar elevation above the skin surface

restrained to the boundaries of injuries, redness of scar associated with pruritus and

/or pain. Only active hypertrophic scars (i.e. Vancouver Scar Scale ≥ 4) on either
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the upper or lower extremities with scar size of 4 ×4 cm2 or above were included

in this study. Those subjects with open wound, or infection on the burned sites,

scars over small joints and those having been treated with steroid or other medical

treatment were excluded from this study. Demographic data including gender, age,

total burn surface area, onset of scar and location were shown in Table 4.1. A total of

10 hypertrophic scar samples obtained from 6 patients were recruited in this study.

They were prescribed with 3-month pressure therapy program. All subjects had to

undergo scar biopsies before, 1-month and 3-month post intervention. Only 2 subjects

failed to attend the 1-month follow up assessment.

Table 4.1: General Information of Participants
Patient Gender Age Cause of injury TBSA Time post-injury Samples

(yr) (%) (month) (No.)
01 F 30 burn 24 6 2
02 M 44 burn 6 4 1

03 M 31 burn 58 7.5 1

04 F 18 burn 6 5 2
05 F 16 burn 25 4 2
06 M 26 burn 20 4.5 2

Abbreviations: M, male; F, female. TBSA: total burn surface area.
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4.3.3 Assessment protocol

At the initial appointment, Vancouver Scar Scale (Baryza & Baryza, 1995) was used

by two therapists to screen the scar conditions for overall scar performance assess-

ment; and scar thickness and color were recorded at the first assessment using the

Tissue Ultrasound Palpation System(Lau, Li-Tsang, & Zheng, 2005;) and Spectro-

colorimeter (Li-Tsang, Lau, & Liu, 2003). Skin biopsies were obtained from each

selected site.

After prescribing the pressure therapy, the assessments of scar performance, in-

cluding overall scar grading, thickness, and color and scar biopsy taking were reg-

ularly conducted after 1 month’s pressure intervention and 3 months’ intervention

respectively, so as to monitor the progression of scar maturation. The regime for the

pressure therapy applied in pressurized group was standardized to a mean pressure

of about 15 mmHg, and the patients were instructed to wear the pressure garment

for 23 hours per day. Interface pressure of pressure garment prescribed was measured

and monitored every month by the Pliance X system (Lai & Li-Tsang, 2009). The

use of the Pliance X system served to help ensure the target pressure level given onto

scar patients in this study. The flowchart of the assessment protocol was shown in

Figure 4.1.
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Figure 4.1: Flowchart for the Assessment Procedures of the Main Study

4.3.4 Outcome measures on scar characteristics

Assessments on clinical characteristics of hypertrophic scars

The scar outcome measures on clinical characteristics included the overall scar grad-

ing assessed by Vancouver Scar Scale (VSS) (Baryza & Baryza, 1995; see Table 4.2),

the scar thickness assessment using the Tissue Ultrasound Palpation System (TUPS)

(Lau et al., 2005; see Figure 4.2) and scar color measurement by the Spectrocolorime-

ter (Li-Tsang et al., 2003, see Figure 4.3).

Table 4.2: Vancouver Scar Scale (VSS) (Baryza & Baryza, 1995)
Pigmentation Vascularity Pliability Height
0 = normal 0 = normal 0 = normal 0 = flat

1 = hypopigmented 1 = pink 1 = supple/flexible 1 = 0 - 1 mm

2 = mixed 2 = red 2= yielding to pressure 2 = 1 - 2 mm

3 = hyperpigmented 3 = purple 3 = firm/inflexible 3 = 2 - 4 mm

4 = banding/rope like 4 = > 4 mm

5 = contracture
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Figure 4.2: The Tissue Ultrasound Palpation System (TUPS)

Figure 4.3: Miniscan XE Plus Spectrocolorimeter
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Assessments on histopathological characteristics of hypertrophic scars

The histopathological characteristics of hypertrophic scars were investigated by histo-

morphology, immunohistochemistry and terminal deoxynucleotidyl transferase dUTP

nick end lableing (TUNEL) experiments for labelling apoptotic cells.

Specimen and histopathological analysis

Scar biopsies were taken before, after 1 month’s pressure intervention and 3

months’ intervention respectively. Fresh biopsy specimens collected were fixed in

4% paraformaldehyde in phosphate buffered saline (PBS, pH 7.4) for overnight. The

specimens were then processed through a series of increasing grades of ethanol (from

70% to 100%), cleared in xylene and embedded in paraffin. Tissue sections of 5 µm

thickness were prepared for routine hematoxylin and eosin (H&E) staining, immuno-

histochemistry and TUNEL analysis.

Hematoxylin and Eosin Staining

Routine H & E staining of paraffin sections was used to examine the microscopic

morphology of the scar tissue. Briefly, sections were deparaffinized in xylene and

were hydrated through graded alcohol from 100% to 70% and finally in distilled

H2O. Sections were first stained with hematoxylin until appropriate coloration was

achieved. Subsequently, sections were stained with eosin, followed by a quick rinse

through 75% ethanol and then dehydrated through graded alcohol to 100%. The
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sections were cleared in xylene before permanently mounted with DPX mountant

(Sigma) and observed under microscope (Nikon) and images were taken using Spot

Advanced Software.

Immunohistochemical staining

Paraffin-embedded sections were deparaffinized and hydrated and then washed

with PBS and pretreated with 0.2% Triton X-100 in PBS for 10 minutes at room

temperature to enhance permeabilization. Non-specific binding was blocked with 5%

normal horse serum (Vector lab) for 30 minutes before overnight incubation with

primary antibodies at 4oC . On the next day, the sections were washed with PBS

and incubated with Alexa Fluor fluorescence dye-conjugated donkey anti-rabbit or

donkey anti-mouse secondary antibodies (Invitrogen) for 1 hour at room temperature.

Finally, the sections were washed and then aqueous mounted with DAPI-containing

Vectorshield mountant (Vector lab) for nuclei counterstain. Fluorescence signals were

observed under fluorescence microscope (Nikon) and images were taken using Spot

Advance Software. The primary antibodies used in this study included alpha-smooth

muscle actin (Sigma)−marker of myofibroblasts and Ki67 (Biocare Medical)−marker

of proliferating keratinocytes. A semi-quantitative method was employed to score the

α−SMA stained scar samples by an independent pathologist. The scoring criteria

for α−SMA staining were summarized in Table 4.3. The immunoreactivities for
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myofibroblasts were quantified with a 12-point weighted score (Chan et al., 2000):

First, the percentage of positive cells was scored with a 5-point scale: 0 for No positive

cells except in blood vessels, 1 for 0 ∼ 25% positive cells , 2 for 25 ∼ 50% positive

cells , 3 for 50 ∼ 75% positive cells, and 4 for > 75%. Second, the intensity of positive

staining was scored with a 3-point scale: 1 for faint, 2 for faint to intense, and 3 for

intense. Then the weighted score for each sample was obtained by multiplying the

percentage score by the intensity score.

Table 4.3: Scoring criteria for α−SMA immunostaining
Scoring Population of myofibroblasts Intensity of α−SMA expression
++++ > 75% Not Applicable

+++ 50 ∼ 75% Intense positive staining

++ 25 ∼ 50% Faint to intense positive staining

+ 0 ∼ 25% Faint positive staining

− No positive cells Negative staining

except in blood vessels except in blood vessels

The percentage of Ki67-immunoreactive keratinocytes was counted by two inde-

pendent research assistants. A total of 6 views were randomly selected from each

sample and were captured at 40x magnification for cell counting. The percentage

of proliferating keratinocytes was expressed as a ratio of the numbers of Ki67 im-

munopositive cells over the total number of basal keratinocytes in the 6 views of each
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scar sample.

