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1
Burns are among the most devastating injuries encountered in medical practice. Each year 

more than 11 million people suffer from burn injuries worldwide. It is estimated that burns cause 

180.000 deaths annually throughout the world of which the vast majority occur in low and middle-

income countries.1 In the Netherlands, about 92.000 people visit the general practitioner with 

burn injuries every year. Approximately 3.900 people are treated at an emergency department 

because of burns and 1.100 people are admitted to a hospital.2, 3 Of these, 800 people are 

treated in one of the three Dutch burn centers.4 

TREATMENT OF BURNS

Burn wound treatment can be roughly divided in non-operative and operative care. Superficial 

burns can be adequately treated non-operatively with various dressings and will heal with few 

or no functional and aesthetical problems.5 Deep partial and full thickness burns, however, can 

result in functional and aesthetical problematic scars if re-epithelialization (wound healing) does 

not occur within two to three weeks.6, 7 Therefore, these burns are often treated with debridement 

of the burned tissue followed by autologous split skin grafting. In the majority of hospitals sharp 

tangential (i.e. layer after layer) excision of the burned tissue with a guarded knife is the standard 

of care for wound debridement. To cover the wound, donor skin is grafted form a healthy part 

of the patients’ body with a dermatome that leaves sufficient residual epidermal cells to allow 

spontaneous re-epithelization.8 This area is referred to as the donor-site and is commonly 

situated on the patients’ thigh, back or upper arm.9 In addition to the burn scar there will be a 

scar on the donor-site. 

With the evolution of burn wound debridement techniques such as hydrosurgical and enzymatic 

debridement, sharp tangential excision is no longer the only option.10, 11 In contrast to conventional 

surgical debridement, one of the main advantages of these techniques is that they accurately 

debride burned tissue with maximal preservation of viable dermis and prevent unnecessary 

tissue loss. A recent review showed that next to increased dermal preservation, these techniques 

seem to reduce complete healing time and the necessity of skin grafting and therefore have the 

potential to improve scar outcomes.11 However, the evidence was of limited quality. 

OUTCOMES OF BURN INJURIES

Over the past decades, the number of people surviving burns has increased substantially due to 

advances in critical and surgical care management.12-14 Therefore, more patients are confronted 

with lifelong disabilities, disfigurements and often subsequent psychological problems.15 This has 

led to a shift in attention from clinically-led short-term outcomes (e.g. improvement of survival) 
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to longer-term patient-reported outcome measures (PROMs), which focus on psychological 

sequelae and physical appearance.16 PROMs are questionnaires that are completed by patients 

themselves to measure their perspectives on disease and healthcare outcomes. They provide 

important insights into what truly matters to (specific) patients since they are directly assessed 

by the patient without the interpretation by another persona. This information can be used to 

inform patients, manage expectations of certain treatment options and support shared decision 

making. Also, outcomes can raise awareness of potential complications or problems during 

recovery and help clinicians to tailor treatment. In modern day burn research, particularly health 

related quality of life (HRQL) and scar quality outcomes are progressively used to improve 

patient-centred care.17, 18 

HRQL is a self-reported outcome that reflects the patients’ perception of his/her health status, 

based on physical, psychological and social wellbeing after an injury or disease.19 Although 

many different PROMs have been developed, no consensus exists which PROM is optimal in the 

assessment of HRQL after burn injury. 

Scar quality measurement can be performed by different types of instruments, including scar 

assessment scales and devices. Devices often measure just one scar characteristic (like colour 

or pliability), while scar assessment scales allow for the evaluation of multiple scar characteristics. 

Clinician-reported outcomes capture the clinicians’ opinion on visual and tactile characteristics, 

whereas patient-reported outcomes enable the assessment of sensory characteristics in addition 

to the patients’ opinion on the visual and tactile characteristics of their scar(s). 

Measurements are crucial in clinical practice and medical research. They form the basis of diagnosis, 

prognosis and evaluation of the results of medical interventions. A decision-maker should know 

that the measurement instrument used is adequate for its purpose, how it compares with similar 

instruments and how to interpret the results it produces. When multiple measurement instruments 

are available, choosing the most appropriate instrument can be challenging. Clinimetrics is a 

methodological discipline which focusses on the quality of measurements in medical research 

and clinical practice. Recently, COnsensus-based Standards for the selection of health status 

Measurement INstruments (COSMIN) have been published to guide the selection of an 

appropriate measurement instrument. These guidelines advice that selection should be based 

on 1) feasibility of use (e.g. availability, patient compliance), 2) the clinimetric properties (e.g. 

reliability, validity), and 3) interpretability of results (e.g. normative values, minimal important 

change).20-22
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1
AIMS AND OUTLINE OF THIS THESIS

Research in this thesis focusses on short- and long term patient-reported outcomes of burn care 

and clinical outcomes of burn surgery. An overview of available evidence on HRQL after burn 

injury was provided (Part I), clinimetric properties of PROMs used in burn care were assessed 

(Part II) and clinical studies into outcomes of burn surgery were performed (Part III). The aim was 

to critically appraise available evidence of often used measurement instruments and to improve 

surgical burn care through the evaluation of available surgical techniques.

PART I  Health-Related Quality of Life after burn injury

PROMs to assess HRQL after burn injury are either generic (assessing general aspects of 

health) or disease specific (covering aspects that are specifically relevant for burn patients). 

Generic instruments allow comparison with the general population and other diseases, whilst 

burn-specific instruments include disease specific items that are relevant for burn patients e.g. 

body appearance. 

We conducted an extensive systematic literature review in order to reveal and summarize the 

current knowledge on HRQL after burn injuries. Chapter 2 provides a comprehensive overview 

of all generic and burn-specific instruments that have been used to measure HRQL in adult burn 

patients. This study also examines recovery patterns of HRQL after burn injury. The identification 

of specific predictors of HRQL after burn injury is essential to optimize the treatment and 

rehabilitation of these patients. Information regarding predictors may help caregivers to select 

patients that need specific care or to identify those who require special attention during their 

treatment. All the available evidence on predictors of HRQL in adult burn patients is presented 

and summarized in Chapter 3.  

Although HQRL assessment in adult burn patient has gained interest, children and adolescents 

form a special subgroup. With 43% of patients admitted to the Dutch burn centres being younger 

than 19 years of age and infants <5 years being the most frequently admitted age category, 

these patients need special attention.4 Especially, since  more children have to deal with life-long 

consequences of burns due to improved survival.23-25  Results of the first systematic review on 

study design, instruments, methodological quality, outcomes and predictors of HRQL in children 

after burn injury are presented in Chapter 4. 

PART II  Clinimetric studies on outcomes

Results of part 1 of this thesis show that there are many measures of HRQL and that there 

is no standard to measure HRQL after burn injury. To make a recommendation on the most 

suitable HRQL measure for burn patients, it is valuable to assess which HRQL instrument has the 

best measurement properties. Measurement properties are quality aspects of a measurement 
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instrument and provide information on whether the results obtained by an instrument can be 

trusted. Hence, HRQL instruments with robust measurement properties in burn patients are 

required to draw reliable and valid conclusions about outcomes and, ultimately, provide high 

quality evidence to improve patient care. 

The extended definition of reliability is ‘the extent to which scores for patients that have not 

changed are the same for repeated measurement under several conditions’.26, 27 The more 

outcomes vary between repeated measures without true changes of the outcome, the lower the 

reliability is. This variation can be due to the measurement instrument itself, the person performing 

the measurement, the patient who is undergoing the measurement, or circumstances under 

which the measurement is taken.27 

The general definition of validity is ‘the degree to which an instrument measures the construct (in 

our case HRQL) it purports to measure’.26 Three types of validity van be distinguished: content 

validity, criterion validity and construct validity. The content validity of a questionnaire arises from 

assessment of relevance, comprehensiveness, and comprehensibility of items. Evidence of 

these parameters can be derived from PROM development studies, content validity studies and 

expert opinion. Criterion validity refers to how well the scores of the measurement instrument 

agrees with the scores of the gold standard. It is important to notice that there is no gold standard 

for the measurement of HRQL. Construct validity is applicable in situations in which there is no 

gold standard and refers to whether the instrument provides scores based on what you expect 

(i.e. a lower HRQL in patients after severe burns, compared to patients after minor burns). 

Another important measurement property is responsiveness, which is ‘the ability of an instrument 

to detect change over time in the construct to be measured’.27 If a patient changes on the 

construct of interest, scores on the measurement instrument assessing the construct has to 

change accordingly. In Chapter 5 the COSMIN methodology and guidelines were used to 

critically appraise the measurement properties of HRQL instruments in burn patients.20-22 

Next to robust measurement properties, results of PROMs need to be interpretable. Interpretability 

is ‘the degree to which it is clear what scores or change in scores mean’ and is not a measurement 

property because it does not refer to the quality of a measurement instrument. One PROM that 

is often used as an outcome measure in this thesis is the Patient and Observer Scar Assessment 

Scale (POSAS). This scale is used to measure scar quality from the perspectives of clinician/

researcher (‘observer’) and the patient and has evidenced adequate measurement properties 

in burn scars.28-31 

Key concepts of interpretability are the concept of the minimal important change (MIC) and 

Minimal Clinically Important Difference (MCID). The MIC represents the smallest change in score 
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1
that would be perceived by the patient as important and refers to changes in scores within 

one patient over time.32 The MCID represents the smallest difference in score that would be 

perceived by the patient as important and is used to compare scores between individuals or 

groups at the same time (i.e. the difference between two trial arms).33, 34  So, the MIC tends to be 

used to refer to longitudinal within-person changes in scores, and MCID (which is the equivalent 

of the minimal important difference (MID)) for cross-sectional between-person differences.27 If 

the outcome of a study is less than the MIC or MCID, although statistically significant, it may 

not represent a clinically relevant alteration to a patient. Therefore, the MIC and MCID represent 

the smallest change or difference in score in the domain of interest which patients perceive as 

beneficial and which would therefore mandate, in the absence of troublesome side effects and 

excessive cost, a change in the  management of patients. The aim of Chapter 6 was to determine 

the MIC and MCID of the POSAS. In addition to an increased interpretability of results of future 

studies, this helps to serve as a basis for estimating the necessary sample size in designing 

future studies.

PART III  Outcomes of burn surgery

Healthcare professionals are increasingly encouraged to bring scientific evidence into their care 

planning and decision making. Nevertheless, the choice of the debridement technique that is 

used to treat deeper burns still depends on the decision of the burn specialists and no algorithm 

is available to guide them in this decision. Conventional surgical debridement of acute burn 

wounds consists of sharp tangential excision of non-viable tissue with hand-held knives (Watson 

knife, the Humby knife, the Goulian or Weck knife, or a simple scalpel).35 Adequate debridement 

with these knives is determined by the presence of punctuate bleeding and viable dermis. This 

procedure is not only associated with substantial blood loss, but also with the unnecessary 

removal of viable dermis.36, 37 During the last decade, hydrosurgery has become popular as a 

new option for excision of non-viable tissue prior to skin grafting.38 The hydrosurgery system 

console pressurizes saline solution and generates a jet, emitted from the tip of a hand-held 

instrument (Figure 1). The high-pressure jet evaporates non-viable tissue from the wound, 

which is then sucked in the device through a vacuum generated by the Venturi effect.39, 40 The 

disposable instrument attaches to a console and is activated by the surgeon using a foot-pedal. 

The surgeon can adjust the pressure of the fluid jet, allowing for a precise depth of debridement. 

In this way, an accurate wound debridement with complete removal of non-viable tissue and 

maximal preservation of healthy tissue can be achieved.36, 38, 41 There is little or no evidence 

on beneficial effects of hydrosurgery over conventional knife debridement whilst the instrument 

costs are higher.11, 42

Hydrosurgery for burn wound debridement was introduced in Dutch burn care in 2006 and 

was widely adopted from 2008 onwards. We analysed data from the Dutch Burn Repository 

R3 to gain insight into which patients received hydrosurgery in specialized burn care centres 
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in the Netherlands and to evaluate surgical outcomes compared to conventional debridement 

techniques. Results of this study are presented in Chapter 7.

Figure 1. Versajet hydrosurgery system (Smith+Nephew, London UK) for burn wound debridement.

One of the main factors determining the quality of the scar and the degree of contraction of 

the healing wound is the amount of remaining viable dermis.43 Thus, debridement methods 

which maximally preserve dermis are essential. To assess if hydrosurgical debridement leads 

to the long-standing assumption of maximal dermal preservation with a better scar outcome, 

we conducted a double-blind within-patient randomized controlled trial (RCT) in the three Dutch 

Burn Centres. The study protocol and results of this study are described in Chapter 8 and

Chapter 9. Outcomes of this RCT included subjective assessments of scar quality by patients 

and caregivers next to objective scar quality measures. 

In most of the cases surgical treatment is followed by autologous split skin grafting, leaving a donor-

site wound. These donor-sites are known to cause pain, infection, itching and even scarring itself 

(Figure 2).44 Although scar quality is currently one of the most important outcomes of burn surgery 

and split skin grafting is still the cornerstone in the treatment of deeper burns, a recent systematic 

review showed that studies that have reported donor-site scar morbidity are scarce and only a few 

studies have assessed the opinion of the patient by the use of PROMs.45 If poor patient satisfaction 

regarding a donor-site is expected, this may justify the use of more costly and/or time-consuming 

novel methods like tissue engineered skin constructs, or more selective debridement techniques 

like hydrosurgery or proteolytic enzymes. It might even be an argument to refrain from skin grafting 

with prolonged wound healing and risk of infection or pathological scarring at the burn-site.
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1

Donor-site scar at the upper leg of a young boy at 3 months post-surgery (left) and 12 months post-surgery 
(right).

Donor-site scar at the upper leg of an adult male at 3 months post-surgery (left) and 12 months post-surgery 
(right).

Donor-site scar at the upper leg of a young girl at 6 months post-surgery (left) and 12 months post-surgery 
(right).

Figure 2. Several examples of (pathological) donor-site scarring
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On the contrary, if no problems regarding donors-site scarring are expected, early excision and 

grafting leads to rapid wound closure and a shorter in hospital stay which may result in better 

quality of life and lower costs. In recent years, a growing trend has emerged towards more 

patient involvement in treatment decision making (shared decision making (SDM)). One of the 

most important steps in the process of SDM is that the physician carefully explains the benefits 

and harms of all reasonable treatment options. Donor-site scarring is an important harm that 

patients should be informed about if (early) excision and split skin grafting is considered. 

In a prospective cohort study, we followed burn patients up to one year post-surgery to assess 

scar quality of donor-sites after skin graft harvesting. Other aims were to explore changes in scar 

quality over time, assess the agreement between patients’ and caregivers’ judgment of donor-

site scars, determine predictors of donor-site scar quality and compare scar quality of donor-

sites with scar quality of the recipient site (burn scar). The results are described in Chapter 10 

and Chapter 11 and can be used to adequately inform patients of their treatment and manage 

their expectations. 

At the end of this thesis, in Chapter 12, the findings of the presented studies are discussed and 

future perspectives on burn treatment and research are delineated. 
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ABSTRACT

Objectives

Measurement of health-related quality of life (HRQL) is essential to qualify the subjective burden 

of burns in survivors. We performed a systematic review of HRQL studies in adult burn patients 

to evaluate study design, instruments used, methodological quality, and recovery patterns. 

Methods

A systematic review was performed. Relevant databases were searched from the earliest record 

until October 2016. Studies examining HRQL in adults after burn injuries were included. Risk of 

bias was scored using the Quality in Prognostic Studies tool. 

Results

Twenty different HRQL instruments were used among the 94 included studies. The Burn 

Specific Health Scale–Brief (BSHS-B) (46%), the Short Form–36 (SF-36) (42%) and the EuroQol 

questionnaire (EQ-5D) (9%) were most often applied. Most domains, both mentally and physically 

orientated, were affected shortly after burns but improved over time. The lowest scores were 

reported for the domains ‘work’ and ‘heat sensitivity’ (BSHS-B), ‘bodily pain’, ‘physical role 

limitations’ (SF-36), and ‘pain/discomfort’ (EQ-5D) in the short-term and for ‘work’ and ‘heat 

sensitivity’, ‘emotional functioning’ (SF-36), ‘physical functioning’ and ‘pain/discomfort’ in the 

long-term. Risk of bias was generally low in outcome measurement and high in study attrition.

Conclusion

Consensus on preferred validated methodologies of HRQL measurement in burn patients would 

facilitate comparability across studies, resulting in improved insights in recovery patterns and 

better estimates of HRQL after burns. We recommend to develop a guideline on the measurement 

of HRQL in burns. Five domains representing a variety of topics had low scores in the long-term 

and require special attention in the aftermath of burns.
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INTRODUCTION

Surviving a severe burn injury is considered a traumatic experience. Due to substantial 

improvements in burn treatment, an increasing number of patients survive burns1,2. This 

increases the importance of documenting outcomes of burns on both the short- and long-term 

as a significant number of patients face physical and/or psychological consequences, such 

as post-traumatic stress symptoms, depression, and limited physical functioning3-5. Moreover, 

disabilities and disfigurement are frequently accompanied with burn injury.

Health related quality of life (HRQL) is an outcome measure that reflects a patient’s perception 

of his or her health condition on physical, psychological and social wellbeing after an injury or 

disease6. In general, HRQL is assessed by questionnaires filled in by patients. HRQL instruments 

are either generic (i.e. applicable to any illness) or disease-specific. Generic instruments facilitate 

comparison between different diseases, whereas burn-specific instruments take the specific 

effects of burns into account7. HRQL measurement is increasingly used in both clinical practice 

and burn research to qualify the impact of burns3,8. It may help to tailor aftercare to the patient’s 

need.

Although, some earlier reviews on the HRQL of burn patients have been performed, there is no 

recent systematic review on this topic. Yoder et al. conducted a systematic review on the evolution 

of one burn-specific HRQL instrument; the burn specific health scale (BSHS)9. Outcomes were, 

however, not reported. Stavrou et al. only provided a narrative overview of the domains that could 

be impaired after burns10,11. 

In conclusion, there is a need for a systematic review to identify which HRQL instruments are 

used in burns and to examine recovery patterns after burns. Therefore, the aims of this review 

are 1) to identify which generic and burn specific instruments are used for the measurement of 

HRQL after burn injuries in adults and 2) to examine recovery patterns of HRQL after burns. 