TUNEL assay

Apoptosis was detected using an in situ terminal deoxynucleotidyl transferase

(TdT) technique (Apoptag Kit, Millipore) as described previously with minor mod-

ification (Chan et al., 2000). Briefly, deparaffinized sections were incubated with

proteinase-K (Millipore) for 15 minutes at room temperature, washed with PBS and

quenched in 0.3% H2O2 in PBS for 5 minutes followed by three washes in PBS before

treated for 1 hour at 37oC with dioxigenin-conjugated TdT enzyme. Washed sections

were further incubated for 30 minutes with peroxidase-conjugate anti-digoxigenin an-

tibody. Color development was performed using liquid DAB+ substrate chromogen

system (DAKO). The sections were then counterstained with hematoxylin for nuclei

identification before mounting. A total of 10 views in 60x magnification were ran-

domly selected from each scar sample for cell counting. The result was expressed as

the apoptotic index, which is equivalent to the number of apoptotic cells per total

number of cells in dermis per view in the 10 views. The cell counting was performed

by two independent research assistants.
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4.3.5 Statistical analysis

Descriptive statistics were used to describe the demographic information of the par-

ticipants in this study, including gender, age, type of injury, time of scar onset.

Repeated measure ANOVA (parametric) and Friedman test (nonparametric) were

employed to find out the differences in scar conditions before and after 1 month and

3 months of pressure intervention. Post Hoc analysis was conducted with Bonfer-

roni’s correction. Last Observation Carried Forward (LOCF) was used to deal with

the missing data. SPSS 17.0 statistical software was used for statistical analysis. The

significance level used in this study was p < 0.05.

4.4 Summary

This chapter firstly summarized the objectives of the main study to explore the un-

derlying mechanism of pressure therapy on management of hypertrophic scars. The

research methodology of the study was then introduced in detail. The rationale for

the choice of a within-subjects repeated measures design to conduct the study was

explained. Inclusion and exclusion criteria of the participants with post-burn scars

were lineated. Most importantly, the outcome measures for the characteristics of

hypertrophic scars in both clinical and histopathological aspects were clearly high-

lighted and clarified. Afterwards, the procedure of monitoring the changes of scar
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tissues over time and the statistical methods for data analysis were also presented.

The present chapter served to lay the foundation for the following chapters to examine

the results on scar characteristics and interpret the main findings in this study.
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Chapter 5

The Main Study: Results

5.1 Introduction

This chapter focuses on describing the results of the present study. Findings obtained

in the characteristics of hypertrophic scars before and after pressure intervention are

illustrated, including both the clinical characteristics and histopathological charac-

teristics.

5.2 The clinical characteristics of hypertrophic scars

upon pressure therapy intervention

5.2.1 Overall grading of scar presentation (Vancouver Scar

Scale)

The clinical presentations of hypertrophic scars before and after both 1-month and

3-month pressure treatment were shown in Figure 5.1.
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Figure 5.1: Progression of appearance of hypertrophic scar
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The overall grading for evaluating the clinical presentation of scar tissues was

measured by Vancouver Scar Scale. The higher the total score was, the more severe

the scar appeared. The total VSS score of hypertrophic scars was found to decrease

upon the 3-month pressure intervention. Differences of scar conditions over different

time points were examined by Post-hoc paired t test with Bonferroni corrected alpha

(0.05/3=0.017). Significant differences were also found in total scores of VSS between

pre-pressurized hypertrophic scars and 3-month post-pressurized scars (t=11.389,

p < 0.001).There were also significant differences between the total VSS score of

1-month post-pressurized scars and that of 3-month post-pressurized scars (t=3.674,

p=0.005).(Figure 5.2).

Figure 5.2: Progression of Total Score of VSS upon Pressure Therapy
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5.2.2 Scar thickness (Tissue Ultrasound Palpation System)

The thickness of scar which could reflect the degree of scar hypertrophy was measured

by the TUPS (Lau et al., 2005). Figure 5.3 demonstrated an obvious decreasing

trend of scar thickness upon the pressure therapy intervention. Significant reduction

was observed as early as at the first month of treatment (t=4.301, p= 0.002) and

the decreasing trend was persistently noticed at the 3-month pressurized samples

(t=6.563, p < 0.001).

Figure 5.3: Progression of Scar Thickness upon Pressure Therapy
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5.2.3 Scar color (Miniscan XE Plus Spectrocolorimeter)

The scar color was assessed by the Miniscan XE Plus Spectrocolorimeter for three

parameters namely the lightness, redness and yellowness of scars (Li-Tsang et al.,

2003). Lightness indicates the relative lightness or darkness of the samples tested.

Redness represents the red attributes of the testing object and similarly the reading

of yellowness reflects the degree an object appears yellowish.

a) Scar Lightness

No significant differences in scar lightness before and after pressure therapy in-

tervention were found. The descriptive statistics showed increased lightness in post-

pressurized scars (Fig. 5.4).

Figure 5.4: Progression of Scar Lightness (L∗) upon Pressure Therapy
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b) Scar Redness

Significant difference in redness was found between hypertrophic scars before and

after 3-month pressure therapy intervention (t=7.678, p < 0.001). (Fig. 5.5).

Figure 5.5: Progression of Scar Redness (a∗) upon Pressure Therapy

c) Scar Yellowness

In terms of the yellowness value of hypertrophic scars, no significant differences

were found before and after pressure therapy intervention. From the descriptive data,

the scar yellowness value seemed to increase over time upon pressure therapy. See

Figure 5.6.
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Figure 5.6: Progression of Scar Yellowness (b∗) upon Pressure Therapy

5.3 The histopathological characteristics of scar

tissues upon pressure therapy intervention

5.3.1 General histomorphology

Different patterns of morphology were discovered in scar tissues before and after 3-

month pressure intervention in H&E staining. Histological examination demonstrated

a typically thickened epidermis in pre-pressurized scar samples; and the dermis was

highly compact with dermal fibroblasts (Fig. 5.7 B&E). Instead of a regular and wavy

collagen alignment as seen in normal skin tissues (Fig. 5.7 A&D), typical nodular

arrangement of collagen fibers was found in the dermal layer of the scar tissues.

After three months’ pressure treatment, the scar epidermis was less thickened and

the dermal cell density was decreased when compared to pre-pressurized scars (Fig.
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5.7 C). A more wave-like pattern of collagen alignment was seen in 3-month post-

pressurized scar samples when compared to pre-pressurized scar samples (Fig. 5.7

F).

Figure 5.7: General histomorphology of normal skin, pre-pressurized and post–
pressurized scar tissues: Normal skin (NS) (A, D); pre-pressurized hypertrophic scar
tissues (B, E); and 3-month post-pressurized scar tissues (C, F). Scale bar = 200 µm
(for A-C) and 100 µm (for D-F).
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5.3.2 Proliferating keratinocytes in scar epithelium

Ki67 is a protein expressed by cells undergoing proliferation, and therefore Ki67

immunoreactivity is an indication of the highly proliferating capability of a cell. As

shown in Figure 5.8, Ki67 immunoreactivity was found to be present specifically in

the nuclei of the basal keratinocytes, which is the cell layer in the keratinocytes

that retained proliferative capacity. It was noted, however, that the Ki67 positive

basal keratinocytes in pre-pressurized scar samples were significantly more than the

1-month and 3-month post-pressurized scar samples as well the normal skin samples

(Figure 5.8A-D). The percentage of Ki67 positive cells in the basal epidermis was

significantly decreased from 60% in the pre-pressurized samples to 26.9% and 9.1%,

respectively, in 1-month and 3-month post-pressurized samples (t=3.735, p=0.005;

t=8.472, p < 0.0001), see Figure 5.9.
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Figure 5.8: Ki67 immunoreactive keratinocytes in the epidermal layer of normal skin
and hypertrophic scars before and after pressure therapy: Representative images of
DAPI (blue) counterstained sections showing Ki67 immunoreactivity (pink) in the
nuclei of keratinocytes in the epidermis of the normal skin (A), and pre-pressurized
(B), 1-month post-pressurized (C) and 3-month post-pressurized hypertrophic scars
(D). Scale bar = 50 µm.
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Figure 5.9: The Percentage of Ki67 Immunoreactive Keratinocytes in Hypertrophic
Scars upon Pressure Therapy

5.3.3 Dermal myofibroblasts

Myofibroblasts were identified by immunohistochemistry using monoclonal antibody

specifically against α-SMA, a specific marker of myofibroblasts. Unlike the normal

skin tissues, where α-SMA immunoreactivity was not present except for the smooth

muscle layers surrounding the blood vessels and the glands (Costa et al., 1999; Ehrlich

et al., 1994), the pre-pressurized hypertrophic scar samples showed α-SMA expression

all over the dermal layer in a diffused manner in the cytoplasm of the cells (Figure

5.10). More intensive α-SMA signals were observed in the nodular regions in the

dermis. The myofibroblasts population (with positive α-SMA immunoreactivity)
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was decreased in post-pressurized scar tissues (Figure 5.10).

Figure 5.10: α-SMA immunoreactive myofibroblasts in the dermal layer of normal
skin and hypertrophic scars before and after pressure therapy. (A-D) Representa-
tive images of DAPI (blue) counterstained sections showing α-SMA immunoreactive
myofibroblasts (red) in the dermal layer of the normal skin (A), pre-pressurized (B),
1-month post-pressurized (C) and 3-month post-pressurized (D) hypertrophic scars.
Scale bar = 50 µm.
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Results of the quantitative weighted score for myofibroblasts showed that signif-

icant differences in weighted scores for myofibroblasts were found before and after

both 1-month and 3-month pressure intervention (Z=-2.428, P=0.003; Z=-2.859,

P < 0.001). The 12-point weighted scoring for myofibroblast staining before and

after pressure intervention was presented in Figure 5.11. And as for separate scoring

for percentage score, most hypertrophic scar samples(8/10) showed decreased scoring

in the percentage of myofibroblasts after 3-month pressure treatment. For intensity

score, all samples showed decreased in the rating after 3-month pressure intervention.

Figure 5.11: The weighted score for α-SMA immunoreactive myofibroblasts in hy-
pertrophic scars before and after pressure therapy.
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5.3.4 Apoptosis in scar dermis

TUNEL assay was performed to detect the apoptotic cells in the scar dermis. Fibrob-

lasts and myofibroblasts were the predominant cell types in the dermal layer. In order

to estimate the extent of apoptosis occurred in fibroblasts and myofibroblasts, only

apoptotic cells located outside the blood vessels in the dermal layer were included

for analysis. TUNEL positive cells were rarely observed in the blood vessels, glands

or hair follicles. As shown in Figure 5.12, there were very few apoptotic cells in the

pre-pressurized samples but obviously more in the 3-month post-pressurized samples.

An apoptotic index of 1.59% was found in 1-month pressurized samples, compared

with a less than 1% in pre-pressurized scars. A significant increase in apoptotic in-

dex was observed in 3-month post-pressurized samples being up to 8.29% (Figure

5.13). Statistically significant differences were revealed between pre-pressurized and

3-month post-pressurized (t=-4.624, p=0.001) and between 1-month and 3-month

post-pressurized samples (t=-3.307, p=0.009).
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Figure 5.12: Detection of apoptosis by TUNEL analysis in normal skin and hy-
pertrophic scars before and after pressure therapy. Representative images of hema-
toxylin (blue) counterstained sections showed apoptotic cells in the dermal layer of
the normal skin (A), pre-pressurized (B), 1-month post-pressurized (C) and 3-month
post-pressurized (D) hypertrophic scars. Apoptotic cells framed in the small rectan-
gular insert were shown in higher magnification at the bottom right corner of each
image. Arrows indicated more apoptotic cells. Scale bar = 50 µm.
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Figure 5.13: The Apoptotic Indices in Hypertrophic Scar Samples Before and After
Pressure Therapy

5.3.5 Correlation between myofibroblasts and apoptosis in

scar dermis

Correlation analysis was also employed to explore the association between the param-

eter of myofibroblasts and apoptosis in the scar dermis. Results showed a significant

negative association between myofibroblast and apoptosis (r=-0.843; p < 0.01). (Fig-

ure 5.14)
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Figure 5.14: Correlation between dermal myofibroblasts and apoptosis

5.4 Summary

This chapter delineated out the findings of the study. The significant improvements

in the clinical aspects of hypertrophic scars were shown, and more importantly, sig-

nificant differences in the histopathological characteristics in scar tissues over time

upon pressure treatment were discovered including the basic histomorphology, the

epithelial proliferation and the activities of dermal myofibroblasts (population and

apoptosis), which are mainly responsible for the over-production of excessive scar tis-

sues. With these results mentioned above, a further step to fully discuss the results

obtained will be taken in the following chapter.
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Chapter 6

Discussion

6.1 Introduction

Following the previous chapter on the results of the study, the current chapter con-

tinues to present a thorough discussion on the results obtained, so as to respond to

the research question concerning the underlying theory of pressure on hypertrophic

scarring. As mentioned previously, the purpose of this study was to investigate the

effect of pressure therapy intervention on the maturation of hypertrophic scars. It

was hypothesized that pressure had an effect on the clinical appearances of hyper-

trophic scars, which represented the progress of scar maturation. More importantly,

the changes of the key histopathological characteristics upon pressure treatment in

hypertrophic scars, were hypothesized and carefully examined, including both scar

epidermis and dermis components, which was lacking in previous pertinent research.

This chapter serves to provide a comprehensive view to objectively interpret the find-

ings of the study, to fully discuss the results obtained and to critically relate them to

the hypotheses.
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6.2 The effect of pressure therapy on clinical char-

acteristics of hypertrophic scars

In the present study, significant improvements in scar clinical characteristics were

shown in terms of the overall grading of scar presentation, scar thickness and redness

after the 3-month-pressure therapy intervention.

The history of pressure therapy can be traced back to the 16th century, when

pressure was firstly applied for scar management (Linares et al., 1993). Later, Larson

et al. (1971) demonstrated that hypertrophic scarring after skin dermal injuries

decreased after the intervention of pressure therapy. Ever since the 1970’s, pressure

treatment has been accepted as a standard method to manage hypertrophic scarring

(Atiyeh, 2007; Engrav et al., 2010).

Significant differences were reported in terms of the scar thickness after pressure

therapy in a randomized control trial by Van den Kerckhove et al. (2005) among

60 Caucasian patients. The effect of pressure treatment was evident as early as one

month after intervention in their study. Similarly, positive evidence has also been

indicated on the effectiveness of pressure therapy on the management of hypertrophic

scars in a long-term clinical trial (Engrav et al., 2010). In that study of a 12-year

longitudinal observation and follow-up, normal pressure-treated group had signifi-
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cantly better scar outcomes as softer, thinner scars with improved appearance. But

the authors thought the positive effect of pressure treatment might be restricted to

those patients with moderate to severe scarring.

Despite a substantial population of Chinese patients developing hypertrophic scars

after burns injuries, the majority of previous studies mainly focused on hypertrophic

scar treatments (including pressure therapy) in Caucasian population and little has

been known about the responses of similar treatment in Chinese population. A

recent study has shown that Chinese patients with hypertrophic scars respond well

to pressure therapy in terms of the scar color, thickness and pliability (Lai et al.,

2010). In the study, significant thinning of scar tissues and decreasing in scar redness

were observed in both high pressure range group and low pressure range group (20-25

mmHg and 10-15 mmHg respectively) over a five-month duration of pressure therapy

and higher group achieved better outcomes than the counterpart group. In particular,

the improvements in the scar outcomes were found in the first three months of pressure

treatment (Lai et al., 2010).