METHODS 

The present review was conducted and reported in line with the Preferred Reporting Items for 

Systematic Reviews and Meta-analyses (PRISMA) Statement12. The protocol for this systematic 

review was registered on PROSPERO (ID=CRD42016048065) and is available online (http://

www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016048065).
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Search strategy and eligibility criteria

A systematic search using terms covering HRQL and burns (Appendix 1) was conducted from 

the earliest record until October 2016. The search strategy was developed in collaboration with 

a librarian with extensive experience in systematic reviews. The databases included Embase, 

Medline, CINAHL, Cochrane, Web of Science and Google scholar. Original research studies 

conducted in adult burn patients, written in English and published in a peer-reviewed journal 

were included. Studies were required to have a generic or disease-specific HRQL as outcome 

measure and burn patients had to be treated at a health care facility. This includes patients that 

required inpatient hospitalisation, but also patients treated at an emergency department as well 

as in outpatient care. Studies that included data on other patient groups, in addition to burn 

patients, and that not present HRQL outcomes for burn patients separately were excluded.

Selection of studies and data extraction

After removal of duplicates, articles were excluded on the basis of title by one reviewer (IS). Two 

reviewers (IS and CL) independently evaluated a random sample of ten percent of the abstracts. 

As there was no disagreement between the reviewers, the remaining abstracts were appraised 

by one reviewer (IS). In case of any doubt, a title or abstract was screened by a second reviewer. 

Screening of full texts and extraction of data was done independently by two researchers (IS 

and CL). The titles, abstracts or full texts were evaluated using the inclusion criteria described 

above. Extracted information included study characteristics, patient characteristics, details 

on the instruments used to assess HRQL and HRQL outcomes at each assessment point. 

Disagreements around article inclusion or extraction of data were resolved by discussion with a 

third researcher (MvB).

Risk of bias assessment

The risk of bias of all eligible studies was assessed using four of the six domains of the Quality 

in Prognostic Studies (QUIPS) risk of bias tool13. We included the domains: study participation, 

study attrition, outcome measurement and statistical analysis and presentation. Two domains 

‘prognostic factor measurement’ and ‘study confounding’ were not included as these domains 

are specific for prognostic studies and thus fell outside the scope of the review. The domains 

were rated as ‘low’ bias (all items ‘low risk’), ‘moderate’ bias (max. 50% items with high or 

unknown risk of bias) or ‘high’ risk of bias (>50% items high of unknown risk of bias). First, two 

researchers (IS and CL) were trained to use the QUIPS and independently assessed the risk of 

bias of eighteen eligible studies (19%)). Discrepancies were discussed with a third researcher 

(MvB). Then, the researchers independently assessed a random sample of 25 of the remaining 

articles (33%). There was only a slight disagreement (7%) and therefore the remaining studies 

were appraised by one researcher (IS). In case of any doubt, a study was appraised by a second 

reviewer.
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Data analysis

In case of multiple studies using an identical dataset, the study that included the most assessment 

points, the most patients or the most HRQL domains was chosen. If no decision could be made, 

the most recent publication was selected. If scores were only presented in figures, authors were 

asked to provide the scores. If authors did not respond, the scores were read from the graph and 

were rounded to the nearest 0.5 points. If domain scores were only presented as norm scores, 

authors were asked to provide the non-normalized domain scores. If no scores were received, 

the outcomes were not included in the recovery pattern analyses. Outcomes of studies were only 

included when the study population included at least 10 patients.

RESULTS

Identification and selection of studies 

The search resulted in 3,788 unique articles. Screening of titles resulted in 255 potentially relevant 

articles. Of these, 111 were excluded on the basis of abstract and 144 were retrieved for full-text 

review (Figure 1). Fifty-one of these articles did not meet all inclusion criteria, resulting in the 

inclusion of 94 articles. 

Study characteristics

Most studies were conducted in Europe (n=37), the USA (n=19) and Australia (n=14). More 

than half (n=54) of the studies were published after 2010 and most had a cross-sectional design 

(n=57) (Table 1). Sample sizes of the studies varied between 914 and 1,58715 burn patients, 

with most studies having a sample size below 200 patients (86%). In most studies (n=83) 

more males than females were included, although not all studies provided details on the sex 

distribution (n=6)15-20. The mean %TBSA burned ranged from 3.5%21 to 83.5%22. Eight studies 

did not report the %TBSA burned of the included patients. Mean LOS was between 10 and 30 

days in most studies. In total, 35 studies failed to report the mean LOS. 

Measurement of HRQL

Twenty different instruments, of which eight are validated in the burn population, were used to 

assess HRQL. The three most often applied instruments were the Burn Specific Health Scale - 

Brief (BSHS-B) (n=44), the Medical Outcome Study Short Form - 36 items (SF-36) (n=40), and 

the EuroQol five dimensions questionnaire (EQ-5D) (n=8) (Figure 2). Eight instruments were only 

used in one single study. Thirty-one studies used more than one instrument to assess the HRQL 

(Table 1). Twenty-four of these used a burn-specific and a generic HRQL instrument. Most used 

both the SF-36 and the BSHS-B (n=18). Thirty-two studies (34%) used a longitudinal design 

with multiple HRQL assessments over time; twenty-three studies used at least four assessment 

points. The most frequently used assessment time points were during hospital admission, and 

at 3 months, 6 months, 12 months and at 24 months after injury (Figure 3). 
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Record identified by searching Emase, Medline, Cochrane, Cinahl,  
Google Scholar and Web of Science

n=6173

Duplicates removed
n=2385

Records excluded on
basis of title

n=3533

Records screened by title
n=3788

Records screened by abstract
n=255

Full-text articles assessed for 
eligibility
n=144

Articles included
n=94

Full-text articles excluded
n=50

•  No empirical data: n=2
•  No HRQL outcome reported: n=15
•  Paediatric study: n=25
•   Mixed age studies not presenting 

outcomes separately for adults: n=7
•   No separate HRQL outcomes for 

burn patients: n=1

Records excluded on
basis of abstract

n=111

Figure 1. Flowchart outlining selection of studies

Table 1. Study characteristics of 94 studies measuring HRQL in adult burn patients

Study characteristics
Studies 
(n)

References

Study type

Case-control 3 14,21,23

Cohort 32 15,20,24-52

Cross-sectional 56 10,16-19,22,53-101

Trial 3 102-104

Patient sample size

0-20 7 14,22,40,48,58,81,87

>20-50 19 16-18,21,25,33,34,51,54,55,59,60,66,71,72,83,84,96,99

>50-100 30 19,28,30,31,36-39,44,46,50,52,53,56,57,62,64,74,77-80,85,88,90,92,97,104,105

>100-200 25 24,29,35,42,43,47,49,61,63,65,68-70,75,76,82,89,91,93-95,100,102,103,106
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>200-500 9 26,41,45,67,73,86,98,101,107

>500 3 15,27,32

NA 1 20

Mean %TBSA burned

0-10% 9 21,26,27,30,39,51,66,71,86

>10-20% 32 28,29,31,40-48,53,60,63,70,76-80,82,84,88,90,94,95,97,101,102,105,106

>20-30% 26
17-19,24,25,32,35-38,54,58,61,64,65,67-69,72,74,85,91,96,99,103

52

>30-40% 6 16,23,34,73,81,89

>40-50% 5 14,83,93,98,107

>50-60% 4 56,57,87,92

>60-70% 2 55,59

>70-80% 0 -

>80-90% 2 22,100

NA 8 15,20,33,49,50,62,75,104

Mean length of stay (days)

0-10 2 50,71 

>10-20 15 21,26,31,40,47,51,53,54,60,70,86,98,103,106 46

>20-30 29 19,25,29,32,34-38,45,49,52,61,69,74,76-80,84,90,94-97,101,102,105

>30-40 8 18,44,65,67,68,72,87,99

>40-50 1 58

>50-60 0 -

>60-70 1 104

>70-80 1 55

>80 2 22,73

NA 35 14-17,20,23,24,27,28,33,39,41-43,48,56,57,59,62-64,66,75,81,83,85,88,89,92,93,100,107

Number of HRQL instruments

1 instrument 63 16-21,23-25,28-35,37,38,42-45,50,51,53,54,58,59,62,63,66-72,74,75,79,81,84-87,89-95,97-104,106,107

2 instruments 24 14,22,26,27,40,41,46-49,52,55-57,60,64,65,78,80,82,83,88,96,105

3 instruments 7 15,36,39,61,73,76,77

Number of assessment time points

1 time point 61 14,16-19,21-23,39,53-101,104,105,107

2 time points 5 28,34,35,46,102

3 time points 4 24,44,52,103

4 time points 12 29,30,33,36,38,42,43,45,47-49,51

5 time points 10 15,25-27,32,37,40,41,50,106

>5 time points 1 31

NA 1 20

Note. NA=not applicable, TBSA=total body surface area

Table 1. Continued
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Figure 2. Instruments used to measure health-related quality of life in >1 study.

BSHS-B=Burn Specific Health Scale-Brief, SF-36=Medical Outcome Study Short Form-36 items, EQ-5D=EuroQol five 

dimensions questionnaire, BSHS=Burn Specific Health Scale, BSHS-A=Burn Specific Health Scale - Abbreviated, BSHS-

R=Burn Specific Health Scale Revised, 15D=15-dimensional health-related quality of life instrument, QLQ=Quality of Life 

Questionnaire, SF-12=Medical Outcome Study Short Form-12 items, QOLS=Quality of Life Scale, WHOQOL-BREF=World 

Health Organization Quality of Life - BREF, YABOQ=Young Adult Burn Outcome Questionnaire

Figure 3. Time points at which health-related quality of life in burn patients was assessed.

Note. Data on pre-burn HRQL is collected retrospectively
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Quality assessment

The risk of bias was evaluated using the QUIPS tool. Whilst most studies had low risks of bias 

on ‘outcome measurement’ (n=87) and ‘statistical analysis and reporting’ (n=75), a moderate 

or high risk was evident in many studies for ‘study attrition’ (n=88) (Figure 4). This was in 

particular caused by a lack of reporting of attempts to collect information on drop-outs and of 

key characteristics of non-responders. Four studies27,32,33,54 scored a low risk of bias on all four 

evaluated items of the QUIPS.

Figure 4. Risk of bias assessed with four domains of the Quality in Prognostic Studies (QUIPS) risk of bias 
tool

Recovery patterns of HRQL after burns in adults

Recovery patterns of the most applied instruments, the BSHS-B, the SF-36 and the EQ-5D, 

which are all validated within the burn population, were analysed. All studies that reported a 

BSHS-B or BSHS-R outcome, a SF-36 outcome or an EQ-5D outcome on at least one time point 

were included. 

BSHS-B recovery patterns

The BSHS-B includes 40 items comprising nine HRQL domains: simple abilities, heat sensitivity, 

hand function, treatment of regimens, work, body image, affect, interpersonal relationships 

and sexuality108. Responses on individual items are scored on a five-point scale ranging from 

0 (extremely) to 4 (not at all). Mean scores per domain were assessed and high scores refer 

to a good perceived health status. Of the 47 studies that used the BSHS-B or BSHS-R, 17 

could be used to analyze HRQL recovery patterns19,26,38,40,49,60,64,67,76,81-83,88,90,91,102,105. Overall, shortly 

after burns, scores on the different domains were low and most increased with time (Figure 5). 

In the short-term, most problems were reported for the domains ‘work’ and ‘heat sensitivity’. 
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Figure 5. BSHS-B domain scores for seventeen studies.
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The self-reported outcomes of the domains ‘simple abilities’, ‘hand function’, ‘affect’, ‘heat

sensitivity’, ‘body image’ and ‘treatment regimens’ showed improvement over time. Low scores 

were especially seen in the first 12 months after burns and improved afterwards. On average, 

outcomes of the domains ‘simple abilities’ and ‘hand function’, improved towards the maximum 

score, whereas the domains ‘affect’ and ‘treatment regimens’ improved to 3.5 out of 4, the 

domain ‘body image’ improved towards 3 out of 4 and the domain ‘heat sensitivity’ towards 2.5 

out of 4. The domain ‘sexuality’ remained relatively stable, only few studies reported somewhat 

lower scores in the short-term. The outcomes of the ‘interpersonal relationships’ domain were 

relatively high during the entire follow-up. The self-reported outcomes of the last domain, the 

domain ‘work’, varied widely among studies. In general, subgroups with less severe problems 

(i.e. no surgery, no full thickness burn) had higher scores on all domains.

SF-36 recovery patterns

The SF-36 consists of 36 items comprising eight domains: physical functioning, role limitations-

physical, bodily pain, general health, vitality, social functioning, and role limitations emotional, 

and mental health. Mean domain scores that were transformed to a 0 (the worst) to 100 (the best) 

scale were used. Higher scores indicate a greater perceived health. The SF-36 domains can be 

summarized into the physical component summary (PCS) and the mental component summary 

(MCS)109. These measures are transformed to norm-based scores with a mean of 50 and a 

standard deviation (SD) of 10. Scores lower than 50 indicate scores below the average. Analyses 

of recovery patterns of the SF-36 outcome data were based on 17 studies of the 40 studies 

that assessed HRQL with the SF-3623,26,28,29,32,35,40,44,49,60,64,66,72,73,76,80,99. Four out of the 17 studies 

described all eight domains of the SF-36 as well as the PCS and MCS. Ten studies included the 

eight domains, one study included seven domains76, and one study described both summary 

scores32. The MCS scores showed variation in the short-term, with studies reporting scores just 

above and below the norm score (Figure 6). In the longer-term, scores moved towards the norm 

score. PCS scores were almost all below the norm score and an improvement towards the norm 

was seen in the longer-term. The lowest scores were reported for the domains ‘bodily pain’ 

and ‘physical role limitations’ in the short-term and for the domains ‘physical role limitations’ 

and ‘emotional role limitations’ in the longer-term (Figure 7a and 7b). Four domains, including 

‘physical functioning’, ‘bodily pain’, ‘social functioning’ and ‘mental health’, showed a similar 

pattern with lower scores shortly after burns and these improved towards the norm afterwards. 

The other four domains showed different patterns. The domain ‘vitality’ showed a large variety in 

obtained scores in the short-term, both below and above the US-norm score.

However, afterwards, scores were closer to the norm score. The self-reported outcomes of 

the ‘general health’ domain remained constant during the whole follow-up time. Scores of the 

domain ‘emotional role limitations’ were relatively high shortly after burns, but lower scores were 

reported in the longer-term. The outcomes of the remaining domain, ‘physical role limitations’, 
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varied widely among studies during the entire follow-up period. Overall, subgroups with less 

severe injury (i.e. no surgery, no contractures) had higher scores on all domains. 

Figure 6. SF-36 physical component summary scores and mental component summary scores for five studies. 

The black line in the figures represents the US-norm score.

EQ-5D recovery patterns

The EQ-5D consists of five dimensions: mobility, self-care, usual activities, pain/discomfort and 

anxiety/depression and a visual analogue scale (VAS) for general health. Each dimension has 

three levels of severity: no problems, moderate problems or severe problems110. Based on the 

answers of the five dimensions, a single index value can be derived ranging from 0 (death) to 

1 (full health). Eight studies used the EQ-5D; data of 5 studies could be used to examine the 

recovery patterns based on the EQ-5D. Three studies were based on the same data source as 

studies already included in the analyses and were therefore not used36,61,76. As only two studies 

included a time point after 12 months (resp. 18 months45 and on average 55 months37), no firm 

conclusions can be drawn on longer-term recovery. All studies reported the EQ-5D VAS score for 

general health. Reported scores were lower shortly after burns and increased with time towards 

the norm score (Figure 8). The study reporting lower scores at 12 months was the only study in 

more severe burn patients87. Lowest scores shortly after burns were seen for the EQ-5D index 

and the ‘pain/discomfort’ domain. The EQ-5D VAS score improved towards the norm score in 

the longer-term, just as the ‘mobility’ and ‘self-care’ domain. The self-reported outcomes of two 

other domains, ‘usual activities’, and ‘anxiety/depression’ and the EQ-5D index showed some 

improvement over time, but did not reach the level of the norm scores. The outcomes of the last 

domain ‘pain/discomfort’ did not show much improvement over time.
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Figure 7a. SF-36 domain scores for fourteen studies. 

The black line in the figures represents the US-norm score.
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Figure 8. EQ-5D scores the visual analogue scale, the EQ-5D index and five dimensions for three to five 
studies. 

The line in the figures represent the composed norm score based on norm scores of the countries where the studies were 

conducted 111. The y-axis represents 0 - 100% patients with no problems on a specific domain.
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DISCUSSION 

This review provides a comprehensive overview of generic and burn specific instruments used to 

measure HRQL in adult burn patients and examined recovery patterns of HRQL in burns. Twenty 

HRQL instruments were used among the 94 studies. The BSHS-B and the SF-36 were most 

widely applied followed by the EQ-5D. It was seen that scores on most domains, both mental 

and physically orientated, were lower shortly after burns and improved over time. However, the 

BSHS-B domains 'work' and ‘heat sensitivity’, the SF-36 domains 'emotional role limitations' and 

'physical role limitations', and the EQ-5D domain ‘pain/discomfort’ showed considerable variation 

across studies and low scores were also reported in the longer-term. The methodological quality 

of the included papers was in general moderate.

This review showed that there is some agreement on instruments used for the measurement 

of HRQL in adults after burns. Both instruments that are validated and that are not validated in 

the burn population are used. The majority of studies (70%) used the BSHS-B, the SF-36, or a 

combination of both instruments and eight studies (9%) used the EQ-5D, which are all validated 

in the burn population. It is recommended to use both a validated generic and burn specific 

instrument to assess the HRQL to capture the full impact of a health condition112. However, only 

24 (26%) of the included studies used a combination of instruments. The (additional) use of a 

generic instrument, the SF-36 or the EQ-5D has the advantage that norm scores are available. 

The use of norm scores facilitates the comparison with other populations and interpretation 

of the outcomes. For the BSHS-B, partial population norm scores are available, including 30 

of 40 items of the BSHS-B; the remaining ten items were considered too specific for burns113. 

Unfortunately, the results are not summarized on domain level. This would have provided norm 

scores for six of the BSHS-B domains. In the absence of population norm scores, domain scores 

reported by burns survivors in the long-term can be used as norm values. 

Despite the widespread use of the BSHS-B, there is discussion about this instrument. A study 

comparing the SF-36 with the BSHS-B found that the SF-36 domains are more sensitive than 

the BSHS-B domains from 1 month post burn26. Besides, there is no evidence on test-retest 

ability, validity of hypothesis testing and item-total correlations of the BSHS-B114. Currently 

several new instruments are being developed by different research groups114-117, resulting in 

different instruments which may hamper the comparison of outcomes in the future. There is a 

need to achieve consensus on which HRQL instruments are best to use in burn populations 

and at which time points. The studies with a longitudinal design (n=32) showed overlap in their 

assessment points. Most studies assessed HRQL at baseline, 3 months, 6 months, 12 months 

and 24 months post burn. Given the high attrition rates in burn studies, it may be difficult to 

obtain longer follow-up. However, a further improvement of HRQL beyond this period may be 

expected as it is known that HRQL further improves after 24 months37,38. 
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The three HRQL questionnaires have overlapping domains118. For example, the domains ‘simple 

abilities’ (BSHS-B), ‘physical functioning’ (SF-36), ‘mobility’ (EQ-5D) and ‘self-care’ (EQ-5D) 

all measure activity limitations. Results on the different questionnaires show congruent results; 

activity is limited shortly after burns and improves with time. This is in line with the course of the 

recovery of burns as shortly after burns wounds are healing and physical capability is impaired. 