The results of the present study echo the previous research mentioned above.

The overall scar conditions were evaluated by the total score of the Vancouver Scar

Scale. The higher the score, the more severe the scar hypertrophy was (Baryza &

Baryza, 1995). Though the rating using this scale is subjective, it may still provide
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a quick perception on the appearance of hypertrophic scars. Results in this study

showed that the total score of the Vancouver Scar Scale was significantly declined

after pressure therapy, which indicated that the general scar condition was improved

upon pressure intervention. Scar thickness, one of the most important parameters of

hypertrophic scars, is regarded as a quantification of the hypertrophy of scars (Baryza

& Baryza, 1995; English & Shenefelt, 1999; Lau et al., 2005; Oliveira et al., 2005). In

the current study, the scar thickness was significantly reduced in both 1-month and

3-month post pressure treatment. The effectiveness of pressure therapy on reduction

of scar thickness has been confirmed by previous findings (Lai et al., 2010, Engrav et

al., 2010, Van den Kerckhove et al., 2005). Moreover, in terms of the scar color, scar

redness is a variable of scar appearance on which the assessment of scar vascularity

is based (Baryza & Baryza, 1995; Li-Tsang et al., 2003; Oliveira et al., 2005). There

was a significant reduction in scar redness found in the study after three months’

pressure therapy intervention. The redness measured by the Spectrocolorimeter in

this study was partially related to the vascularity in hypertrophic scars, the results

reflected a trend of scar evolving towards the maturation phase upon pressure therapy

intervention.

In summary, pressure therapy, well-known as the mainstay noninvasive treatment

for hypertrophic scars, has been demonstrated by many previous researchers to have
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an effect in promoting scar maturation, flattening the scar and decreasing scar ery-

thema (Lai et al., 2010; Engrav et al., 2010;Juckett & Hartman-Adams, 2009; Van

den Kerckhove et al., 2005). In the present study, significant improvements in the scar

appearance including overall scar grading, scar thickness and erythema in scar sam-

ples were discovered after pressure intervention, which echoed the previous findings

(Lai et al., 2010; Engrav et al., 2010; Van den Kerckhove et al., 2005).

6.3 The effect of pressure therapy on histopatho-

logical characteristics of hypertrophic scars

To further investigate if there was any histopathological alteration during the period

of early pressure treatment, it is necessary to explore the histomorphology of scar

samples in the first three months of pressure intervention. In the present study, our

histomorphological assessments showed significant improvements in scar conditions in

the first three months of intervention. As follows, the discussion on the histopatholog-

ical changes upon pressure intervention mainly focuses on three dimensions, namely

dermal myofibroblasts, epidermal activities and collagen organization.
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6.3.1 Dermal myofibroblasts in hypertrophic scars

An overgrowth of dermal constituents is one of the fundamental features found in

hypertrophic scar tissues (Alster & Tanzi, 2003). The over-production of ECM can

be explained by the existence of overabundant dermal fibroblasts and myofibroblasts

during wound repair and scarring course, whose primary role is to secrete collagen;

and especially, the α-SMA-expressed myofibroblasts have contributed to the occur-

rence of a most severe complication of abnormal scarring, namely the scar contracture

(Desmoulière et al., 2005; Ehrlich et al., 1994; El Kahi et al., 2009; Junker et al.,

2008; Nakazono-Kusaba et al., 2002; Santucci et al., 2001). Myofibroblasts promote

wound closure through its contractile activity to pull wound tissues together. In nor-

mal wound healing, it is believed that myofibroblasts disappear through undergoing

apoptosis when wound contraction has completed. However, a prolonged existence

of myofibroblasts, with a reduced apoptosis in dermal cells was seen in hypertrophic

scarring (Armour et al., 2007; Nedelec et al., 2001). The persistent high myofi-

broblasts density is probably a critical factor contributing to the pathogenesis of the

proliferative disorder in hypertrophic scars (Ehrlich et al., 1994; Nedelec et al., 2001).

The results showed that myofibroblasts, which are accountable for the patho-

logical consequences of hypertrophic scars, were absent in normal scar tissues but

abundantly expressed in all of our pre-pressurized hypertrophic scar tissues. Conse-
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quently, the presence of a large population of myofibroblasts resulted in high cellular

content and irregular arrangement of collagen deposition in the dermal layer of hy-

pertrophic scars. Our intervention protocol was proven to be effective in inducing

scar maturation as shown in our clinical assessments. Moreover, the mechanical pres-

sure applied by pressure therapy significantly reduced the myofibroblasts population,

which was consistent with the decreased cellular content and the alteration of collagen

fiber arrangement observed in the H & E staining. Myofibroblasts, as is known, were

only temporarily present in normal wound healing process, however, they persistently

existed in the hypertrophic scar tissues and thus would contribute to scar contracture

and over-production of collagen in hypertrophic scar patients (Hinz, 2007). The me-

chanical pressure generated by pressure therapy not only inhibited the myofibroblasts

population but also promoted apoptosis in the scar dermis. Results in this study also

showed a significant negative association between dermal myofibroblasts and apop-

tosis in hypertrophic scars. Instead of two independent events, it was suggested

that mechanical pressure induced myofibroblasts to undergo apoptosis, resulting in

a reduction in cellular content and improvement in collagen fiber alignment in our

pressurized samples. An in vitro study (Sabbatini et al., 2003) using hypertrophic

scar tissues which showed a significant increase in apoptosis subjected to mechanical

compression further confirmed our hypothesis. It will be more credible to compare
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the effects of pressure intervention by comparing the results of 1-month post- and

3-month post-pressurized treatment, in which significant reduction in myofibroblasts

population and marked increase in apoptosis were observed only at 3-month post-

pressurized samples. Considering the possibility of cells of the blood vessels or glands

undergoing apoptosis during pressure intervention, we intentionally excluded those

cell types when calculating the apoptotic index. Thus, the results of the apoptotic

index would most likely represent the degree of apoptosis in myofibroblasts (and/or

fibroblasts), which are the predominant cell types in scar dermis. And it was sug-

gested that mechanical pressure promoted secretion of TNF-α and IL-1β that were

responsible for induction of apoptosis in hypertrophic scar tissues in vitro (Sabbatini

et al., 2003).

On the other hand, TNF-α has also been demonstrated to suppress α-SMA ex-

pression in myofibroblasts in culture (Goldberg, Han, Yan, Shaw, & Garner, 2007).

We noticed that the myofibroblasts, though its population was significantly reduced

in 3-month post-pressurized scar samples, exhibited a reduced level of α-SMA im-

munoreactivity as early as one month after pressure treatment. The down-regulation

of the α-SMA expression in dermal myofibroblasts after pressure intervention might

to some extent be related to a weakened contractile ability of myofibroblasts which

would possibly reduce the chance of scar contracture occurrence. In other words,

107



the contractile apparatus of dermal myofibroblasts might be weakened after pressure

treatment. Whether those fibrogenic cytokines such as TNF-α are involved in the

apoptosis of myofibroblasts and/or down-regulation of α-SMA expression induced by

pressure intervention in vivo requires further exploration.

In addition, we also obtained a few hypertrophic scar samples with similar base-

line scar conditions as the pre-pressurized samples, from those subjects who had

withdrawn but had not received any treatment before withdrawal and until biopsy

collecting. The scar biopsies were collected during their reconstructive surgeries sub-

ject to their consent. The α-SMA staining results of these scars still presented a large

population of myofibroblasts and rather intense staining for α-SMA expression.

Results of the present study echoed that of a previous study conducted by Costa

et al. (1999), which demonstrated a significant reduction of α-SMA-labeled my-

ofibroblasts in pressure-treated scar tissues, compared with those without pressure

intervention.

Desmoulière et al. (1997) once proposed that myofibroblasts appeared in hyper-

trophic scars prior to the development of high levels of apoptosis. Our data provided

further evidence to support the hypothesis of the inhibitory effect in dermal myofi-

broblasts caused by pressure, by induction of an increased level of apoptosis in scar

dermis. Since it was not a controlled study, more evidence should be sought in future
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research in order to further testify the underlying mechanism of pressure therapy on

scar maturation.

6.3.2 Epidermal activities in scar tissues

Although hypertrophic cutaneous scarring has classically been regarded as a dermal

process, another side of evidence has indicated the scar epidermis as a factor of

importance during the development of hypertrophic scars (Tandara & Mustoe, 2008).

Epithelization has a critical impact on promoting early wound healing after der-

mal skin injuries. Hypertrophic scarring occurs after burns or skin injuries when

epithelialization is delayed (Deitch et al., 1983). A recent in situ cell culture exper-

iment by Koskela et al. (2010) has shown the effect of keratinocytes to regulate the

fibroblast genes which are critical for dermal fibrosis.

Abnormal epidermal-mesenchymal interaction has been indicated to be involved

in the pathological scarring process which is more complex than being merely or-

chestrated by isolated dermal compartment (Machesney et al., 1998). According to

Hakvoort et al. (1999), keratinocytes may be involved in the pathogenesis of hyper-

trophic scarring. In their study, a striking difference was found between normotrophic

and hypertrophic scars at four months post-burn. Hypertrophic scars keratinocytes

exhibited a higher level of proliferation, differentiation and activation than those of
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the normotrophic scars. Moreover, the early epidermal abnormalities were demon-

strated to be associated with the clinical outcomes of hypertrophic scars in the future

(Andriessen et al., 1998). Also, interactions between dermis and epidermis were ex-

plored using a tissue-engineered skin model, the role of keratinocytes was disclosed in

pathological fibrosis development in the dermis, through influencing the proliferation

of dermal cells and the matrix accumulation (Bellemare et al., 2005).

A less thickened epidermis was seen after pressure intervention compared with

pre-pressurized scar tissues in this study. The proliferation of keratinocytes in hy-

pertrophic scar tissues was significantly suppressed upon pressure intervention. Ac-

cording to a previous study, actively proliferating keratinocytes were discovered in

young hypertrophic scars (3 months old) and also in those scars which remained

hypertrophic in 12 months compared with non-hypertrophic scars; when scars grew

older and became more mature, the number of actively cycling cells was reduced

(Andriessen et al., 1998). The maturation of hypertrophic scarring appeared to be

affected by pressure therapy possibly in a way of influencing the keratinocytes pro-

liferation and activity which might consecutively interrupt the signal transmission

between epidermis and dermis that were pertinent to pathological fibrosis. Future

research on exploring pressure therapy and scar maturation is warranted to take into

account the epidermal elements, besides the dermal factors.

110



6.3.3 Collagen organization in hypertrophic scars

Although it has been known that over-production of collagen by myofibroblasts is

one of the causes of hypertrophic scarring, how pressure treatment acts on the col-

lagen or ECM organization as a whole remains unknown apart from decreasing the

myofibroblasts population.

Collagen remodeling is one of the critical steps during late stage of normal wound

healing. Active hypertrophic scars are characterized by a great deal of collagen fibers

deposited in dermis, which are irregularly organized as forming bundles and nodules

(Costa et al., 1999; Kischer & Brody, 1981; Verhaegen et al., 2009). In the present

study, we observed similar nodular patterns in pre-pressurized hypertrophic scar tis-

sues, which were quite distinct from normal skin tissues (Figure 5.7). By contrast, in

the 3-month post-pressurized scar tissues, a thinner and wavy alignment of collagen,

which was more parallel to epidermis, was seen (Figure 5.7). In this way, the ab-

normal pattern of matrix fibers, especially collagens seemed to be transformed upon

pressure treatment, which is in agreement with the opinions of previous researchers

that pressure may restore the organization of collagen in hypertrophic scars (Costa

et al., 1999; Macintyre & Baird, 2006; Puzey, 2002).

As mentioned previously, myofibroblasts are transiently present for collagen se-

cretion but soon disappear before collagen remodeling phase (Hinz, 2007). It is likely
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that the disappearance of myofibroblasts marked the termination of collagen syn-

thesis and, in turn, signalized the onset of collagen remodeling, while continuous

deposition of collagen by prolonged existence of myofibroblasts adversely delayed the

remodeling process. Another possibility is that mechanical pressure up-regulated the

enzyme collagenases that inhibited the accumulation of collagen. This hypothesis is

supported by the study of Renò et al. (2001), in which they demonstrated that me-

chanical compression increased secretion of prostaglandin E2, one of the regulators of

collagenase expression. The process of abnormal hypertrophic scarring is deemed as

a result of an imbalance in collagen deposition and degradation in dermis after skin

injuries (Altmeyer et al., 1995), and pressure therapy might serve to help rectifying

the imbalance between the production and degradation of collagen that eventually

contribute to hypertrophic scar maturation.

6.4 The established pressure treatment regime

After the discussion on the alterations in both the clinical and histopathological char-

acteristics of hypertrophic scars induced by pressure intervention, this section extends

a consideration of the protocol of pressure treatment established and employed in the

present study.

In this study, an established pressure therapy protocol was employed. A defined
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pressure magnitude of around 15mmHg generated by pressure garments was used

to act on the scar samples. In order to maintain the pressure dosage throughout

the period of pressure intervention, the Pliance X system (Lai & Li-Tsang, 2009),

which has been developed for low interface pressure measurement and validated to

accurately monitor the amount of pressure exerted during intervention, was employed

to measure the pressure onto the scar tissue. With the advantage of using this system,

modification of the pressure garment could therefore be made regularly to ensure an

adequate pressure range. Literature review on the past research uncovered that

there has yet to be a universal agreement on the amount of pressure to be used

upon different scar samples (Atiyeh, 2007; Macintyre & Baird, 2006). Theoretically,

a pressure level at or exceeding 25 mmHg was said to be effective for scar controlling

(Cheng et al., 1984); however, some researchers have demonstrated a lower pressure

as 15 mmHg is sufficient to generate positive effects in scar controlling (Anzarut et

al., 2009; Lai et al., 2010; Engrav et al., 2010; Van den Kerckhove et al., 2005);

and too high pressure may induce discomfort, numbness or other complications in

scar patients (Atiyeh 2007; Macintyre & Baird, 2006). Worse still, few studies have

mentioned the amount of pressure used in the management of hypertrophic scars and

even fewer have tried to monitor the pressure level exerted by pressure garments over

time in a longitudinal study (Lai et al., 2010).
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In this study, by regularly and properly monitoring the pressure dosage exerted on

scar patients, the effect of pressure therapy could be more accurately evaluated, and

this hence undoubtedly facilitated a clearer explanation for the working mechanisms

of this widespread intervention.

6.5 Summary

This study further demonstrated that hypertrophic scar was significantly improved

in terms of the overall grading, scar thickness and redness. Histopathologically, the

reduction of dermal myofibroblasts and the decrease in the intensity of α-SMA ex-

pression in post-pressurized scar tissues were revealed; interestingly, it was observed

at the same time that there was an increased apoptotic index in scar dermis after

pressure therapy. It is thus reasonable to believe that pressure treatment may play a

role in inhibiting the population of myofibroblasts possibly by induction of apoptosis.

Besides, the proliferation in scar epidermis was significantly suppressed in pressure-

treated scar tissues, compared with pre-pressurized scars. Pressure therapy might

also influence the maturation of hypertrophic scarring through affecting the epithe-

lial cells of scar tissues. Also, the over-deposited and irregular collagen usually seen

in hypertrophic scars appeared to be more regular and wavy in organization, more

simulating the normal skin tissues after pressure treatment.
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Pressure therapy was shown to play a role in enhancing the process of scar matu-

ration by inhibiting dermal myofibroblasts possibly via induction of apoptosis, which

may eventually result in reduced collagen deposition and improved scar appearance in

thickness and color, thus promoting the maturation process of hypertrophic scarring.