When wounds are healed activity improves. However, participation restrictions due to physical 

functioning are seen in both the short- and longer-term. The three domains covering this (‘work’ 

(BSHS-B), ‘physical role limitations’ (SF-36), and ‘usual activities’ (EQ-5D)) show mixed results, 

with also reduced scores in the longer-term. Simple activities like walking and dressing improve 

towards the level of the average population, however, more advanced functioning like working 

is more affected by burns and varies among the population, which might be explained by the 

heterogeneous nature of the burn population in combination with reported substantial effects on 

work situation, also in burns of limited severity119.

Participation restrictions due to emotional and mental well-being (‘interpersonal relationships’ 

(BSHS-B), ‘social functioning’ (SF-36) and ‘emotional role limitations’ (SF-36)) are less prevalent 

after burns. In the short term there are some limitations with social activities, but this improves 

over time. In the longer-term, limitations of regular daily activities, including work, because 

of emotional problems seem to develop. Patients accomplish less than they would like and 

work not as carefully as usual. Mental function improved over time. This was consistent across 

the questionnaires (‘affect’ (BSHS-B), ‘mental health’ (SF-36) and ‘anxiety/depression’ (EQ-

5D)). However, the scores for anxiety and depression did not reached the level of the general 

population, indicating that burn patients are on average more anxious or depressed. 

Results on pain varied between the domains measuring this construct. According to the ‘bodily 

pain’ domain of the SF-36, the level of pain decreases with time and is comparable to the level of 

the general population in the longer-term, whereas the domain ‘pain/discomfort’ from the EQ-5D 

shows that the majority of patients experience pain or other discomfort in the longer-term. This 

is a much higher percentage than the proportion of the general population experiencing pain. 

Pain might thus be an issue in some patients in the longer-term, but does not seem to interfere 

with daily activities.

This review has a number of strengths and limitations. Strengths include the comprehensive 

overview of HRQL instruments used in burn populations, based on six databases, and the 

identification of HRQL domains that need more attention in the aftermath of burn injuries. 

However, some limitations also merit note. The scope of the review was limited to English-

language studies, which might have resulted in missed studies that were published in foreign 

language journals. Another limitation is the wide variation in both study designs and instruments 

used, impeding a meta-analysis. Besides, due to the low number of longitudinal studies, we had 
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to use cross-sectional studies to examine recovery patterns. Also, the review was hampered by 

different ways of reporting the results, including mean or median scores, domain scores versus 

total scores and 0-100 scores or standardized norm scores, which makes it hard to compare 

results. Besides, the methodological quality of included studies varied widely. The most alarming 

was the general high risk of bias on study attrition. Only few studies adequately reported attempts 

to collect information on participants who dropped out and key characteristics on those lost to 

follow-up. In future articles it is important to include description of these factors in order to reach 

a low risk of bias on study attrition and improve the overall study quality. 

CONCLUSION

This review demonstrates that most domains of HRQL, frequently measured using the BSHS, 

SF-36 or EQ-5D, are affected shortly after the burn event. Most domains will recover over time 

excluding physical and emotional role participation, anxiety, depression and pain. This reflects 

the need for both mental and physical support in the aftermath of burns. To further facilitate 

the comparability of burn-related HRQL outcomes across the world, use of uniform validated 

instruments, time points and data presentation is needed. It is therefore recommended to 

develop a guideline on the measurement of HRQL in burn patients. 
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ABSTRACT

Background

Identifying predictors of health-related quality of life (HRQL) following burns is essential for 

optimization of rehabilitation for burn survivors. This study aimed to systematically review 

predictors of HRQL in burn patients. 

Methods

Medline, Embase, Web of Science, Cochrane, CINAHL and Google Scholar were reviewed from 

inception to October 2016 for studies that investigated at least one predictor of HRQL after 

burns. The Quality in Prognostic Studies tool was used to assess risk of bias of included studies. 

Results

Thirty-two studies were included. Severity of burns, postburn depression, post-traumatic stress 

symptoms, avoidant coping, less emotional or social support, higher levels of neuroticism 

and unemployment postburn were found to predict a poorer HRQL after burns in multivariable 

studies. In addition, weaker predictors included female gender, pain and a postburn substance 

use disorder. Risk of bias was generally low in outcome measurement and high in study attrition 

and study confounding.

Conclusions

HRQL after burns is affected by the severity of burns and the psychological response to the 

trauma. Both constructs provide unique information and knowledge that is necessary for 

optimized rehabilitation. Therefore both physical and psychological problems require attention 

months to years after the burn trauma.
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BACKGROUND

Health-related quality of life (HRQL) is an important outcome measure of burns in both the short- 

and long-term1,2 and is increasingly studied. HRQL is a multidimensional concept that reflects 

an individual’s perception of how a disease affects his/her physical, psychological, and social 

well-being3-5. Insight into which factors determine HRQL after burns is useful for clinical practice, 

research, and policy making. Conceptual models have been developed in order to better 

understand HRQL and the variables that relate to HRQL in general3,6-8. According to the 'Revised 

of Wilson and Clearly model for health-related quality of life', HRQL is influenced by individual 

and environmental characteristics, biological function, symptoms, functional status and general 

health perceptions3. A recent study confirmed that this model is also applicable to burns9.

Burns can have a considerable negative impact on daily activities and on both physical and 

psychosocial functioning10-12. HRQL domains are often impaired in the short-term. Most domains 

of HRQL improve in the longer-term, but also in the longer-term some aspects (e.g. physical and 

emotional role participation) have poor outcomes13-15. Burn injuries are thus associated with a 

significant physical and psychological burden.

The prediction of an individual’s ability to adjust to the consequences of their burn injury is 

important. Information regarding these predictors may help caregivers in selecting patients who 

require special attention in rehabilitation and in preparing patient specific care plans16. Predictors 

of HRQL following burns have been examined in individual studies, but predictors of HRQL 

have not been systematically reviewed in the field of burns. Potential meaningful factors are 

the patient’s age and gender, percentage total body surface area (%TBSA) burned), length of 

hospital stay, body area affected, time since injury and psychological impact of burns. However, 

it is not yet clear which predictive factors are most important17-20. Earlier recent reviews focussed 

on the evolution and relevance of one specific HRQL instrument in burns21, on HRQL outcomes 

in burns19 and on HRQL instruments used and recovery patterns of HRQL in burns, without 

studying predictors. Therefore, the aim of present study is to systematically review predictors of 

a HRQL following burn injuries.

METHODS 

This systematic review was conducted and reported in line with the Preferred Reporting Items 

for Systematic Reviews and Meta-analyses (PRISMA) Statement22 and it was registered on 

PROSPERO (ID=CRD42016048065).
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Search strategy and inclusion criteria

The databases Medline, Embase, Web of Science, Cochrane, CINAHL and Google Scholar 

were systematically searched using terms covering HRQL and burns (Appendix 1) in October 

2016. The search strategy was developed in collaboration with an experienced librarian. Original 

prognostic studies conducted in adult burn patients and focussing on at least one predictor of 

HRQL after burns were included. Studies had to be published in a peer-reviewed journal and 

written in English. Studies were required to have used a generic or burn-specific instrument to 

assess HRQL. Outcomes had to be a regression or correlation coefficient of the relation of a 

predictor with HRQL. All kind of predictors were considered. 

Selection of studies and data extraction

An experienced librarian performed the systematic search. After removal of duplicates, relevant 

articles were selected on the basis of title by one researcher (IS). Ten percent of the abstracts 

was independently evaluated by two researchers (IS and CL). Perfect agreement on inclusion 

was achieved (Cohen’s kappa coefficient=1), therefore, one researcher evaluated the remaining 

abstracts (IS)23. In case of any doubt, a title or abstract was screened by a second researcher. Two 

researchers (IS and CL) independently performed screening of full text and extraction of data. 

The screening of these three steps was performed using the above-mentioned inclusion criteria. 

Data extraction included study characteristics (study type, country, sample size, assessment 

time points, length of follow-up), patient and burn characteristics (age, gender, hospital length 

of stay (LOS), %TBSA, details on HRQL instruments (type, number, general burn-specific HRQL, 

proxy) and predictors (number of predictors assessed, univariable and multivariable predictors, 

statistical methods). Discrepancies arising from decisions around inclusion or extraction of data 

were discussed with a third researcher (MvB) until resolved.

Risk of bias 

The Quality in Prognostic Studies (QUIPS) tool24 was used to assess the risk of bias of the 

included studies. Two researchers (IS and CL) independently assessed the risk of bias of the six 

domains. The domains were rated as either low, moderate or high risk of bias. A low risk was 

obtained when all items of a domain were scored as ‘low risk’24. A moderate risk was obtained 

when at least one and maximum half of the items were rated as high or unknown risk of bias. A 

high risk was obtained when more than half of the items were rated as high or unknown risk of 

bias. Disagreements were resolved by discussion with a third researcher (MvB).

Data analysis

First the characteristics and the risk of bias of all studies were tabulated. Then the predictor 

findings of studies using multivariable analysis were analyzed. Multivariable models were models 

that included at least two factors to predict HRQL. Predictors were divided into four categories: 

demographic, environmental, burn-specific, and psychological factors. If it was unclear whether 
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associations were significant (p≤0.05), results could not be included in our analysis. When more 

than one time point was used, the point closest to the most often used time points in other 

studies was chosen. Given the heterogeneity of predictors, HRQL instruments, and statistical 

reporting, meta-analyses could not be conducted. Therefore, a more qualitative approach was 

used: all predictors of each study were summarized on the basis of its direction and statistical 

significance25,26. Predictors were scored having no statistically significant association (p>0.05) 

with HRQL, a significant association (p≤0.05) with a subscale of the HRQL instrument, or a 

significant association with the total HRQL instrument. Associations with the total HRQL 

instrument were heavier weighted (see Table 3). Due to the wide variety of predictors assessed 

among the included studies, only those predictors that were studied in more than one study were 

tabulated (Table 3). Predictors were considered strong when ≥67% of the associations were in 

the same direction and statistically significant and weak if ≥33-<67% of the associations fulfilled 

these conditions. 

RESULTS

Search results

The initial database search netted 6,173 records, including 3,788 unique articles. Screening of 

titles and abstracts resulted in 144 potentially relevant articles (Figure 1). Thirty-two of these were 

eligible after reading the full-text. The main reason for exclusion was not studying predictors. 

Study characteristics

Sample sizes varied between 20 and 1,051 patients, with most studies (75%) having a sample 

size below 200 patients (Table 1). In all except one study27, more males than females were 

included. The mean percentage TBSA burned ranged from 8% to 84%. Eleven different HRQL 

instruments were used in the included studies. The most often used instruments were the Burn-

specific Health Scale-Brief (BSHS-B) (n=17) and the Medical Outcome Study Short Form-36 

items (SF-36) (n=11). Eighteen studies measured HRQL at one time point, whereas thirteen 

studies measured HRQL two to six times. One study failed to describe their assessment point. 
The most used time points were at 3 months (n=6), at 6 months (n=11), at 12 months (n=12) 

and at 24 months (n=7). Seventeen studies used an assessment point more than one year after 

the burn injury. 
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Record identified by searching Emase, Medline, Cochrane, Cinahl,  
Google Scholar and Web of Science

n=6173

Duplicates removed
n=2385

Records excluded on
basis of title

n=3533

Records screened by title
n=3788

Records screened by abstract
n=255

Full-text articles assessed for 
eligibility
n=144

Articles included
n=32

Full-text articles excluded
n=112

•  No empirical data age: n=2
•  Study in children/mixed age: n=7
•  No HRQL outcome reported: n=4
•   No separate HRQL outcomesfor 

burn participants: n=1
•  No predictors assessed: n=98

Records excluded on
basis of abstract

n=111

Figure 1. Flowchart selection of studies

Risk of bias

The quality of included studies was in general moderate. In most studies risk of bias was 

moderate or high on the items ‘study attrition’ and ‘study confounding’ (Table 2). Positive aspects 

of the studies were the low risk of bias on the items ‘outcome measurement’ and ‘statistical 

analysis and reporting’. None of the studies scored a low risk of bias on all items, one study had 

a low risk on all but one dimensions43.
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Predictors of HRQL

Twenty studies used multivariable analysis. One study32 did not indicate significant (p≤0.05) 

predictors and was therefore not included in our analyses. Three studies applied two different HRQL 

instruments, resulting in 22 different prediction studies. Eleven of these studies were based on four 

cohorts. Due to the low number of studies, all of these studies were included in the examination. 

The studies investigated between five and 42 predictors. Overall, 114 different predictors were 

investigated, of which 38 were studied in more than one study (Figure 2). These were sixteen burn-

specific, twelve psychological, six demographic, and four environmental factors (Table 3).

Figure 2. Predictors investigated in more than one multivariable predictive study

Demographic factors

The most studied demographic factors were age (n=21) and gender (n=21). The studies were 

inconsistent whether age is a predictor for HRQL. Among the studies that studied gender, eleven 

found that male gender was associated with a better HRQL and three reported an association but 

failed to describe the direction. Marital status, living alone, rehabilitation and level of education 

had no significant association with HRQL.

Environmental factors

The only environmental factor that showed an association with HRQL was postburn working 

status18,44. Four studies reported that having a job postburn was related with a better HRQL, and 
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two did not found an association. Preburn working status was only found to relate to a better 

HRQL in one of the four studies examining this predictor and none of the studies found a relation 

between socioeconomic status or work-related injury and HRQL.

Burn-specific factors

Percentage TBSA burned is the most often studied burn-specific predictor (n=18). Twelve studies 

found no association with HRQL, whereas five found a lower HRQL in more severely burned 

patients and one failed to describe the direction of the association. Somewhat more evidence 

exists on the LOS. Seven out of the thirteen studies reported a lower HRQL after a longer LOS. 

Both surgery and number of surgeries were studied as predictors. Two studies reported a positive 

association between surgery and HRQL, whereas one study reported a negative association 

and one did not find an association. A higher number of surgeries resulted in a decreased 

HRQL in two studies. Three other studies, however, found no statistically significant association. 

Five individual predictors (LOS, %TBSA burned, full-thickness injury, surgery and number of 

surgeries) are all indicators of the burn severity. The cluster burn severity is a significant predictor 

of a diminished HRQL in 13 out of the 18 studies that investigated this predictor. Having pain 

as predictor was investigated in five studies. Two found that patients that reported pain had a 

lower HRQL and three did not found an association. Evidence on other burn factors, including 

full-thickness injury, time since burn, hand burns, face needing grafting, upper limb burns, and 

mechanical ventilation was inconsistent. Studies found no association between either aetiology, 

hands needing grafting, facial burns or tracheostomy required and HRQL.

Psychological factors

Postburn depression or depressive symptoms and any preburn psychiatric disorder were most 

often studied (n=6). Four out of the six studies that investigated postburn depression reported an 

association with impaired HRQL. Also, evidence exist on higher levels of neuroticism and avoidant 

coping as predictors. The three studies that investigated these predictors all reported associations 

with poorer HRQL. Posttraumatic stress symptoms and less emotional or social support were also 

associated with diminished HRQL in the majority of studies. There was less evidence on preburn 

psychological factors (any psychiatric disorder, depression, substance use disorder and anxiety 

disorder) and HRQL. Studies were inconsistent on postburn substance use disorder as predictor 

and no association was found between any postburn psychiatric disorder and HRQL.
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DISCUSSION 

This study aimed to systematically review predictors of HRQL following burn injuries. Thirty-two 

studies were included and 114 predictors were investigated in 19 studies using multivariable 

analysis. Among burn patients, burn severity factors and psychological factors and to a lesser 

extent demographic and environmental factors are related to HRQL. Severity of burns, postburn 

depression, posttraumatic stress symptoms, avoidant coping, less emotional or social support, 

higher levels of neuroticism and unemployment postburn were found to predict poorer HRQL 

after burns. In addition, some weaker predictors, including female gender, pain and a postburn 

substance use disorder were identified. Other demographic and environmental factors showed 

in general no significant association with HRQL and the evidence was inconclusive on other 

burn-specific and psychological factors. The quality of these studies was in general moderate. 

This review clearly indicates that the severity of burns is a strong predictor of HRQL following 

burns. More severe burns result in general in a poorer HRQL. It is however not yet clear which 

individual severity predictor (e.g. LOS, %TBSA burned, number of surgeries) is best to indicate 

the severity of burns. By studying the multivariable results, the most optimal predictor becomes 

visible. The optimal predictor differed among the studies. The most consistent severity indicators 

for the prediction of HRQL seem to be LOS and number of surgeries. In the general trauma 

population, LOS is also a predictor of HRQL55,56 and there are some indications that surgical 

procedures predict a diminished HRQL57. The evidence regarding burn size was inconclusive; 

%TBSA burned was found to be negatively associated with HRQL in a minority (29%) of the 

studies. The other studies did not report a statistical significant association. Remarkable is that 

three out of the five larger studies (>200 patients) reported a negative association, suggesting 

that %TBSA burned is a predictor of diminished HRQL after burns. However, it is questionable 

whether %TBSA burned is a good proxy for the severity of burns. It reflects the sum of the 

estimated percentage of full and partial thickness burns; it does not distinguish between deep 

and superficial wounds. Other burn-specific factors, including LOS or number of surgeries, may 

be better predictors20. Or possibly a combination of severity indicators may be the best predictor. 

There are also indications that having pain is a predictor for having a poorer HRQL after burns18,54. 

It is known from other fields that patients who have severe continuing pain often also have a low 

HRQL58,59. Other burn-specific factors, including body region burned, aetiology and longer time 

since burn did in general not seem to influence HRQL to a large extend.

Psychological factors are also important predictors for HRQL following burns. Five of the seven 

strong predictors are psychological factors, including postburn depression, posttraumatic stress 

symptoms, avoidant coping, less emotional or social support and higher levels of neuroticism. 

These psychological factors are also predictors in other trauma populations60-63. Also a postburn 

substance use disorder seems to be a predictor of an impaired HRQL, although evidence 
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regarding this factor is weaker, both for burns and for trauma in general64. The often traumatic 

nature of burns may result in induced psychopathological responses65, which is related to a 

poorer HRQL. Psychological burden can be caused by pain, grief, change of body image, 

self-blame, feelings of guilt, social isolation during hospital admission or permanent physical 

disabilities65. In addition, earlier studies showed an association between psychological and 

physical burden. Psychological burden was associated with delayed wound healing66, with 

greater physical impairment and role disruption67, with slower physical recovery67 and with 

poorer postburn adjustment68. The underlying reason of this relation is not yet clear. On the one 

hand, psychological distress might be influenced by physical problems69; those who appraise 

their injuries as more severe might have an increased risk of psychological problems. On the 

other hand, individuals with psychological problems might appraise their condition as worse 

and their recovery as less complete, and might have a decreased intention to be involved in 

rehabilitation67. Regardless of the underlying reasons of this relation, increased psychological 

burden may result in an impaired HRQL. 