Pressure therapy might also have an impact on excessive scarring process by affect-

ing the proliferation of keratinocytes in scar epidermis. Therefore, pressure therapy

could probably act on the maturation of hypertrophic scarring through a combined

pathway with factors involving both scar epidermis and dermis.
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Chapter 7

Conclusion

This concluding chapter is the final chapter of the thesis. In this chapter, the purpose

of the present research is restated, and then the major and significant findings of the

present study are summarized. The significance of the results and the implications on

the basis of these major findings will be discussed as follows. Besides, the limitations

of the present study design will be mentioned afterwards, and recommendations for

future research will then be made. The chapter will end with the final concluding

remarks.

7.1 Restatement of the purpose of study

An examination of the past and current research on hypertrophic scars and pres-

sure treatment revealed a fact that the theory underlying pressure intervention is

still unclear and the evidence concerning the pressure theory is far from complete

thus far, although pressure therapy has been widely applied for the management of

hypertrophic scars. Moreover, there is a lack of a standardization of the practice in

prescribing pressure therapy intervention and administering the pressure monitoring
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of the pressure treatment. Given that there remains a gap in the understanding of

how pressure works on the maturation of hypertrophic scars to be filled, the purpose

of the main study is to investigate the working mechanisms of pressure intervention

on the development of hypertrophic scarring, through a longitudinal observation of

the characteristics of hypertrophic scars using an in vivo model. And since there

exists a limitation in the administrative method to prescribe pressure treatment, a

validation study was conducted in the phase I of the study so as to testify a stan-

dardized system for pressure therapy intervention prescription. The research question

raised in the main study is what changes could be induced by pressure intervention

in both the clinical and histopathological characteristics of hypertrophic scars. From

the histopathological perspective, the hypothesis was proposed that not only the clas-

sical dermis contents would be affected by pressure; epidermis might also participate

in the maturation of hypertrophic scarring induced by pressure intervention.

7.2 Summary of the major findings of this study

In phase I of the study, a newly developed system to standardize the current practice

to prescribe pressure therapy intervention was validated to be more favorable in

terms of the sustainability of pressure and the comfort of wear. This standardized

treatment regime can therefore be promoted to a wide application in clinical practice.
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Afterwards, the major findings of the main study are presented. First of all, we

have demonstrated a significantly reduced population of dermal myofibroblasts and a

marked decrease in the expression of α-SMA in scar tissues after the implementation

of pressure therapy. At the same time, interestingly, increased apoptosis phenomenon

in scar dermis (most probably in myofibroblasts, the master cells in dermis, with

exclusion of those obvious endothelial cells and glands) was observed in hypertrophic

scar tissues after pressure therapy. In this sense, it would be reasonable to believe

that mechanical pressure induced dermal myofibroblasts to undergo apoptosis, thus

resulting in a reduction in cellular contents in the pressurized scar tissues.

Moreover, the epidermis also played an important role in the development of hy-

pertrophic scars. Our results showed a less thickened epidermis in scar tissues after

pressure intervention compared with pre-pressurized scar tissues. The proliferation

of keratinocytes in hypertrophic scar tissues was significantly suppressed after both

1-month and 3-month pressure therapy. Pressure therapy may also affect the matu-

ration of hypertrophic scarring through influencing the proliferation and activities of

keratinocytes in scar epidermis.

In addition, the effect of pressure on the remodelling of hypertrophic scars was

also partially indicated, which could help restore and realign the organization of ECM

in hypertrophic scar tissues.
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7.3 Significance and implications of the study

Given that few studies have been conducted in vivo to explore the longitudinal ef-

fect of pressure treatment with a standardized protocol, the current study focused

on the longitudinal observations of the changes of the characteristics of hypertrophic

scars upon an established pressure intervention. It shed new light on the possible

explanations of the underlying mechanisms of pressure therapy on the maturation

of hypertrophic scarring. With the findings of the present study, renewed research

evidence was provided on the inhibition of dermal myofibroblasts via apoptosis in hy-

pertrophic scars upon pressure intervention. What is more, the role of keratinocytes

in the maturation course of hypertrophic scarring can also be regulated by mechanical

pressure. Both the epidermal and dermal factors that influence hypertrophic scarring

have been taken into account in the present research, thus this study is more com-

prehensive than those hypotheses concerning isolated dermal compartment induced

by pressure. This study is undoubtedly, able to promote a further understanding of

the underlying theory of this wide-spread modality of pressure therapy intervention.

In addition, the participants in the present study were all from the Chinese pop-

ulation. As mentioned previously, although the prevalence of burns injuries and

hypertrophic scars in China is relatively high, a limited body of research has been

conducted before on the hypertrophic scarring in Chinese population and the re-
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sponses of the Chinese scar patients toward different treatment modalities including

the widely applied pressure treatment. Although only a limited number of scar sam-

ples were included in this study, it was the first study to investigate the mechanism

of how longitudinal pressure therapy acts on hypertrophic scarring in vivo, which

thus could possibly arouse the interest of future studies on the abnormal scarring

and pressure theory on scar controlling in Chinese population.

7.4 Limitations of the study and recommendations

for future research

There are several limitations for the present study. First of all, an ideal design for

studying hypertrophic scars should include a control site of scar tissues from the

same participant without pressure treatment, while lacking this self control is a main

limitation of this study. It is still very difficult to recruit a group of control subjects

without pressure treatments who would agree to participate in the longitudinal as-

sessments and biopsies taking. What is more, only a limited number of subjects were

recruited and successfully compliant with the whole research protocol. Still, sampling

method employed in this study was convenience sampling in only one setting of the

hospital, which may limit the generalization of the results of the present research.

But, according to a prior sample size estimate from a previous study by Lai et al.
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(2010), the sample size of 10 scar samples could sufficiently differentiate the clinical

outcomes of scars across the 3-month pressure treatment period. It is recommended

that a multicenter comparative trial be undertaken with a larger sample size and an

ideal control group in future.

The present study merely provided a limited knowledge on the epidermal-dermal

interactions in the development of hypertrophic scar and the maturation of scarring.

There is far from enough knowledge about the mechenssal-dermal cross-talk and com-

munication during hypertrophic scarring. In light of this, future studies on exploring

the relationship between epidermis and dermis in the formation of abnormal scarring

are therefore of great interest.

Furthermore, due to the limited size of the scar biopsy obtained in the present

study, we failed to undertake quantitative experiments about TGF-β using western

blotting or polymerase chain reaction (PCR). As is known to all, TGF-β is a crucial

cytokine involved in hypertrophic scarring, such as activating fibroblasts differenti-

ating into myofibroblasts, signaling excessive ECM production and deposition and

contributing to dermal fibrosis (Dabiri et al., 2008; Martin, 1997). And whether

the apoptosis of dermal myofibroblasts upon mechanical pressure could be through

a regulation signaling pathway involving TGF-β needs to be further explored, given

previous experimental evidence about the correlation between fibroblasts inhibition
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and the TGF-β secretion in hypertrophic scars (Chang et al., 2008). It will be in-

teresting to conduct further research to explore the role of TGF-β involved in the

mechanism of pressure treatment in hypertrophic scar management using a quanti-

tative study.

7.5 Concluding remarks

To briefly sum up, this work reports significant improvements in both the clinical

and histopathological characteristics of scar tissues upon a standardized practice of

pressure intervention. According to the findings, pressure therapy intervention may

play a role in hypertrophic scar maturation through inhibiting dermal myofibroblasts

probably by induction of apoptosis, which may eventually result in reduction of col-

lagen over-production and deposition and improvements in scar appearance such as

scar thickness and color, so as to accelerate the maturation process of hypertrophic

scarring. Pressure therapy might also affect the proliferation of keratinocytes in scar

epidermis which may be helpful to accelerate the remission of excessive scarring pro-

cess. Therefore, pressure therapy could probably have an effect on the maturation of

hypertrophic scarring through a combined pathway with both epidermal and dermal

elements involved.

The present study provides renewed possible theories to explain the working mech-
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anism of pressure therapy on scar controlling. Hopefully, further work will be war-

ranted towards this direction in depth to excavate more detailed and thorough the-

ories underlying this widespread treatment method in scar rehabilitation, so as to

provide more sound and scientific evidence support for the clinical practice.
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壓力衣用者意見問卷 (靜脈曲張)                        (編號:____) 
 
參與者您好： 
首先，非常感謝您願意填寫本問卷。鑑於現時無明確的壓力衣布料標準，以致市面
布料品質不一，使部分壓力治療效果不佳或增加傷友的不適。為改善此情況，香港
理工大學致力研發舒適及耐用的壓力衣，並得到律敦治醫院及明愛醫院同意協助。
您的寶貴意見有助提升壓力衣的質素，讓傷友在未來能夠接受更好的治療。因此，
希望您能將這穿著壓衣期間感受告近我們，謝謝你的協助。 

一、患者基本資料 

1. 姓名： ___________________   2. 年齢：______   3. 性別：  □ 男      □ 女 

4. 教育程度：□ 小學或以下       □ 中學        □ 大專或以上 

5. 發病時間：________年_______月          □ 不記得或不知道 

6. 何時開始穿戴壓力衣：________年_______月        □ 不記得或不知道 

 

7. 這次製作的壓力衣種類包括 (可複選)： 

□褲子    □腳套 

 

8. 每天穿戴壓力衣共多少個小時？_____小時 

 

在這次研究中，您一共取得兩種不同的壓力衣。第一套是甲套 ，第二套是乙套 。請就第九至
第十二題的問題，選出最合適的答案，並在格內劃上剔號。 

 

9. 以下是關於甲套壓力衣的問題，請您按照滿意程度來回答。 

 

項目 非常滿
意 

5 

滿意 

4 

尚可 

3 

不滿意 

2 

非常不
滿意 

1 

a) 布料與皮膚接觸面的舒適度 

i. 痕癢程度 

ii. 布料的柔軟度 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

b) 壓力衣的處理方便度 

i. 易於清洗 

ii. 易乾程度 

iii. 穿脫的容易度 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

c) 壓力衣的外觀 

i. 顏色 

(建議顔色: ______ )  

ii.  縫合位 

iii. 剪裁 

 

□ 

 

□ 

□ 

 

□ 

 

□ 

□ 

 

□ 

 

□ 

□ 

 

□ 

 

□ 

□ 

 

□ 

 

□ 

□ 
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項目 非常滿意 

5 

滿意 

4 

尚可 

3 

不滿意 

2 

非常不
滿意 

1 

d)戴上後關節靈活活動性 □ □ □ □ □ 

e)布料的特性 

i. 布料氣味 

ii. 布料的排汗效果 

iii. 使用一個月後的緊貼度 

iv. 清洗後能維持彈性 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

f)臨床效果 

i. 減輕疼痛的效果 

ii. 減輕痕癢的效果 

iii. 減輕肢體沉重感的效果 

iv. 減輕水腫的效果 

v. 改善靜脈曲張外觀的效果 

 

□ 

□ 

□ 

□ 

□ 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

10. 以下是關於乙套壓力衣的問題，請您按照滿意程度來回答。 

 

項目 非常滿意 

5 

滿意 

4 

尚可 

3 

不滿意 

2 

非常不滿
意 

1 

a) 布料與皮膚接觸面的舒適度 

i. 痕癢程度 

ii. 布料的柔軟度 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

b) 壓力衣的處理方便度 

i. 易於清洗 

ii. 易乾程度 

iii. 穿脫的難易度 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

c) 壓力衣的外觀 

i. 顏色 

(建議顔色: ______ )  

ii. 駁位 

iii. 剪裁 

 

□ 

 

□ 

□ 

 

□ 

 

□ 

□ 

 

□ 

 

□ 

□ 

 

□ 

 

□ 

□ 

 

□ 

 

□ 

□ 

d)戴上後關節靈活活動性 

 

□ □ □ □ □ 
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項目 非常滿意 

5 

滿意 

4 

尚可 

3 

不滿意 

2 

非常不滿
意 

1 

e)布料的特性 

i. 布料氣味 

ii. 布料的排汗效果 

iii. 使用一個月後的緊貼度 

iv. 清洗後能維持彈性 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

f)臨床效果 

i. 減輕疼痛的效果 

ii. 減輕痕癢的效果 

iii. 減輕肢體沉重感的效果 

iv. 減輕水腫的效果 

v. 改善靜脈曲張外觀的效
果 

 

□ 

□ 

□ 

□ 

□ 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

 

11. 請問您對兩種壓力衣移位的情況有何意見？請為每套剔出一個答案。 

     (即總共只有兩個答案) 

 

 沒有移位 大動作時輕微
移位 

大動作時大幅
度移位 

細動作時輕微
移位 

細動作時大幅
度移位 

甲套 □ □ □ □ □ 

乙套 □ □ □ □ □ 

 

12. 請問您對兩種壓力衣於穿戴一個月後的效果有何意見？ 

 

項目 

非常好 

5 

好 

4 

尚可 

3 

差 

2 

非常差 

1 

甲套 □ □ □ □ □ 

乙套 □ □ □ □ □ 

 

13. 整體來說，以 1 分為最低，10 分為最高，你會給甲套壓力衣多少分？_____ 分 

 

14. 整體來說，以 1 分為最低，10 分為最高，你會給乙套壓力衣多少分？_____ 分 
 

問卷結束，謝謝！ 
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Questionnaire for PG users (Varicose Vein) (English version) 
 

Questionnaire for PG users (Varicose Vein)                 (No.___) 

 

Dear Participant: 

First of all, we would like to thank you for completing this questionnaire. Since there is no clear standard 

regarding the fabric used in producing pressure garment in Hong Kong, the quality of these garments 

varies, consequently lead to unsatisfied treatment outcome or discomfort in some users. To improve on 

this situation, The Hong Kong Polytechnic University is making efforts in researching comfortable and 

durable pressure garment, and has obtained support from Ruttonjee Hospital and Caritas Medical Centre. 

Your valuable opinion can assist us to set up better standards for pressure garment; and help the 

recovering individuals to receive better treatment in the future. We would like you to share with us your 

experience in wearing pressure garment. Thank you for your kind assistance. 

 

1. Client information 

1. Name: ____________________         2. Age: _____    3. Gender: □ Male       □ Female 

4. Educational Level: □ Primary or below       □ Secondary        □ Tertiary or above 

5. Onset of illness: Year______ Month______     □ Could not remembered or unknown 

6. Date starting wearing Pressure Garment: Year _____ Month____ □ Could not remembered or unknown 

 

2. Feedback on Pressure Garment 

 

7. The type(s) of pressure garment received (could be multiple answers): 

□Pants      □Sock        

 

8. How many hours do you wear the pressure garment per day? ______ hours 

 

In this study, you obtained 2 different sets of garment. The first one is Set A, the second one is  

Set B . For questions 9 – 12, please tick the box as appropriate. 