The only demographic predictor of HRQL after burns was gender. Females reported a poorer 

HRQL after burns compared to males. This finding was also found in a recent study focussing 

on gender differences in HRQL outcomes in burn patients70. Reasons for females experiencing 

an impaired HRQL after burns are not clear. An explanation might be that females willingness to 

report problems is greater71 or that women find it harder to live with a mutilated body. Females also 

reported higher levels of fatigue and higher mortality rates after burn injuries71,72. Besides, poorer 

outcomes in females have been shown in injury studies in general73,74. No strong conclusion 

could be drawn on the impact of age on HRQL after burns. Some studies reported better HRQL 

in younger adults, whereas others reported no relation or an adverse relation. These inconsistent 

results are also seen in the general trauma population55,62,64,75. 

Theoretically you would expect burn-specific instruments to be more sensitive to the 

consequences of burns. Thus, more statistically significant associations with HRQL measured 

by a burn-specific instrument would be expected. This was seen in present study. Burn-specific 

instruments had a higher proportion of significant associations in multivariable studies. Forty-

nine (47%) significant associations out of the 104 studied associations were found when HRQL 

was measured with a burn-specific instrument. For generic instruments, 45 (28%) out of the 

163 studied associations were significant. The burn-specific instruments thus seem to be more 

sensitive compared to the generic instruments used. This finding is in line with the results of 

an earlier study that compared the BSHS-B against the SF-36. That study showed that SF-36 

summary scores were less sensitive than the BSHS-B total score. The domain scores of the SF-

36, however, were more sensitive that the domain scores of the BSHS-B76. Most included studies 

in present review used SF-36 summary scores and BSHS-B domain scores.
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The risk of bias of included studies was in general moderate. It was remarkable that none of the 

studies had an overall low risk of bias. In general, the risk of bias was moderate. A moderate or 

high risk of bias was in particular seen in the domains ‘study attrition’ and ‘study confounding’. 

Only a minority of the studies set hypotheses before testing predictors and only a few underpinned 

their search for predictors with the available literature. Most studies did not report how missing 

data was handled. Besides, confounders were often not defined, attempts to collect information 

on patients who dropped out were not described and key characteristics on those lost to follow-

up were not reported. Future studies should include these factors in order to decrease the risk 

of bias and improve the overall study quality. Another issue was the use of multivariable analysis 

in 20 of the 32 included studies, indicating that 38% only used univariable analysis. As HRQL 

is a multifactorial concept, it is likely that HRQL is influenced by several factors and therefore 

multivariable analysis seems indicated. Univariable analyses are not very informative due to 

relations among the predictors.

Strengths and limitations

A strength of this study is that it presents a comprehensive overview of predictors of a HRQL 

following burn injuries. Relevant literature databases were searched by an experienced librarian 

and quality was assessed using the wide applied QUIPS tool. A limitation is the exclusion of 

studies written in other languages than English, which might have resulted in missed studies 

published in other languages. Another limitation is the absence of a formal meta-analysis. Due 

to variation in instruments, time points and data presentation in combination with the low number 

of studies, it was not possible to formally pool the results using meta-analysis. The examination 

of predictors on the basis of its direction and statistical significance that we applied does not 

take into account the sample size of the study nor the strength of predictors. However, we have 

checked that our main outcomes were not conditioned on sample size, risk of bias or studies on 

the same dataset (Table 3). Due to the wide variation of assessment time points and the limited 

availability of short-term predictive studies, we were unable to study whether predictors differ in 

the short- and long-term.

CONCLUSIONS

HRQL after burn injuries is particularly affected by the severity of burns and the psychological 

response of an individual to the trauma. Both constructs provide unique information and 

knowledge that is necessary for optimized follow-up treatment and rehabilitation. Therefore, a 

comprehensive approach, including both physical and psychological care is indicated in the 

aftermath of burns. Screening of patients during follow-up is valuable to identify those patients 

who are in need of extra rehabilitation care. Patient-oriented treatment should be given and 

information on HRQL should be used to enhance patient-centred decision making.
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To gain further insight in individual predictors and how they are correlated with each other, future 

studies should be based on the best available literature or on a theoretical framework, use larger 

sample sizes and ensure high methodological quality. As it is hard to collect large samples in 

burns, combining several existing datasets is highly recommended. 
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ABSTRACT

Background

Through improved survival of burns, more children have to deal with consequences of burns. 

Health-related quality of life (HRQL) measurement is important to qualify the perceived burden of 

burns in children. No systematic study of this outcome in children exists. Therefore, our objective 

was to review study designs, instruments, methodological quality, outcomes and predictors of 

HRQL in children after burns. 

Methods

A systematic literature search was conducted in CINAHL, Embase, Google Scholar, Medline, The 

Cochrane library and Web of science (PROSPERO ID=CRD42016048065). Studies examining 

HRQL in pediatric burn patients were included. The risk of bias was assessed using the Quality 

in Prognostic Studies (QUIPS) tool. 

Results

Twenty-seven studies using twelve HRQL instruments were included. The Burns Outcome 

Questionnaire 0-4 and 5-18 years old were most often applied. All longitudinal studies showed 

improvement of HRQL over time. However, problems were reported on the longer term on the 

domains '(parental) concern' and 'appearance'. Parental proxy scores were in general comparable 

to children’s self-ratings. Severity of burns, facial burns, hand burns, comorbidity and short time 

since burn predicted an impaired HRQL. The risk of bias of the studies was in general moderate. 

Conclusions

HRQL in children after burns increases over time. Domains and patient groups that require 

special attention are identified. However, due to lack of comparability of studies, the available 

information could not be used optimally. To further improve our understanding of HRQL, 

consensus on design, data-analysis and data presentation is needed.



HRQL OF LIFE IN CHIDREN AFTER BURN INJURY

79

4

BACKGROUND

Children, especially those under five years of age, are at the highest risk of hospitalization from 

burns1-4. Due to the improved survival of burns, more children have to deal with consequences of 

burn injuries5-10. This increases the importance of investigating outcomes of burns in children10. 

An important outcome is health related quality of life (HRQL)11. HRQL includes a child’s or its 

parent’s perception on the child’s health status and assesses how burns affect the child’s 

psychological, physical and social abilities12. 

Pediatric HRQL is often assessed by questionnaires. For young children, a parent often 

completes the questionnaire (a parent-proxy score). Older children sometimes answer questions 

themselves, or both the child and/or a parent completes the questionnaire13. This also depends 

on which questionnaire is used; not all questionnaires have child-report versions. Instruments to 

assess HRQL in burns are either generic (applicable to children with all kinds of conditions) or 

burn-specific (applicable to burned children). A generic instrument facilitates comparison among 

different illnesses, however, it does not take specific consequences of burns into account14. 

It is important to gain insight in HRQL after burns to qualify the impact of burns on children. As the 

maturation of scars and expression of psychological consequences may take several years, it is 

important to assess HRQL also at the longer-term. Information on HRQL can be used to support 

patient-centered decision making, measure provider performance, inform quality improvement 

in treatment and improve aftercare of pediatric burn patients15.

Despite the prominent role of trauma in mortality and morbidity in children, relatively little research 

has been done in terms of HRQL in burned children. Earlier HRQL reviews focused on adults 

only16-19. Therefore, the current review aims to present an overview of study designs, instruments, 

methodological quality, outcomes and predictors of HRQL in children after burns.

METHODS 

The protocol of this review is available on PROSPERO (ID=CRD42016048065; https://www.

crd.york.ac.uk/prospero/display_record.php?RecordID=48065) and this review is conducted 

according to the PRISMA Statement20. 

Search strategy and eligibility criteria

The search strategy was developed in collaboration with a medical librarian, included terms 

covering HRQL and burns (Appendix 1) and was performed in relevant databases on 12 February 

2018. Databases were searched from the earliest record until February 2018. We included 
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studies on HRQL in pediatric burn patients (<18 years old) written in English and published in a 

peer-reviewed journal. Studies in other pediatric patients that not presented HRQL outcomes for 

the burn population separately were excluded. Studies including both children and adults were 

only included if separate characteristics and outcomes were reported for children.

Study selection and data extraction

The systematic search was performed by an experienced librarian. Duplicates were removed 

and irrelevant articles excluded based on screening of the titles by one researcher (IS). Ten 

percent of the remaining abstracts were independently appraised by two researchers (IS, CL). 

As no disagreement existed, the remaining abstracts were evaluated by one researcher (IS). 

All full text articles were screened by both researchers independently. Data included study and 

patient characteristics, details on HRQL instruments, and outcomes and was independently 

extracted by two researchers (IS, CL). Disagreements regarding eligibility and data extraction 

were resolved by consulting a third researcher (MvB).

Risk of bias assessment

We assessed the risk of bias of the studies with the Quality in Prognostic Studies (QUIPS) tool21. 

The domains ‘study participation’, ‘study attrition’, ‘outcome measurement’ and ‘statistical 

analysis and presentation’ were assessed in all studies. The domains ‘prognostic factor 

measurement’ and ‘study confounding’ were only assessed in studies investigating predictors 

as these domains are specific for prognostic studies. The domains were rated as ‘low’ bias (all 

items ‘low risk’), ‘moderate’ bias (max. 50% items with high or unknown risk of bias) or ‘high’ 

risk of bias (>50% items high of unknown risk of bias)21. Two researchers (IS, CL) independently 

assessed 26% of the studies. As there was only a slight disagreement between researchers 

(<10%), the remaining studies were assessed by one researcher (IS). In case of any doubt, a 

domain was assessed by a second researcher.

Data analysis

Outcomes of the most applied instruments were assessed. Children’s and parent-proxy scores 

were compared. In case of unequal age groups for children and proxy scores, data was 

requested. We evaluated predictors of HRQL when a regression coefficient was presented. All 

kind of predictors were considered and both uni- and multivariable predictors of domains of 

HRQL as for total HRQL were tabulated. Predictors were divided into three categories: patient, 

burn-specific, and psychological factors. The predictors were summarized based on their 

direction and statistical significance22,23. Predictors were considered strong when ≥67% of the 

associations were in the same direction and statistically significant and weak if ≥33 - <67% of 

the associations fulfilled these conditions.
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RESULTS

Identification and selection of studies 

Our literature search resulted in 4,423 unique records. After title and abstract screening, 165 

records were selected. Most studies (n=126) were conducted with adults and therefore excluded 

(Figure 1). Twenty-seven studies met our inclusion criteria.

Records identified through database
searching
(n=7.246)

Records after duplicates removed
(n=4.423)

Records screened
(n=4.423)

Records excluded
(n=4.258)

Id
en

tifi
ca

tio
n

S
cr

ee
ni

ng
E

lig
ib

ili
ty

In
cl

ud
ed

Full-text articles assessed 
for eligibility

(n=165)

Studies included in 
qualitative synthesis

(n=27)

Full-text articles excluded, with reasons
(n=138)

•  Not a paediatric study: n=126
•  Age not applicable: n=3
•  No empirical data: n=5
•  No HRQL outcome reported: n=3
•  No separate data for adults/children: n=1

Figure 1. Flowchart outlining selection of studies

Study characteristics

The sample sizes ranged between 31 and 1,140 pediatric burn patients (Table 1). Twenty studies 

(77%) included more boys than girls. Seventeen studies were based on five cohorts. Thirteen 

studies were conducted in Europe and eleven in the USA. Most (67%) were published after 2010. 

Six studies were conducted in children aged 0-4 years old24-29, eleven in children ≥5 years old28,30-39, 

five in adolescents ≥11 years old40-44, and five included all ages between 0 and 1845-49. 

The mean percentage total body surface area (%TBSA) burned ranged between 6-53% with 

almost half of the studies (44%) having a mean %TBSA burned of more than 20%26,30,34-36,39-41,44-47. 

Parents completed the questionnaires in twelve studies24-27,29,33,37-39,45,48,50, both a parent and the 

child were asked in ten studies28,30,34-36,40,42,46,47,49, and five studies only surveyed children31,32,41,43,44.
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Figure 2. Instruments used to measure health-related quality of life in burn patients

BOQ = Burns Outcome Questionnaire, CHQ = Child Health Questionnaire, EQ-5D = EuroQol five dimensions questionnaire, 

ITQOL = Infant Toddler Quality of Life Questionnaire, PedsQL = Pediatric Quality of Life Inventory, TACQOL = TNO AZL 

Child Quality Of Life, 17D = 17-dimensional health-related quality of life instrument, BSHS-R = Burn Specific Health Scale 

- Revised, YQOL = Youth Quality of Life Questionnaire, YQOL-FD = Youth Quality of Life Questionnaire - Facial Differences, 

YQOL-R = Youth Quality of Life Instrument Research Version-Adolescent

HRQL measurement

Twelve HRQL instruments were used; nine generic and three burn-specific instruments. The 

Burns Outcome Questionnaire (BOQ) 0-4 years old (n=8)29 and the BOQ 5-18 years old (n=11)30 

were most often used (Figure 2). The BOQ are multidimensional instruments. The 0-4 instrument 

includes 10 domains: play, language, fine motor, gross motor, behavior, family, pain/itching, 

appearance, satisfaction, concern/worry. The 5-18 instrument consists of 12 domains: upper 

extremity function, physical function and sports, transfers and mobility, pain, itch, appearance, 

compliance, satisfaction with current state, emotional health, family disruption, parental concern, 

school re-entry. Four studies28,38,43,50 used more than one instrument to assess HRQL (Table 1). 

Three studies used both a burn specific and a generic questionnaire. HRQL was most often 

measured at three, six, twelve, eighteen and twenty-four months (Figure 3).

Quality assessment

Almost all studies had a low risk of bias on the items ‘outcome measurement’ (96%) and 

‘statistical analysis and reporting’ (85%) (Figure 4). On the contrary, all studies had a high or 

moderate risk of bias for ‘study attrition’. Most of the prediction studies had a moderate risk of 

bias on both ‘prognostic factor measurement’ and ‘study confounding’. Seven studies had a low 

risk of bias on all except one domain25,27,28,32,37,48,50 (Appendix 2).
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Figure 3. Time point at which health-related quality of life was assessed 

Figure 4. Risk of bias assessed with the Quality in Prognostic Studies (QUIPS) risk of bias tool.

Note. Domain 3 and domain 5 were only assessed for the thirteen prediction studies.

HRQL outcomes 

Due to a large number of studies based on the same datasets, differences in instruments and 

data presentation, and the use of two norm scores for the same instrument, we were unable 

to pool the data. Therefore, we examined the outcomes of the individual longitudinal studies. 

All reported improvement of HRQL over time24,26,29,39,40,42,45-47, especially in the first six months 

after burns. Afterwards improvement continues slowly (at least up to 48 months), but levels 

off gradually24,26,40,46. There are some domains that seem to improve less: ‘concern/worry’ and 

‘appearance’ for young children (BOQ 0-4) and ‘appearance’ and ‘parental concern’ for older 

children (BOQ 5-18).
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Parental proxy versus children's scores

Although eleven studies examined children and parent scores, only five reported these scores 

from the same children. Three studies used the BOQ 5-1840,42,50 and two the PedsQL34,35. Three 

studies compared the scores at several time points35,40,42. In total, 14 sets of data comprising 

142 (domain) scores were compared. Absolute scores were in general comparable (Appendix 

3a+3b). Whether differences were statistically significant was examined in three studies. One 

study found no significant differences50, the two others reported significant differences on three of 

the 12 domains42 and six of the 72 domains40. Both found significant differences on the domains 

‘appearance’ and ‘family disruption’40,42. Children reported better scores on ‘appearance’ in both 

studies. Results on family disruption were inconsistent; in one study children reported better 

scores, in the other parents did. 

Predictors of HRQL 

Thirteen studies investigated predictors of HRQL. Seven studies used univariable and six 

multivariable analysis (Appendix 4). Between one and 16 predictors were investigated per study. 

In total, 39 different predictors were studied. These were 22 patient, 15 burn-specific and two 

psychological factors. Predictors (n=13) assessed by at least two studies are listed in Table 2.

Patient characteristics

Studies were inconsistent whether gender is a predictor. Two studies reported a better HRQL in 

boys, one in girls, and four did not found an association. More evidence exists on young age at 

burn. Three out of five studies reported a better HRQL when children were burned at a young 

age. Age at time of assessment showed inconsistent results. Comorbidity was associated with 

a poorer HRQL in two studies and one study found no association.

Burn-specific factors

The three predictors covering burn severity (%TBSA burned, total full-thickness injury and LOS) 

were all related to an impaired HRQL. Also, localization of burns was studied. Five of the six 

studies found that facial burns were associated with a lower HRQL. Hand burns were also 

found to predict an impaired HRQL in three of the four studies. Less evidence was found on the 

predictor visible scars. A longer time since burn was related to a better HRQL in eight of the nine 

studies investigating this predictor. The two studies that investigated etiology reported both no 

relation with HRQL.
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Table 2. Predictors of HRQL in pediatric burn patients

Predictor
No of studies that 

found positive 
associations

No of studies that 
found negative 
associations

No of studies 
that found no 
associations

Conclusion*

Patient characteristics

Young age at burn 3 0 2 Weak predictor

Increasing age 2 2 0 No predictor

Male gender 2 1 4 No predictor

Socioeconomic status 0 0 3 No predictor

Comorbidity 0 2 1 Weak predictor

Burn-specific factors

%TBSA burned 0 7 2 Strong predictor

Total full-thickness injury 0 4 0 Strong predictor

Longer hospital stay 0 3 2 Weak predictor

Visible scars 0 1 2 No predictor

Facial burns 0 5 1 Strong predictor

Hand burns 0 3 1 Strong predictor

Time since burn/injury 8 2 1 Strong predictor

Aetiology 0 0 2 No predictor

*Predictors are considered strong when ≥67% of the associations were in the same direction and statistically significant and 

weak if ≥33 - <67% of the associations fulfilled these conditions.

DISCUSSION

This review provides a comprehensive overview of instruments, outcomes and predictors of HRQL 

in children after burns. Twenty-seven studies using twelve HRQL instruments were included. The 

BOQ 0-4 and BOQ 5-18 were most widely applied. Twelve studies had a longitudinal design 

with different lengths and time assessment points. All of these reported an improved HRQL over 

time, however, problems were reported in the longer term on the domains ‘(parental) concern’ 

and ‘appearance’. Children reported comparable HRQL outcomes as their parent(s). Severity of 

burns, facial burns, hand burns, comorbidity and short time since burn were found to predict a 

poorer HRQL. 

The relatively low number of studies on HRQL in children after burns is striking. Especially HRQL 

of young children ≤4 years old is hardly studied, though this is the most prevalent group of burn 

victoms4. This might be because it is harder to assess HRQL in young children. Until the age of 

five, proxy-reports are necessary as children are not able to provide self-reports. Obtaining valid 

information on HRQL of these children is crucial to provide good aftercare and should therefore 

be applied in the future.
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Children ≥5 years old are able to reliably report their HRQL51-53. Children self-report is 

recommended as this is in line with the subjective nature of HRQL and parental proxy scores 

might result in observational bias. Parent views can be influenced by parental post-traumatic 

stress, concerns and their perspectives on pre-burn functioning of their child42,54-56. Our study 

showed, however, reassuring results of parental proxy scores; children’s self-reported scores 

were comparable on most domains. Self-report in children aged 5-8 years old is challenging51. 

The use of toys or drawings might help to elicit valuable information51. Children >8 years old 

should in general be able to answer themselves. Only one of the studies49 used self-reported 

data from children ≥5 years old. The most applied burn-specific instrument only has a child-

report version for children ≥11 years old30. For future studies it is valuable to consider assessing 

self-reported HRQL from children ≥5 years old. To do this, a burn-specific child-report version for 

children ≥5 years old should be created. If proxy reports are used, it is important to be aware that 

outcomes might be different. Differences are especially prevalent in psychosocial domains57. 

Another important issue in the current literature is the lack of comparability among studies. The 

wide variations in instruments, differences in data presentation, and different norm scores for the 

same instrument, impeded us to pool and analyze the available data. Uniform data is needed 

to improve our global insight and understanding of HRQL in burned children. A uniform way of 

presenting results and a norm score of non-burned children that is widely available is necessary.

The most often used and only burn-specific HRQL instruments are the two BOQ instruments29,30. 

These instruments are not freely available, and there are two manners of scoring, which hamper 

comparison of outcomes. These disadvantages have led to initiatives to develop alternative 

burn-specific instruments58-60. However, these are unfortunately not yet available and researchers 

for who the BOQ instruments are not available have to use a generic instrument when assessing 

pediatric HRQL. More generic instruments are available, but no consensus exists on the most 

optimal instrument or instruments; a total of nine different instruments were used in the fourteen 

studies assessing generic HRQL. The choice for a specific generic instrument depends on 

several factors, including the age of the study population, the availability of an instrument in a 

specific language and whether the aim is to assess children’s own HRQL or a parent proxy of 

their children’s HRQL. Given these considerations, we are not able to recommend a specific 

instrument. Ideally, to capture the full impact of a health condition, both a generic and burn-

specific instrument should be used61. However, a combination of instruments was only used 

by three studies and the burn-specific instruments are thus only available to a limited group of 

researchers. We recommend to achieve consensus on the best generic instrument(s), and a 

freely available, sensitive and reliable burn-specific instrument should be created. If both types 

of instruments are available; it is recommended to use both types in future studies to assess the 

full impact of burns on HRQL in children.
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HRQL improves over time, however, parental concern remained an issue in the longer term. 

Parents keep express concerns regarding the recovery and development of their child years 

after the injury, stressing the importance of parent counselling and the inclusion of parents in 

the aftercare, regardless of the child’s age. Attention should also be paid to appearance in the 

aftercare, as it was shown that children, regardless of their age, have problems with their change 

in appearance due to the burn injury.

Children with more severe burns, or with a facial or hand burn have a poorer HRQL. Having a more 

severe injury is also related to HRQL in burned adults and children with other injuries18,62-64. There 

is less evidence on the impact of facial and hand injuries in other populations18,65-68. The five out 

of six included studies that found a relation were all proxy reports. The only study that found no 

relation was based on children’s self-report. It might be that parents are constantly reminded on 

the trauma by seeing the scar, which results in having more concerns. Patients do not see their 

scar constantly, which might have less influence on their HRQL. Other strong predictors were 

time since burn and comorbidity, indicating that HRQL improves over time and that children with 

comorbidities have a poorer HRQL. These factors are also found to influence HRQL in children 

with other injuries69,70. Age at time of burn was a less strong predictor. Young children might not 

remember the trauma and might adjust easier to scars while growing older and developing a 

body image10,33. The low attention for psychological predictors is remarkable as both in burned 

adults as in children with other injuries these factors are found to predict HRQL18,32,71. Children 

have an increased risk of post-traumatic stress after burns32,72 and investigating psychological 

factors is worthwhile.

A strength of this review is the comprehensive overview of HRQL in burned children, based 

on six relevant databases and the identification of domains of HRQL and patient groups that 

need special attention in aftercare. A limitation is, however, that we only included studies written 

in English; we might have missed studies written in other languages. Another limitation is the 

large number of studies on the same datasets, the variation in study designs, instruments, and 

data presentation which impeded us to pool the data. As a consequence, the comparison of 

parent and children’s scores was based on differences as reported by authors. Predictors were 

summarized based on their association and statistical significance. The sample size of a study 

was not taken into account, however, we have checked that our results were not conditioned 

on risk of bias or sample size (Table 2). Another limitation is the risk of bias of included studies 

which was in general moderate and varied widely. None of the studies had a low risk of bias 

on all domains. The most alarming was the high risk of bias on study attrition. Most studies 

failed to include a non-responder analyses and only few adequately report attempts to collect 

information on patients who dropped out. Also, the in general high or moderate risk of study 

confounding needs attention; only a few studies set hypotheses before conducting analyses and 

only a minority described to use available literature for their search for predictors. Besides, most 
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studies failed to report how missing data was handled and confounders were often not defined. 

In future articles it is important to include (description of) all of these factors in order to lower the 

risk of bias and improve the overall study quality.

CONCLUSION

This review shows that HRQL of burned children increases over time and it revealed domains 

and patient groups that require special attention in the aftermath of burns. Short- and long-term 

aftercare is indicated and should be available for children and their parents. Special attention is 

needed for children with major burns, with facial or hand burns, and for those with comorbidity. 

And parental concern and children’s appearance are important topics within aftercare.

Besides, to improve our understanding of HRQL and further facilitate the comparability of data 

across studies, consensus on the most optimal generic instrument(s), on a widely available norm 

score and on data presentation is required. Moreover, a freely available, sensitive and reliable 

burn-specific instrument should be created, with a child-report version for children ≥5 years old.
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ABSTRACT

Background

Health-related quality of life (HRQL) is a key outcome in the evaluation of burn treatment. HRQL 

instruments with robust measurement properties are required to provide high quality evidence 

to improve patient care. The aim of this review was to critically appraise the measurement 

properties of HRQL instruments used in burns. 

Methods

A systematic search was conducted in in EMBASE, MEDLINE, CINAHL, Cochrane, Web of 

Science and Google scholar to reveal articles on the development and/or validation of HRQL 

instruments in burns. Measurement properties were assessed using the COnsensus-based 

Standards for the selection of health Measurement INstruments (COSMIN) methodology. A 

modified GRADE analysis was used to assess risk of bias (Prospero ID: CRD42016048065). 

Results

Forty-three articles covering 15 HRQL instruments (12 disease-specific and 3 generic 

instruments) were included. Methodological quality and evidence on measurement properties 

varied widely. None of the instruments provided enough evidence on their measurement 

properties to be highly recommended for routine use, however two instruments had somewhat 

more favorable measurement properties. The Burn Specific Health Scale Brief (BSHS-B) is 

easy to use, widely accessible and demonstrated sufficient evidence for most measurement 

properties. The Brisbane Burn Scar Impact Profiles (BBSIPs) were the only instruments with high 

quality evidence for content validity. 

Conclusion

The BSHS-B (burn specific HRQL) and the BBSIP (burn scar HRQL) instruments have the best 

measurement properties. There is only weak evidence on the measurement properties of generic 

HRQL instruments in burn patients. Results of this study form important input to reach consensus 

on a universally used instrument to assess HRQL in burn patients.
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INTRODUCTION

Due to substantial advances in surgical and critical care management, the number of people 

surviving burns has increased during the past few decades1-3. As a result, more patients have 

to deal with lifelong disabilities and disfigurements which are frequently a consequence of 

burn injury5. This has led to a shift in attention from clinician-led short-term outcomes, such 

as improvement of survival, to longer-term patient-centred outcomes of burn care focusing 

progressively on physical and psychological sequelae5-7. Therefore, perceived health-related 

quality of life (HRQL) of burn patients has become a key outcome in burn treatment8,9. 

Patient-reported outcome (PRO) measurement of HRQL offers an assessment of the patients’ 

perspectives on burn care outcomes and is therefore useful in decision-making. Along with 

the variations in defining and operationalizing HRQL a variety of measurement instruments is 

currently available9,10. Measurement instruments to assess HRQL after burn injury are either 

generic (assessing general aspects of health) or disease specific (covering aspects that are 

specifically relevant for burn patients), with benefits and disadvantages to the use of either type. 

Generic instruments allow comparison with the general population and other diseases, whereas 

burn-specific instruments include disease specific items and may thus be better targeted to burn 

patients. Within burns a subtype of a burn specific instruments has been introduced: instruments 

that assess the influence of burn scarring on HRQL.

Selecting the best instrument to evaluate HRQL after burn injury requires the evaluation of 

specific instrument characteristics, feasibility of use (e.g. availability, patient compliance), 

and measurement properties. Measurement properties are quality aspects of a measurement 

instrument, such as reliability, validity, or responsiveness, and provide information whether the 

results obtained by an instrument can be trusted. HRQL instruments with robust measurement 

properties in burn patients are required to draw valid conclusions about HRQL outcomes and, 

ultimately, to provide high quality evidence to improve patient care. In this systematic review, 

the COnsensus-based Standards for the Selection of health Status Measurement INstruments 

(COSMIN) methodology and guidelines11-13 are used to critically appraise the measurement 

properties of HRQL instruments used in burn patients. 

METHODS

This review was conducted according to the COSMIN methodology and the Preferred Reporting 

Items for Systematic Reviews and Meta-Analysis (PRISMA) Statement11,14. The protocol was 

registered a priori in the International Prospective Register of Systematic Reviews (https://www.

crd.york.ac.uk/prospero/display_record.php?RecordID=48065).
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Literature search

A systematic literature search (no date or language restriction) was conducted in EMBASE, 

MEDLINE, CINAHL, Cochrane, Web of Science and Google scholar on February 12, 2018. 

A medical librarian optimized the search strategy and performed the systematic search. The 

search strategy combined terms covering HRQL and the target population (patients with burn 

injury) (Appendix 1). A combined library of the retrieved articles was created using Endnote and 

duplications were excluded. The reference lists of included studies were hand searched for 

additional articles. 

Article selection and data extraction

Articles were included if they met the following criteria: (1) written in English, (2) published as 

full-text papers in a peer-reviewed journal, and (3) their purpose was the development and/

or evaluation of the measurement properties of instruments that measure the construct HRQL 

in burn patients. Relevant articles were selected on the basis of title by one researcher (IS). 

Two researchers (CL and IS) independently screened a random sample of ten percent of the 

abstracts. As there was no disagreement between the reviewers, one reviewer (IS) appraised 

the remaining abstracts. At a second stage, two reviewers (CL and IS) assessed all full-texts 

independently to identify studies evaluating measurement properties. Conflicts were resolved by 

consensus of the two reviewers and, if necessary, discussion with a third reviewer (MvB). Data 

on characteristics of included studies and instruments, and results on measurement properties 

were extracted independently by two reviewers (CL and IS) and cross-checked. Evidence tables 

were used to summarize data.

Assessment of methodological quality of included studies

Two researchers (CL and IS) independently scored all quality assessment steps described 

below. Any discrepancies were discussed and, if necessary, resolved with a third reviewer (MvB). 

The COSMIN taxonomy was used to select which measurement properties of an instrument 

were evaluated15 (Table 1). As there is no gold standard for HRQL, ‘criterion validity’ was not 

considered. Individual articles may comprise more than one study if they evaluate more than one 

measurement property or the same measurement property for more than one HRQL instrument 

The COSMIN Risk of Bias checklist was used to assess the methodological quality for each 

study11-13. Studies were stratified as having very good, adequate, doubtful, or inadequate 

methodological quality. More detailed information on the COSMIN Risk of Bias checklist and can 

be found elsewhere (http://www.cosmin.nl).
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Assessment of measurement property results

The result of each study on a measurement property was rated against criteria for good 

measurement properties: sufficient (+), insufficient (-), or indeterminate (?) (Table 1). Evidence on 

relevance, comprehensiveness and comprehensibility (aspects of content validity) was derived 

from development and content validity studies in which patients and/or professionals were 

involved. This was done first based on the methods and results of the instrument development 

study; second, based on each available content validity study of the specific instrument; and 

third, based on the reviewer’s own rating of the content of the instrument (i.e. assessment of 

coverage of burn specific consequences, which was a subjective assessment of both reviewers 

on all items in each included HRQL instrument because no precedent exists)16. If instruments 

were not freely available, developers of the instrument were contacted. If they were not willing to 

distribute the instrument, the review team could not evaluate the content. Regarding hypothesis 

testing and responsiveness, we predefined that correlations with (domain scores of) other 

outcome measurements that aim to measure related constructs should be ≥0.3017 and there 

should be significant differences in scores between relevant subgroups. Subgroups were based 

on the results of a previous systematic review on predictors of HRQL in burn patients and involved 

factors determining burn severity: percentage Total Body Surface Area burned (%TBSA), length 

of hospital stay and the necessity of surgery18.

Synthesis of evidence and recommendations

All results per measurement property of each HRQL instrument were checked for consistency, 

and were qualitatively summarized.  These summarized results were evaluated against the criteria 

for good measurement properties to produce an overall rating ((sufficient (+), insufficient (-), 

inconsistent (±), or indeterminate (?)) for each measurement property of each HRQL instrument. 

The focus was on the HRQL instrument specifically, while in the previous steps the focus was 

on the single studies. The GRADE approach (Grading of Recommendations, Assessment, 

Development, and Evaluation) was used to grade the quality of the evidence, determining the 

trustworthiness of the summarized results. For content validity, the evidence quality could be 

downgraded because of risk of bias (as determined using the COSMIN Risk of Bias checklist), 

inconsistency of results across studies and indirectness (i.e. evidence from different populations) 

(Appendix 5). For the other measurement properties, the evidence quality could be downgraded 

because of risk of bias, imprecision (i.e. low sample size), inconsistency, and indirectness 

(Appendix 5)11. To come to an evidence-based and transparent recommendation the instruments 

were categorized in three categories11. According to the COSMIN guidelines, instruments with 

sufficient content validity and sufficient internal consistency can be recommended for use 

(category A), PROMS can have the potential to be recommended for use (category B) and 

PROMS with high quality evidence for an insufficient measurement property should not be 

recommended for use (category C)11. The COSMIN guidelines indicate that if all instruments 

fall in category B, the most important property of a measurement instrument is content validity, 
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followed by structural validity and internal consistency. Subsequently, the results of the other 

measurement properties should be considered. In addition, information on feasibility was 

appraised to determine the feasibility of use, so recommendations would not only be based 

on the measurement properties. Important aspects of feasibility were defined as length of the 

instrument, completion time, and ease of score calculation and access fee of an instrument. 

RESULTS

Of the 7246 records identified, 43 articles were considered eligible for assessment (Figure 1, Table 

2). These 43 articles evaluated 15 different HRQL instruments. Most articles studied more than 

one measurement property; the included articles comprised 118 separate studies. Of the HRQL 

instruments identified, 3 were generic, and 12 were disease-specific. Of these 12 instruments, 

4 instruments measured the impact of burn scarring on HRQL (Table 3). Six instruments were 

specifically developed for the use in children (1 generic, 5 disease specific, of which 3 on burn 

scarring). The most frequently appraised instruments were all burn-specific HRQL instruments: 

the Burns Specific Health Scale Brief (BSHS-B17,19-37), Burn Specific Health Scale Abbreviated 

(BSHS-A38-42), Burn Specific Health Scale Revised (BSHS-R43-46) (Table 2; Supplemental Digital 

Content). Of the instruments that were specifically for the use in children, the Burn Outcome 

Questionnaire 5-18 (BOQ 5-18y) was the most frequently appraised 47-49 (Table 2; Supplemental 

Digital Content). 

General characteristics of the included articles and instruments are summarized in Table 2 and 

Table 3, respectively17,19-60. Table 3 also includes feasibility aspects of each HRQL instrument. 

The most commonly assessed measurement properties were internal consistency, hypotheses 

testing, and reliability. No study assessed measurement error. Methodological quality and evidence 

on measurement properties were variable (Supplemental Digital Content).

Table 4 presents the results of the best evidence syntheses. All instruments were categorized 

as level B instruments: PROMs that have the potential to be recommended based on their 

measurement properties.
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Records identified from
Databases (n=7246)

Registers (n=5)

Record removed before 
screening:
Duplicate records removed
(n=2823)

Records after duplicates 
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(n=4428)

Records excluded:
Based on title (n=4131)
Based on abstract (n=127)

Full-text articles excluded:
Did not evaluate measurement
properties (n=127)
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Full-text articles assessed 
for eligibility

(n=170)

Studies included in 
qualitative synthesis
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Figure 1. PRISMA flow diagram demonstrating the identification and screening of studies for inclusion
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Measurement properties of generic HRQL instruments

The three generic HRQL measurement instruments include the EuroQol 5 dimensions (EQ-5D), 

the 47-item short form Infant Toddler Quality of Life Questionnaire (ITQOL-SF47), and the 36-item 

Short Form survey (SF-36). There was only weak evidence on the measurement properties of 

generic HRQL instruments in burns. The comprehensiveness of all of these instruments was rated 

insufficient because these instruments did not cover all the aspects of HRQL that are relevant 

to patients with burn injury (e.g. problems related to scarring). There was high quality evidence 

for sufficient hypotheses testing for construct validity of the EQ-5D and SF-36, but studies on 

other measurement properties in burns were lacking17,55,59. Both scales are widely available and 

especially the SF-36 is widely applied within the field of burns9. In terms of feasibility, a limitation 

of the SF-36 is the license fee. Structural validity and internal consistency of the ITQOL-SF47 

were studied but both rated as indeterminate58. 

Measurement properties of burn-specific HRQL instruments

The twelve disease-specific HRQL instruments were: The Brisbane Burn Scar Impact Profile 

(BSSIP) for adults, BBSIP for children 8-18 years, BBSIP for caregivers of children <8 years, 

BBSIP for caregivers of children aged 8-18 years, BOQ 0-4, BOQ 5-18 years, Burn Specific 

Health Scale (BSHS), BSHS-A, BSHS-B, BSHS-R, Dermatology Life Quality index (DLQI), and 

the Young Adult Burn outcome Questionnaire (YABOQ) (Table 3). The different versions of 

the BSSIP focus on the impact of burn scarring on HRQL and are the only instruments with 

moderate to high quality evidence for sufficient content validity, which is the most important 

measurement property according to the COSMIN guideline. The BSHS-B is the only instrument 

with high quality evidence for internal consistency, which is (together with structural validity) the 

second important measurement property according to the COSMIN guideline. Therefore, these 

instruments will be discussed in more detail. Regarding the other instruments, it is of note that 

these are not necessarily inadequate but that their measurement properties are merely not or 

scarcely investigated in literature.