 

9. The following questions are referring to Set A. Please state your level of satisfaction. 

 

Item 

Very 

Satisfied 

5 

Satisfied 

 

4 

Fair 

 

3 

Unsatisfied 

 

2 

Very 

Unsatisfied 

1 

a) The comfortableness of the 

contact surface between garment 

and skin: 

 i. level of itchiness 

ii. level of softness (fabric material) 

 

 

 

□ 

□ 

 

 

 

□ 

□ 

 

 

 

□ 

□ 

 

 

 

□ 

□ 

 

 

 

□ 

□ 

b) The ease of handling: 

  i. ease of cleaning 

 ii ease of drying 

iii ease of donning doffing 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 
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c) The appearance of the garment: 

  i color  (suggested color___) 

 ii neatness of sewing connection  

iii cutting  

 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

d) The joint mobility during wearing □ □ □ □ □ 

e) The properties of garment fabric: 

  i smell  

 ii permeability after sweating 

iii tightness after one-month use 

iv elasticity maintenance after 

washing 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

f) Clinical effects: 

  i reducing pain 

 ii reducing itchiness 

iii reducing heaviness 

iv reducing swelling 

 v improving appearance of spider 

veins 

 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

      

 

10. The following questions are referring to Set B. Please state your level of satisfaction. 

 

Item 

Very 

Satisfied 

5 

Satisfied 

 

4 

Fair 

 

3 

Unsatisfied 

 

2 

Very 

Unsatisfied 

1 

a) The comfortableness of the 

contact surface between garment 

and skin: 

 i. level of itchiness 

ii. level of softness (fabric material) 

 

 

 

□ 

□ 

 

 

 

□ 

□ 

 

 

 

□ 

□ 

 

 

 

□ 

□ 

 

 

 

□ 

□ 

b) The ease of handling: 

  i. ease of cleaning 

 ii ease of drying 

iii ease of donning doffing 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

 

□ 

□ 

□ 

c) The appearance of the garment: 

  i color  (suggested color___) 

 ii neatness of sewing connection  

iii cutting  

 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

 

□ 

□ 

d) The joint mobility during wearing □ □ □ □ □ 

e) The properties of garment fabric: 

  i smell  

 ii permeability after sweating 

iii tightness after one-month use 

iv elasticity maintenance after 

washing 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 

 

□ 

□ 

□ 

□ 
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f) Clinical effects: 

  i reducing pain 

 ii reducing itchiness 

iii reducing heaviness 

iv reducing swelling 

 v improving appearance of spider 

veins 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

 

□ 

□ 

□ 

□ 

□ 

 

 

      

 

 

 

11. What is your opinion on the displacement tendency of the two sets of Pressure Garment? 

   Please tick one answer for each set of garment. (That means there are only 2 answers) 

Item Set A Set B 

5) No displacement □ □ 

4) Slightly displaced under large 

    movements 

□ □ 

3) Significantly displaced under large 

    movements 

□ □ 

2) Slightly displaced under small 

    movements 

□ □ 

1) significantly displaced under small 

    movements   

□ □ 

 

 

12. What is your opinion on the overall efficacy of the two sets of Pressure Garment after one month 

intervention? 

Item 
Very high 

5 

High 

4 

Fair 

3 

Low 

2 

Very low 

1 

Set A □ □ □ □ □ 

Set B □ □ □ □ □ 

  

 

13. Overall speaking, please rate Set A of Pressure Garment (1 being lowest,10 being highest) _____ 

 

14. Overall speaking, please rate Set B of Pressure Garment (1 being lowest, 10 being highest) _____ 

 

 

End of the Questionnaire. Thank you. 
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知情同意书 

 

负责人：李曾慧平教授 (香港理工大学康复治疗科学系)                           

详情 

研究目的是探讨压力治疗对增生性疤痕成熟的影响及其促控制疤痕增生的机制。在给予参

与者适当的压力治疗后，研究人员将会每两个月记录疤痕的外观特征及组织切片特点。所

有个人资料将会绝对保密，收集的数据及检验结果只限于研究用途。  

对参加者及社会的得益 

研究将令我们对压力治疗影响增生性疤痕的机制有更深入的认识，为压力治疗的应用提供

更有力的科学根据，可望在将来减轻增生性疤痕对疤痕患者以及社会造成的负担。   

潜在风险  

此项研究无严重危及健康和生命的潜在风险。组织取样活检可致皮肤微小创面形成而可能

伴随的皮肤反应或其他合并症。鉴于此，取样者须是临床经验丰富，操作熟练的外科医

生；并且确保做到严格消毒，严谨操作和严密观察皮肤疤痕的情况和检后微创护理。 

同意书 

本人______________ (联络电话:_______________)明白这次研究的详情。我*同意/ 不同意参

与这项研究。本人明白自己有权利在研究中的任何时间，无需提供任何原因的情形下退出

研究，而不会引致任何后果。本人已清楚这项研究的潜在风险。本人明白自己的个人资料

不会向任何与此研究无关的人士透露，而自己的名字和相片均不会被泄露。 

有关研究的事宜，本人可致电李曾慧平教授 ((852) 2766 6715)。如果本人对这项研究有任

何投诉，本人可致电研究事务处秘书梁小姐 ((852) 2766 6397)。 

 

签署 (参加者) ：      日期：____________ 

 

签署 (见证人) ：      日期： ____________ 

 

 

*请删去不适用者. 
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Consent form 

 

Person in Charge: Professor Cecilia Li-Tsang  

Department of Rehabilitation Sciences, the Hong Kong Polytechnic University 

About the Project: 

This project aims to investigate the effect of pressure on the maturation of hypertrophic scar. The 

in vivo changes of scar conditions under pressure therapy over time will be recorded in terms of 

physical characteristics and microscopic findings regularly. All personal information and 

assessment results collected would be strictly confidential and only for research use.  

Benefits to the Participants and society   

This research could add to the understanding of how hypertrophic scar responds to pressure 

therapy, hence providing support to its wide application to effectively promote scar maturation.   

Potential Risks  

This research has no major potential risks to life, with a minor risk of complication during biopsy. 

Therefore surgeons undertaking biopsy should be experienced with high proficiency in the 

operation, and intensive wound preparation and post-biopsy care would be ensured for each 

participant. 

Consent Form: 

I, ______________ (Contact no :______________) understand the conditions of this research. I 

*wish/ do not wish to participate in this research, and I am clear that I have the right to abstain 

from this research at any moment and without any reasons, and will not bear any kind of 

consequences. I understand the potential risks in participating in this project and know my 

personal information would not be disclosed to anybody not related to the research. 

I may contact Prof. Cecilia Li-Tsang at 852-2766 6715 and could contact Ms. Leung (The 

Secretary of Research Office) at 852-2766 5397, if any inquiry or complaint arises. 

 

Signature (subject):      Date: ____________ 

 

Signature (witness):      Date: ____________ 

 

 

*Please delete where inappropriate.                                                   



160 
 

香港理工大学康复治疗科学系 

 

患者一般情况记录表 

 

病人姓名：                         评估日期：                   

评估者：                            

基本数据 

性别：□男性   □女性       年龄：_______ 

出生日期：   年  月  日 

受伤日期：              受伤原因： 

创面愈合时间： 

疤痕出现时间：     星期/月 

疤痕出现原因：□烫伤 □烧伤  □手术  □外伤 □其他： 

烧伤总面积：TBSA ___________% 

其他治疗：无/有，如有：_______________________ 

 
疤痕评估 

1. 疤痕位置 

 

2. 疤痕面积 

长度：______ 

阔度：______ 

 

3. 疤痕拍照 

患者编号：___________ 
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香港理工大学康复治疗科学系 

增生性疤痕评估表 

 

 

 

 

 

 

 

 

 

 

温哥华疤痕测试分数 分数 

疤痕色泽 (Pigmentation)      /3 

血液循环 (Vascularity)      /3 

柔软程度 (Pliability)      /5 

疤痕厚度 (Height)      /4 

总分      /15 

颜色量化表 

位置 第一次 第二次 第三次 

L* a* b* L* a* b* L* a* b* 

疤痕 一          

二          

三          

四          

五          

平均值          

超声波疤痕厚度评估 读数 (mm)  

第一次 第二次 第三次 平均值 

位置 一     

二     

三     

四     

五     

患者编号：___________ 