BBSIP 

The BBSIP was developed in 2013 to assess burn scar specific HRQL in burn patients at risk 

of, or with burn scars51. Multiple versions were developed for different age groups (Table 3). 

International scar management experts and patients were involved in the development of the 

items and cognitive interviews were done to understand how patients interpreted the items51. 

Nevertheless, the overall rating of comprehensiveness was judged to be doubtful for all versions 

because patients were not asked about the comprehensiveness of the final developed forms. 

Other content validity studies were not encountered. 
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BBSIP adult version

The adult versions of the BBSIP consists of 66 items divided into 7 subscales (Table 3). One 

study reported that Cronbach’s alpha was ≥0.7 for all subscales50, but the quality of the study 

was rated doubtful and the overall rating of internal consistency was indeterminate because 

there were no studies on structural validity (Table 4; Supplemental Digital Content). Reliability 

and hypotheses testing for construct validity were sufficient, however, the evidence was graded 

as moderate as a consequence of downgrading for risk of bias (i.e. only one study of adequate 

quality was available). One study provided high quality evidence for sufficient responsiveness.

BBSIP child versions

The version of the BBSIP for children aged 8-18y consists of 58 items divided into 7 subscales. 

The BBSIP for caregivers of children <8 years and the BBSIP for caregivers of children 8-18 

years both comprise an extra subscale to measure ‘parent and family concerns’ and consist of 

58 and of 62 items, respectively51. No studies on other measurement properties of the child or 

caregiver versions of the BBSIP were revealed in our systematic search. Regarding the feasibility 

of the different versions of the BBSIP, currently, all versions are only available in English, but 

validated translation studies may emerge in future. In order to reach the level A status, it is vital 

that structural validity is assessed to determine if the item on the scales sufficiently measure the 

same construct.

BSHS-B

The 40-item BSHS-B was derived from items of the BSHS and Revised BSHS (BSHS-R) in 

200123,43,61. Despite a development process that involved patients and featured a pilot study, 

comprehensibility was the only aspect of content validity that was rated sufficient (Table 4). 

Relevance and comprehensiveness of the BSHS-B were rated inconsistent as a result of 

conflicting results of multiple studies (Supplemental Digital Content)19-35,37. The BSHS-B consists 

of 9 subscales that have been confirmed in one study that used confirmatory factor analysis 

with an adequate sample size, which was therefore of very good quality35. Nevertheless, some 

studies that were of inferior quality because they used exploratory factor analysis and/or had 

an inadequate sample size showed other results and therefore the overall quality of structural 

validity was graded moderate21,26. The BSHS-B carries high quality evidence for sufficient 

internal consistency, reliability, and very low-quality evidence for sufficient cross-cultural validity. 

Furthermore, moderate quality evidence for sufficient hypotheses testing for construct validity 

was found. 
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The BSHS-B carries the best evidence for sufficient measurement properties (Table 4). It has 

been studied extensively (Table 1), resulting in good quality evidence for sufficient structural 

validity, internal consistency and cross-cultural validity. The instrument is relatively short, and 

freely available in 14 languages. Nevertheless, there is only low to moderate evidence on 

sufficient content validity (which is the most important measurement property according to the 

COSMIN guidelines). Of note is that especially relevance and comprehensives of the BSHS-B 

should therefore be investigated further. 

 

DISCUSSION

This systematic review provides a comprehensive overview of all available studies on measurement 

properties of instruments used to assess HRQL in burn patients. Recently updated, consensus-

based standards, developed by the COMSIN initiative11,12,15, were used to ascertain sufficient 

quality of this review. This review comprised 118 different studies on the measurement properties 

of 15 different instruments. The methodological quality of the studies varied widely. Most of the 

measurement properties reported in the studies were rated sufficient; only 11 (9%) were rated 

insufficient (Supplemental Digital Content), which might indicate publication bias as positive 

results are more likely to be published. 

According to the COSMIN guidelines, PROMs with evidence for sufficient content validity and 

at least low quality evidence for sufficient internal consistency can be recommended for use 

and results obtained with these PROMS can be trusted11. None of the instruments provided 

enough evidence on their measurement properties to be highly recommended for routine use. 

All instruments were categorized as level B instruments: PROMs that have the potential to be 

recommended based on their measurement properties. Further validation studies are needed 

before one instrument can be highly recommended. Though, two instruments (the BSHS-B and 

the different versions of the BBSIP) currently have favorable measurement properties compared 

to the rest. 

The BSHS-B was studied most and possessed the strongest evidence for sufficient quality of 

most of the measurement properties assessed. Moreover, it seemed the most feasible instrument 

as is relatively short and freely available in 14 languages. However, the analysis of content validity 

showed that adding items or item refinement seems necessary before the BSHS-B can be highly 

recommended. Inconsistency in the results of content validity studies made it difficult to define 

the ‘true’ gaps in the content of its items. Further validation of the content should therefore be 

obtained by systematically asking patients and professionals (e.g. clinicians, researchers) about 

the relevance and comprehensiveness of the items. Also, data on measurement error of the 

BSHS-B is lacking and should be investigated to determine if the measurement errors are small 
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enough to obtain important differences in change scores and to determine the importance of 

(change) scores in an individual. 

The four versions of the BBSIP were more recently developed than the other HRQL instruments. 

Hereby, the developers of these instruments were the only one able to use modern-state-of-

the-art methods to develop the instruments (Supplemental Digital Content)51,62. This may have 

contributed to the fact that these were the only instruments that met the high standards for high-

quality PROM development and content validity. It is of note to mention that the BBSIP versions 

were developed to measure HRQL for people at risk of or with burn scars; all questions are 

asked in relation to scarring whilst domains like work and daily activities or emotional reactions 

may be also influenced by other trauma-related factors and not all patients may only suffer 

from scarring16,50,51. The BBSIP versions have to be translated and validated further before they 

can be highly recommended based on their measurement properties. The outcomes of the 

questionnaires are the sum score of all items divided by the number of completed items. Future 

studies should preferably focus on structural validity to determine if this method allows for a 

meaningful interpretation of scores and to identify whether or not treatment effects are influenced 

by some scales or items and not others. 

All other instruments showed moderate to very low-quality evidence for the aspects of 

content validity. This was likely the result of poorly performed development studies (no patient 

involvement or insufficiently sized qualitative interview groups) and a general paucity of studies 

that analyzed the content of the instruments. Regarding the other measurement properties of the 

other instruments, it is of note that these are not necessarily inadequate but they are merely not 

or scarcely investigated in literature.

The generic instruments EQ-5D and SF-36 are helpful for making a comparison with population 

norms and other patient groups9. Both instruments score moderate to high quality evidence for 

sufficient hypotheses testing which suggests that these instruments can adequately determine 

differences between groups that differ in burn severity17,57,59. However, they seem to miss 

important content that is relevant for patients after burns; items related to scarring (self-esteem, 

stigmatization, physical appearance) are missing. Therefore, it cannot be assured that the 

patient’s perspective on HRQL is comprehensively captured in the outcomes. 

Burn injury comprises a wide range of patients with mild to severe injury and can affect all domains 

of physical, psychological and social functioning16,63. Unfortunately, there is no consensus on 

what items should be included in an instrument to measure HRQL after burn injury16. Apart from 

further studies on the measurement properties of the identified instruments, there is a need to 

reach consensus on the definition of HRQL for burn patients, as well as on the best instrument to 

measure HRQL. In a broader perspective, it would be valuable to come to worldwide consensus 
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on a core outcome set (COS) (agreed minimum set of outcomes that should be measured) 

that should be measured in burn patients. Recently, the development of a COS for clinical trials 

in burns has been initiated by Young et al., proposing HRQL as one of the outcomes64. The 

combination of the COSMIN Risk of Bias checklist and criteria for good measurement properties 

to form a summary of the evidence base for each PROM is crucial to determine which outcome 

measurement instruments should be included in a COS. Results of current review can therefore 

guide these recommendations65. 

Limitations

The COSMIN risk of bias checklist and criteria for good measurement properties are strict, 

require high standards for reporting and call for distinct reporting of results. Some of the studies 

may be of higher quality than rated in this review as a result of incomplete reporting, even 

though researchers may perform extensive studies. In addition to the quality of measurement 

instruments, the specific construct as measured by the measurement instrument, feasibility 

and interpretability are important aspects when selecting the most suitable measurement 

instruments. In Table 3 we described the completion time and aspects of feasibility but the 

assessment of interpretability (e.g. floor- and ceiling effects, minimal important changes) went 

beyond the scope of this review. Current review focussed on instruments that aimed to measure 

HRQL. As a consequence, other PROMS that may assess only specific aspects of HRQL have 

not been included. For example, the LIBRE (Life Impact Burn Recovery Evaluation) profile that 

aims to measure social participation includes items on social role and personal relationships, 

which may also be important to measure HRQL66.

CONCLUSION

This is the first systematic review to critically appraise instruments that measure HRQL after burn 

injury taking into account the quality of the studies in which the measurement properties were 

assessed using internationally accepted standards. It showed that the BSHS-B (burn specific 

HRQL) and the BBSIP (burn scar HRQL) instruments have the best measurement properties and 

that there is only weak evidence on the measurement properties of generic HRQL instruments 

in burns. This systematic review provides guidance on the HRQL instrument with the best 

measurement properties. There is a need for consensus on what specific symptoms or aspects 

are relevant and need to be included in an instrument to comprehensively assess HRQL after 

burn injury. The overview provided in this review forms important input to reach consensus on 

a universally used instrument to assess HRQL in burns. In time, this will ultimately provide high 

quality evidence to improve patient-centred care.
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ABSTRACT

Background

The Patient and Observer Scar Assessment Scale (POSAS) is frequently used to assess scar 

quality after burns. It is important to be aware of the minimal important change (MIC) and 

the minimal clinically important difference (MCID) to establish if a POSAS score represents a 

clinically relevant change or difference. The aim of this study is to explore the MIC and MCID of 

POSAS version 2.0.

Methods

During a prospective cohort study, POSAS data was obtained at three, six, and 12 months after 

split skin grafting. At the second and third visits, patients rated the degree of clinical change in 

scar quality in comparison to the previous visit. At 12 months, they completed the POSAS for 

a second scar and rated the degree of clinical difference between the two scars. Two anchor-

based methods were used to determine the MIC and MCID. 

Results

MIC values of the patient POSAS ranged from -0.59 to -0.29 between three and six months and 

from -0.75 to -0.38 between six and 12 months follow-up. Both had a poor discriminatory value. 

MCID values ranged from -0.39 and -0.08, with a better discriminatory value. 

Conclusion

Our results suggest that patients consider minor differences (less than 0.75 on the 1–10 scale) in 

POSAS scores as clinically important scar quality changes. MCID values can be used to evaluate 

the effects of burn treatment and perform sample-size calculations.
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INTRODUCTION

The Patient and Observer Scar Assessment Scale version 2.0 (POSAS 2.0) measures scar 

quality and is a frequently used outcome in burn studies1-3. The patient scale gives the POSAS 

an important extra dimension because the patient’s opinion is included, which is a necessary 

component for a complete scar evaluation4. To interpret changes and differences in scores 

arising from patient reported questionnaires it is important to be aware of the minimal important 

change (MIC) and the minimal clinically important difference (MCID).  The MIC represents the 

smallest change in score that would be perceived by the patient as important and refers to 

changes in scores within one patient over time5. The MCID represents the smallest difference 

in score that would be perceived by the patient as important and is used to compare scores 

between individuals or groups at the same time (i.e. the difference between two trial arms)6, 7. 

If a study finds a difference in POSAS scores that is less than the MIC or MCID, it may not 

represent a true clinically-relevant change or difference, even if it is statistically significant. On 

the other hand, if the difference is greater than the MIC or MCID, it might be important to patients 

even though it is not statistically significant. As both terms define an outcome that is considered 

important to patients, it may serve as the basis for estimating the necessary sample size in 

designing future studies.

To our knowledge, the MIC and MCID of the POSAS have never been studied in patients after 

burn surgery. Therefore, the purpose of our study is three-fold: 1) explore the MIC for a change in 

POSAS score for scars of skin-grafted burn wounds between three and six months post-surgery, 

2) explore the MIC for a change in POSAS score for scars of skin-grafted burn wounds between 

six and 12 months post-surgery, and 3) explore the MCID for a difference in POSAS score for 

scars of skin-grafted burn wounds at 12 months post-surgery.

PATIENTS AND METHODS

This study was conducted alongside a prospective multicentre clinical trial that was undertaken 

in three dedicated burn centres in the Netherlands8. The aim of the trial was to compare scar 

quality after hydrosurgical debridement versus conventional knife-debridement of deep dermal 

burns before split grafting. The regional Ethics Committee granted approval before initiation of 

this parallel study (reference number L2016087). Patients were recruited between January 2017 – 

October 2019. Participants had deep dermal burns with two similar wound areas of at least 25 cm2 

that required excision and grafting. Patient were excluded if they: 1) did not want to complete the 

questionnaire at the outpatient clinic, 2) did not complete the anchor-based questions, or 3) were 

unable to understand the study information. All the participants provided written informed consent.
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Figure 1. Schedule of assessments

Data collection

Before split skin grafting, the surgeon designated two similar wound areas as study areas A and 

B. If possible, the study areas were adjacent. Otherwise, a similar burn wound at the contralateral 

body part, or the nearest comparable burn wound, was chosen. 

At three-, six-, and 12-months post-surgery, patients completed the patient part of the Dutch 

version of the POSAS 2.0 for the scar on study area A (Figure 1). At the second and third visits, 

patients were asked to indicate the degree of clinical change they had noticed since the previous 

visit on a five-point Likert scale (much worse, slightly worse, unchanged, slightly better, much 
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better) (Figure 1). If patients found it difficult to remember what their scar looked like, they were 

shown a picture from the scar during their earlier visit. 

At the third visit, patients additionally completed the POSAS 2.0 for the scar of study area B 

and were asked to rate the degree of clinical difference on the same five-point Likert scale. 

The purpose of the Likert scales was to “anchor” the change or difference observed in POSAS 

scores to patients’ perspectives regarding what is clinically important. 

POSAS patient scale

The patient scale of the POSAS consists of six descriptive items: pain, itch, colour, thickness, 

relief, and pliability. Pain and itch are scored between 1 (no pain/itch) and 10 (extreme pain/

itch). Each of the other items is scored between 1 (no difference with normal skin) and 10 (very 

different from normal skin). Patient POSAS scores were calculated as the mean score of the six 

POSAS items. A lower score in POSAS correlates with a better scar. 

Statistical methods

Although there is no consensus about the best method to determine the MIC and MCID, anchor-

based approaches are preferred above distribution-based approaches5, 9. Using an anchor-

based approach, the MIC and MCID were derived by comparing the change or difference in 

score to another measure that defines a clinically relevant change or difference (i.e. the anchor). 

To determine the MIC, changes in POSAS score for the scar of study area A were calculated 

at 2 time points: between the first and second visit, and between the second and third visit 

(Figure 1). To determine the MCID, the difference between POSAS scores for the scar of study 

area A and B at 12 months was calculated (Figure 1). Multiple anchor-based approaches exist 

and recent publications recommend to use multiple methods5, 10-13. Two well-researched anchor-

based methods were used here:

The mean change method

With the mean change method, the MIC and MCID are defined as the mean difference in POSAS 

score in patients who considered their scars to be minimally importantly changed or different 

according to the anchor (e.g. in patients who rate their scar as ‘slightly improved’ or ‘slightly 

better’)5, 14. The adequacy of the Likert scale was explored by quantifying the correlation between 

change in POSAS scores and the anchor-based questions using Spearman’s rho. Correlation 

coefficients were interpreted as negligible correlation (0-0.3), low correlation (0.3-0.5), moderate 

correlation (0.3-0.5), high correlation (0.7-0.9), or very high correlation (0.9-1.0)15. In addition, 

significant score changes were tested among patients who indicated different categories on the 

anchor-based questions, using the Kruskal-Wallis test. Non-significant differences among the 

five-point Likert scale of the anchor-based questions could suggest that the categories were not 

sufficiently discriminative. 
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The receiver operating characteristic method 

The receiver operating characteristic (ROC) method is similar to the method used in diagnostic 

test research, whereby the POSAS score was considered the diagnostic test and the anchor 

served as the gold standard. Using the anchor, the patients were divided into two groups: 

those who reported their scars as importantly changed or better (i.e. slightly or much improved/

better) and those who reported their scars as not changed or not better (i.e. slightly or much 

deteriorated/worse). Then, the distribution of the change and difference scores of the POSAS 

in both groups was plotted, and sensitivity and specificity values were calculated. For the ROC 

curve, sensitivity was plotted against 1 – specificity for all possible cut-off points. The optimal 

cut off point gives the smallest change/difference score of misclassifying importantly improved/

better and not-improved/better scars and is therefore considered the MIC or MCID5, 16. The ability 

to distinguish patient groups was expressed as the area under the curve (AUC) of the ROC, 

and was considered excellent (AUC ≥0.9), good (0.8 to 0.899), adequate (0.7 to 0.799), or poor 

(<0.7)17.

RESULTS

The study population consisted of 127 patients with a mean of 44 years (range 0 – 87) and total 

body surface area of 10% (range 0.5 – 55). The mean POSAS score at three months was 4.3 

(standard deviation (SD) 1.9), at six months was 3.7 (SD 1.9), and at 12 months was 3.3 (SD 1.8). 

Minimal important change (MIC) 

Most patients reported improvement between the two time points, with 87% improved at six 

months and 84% at 12 months (Table 1). 

Mean change method

With the mean change method, the MIC was -0.29 (95% confidence interval (CI) -0.62, 0.04) 

between three and six months, and -0.38 (95% CI -0.75, -0.01) between six and 12 months 

(Table 1). The correlation between the change in POSAS scores and the Likert scale was low at 

both time points, suggesting insufficient discriminative categories (correlation coefficient 0.16 

at six months, 0.08 at 12 months). There were no significant differences in changes in POSAS 

scores between patients who scored the change as much improvement, slight improvement, no 

change, slight deterioration, or much deterioration in scar quality (p = 0.383 at six months, p = 

0.489 at 12 months).
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Table 1. Mean changes in POSAS scores

Number of 
patients

Total = 109

POSAS mean item score
Change between 3-6 

months, Mean (95% CI)

Number of 
patients

Total = 106

POSAS mean item score
Change between 6-12 

months, Mean (95% CI)

Much improved 46 -0.80 (-1.28 – -0.32) 32 -0.78 (-1.20 – -0.36)

Slightly improved 49 -0.29 (-0.62 – 0.04) 57 -0.38 (-0.75 – -0.01)

Unchanged 8 -0.08 (-1.24 – 1.07) 15 -0.79 (-1.84 – 0.26)

Slightly deteriorated 6           0.36 (-1.79 – 2.50) 2 0.16 (-12.54 – 12.87)

Much deteriorated 0 NA 0 NA

ROC method

Table 2 shows the optimal cut-off points that were found at each follow-up point. Using this 

method, the MIC was -0.59 between three and six months and -0.75 between six and 12 months. 

The AUC of the change in POSAS score to differentiate between patients with improvement in 

scar quality and patients with no improvement was low at 0.59 (95% CI 0.44, 74) and 0.50 (95% 

CI 0.34, 0.66), indicating poor discrimination. 

Table 2. Values from the ROC-curve analysis. Patients were divided into two groups: those who reported 
their scars as importantly changed or better (i.e. ‘slightly’ or ‘much’ improved/better) and those who reported 
their scars as not changed or not better (i.e. ‘slightly’ or ‘much’ deteriorated/worse).

Cut-off point AUC (95% CI) Sensitivity Specificity

MIC score between 3-6 months -0.59 0.59 (0.44 – 0.74) 0.46 0.79

MIC score  between 6-12 months -0.75 0.50 (0.34 – 0.66) 0.49 0.59

MCID score at 12 months -0.08 0.79 (0.71 – 0.87) 0.69 0.81

Minimal Clinically Important Difference (MCID)

Mean change method

With the mean change method, the MCID was -0.39 (95%CI -0.69, -0.08) (Table 3). There was a 

significant difference in POSAS scores for scar A compared to scar B (p < 0.001), suggesting 

sufficient discriminative categories. The correlation coefficient between the difference in POSAS 

scores and Likert scale categories was 0.6.

ROC method

Using the ROC curve method, the optimal cut-off point to represent the MCID was -0.08. The 

AUC of the difference in POSAS score to differentiate between patients that indicated their 

scar as better and patients with no difference or worse was 0.79 (95% CI 0.71, 0.87) (Table 2), 

indicating acceptable discrimination. 
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Table 3. Mean differences in POSAS scores for scars A and B at 12 months post-surgery

Total POSAS Number of patients
Total = 112

POSAS mean item score
Difference, Mean (95% CI)

Much better 18 -1.20 (-1.74 – -0.67)

Slightly better 37 -0.39 (-0.69 – -0.08)

No difference 29 -0.07 (-0.21 – 0.08)

Slightly worse 21 0.81 (0.23 – 1.38)

Much worse 7 2.67 (1.14 – 4.19)

DISCUSSION

The Patient Scale of the POSAS 2.0 is a well-accepted measure of patient reported scar quality 

after burns. This was the first study to explore the MIC and MCID of the POSAS. Two anchor-based 

methods were used at two follow-up timepoints, and MIC values were found to range from -0.29 

to -0.75. POSAS change scores between three and six months seem to adequately increase (i.e. 

clinically worsen) with deterioration of scar indicated by patients. For improved scars, however, 

POSAS change scores in the much improved group were the same as the unchanged group, 

between six and 12 months. This was probably due to the small group size (15 patients) and a 

large variation in scores, as indicated by the wide confidence interval. Nevertheless, changes 

in POSAS score did not differ statistically significant between the groups in different anchor 

categories and there was poor correlation between the changes in POSAS score and anchor 

categories. This suggests that the categories were not sufficiently discriminative and did not 

adequately represent the changes in POSAS score. 

Although patients were divided into 2 categories in the ROC analyses, which created larger 

groups, the MICs derived using this method also had low discriminative abilities. The AUC, 

sensitivity, and specificity were low for the best cut-off points at six and 12 months, which 

indicates that the cut-off value was poor in distinguishing false positives and false negatives. In 

this case, false positives represent patients who have a larger change score than the MIC but 

reported themselves to be unchanged or deteriorated. False negatives represent patients who 

have a smaller change score than the MIC but reported themselves to be importantly improved. It 

may be that patients found it difficult to remember what their scar looked like three or six months 

earlier, even though they had access to pictures of their scar. Acceptance or other psychological 

factors may have influenced their POSAS ratings overtime. 

The MCID determined with the mean change method was -0.39. The group categories of the 

Likert scale were sufficiently discriminative and correlated adequately with differences in POSAS 
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scores. The MCID value of -0.08 that was derived using the ROC method also showed adequate 

discriminatory values. 

In accordance with the literature, different anchor-based methods were used to estimate the 

MIC and MCID5, 10-13. The anchor-based approaches that we used are preferred over distribution-

based methods. Distribution-based methods use statistical parameters, such as the standard 

deviation and standard error of measurement to estimate the MIC5, 10-13. The advantage of 

anchor-based methods is that the concept of minimal importance, and therefore the patient’s 

experience, is clearly defined and incorporated in the methods. 

However, the methods do not consider the variability of the scores of the instrument in the sample. 

Also, there is a lack in consensus about the best anchor-based methodology. One drawback of 

the mean change method described is that the mean value does not reflect a threshold for 

minimal improvement, as it uses the mean of the group that reported to be a little better on 

the anchor-based questions. Since all patients in this group reported their scar to be minimal 

importantly changed on the anchor, the mean change in score on the patient reported outcome 

measure of interest in this group is higher than the threshold for minimal important change7. 

Also, the method does not consider the values of patients that reported much improvement even 

though this is also an important change to patients. This could explain the lower cut-off values 

found in the ROC-analyses. The advantage of the ROC method is that is uses the entire study 

sample, which results in more reliable estimates than the mean change method. Moreover, it 

estimates the threshold between not changed/no difference and slightly improved/slightly better.

Strengths & Limitations

A limitation of this study is that only one dataset was used for analysis, which may limit the 

generalizability of the results. One drawback of the mean change method is that the subgroup of 

patients who reported to be slightly improved is often small, which results in imprecise estimates18. 

An advantage of the ROC method is that it uses the entire study sample, leading to more reliable 

estimates. However, values are estimated higher when the proportion improved is greater than 

50% and lower when the proportion improved is less than 50%19. In the MIC estimates, the 

group that improved was far more than 50% and results are therefore probably biased. In the 

MCID estimate, however, the proportion of improved patients was 49%, indicating a low risk 

of bias. There are currently no guidelines for correlating the results of the mean change and 

ROC method. Nevertheless, the results of the current study should improve the interpretability of 

change scores and difference for users of the POSAS and can be used for clinical trial sample 

size calculations. Currently, a new version of the POSAS (POSAS 3.0) is being developed. Given 

the lack of patient input in the development of the Patient Scale of the POSAS 2.020, this study 

provides valuable data to fill this gap. As part of this current research initiative, measurement 

properties like the MIC will be compared between versions 2.0 and 3.0. 
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CONCLUSION

This study explored the MIC and MCID of the patient scale of the POSAS 2.0 using two anchor-

based approaches. MIC values could not be calculated with good discrimination between three 

to six and six to 12 months. However, the item score of the POSAS ranges from 1 – 10 and 

an important finding of the analyses was that patients seemed to consider minor differences 

as important. At 12-months post-surgery, MCID values of -0.39 and -0.08 demonstrated better 

discrimination. Therefore, if scars are compared at the same time (e.g. after two treatment 

methods), patients were able to distinguish scars that were at least slightly better. The threshold 

for a difference in POSAS score that patients would consider important lies between these values.
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ABSTRACT

Introduction

During the last decade, the Versajet™ hydrosurgery system has become popular as a tool for 

tangential excision in burn surgery. Although hydrosurgery is thought to be a more precise and 

controlled manner for burn debridement prior to skin grafting, burn specialists decide individually 

whether hydrosurgery should be applied in a specific patient or not. The aim of this study was to 

gain insight in which patients hydrosurgery is used in specialized burn care in the Netherlands.

Methods

A retrospective study was conducted in all patients admitted to a Dutch burn centre between 

2009 and 2016. All patients with burns that underwent surgical debridement were included. Data 

were collected using the national Dutch Burn Repository R3.

Results

Data of 2113 eligible patients were assessed. These patients were treated with hydrosurgical 

debridement (23.9%), conventional debridement (47.7%) or a combination of these techniques 

(28.3%). Independent predictors for the use of hydrosurgery were a younger age, scalds, a 

larger percentage of total body surface area (TBSA) burned, head and neck burns and arm 

burns. Differences in surgical management and clinical outcome were found between the three 

groups.

Conclusion

The use of hydrosurgery for burn wound debridement prior to skin grafting is substantial. 

Independent predictors for the use of hydrosurgery were mainly burn related and consisted of 

a younger age, scalds, a larger TBSA burned, and burns on irregularly contoured body areas. 

Randomized studies addressing scar quality are needed to open new perspectives on the 

potential benefits of hydrosurgical burn wound debridement.
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INTRODUCTION

In the last decade, hydrosurgery has become available in burn surgery as an alternative technique 

for tangential excision alongside the golden standard of conventional tangential excision by 

guarded knives. The hydrosurgical device used in the treatment of burns is usually known as the 

Versajet™. The Versajet™ hydrosurgery system (Smith and Nephew, St. Petersburg, FL, USA) 

was developed in 1997 for soft tissue debridement in various types of wounds. The Versajet™ 

hydrosurgery system works by producing a high-pressure jet of water across an aperture in 

an angled hand piece. Through the Venturi principle, the jet creates a suction force that draws 

tissues into the path of the fluid where they are ablated and sucked into the device together with 

the irrigation fluid1,2. Power settings can be adjusted to control the cutting and aspiration effects, 

depending on the depth of debridement the surgeon wants to achieve3. Although hydrosurgery 

was introduced for burn wound debridement in Dutch burn care in 2006, it only became widely 

used in 20084.

A report of the National Institute for Health Care and Excellence (NICE) presented an overview 

of the studies concerning the safety of hydrosurgery2. The majority of these studies showed 

good clinical results with minimal adverse outcomes in both adults and children with acute and 

chronic wounds4-11. Studies on burn wounds showed that the Versajet system may be faster and 

more precise in obtaining the desirable excision plane. Nevertheless, the Versajet has typically 

not been favoured in deeper burns due to belief its penetration is less efficient in thick eschar, 

as it 'bounces' off the hard tissue and causes irregular grooves2,7. Burn specialists widely use 

hydrosurgery as an alternative for conventional debridement prior to skin grafting, however, 

only two randomized controlled trials comparing hydrosurgical and conventional debridement 

in patients with burns have been published7,12. These studies reported a significant reduction 

in excision time and better preservation of viable tissue after hydrosurgical debridement. 

Nevertheless, no significant differences were found on postoperative pain, contracture rates, 

healing time, graft take, post-operative infection, bacterial burden and scar quality at 6 months 

post burn. Whether these results influenced the current application of the Versajet™ system 

is unexplored. To our knowledge, no algorithm is available for burn specialists guiding them 

whether or not to use hydrosurgery. Due to an absent algorithm and a paucity of studies, the 

clinical application of hydrosurgery in burn care remains unknown.

The aim of this study was to gain insight in which patients hydrosurgery is used in specialized burn 

care in the Netherlands and whether the actual application of hydrosurgical application matches 

the currently available literature. Furthermore, surgical outcomes of different debridement 

techniques are examined.
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METHODS

Study design and population

In this cohort study, all patients with a burn-related admission in one of the burn centres in the 

Netherlands (Maasstad Hospital in Rotterdam, Martini Hospital in Groningen, and Red Cross 

Hospital in Beverwijk) between January 2009 and 31 December 2016 were included.

Data collection

Data were obtained from the national burn registry of the three burn centres in the Netherlands 

(Dutch Burn Repository R3) which started collecting data from 2009 onwards. The database 

is filled by dedicated burn care professionals, and quality monitoring by a coordinator and 

improvement is formally organized. Data on patient characteristics, burn, treatment, and 

outcome were documented (Table 1, Table 4).

Data analysis

Eligible patients were divided into three groups: hydrosurgical debridement, hydrosurgical in 

combination with conventional debridement and a conventional debridement group (Fig. 1). 

The proportions of patient and injury related characteristics were compared between the three 

groups. Patients were divided into an early surgery group (<7 days after burn) and a delayed 

surgery group (>7 days after burn) to evaluate the effect of timing of surgery on the use of 

hydrosurgery. A subgroup analysis of patients with only one body part burned was performed to 

identify the prevalence of the use of hydrosurgery per affected body site.

Statistical analysis

Data were analysed using IBM SPSS Statistics for Windows version 23.0 (IBM Corp., NY, 

USA). Outcomes were reported as percentages for categorical variables. Continuous variables 

were summarized as either means with corresponding standard deviations (SD) or medians 

with interquartile ranges (IQR) depending on normality of distribution. Univariable logistic 

regression analysis was performed to identify parameters that were associated with the use of 

hydrosurgery. Parameters that were associated in univariable analysis (p < 0.10) were checked 

for multicollinearity (Spearman’s r (rs) >0.75) and subsequently entered into a multivariable 

logistics regressions analysis (forward stepwise LR). Differences in patient, and injury related 

characteristics, differences in surgical treatment and outcome between the three groups were 

compared using the chi-squared (categorical data) or Kruskal–Wallis (continuous data) test. 

Differences in surgical treatment and outcome between the groups treated with hydrosurgiery 

alone and the group treated with conventional techniques alone were compared using the chi-

squared (categorical data) or Mann–Whitney (continuous data) test. Two-tailed p values below 

0.05 were considered statistically significant for all statistical tests.
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Hydrosurgery used for 
debridement

(n=1105)

Only hydrosurgery used  
for debridement

(n=506)

Both techniques used 
for debridement

(n=599)

Only conventional
techniques used for 

debridement
(n=1008)

Total admits from
2009 – 2016

(n=6031)

Eligible for study 
inclusion
(n=2113)

Excluded:
No tangential debridement

(n=3801)
Missing (n=117)

Figure 1. Patient inclusion flowchart

RESULTS

Inclusions

A total of 6031 patients had been admitted in the three Dutch Burn centres between January 

2009 and December 2016. In total 63.0% of the patients was excluded because they did not have 

surgical debridement of their wounds and 1.9% was excluded because of lack of information on 

the used technique during surgery (Fig. 1). The final study population consisted of 2113 patients 

(59.5% males) with a median age of 41 years (IQR 36) and median TBSA of 5% (IQR 10). Patient 

and injury characteristics per group are shown in Table 1.

Prevalence of the use of hydrosurgery and predictors

In 52.3% (n = 1105) of the included patients hydrosurgery was used for debridement of their burn 

wounds. In 23.9% (n = 506) of these patients hydrosurgery was used exclusively for debridement 

of their burn wounds and in 28.3% (n = 599) hydrosurgery was used in combination with 

conventional debridement. The mean prevalence in the period 2009–2016 was 25.3% (Fig.2). 
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Table 1. Patient and injury characteristics 

Hydrosurgery used for debridement Only conventional 
techniques used 
for debridement

   Only hydrosurgery 
(n = 506)

   Both techniques      
(n = 599) (n = 1008) p value*

Total, % 23.9 28.3 47.7

Median age at injury (IQR)¥ 29 (42) 43 (35) 44 (35) <0.001

Age in categories, %

0-4y 21.9 7.8 6.7 <0.000

5-17y 13.4 9.8 9.3 0.011

18-65y 54.5 66.6 64.1 <0.001

>65y 10.1 16.4 20.0 <0.001

Gender, % 0.059

Female 37.2 39.0 43.1

Male 62.8 61.0 56.9

Aetiology, % ¶

Scald 37.9 21.6 18.8 <0.001

Flame 43.1 44.6 64.0 <0.001

Grease 11.0 9.0 7.9 0.207

Contact 4.8 13.6 3.7 <0.001

Other 3.2 11.1 5.5 <0.001

Median % TBSA burned (IQR) 5.0 (8) 11.0 (17.8) 2.0 (5.5) <0.001

TBSA burned in categories, %

<1 6.5 3.8 23.2 <0.001

1-2 12.1 4.7 21.1 <0.001

2-5 25.7 17.0 21.4 <0.001

5-10 28.1 20.5 18.3 0.001

10-20 20.2 25.2 9.9 0.001

>20 7.5 28.7 6.1 <0.001

Body location, %† 

Head and neck 42.5 52.4 22.0 <0.001

Trunk 43.9 62.9 35.8 <0.001

Arms 69.4 78.5 53.5 <0.001

Genitals 9.3 21.7 8.2 <0.001

Legs 47.2 57.4 55 <0.001

Median time to surgery in days (IQR) 15.0 (8) 29.1 (10) 13.0 (9) <0.001

Time to excision, % <0.001

≤ 7 days 9.3 29.9 15.6

> 7 days 90.7 70.1 84.4

Values are presented as median (IQR) and percentage
¥n = 1 missing, ¶n = 19 missing. †More than one location per patient is possible

IQR = interquartile range, TBSA = Total Body Surface Area

*Between the three different groups
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Figure 2. Patient and injury characteristics 

The lowest prevalence of patients who received exclusive hydrosurgical debridement was in 

2009: 12.2%. Burn severity did not change between 2009 and 2016 (ANOVA, p = 0.16).

The median age in the groups in which hydrosurgery was used was lower (29 (IQR 42) years and 

28.3 years (IQR 35) vs. 44 years (IQR 35), p < 0.001; Table 1). Elderly patients (>65 years) had 

lower odds of being treated with hydrosurgical debridement compared to all other age categories 

(univariable analysis; Table 2). There was a trend toward differences in gender (p < 0.10; Table 

1). Males had a higher likelihood of being treated with hydrosurgical debridement, whether or 

not in combination with conventional debridement techniques (resp. OR 1.23 95%CI 1.03–1.46, 

OR 1.23 95%CI (1.03–1.59); Table 2). Scalds were more frequently debrided with hydrosurgery 

alone (Table 2; OR 2.23 95%CI 1.76–2.83), while contact burns and burns with other causes (e.g. 

electricity, chemical) were more frequently debrided with conventional excision alone (Table 2, 

univariable analyses both p < 0.01). Median percentage TBSA burned was higher (11.0% (IQR 

17.8; Table 1) and time to surgery was longer (29.1 days (IQR 10); Table 1) in the combination 

group compared to the hydrosurgical (5.0% (IQR 8), 15.0 days (IQR, 8)) and conventional group 

(2.0% (IQR 5.5), 13.0 days (IQR, 9))). Hydrosurgery was more often used in patients with a higher 

percentage TBSA burned, although the odds for exclusive hydrosurgical debridement decreased 

in patients with a TBSA >20% (OR 4.42 95%CI 2.56–.62; Table 2). In addition, patients with a 

delayed timing of surgery had higher odds of being treated with hydrosurgery alone (OR 1.80 

(1.20–2.54); Table 2).
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Table 2. Predictors for the use of hydrosurgery for burn wound debridement

Hydrosurgery used for debridemente vs. 
Only conventional techniques used for 
debridement 

Only hydrosurgery used for debridement 
vs.  Only conventional techniques used for 
debridement

Univariable analysis
OR (95% CI)

Multivariable analysis
OR (95% CI)c

Univariable analysis
OR (95% CI)

Multivariable analysis
OR (95% CI)d

Age in categories

0-4y 3.27 (2.29-4.67)* 2.50 (1.67-3.74)* 6.53 (4.24-10.06)* 4.00 (2.48-6.43)*

5-17y 1.87 (1.33-2.64)* 2.31(1.58-3.39)* 2.85 (1.84-4.42)* 3.29 (2.05-5.29)*

18-65y 1.45 (1.14-1.84)* 1.49 (1.13-1.87)* 1.69 (1.20-2.37)* 1.75 (1.22-2.51)*

>65y ref. ref. ref. ref.

Gender

Male 1.23 (1.03-1.46)* 1.23 (1.03-1.59)**

Aetiologya

Scald 1.38 (1.13-1.69)* 1.45 (1.13-1.87)** 2.23 (1.76-2.83)* 1.80 (1.33-3.21)*

Fire/Flame 1.45 (1.25-1.77)* 0.94 (0.76-1.17)

Grease 1.04 (0.77-1.40) 1.24 (0.87-1.77)

Contact 0.28 (0.19-0.39)* 0.32 (0.20-0.50)*

Other 0.42 (0.30-0.58)* 0.31 (0.19-0.50)* 0.54 (0.32-0.92)*

% TBSA burned

<1 ref. ref. ref. ref.

1-2 1.75 (1.20-2.57)* 1.77 (1.20-2.62)* 2.04 (1.29-3.24)* 1.98 (1.23-3.21)*

2-5 4.49 (3.18-6.34)* 4.33 (3.03-6.20)* 4.27 (2.79-6.52)* 3.88 (2.48-6.08)*

5-10 6.02 (4.25-8.51)* 4.86 (3.31-7.12)* 5.47 (3.58-8.37)* 3.81 (2.36-6.16)*

10-20 10.57 (7.29-15.34)* 8.55 (5.59-13.08)* 7.23 (4.58-11.42)* 5.44 (3.20-9.23)*

>20 14.39 (9.57-21.63)* 11.21 (6.95-18.09)* 4.42 (2.56-7.62)* 3.50 (1.84-6.64)*

Body location a,b

Head and neck 3.25 (2.69-3.93)* 1.66 (1.31-2.09)* 2.60 (2.08-3.30)* 1.85 (1.38-2.48)*

Trunk 2.12 (1.78-2.53)* 0.71 (0.56-0.91)* 1.40 (1.13-1.74)* 0.57 (0.43-0.77)*

Arms 2.52 (2.10-3.02)* 1.64 (1.32-2.04)* 1.97 (1.57-2.47)* 1.81 (1.34-2.37)*

Genitals 2.13 (1.61-2.80)* 1.41(0.78-1.66)

Legs 0.92 (0.77-1.09) 0.74 (0.59-0.91)*

Time to surgery  

> 7 days 0.72 (0.57-0.90)* 1.68 (1.15-2.44)* 1.80 (1.20-2.54)*

ref = reference group, y = years, TBSA = Total Body Surface Area 

*p < 0.01, **p<0.05, a Reference group = all others, b More than one body location per patients possible, c The following 

variables were included in the multivariable odds: age, gender, scalds, fire/flame burns, contact, other, %TBSA burned, head 

and neck burns, trunk, arms, genitals and >7 days to surgery, d The following variables were included in the multivariable 

odds: Age, gender, scalds, contact, other, %TBSA burned, head and neck, trunk, arms legs an >7days to surgery, e Whether 

or not in combination with conventional techniques.
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Significant independent predictors of the use of hydrosurgery were a younger age, scalds, a 

larger TBSA burned, head/neck burns and arm burns (multivariable analyses; Table 2).

Prevalence of hydrosurgery for burn wound debridement per affected body region

In patients who were only burned in one body region hydrosurgery was most frequently 

exclusively used for debridement of the neck (58.3%), followed by the scalp (31.6%) and genitals 

(31.6%) (Table 3).

Table 3. Details on body region debrided with hydrosurgerya

Body regionb     Only hydrosurgical 
debridement

 Total
%

Head and neck 14 43 32.6

Scalp 6 19 31.6 

Face 9 33 27.3 

Neck 7 12 58.3 

Trunk 14 99 14.1 

Ventral 12 83 15.7 

Dorsal 4 26 15.4

Upper extremity 103 369 26.0 

Arm 55 213 25.8

Hand 70 252 27.8

Genitals 11 40 27.5

Genital area 6 19 31.6

Buttocks 6 27 22.2

Lower extremity 135 675 20.0

Legs 96 486 19.8

Feet 63 279 22.6

aThe burn centre registration allowed the registration of multiple burn locations per patient and does not differentiate between 

conservative, conventional and hydrosurgically treated body locations. Therefore, a subgroup analysis of patients with only 

one body part burned was performed to identify the prevalence of the use of hydrosurgery per body region.
b More than one subcategory per body region is possible.

Surgical treatment and clinical outcome

The TBSA excised was higher in both groups in which hydrosurgery was used (p < 0.001 

Table 4). Patients in the group exclusively treated with hydrosurgery were less often treated with 

dermal substitutes. Also, they underwent less surgical procedures and had a lower mean volume 

of blood transfusion.

In the groups of patients in which hydrosurgery was used, whether or not in combination with 

conventional techniques median length of stay were higher. In the group of patients in which 
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hydrosurgery was used exclusively, wound infection rates were lower compared to the other 

groups.

Table 4. Surgical treatment and clinical outcome

Hydrosurgical 
H

Both 
B

Conventional 
C

p-value*
Overall

p-value**
H vs C

n (%) 506 (23.9) 599 (28.3) 1008 (47.7)

Surgical management

Median TBSA Excised (IQR)a 2.0 (3.0) 5.0 (11.0) 1.0 (2.5) <0.001 <0.001

Grafting technique (%)b

SSG 95.5 96.0 93.2 0.031 0.077

MEEK 1.6 19.4 3.1 <0.001 0.083

Homograft 1.8 11.5 3.3 <0.001 0.095

Dermal substitute 0.2 2.2 1.5 0.018 0.021

Mean number of surgical procedures 
(range, SD)c†

1.2 (1-12, 0.8) 2.8 (1-22, 3.1) 1.4 (1-11,1.1) <0.001 0.019

Mean volume of blood transfusion in ml 
(range, SD)d†

57.2 
(0-4400, 361)

821.2 
(0-32625, 2480)

156.0 
(0-1485, 870)

<0.001 0.036

Clinical outcome

Re-admission (%) 22.9 26.0 20.3 0.030 0.245

Median length of stay (IQR) 17.0 (16.0) 27.0 (27) 8.0 (20.0) <0.001 <0.001

Wound infection (%) 1.6 6.7 3.8 <0.001 0.019

Reconstructions (%) 4.7 18.0 5.3 <0.001 0.667

Values are presented as median (IQR) or percentage
† Presentation of range and SD to improve interpretability

SSG = split skin graft, MEEK = Meek micrografting, IQR = inter quartile range, SD = standard deviation
a188 missing
bMore than one surgical technique per patient possible
c23 missing
d307 missing

DISCUSSION

This multi-centre study appears to be the first evaluation of the application of hydrosurgery for 

tangential excision in burns in a large cohort over multiple years.

The aim of this study was to gain insight in which patients hydrosurgery is used and whether 

the actual field of hydrosurgical application matches the current available literature. Our data 

show that the use of hydrosurgery is substantial, as it has been used, also in combination with 

conventional debridement techniques, in more than fifty percent of the patients undergoing 
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tangential excision since 2010. Hydrosurgical excision is described to be specifically useful for 

the debridement of superficial and deep dermal burns since full thickness burns are not as 

easily debrided hydrosurgically2,7. Therefore, conventional techniques have to be used next to 

hydrosurgery for sufficient debridement of burn wounds with mixed depths1,13.

Our study identified a younger age, scalds, a higher percentage TBSA burned, head/neck burns 

and arm burns (including hands) as independent predictors for the use of hydrosurgery. Our 

finding that scalds are predictors for the use of hydrosurgery might be a reflection of its use 

in superficial burns, as scalding is known to result in more superficial burns14. Next to that, our 

results showed that burns with other causes (e.g. electricity, chemical) had lower chances of 

being treated hydrosurgically, whereas these causes are known to result in deeper burns14,15. The 

exclusive use of hydrosurgery decreased in patients with extensive burns (TBSA >20%), which 

might be explained by the fact that patients with extensive burns have a higher chance of burn 

wounds with mixed depths.

In our study population, patients in the age category 0–4 years were more often treated with 

hydrosurgery. In these young children, scalds are the most common type of burn injury16. A 

younger age and scalds remained as independent predictors for the use of hydrosurgery in 

the multivariable analysis. Therefore, the high prevalence of scald injuries is not the only 

explanation for the more frequent use of hydrosurgery in young children. Conventional tangential 

knife excision is described to have a tendency to remove more viable tissue than is actually 

necessary for adequate debridement 6,12,17. Our results that toddlers and infants had the highest 

chance of being treated with hydrosurgical excision may reflect the wish for a more precise 

debridement in the paediatric burns population to maximize preservation of viable dermis. Next 

to improvement of scar quality and scar contraction, this could potentially lead to a decrease 

in hypertrophic scarring, which is in fact a significant problem in children18,19. Another potential 

benefit of hydrosurgical debridement is that the small Versajet hand piece allows irregularly 

contoured and relatively inaccessible areas to be easily reached1,7. This is in line with our results 

that hydrosurgery was more often used for debridement of irregular contoured locations as the 

head and arms, and less in large flat body parts as the trunk. Because surgery characteristics 

are not linked to specific body locations in the R3 database we performed a subanalysis in 

patients with only one body part burned. This analysis also showed that the scalp, neck and 

genital area were more often treated with hydrosurgery alone.

Although we expected that hydrosurgery would be more often used in patients with smaller burns, 

we found that patients with a percentage TBSA beneath one percent were more often treated 

with conventional excision techniques only and that the median percentage TBSA excised was 

higher in the groups in which hydrosurgery was used. This might be explained by the higher 

costs of the Versajet™ compared with the costs of conventional excision techniques. The current 
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cost of the disposable Versajet™ II headpiece is €141,86 ($167.55) whilst the costs of a re-usable 

guard and handle of the Weck knife are respectively €0,91 ($1.08) and €20,91 ($24.70). The cost 

of one sterilized, single use Weck blade is €1,08 ($1.28). In our experience, burn specialist prefer 

to use a Weck knife in smaller burns to reduce treatment costs.

In current study, the mean volume of blood transfusion was lower in the group that was exclusively 

treated with hydrosurgery than in patients treated with conventional excision, even though the 

median TBSA excised was higher in the hydrosurgical treated group. Next to a possible more 

subtle debridement using the Versajet™ system, this might be the results of delayed debridement 

undertaken in the hydrosurgery group. To our knowledge, no other study compared the amount 

of blood loss in hydrosurgical and conventional treated burn patients. However, in wounds with 

delayed healing, maximum blood loss was found to be less in the hydrosurgical debridement 

group compared to the conventional debridement group in one clinical trial9. Our results also 

show that the prevalence of wound infection was significant lower in the group exclusively 

debrided with hydrosurgery compared to the conventional only debridement group. A few 

studies on chronic wounds have reported that hydrosurgery may decrease bacterial burden after 

debridement and therefore post-operative infection, but this was not confirmed by randomized 

trials in burn patients7,10-12,20. The differences in surgical management and clinical outcome might 

be explained by the possibility that the wounds that were treated with hydrosurgery alone were 

more likely to be superficial. This is supported by the lower use of dermal substitutes in this 

group. Unfortunately we were not able to adjust our results for burn depth.

Some shortcomings of our study have to be mentioned. As it is a retrospective study, data were 

not collected for the specific purpose of this study and was lacking in details on wound and 

surgery characteristics. As a result, we were not able to perform a multivariable analysis on the 

clinical outcomes and more prospective research is necessary to support the outcomes of our 

study. Nevertheless, the Dutch Burn Repository R3 database is closely linked to medical registers 

in three dedicated burn centres and study groups were large. Therefore, this database gives a 

unique picture of the use of hydrosurgery in burn care with comprehensive and generalizable 

data. The Dutch Burn Repository R3 registers burn depth estimated at admission and percentage 

TBSA excised during surgery. We were not able to conclusively conclude that hydrosurgery was 

the preferred debridement tool for deep dermal burns instead of full thickness burns during 

surgery, nor correct our outcomes for burn depth. Another shortcoming is the lack of long-term 

results. Although scar quality is considered to be one of the most important outcomes of burn 

surgery today, no clinical study compared the effect of hydrosurgical debridement on scarring 

in the long term. Hyland et al. performed a randomized trial in the paediatric burn population 

comparing hydrosurgery with conventional debridement. They did not observe significant 

differences in scarring at 3 or 6 months after injury measured with the Vancouver scar scale 

(VSS)12. Nevertheless, the follow-up duration of 6 months may not be adequate for scar quality 
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assessment and the VSS was formally not designed to assess burn scar severity, has a moderate 

reliability, and does not include the opinion of the patient21-23. Only one study showed a superior 

result after hydrosurgery was used for burn wound debridement4. Unfortunately, data of this 

retrospective study were not published. Hence, it remains unclear if hydrosurgical debridement 

results in better functional and cosmetic scar outcomes.

In conclusion, this study provides evidence that the use of the Versajet™ hydrosurgery system 

for burn wound debridement prior to skin grafting is substantial. In the three Dutch burn centres, 

it is often used in combination with sharp conventional tangential debridement with knives. 

Individual predictors for its use are a younger age, scalds, higher TBSA burned, and burns on 

convex locations.

Our study group currently performs a randomized trial to compare scar quality after hydrosurgical 

and conventional tangential excision, to optimize burn outcomes in the future and to provide new 

perspectives on the benefits of hydrosurgical debridement in burn surgery (Netherlands trial 

registry: NTR 6232)24.
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ABSTRACT

Background

Deep dermal burns require tangential excision of non-viable tissue and skin grafting to improve 

wound healing and burn-scar quality. Tangential excision is conventionally performed with a 

knife, but during the last decade hydrosurgery has become popular as a new tool for tangential 

excision. Hydrosurgery is generally thought to be a more precise and controlled manner of burn 

debridement leading to preservation of viable tissue and, therefore, better scar quality. Although 

scar quality is considered to be one of the most important outcomes in burn surgery today, no 

randomized controlled study has compared the effect of these two common treatment modalities 

with scar quality as a primary outcome. The aim of this study is, therefore, to compare long-term 

scar quality after hydrosurgical versus conventional tangential excision in deep dermal burns.

Methods/design

A multicenter, randomized, intra-patient, controlled trial will be conducted in the Dutch burn 

centers of Rotterdam, Beverwijk, and Groningen. All patients with deep dermal burns that require 

excision and grafting are eligible. Exclusion criteria are: a burn wound < 50 cm2, total body 

surface area (TBSA) burned > 30%, full-thickness burns, chemical or electrical burns, infected 

wounds (clinical symptoms in combination with positive wound swabs), insufficient knowledge 

of the Dutch or English language, patients that are unlikely to comply with requirements of 

the study protocol and follow-up, and patients who are (temporarily) incompetent because of 

sedation and/or intubation. A total of 137 patients will be included. Comparable wound areas 

A and B will be appointed, randomized and either excised conventionally with a knife or with 

the hydrosurgery system. The primary outcome is scar quality measured by the observer score 

of the Patient and Observer Scar Assessment Scale (POSAS); a subjective scar-assessment 

instrument, consisting of two separate six-item scales (observer and patient) that are both 

scored on a 10-point rating scale.

Discussion

This study will contribute to the optimal surgical treatment of patients with deep dermal burn 

wounds.

Trial registration

Dutch Trial Register, NTR6232. Registered on 23 January 2017.
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BACKGROUND

Surgical debridement is an important step in the treatment of patients with deep dermal 

burns. The purpose is to remove necrotic and infectious materials and to prepare tissue for 

skin grafting and definitive wound closure1. Conventional surgical debridement of acute burn 

wounds consists of sharp tangential excision of non-viable tissue with hand-held knives such 

as the Goulian or Weck knife2. Adequate debridement with these knives is determined by the 

presence of punctuate bleeding and viable dermis. This procedure is not only associated with 

substantial blood loss, but also with the unnecessary removal of viable dermis2,3. Loss of dermis 

has been considered one of the main factors determining the quality of the scar and the degree 

of contraction of the healing wound4-6. Therefore, methods which maximally preserve dermis 

are essential. During the last decade, hydrosurgery has become popular in burn surgery as a 

new option for excision of non-viable tissue prior to skin grafting7-9. The Versajet™ hydrosurgery 

system (Smith and Nephew, St. Petersburg, FL, USA) was developed in 1997 for the purpose of 

debriding various types of wounds, including burn wounds, and is superseded by the Versajet 

II™ (Smith and Nephew) in 20118. The Versajet II™ system works by producing a high-pressure 

jet of water across an aperture in an angled handpiece. The Venturi effect creates a vacuum that 

removes surface debris, which is sucked into the machine together with the irrigation fluid. The 

cutting and aspiration effects can be controlled by adjusting console power settings, handpiece 

orientation, and handpiece pressure. The vacuum that is created by the speed of the jet aims to 

lift only non-viable tissue and thus maximal dermal preservation. For this reason, hydrosurgical 

debridement of burns might lead to a better scar outcome compared to conventional sharp 

debridement. 

Although burn specialists widely use hydosurgery as an alternative for conventional tangential 

debridement6,7 only a limited number of studies is available on the effects of hydrosurgery in 

burn patients10-12. A guideline from the National Institute for Health and Care Excellence (NICE) 

recently reported that the Versajet™ is an efficient and safe wound debridement tool in both 

adults and children with acute and chronic wounds8. Up to now, two randomized controlled 

trials comparing hydrosurgical and conventional debridement in patients with burns have been 

published13,14. 

Gravante et al. described that adequate debridement of the wound bed was possible in all 

patients treated with the Versajet™ system13. The authors suggested that hydrosurgical excision 

was more precise in obtaining the correct dermal plane, but did not confirm this with objective 

measurements. Hyland et al. studied children under the age of 16 and histologically confirmed 

that significantly more viable dermis was preserved in the group of patients treated with 

hydrosurgery compared to the conventionally treated group of patients14. However, they did not 

observe significant differences in scar quality measured with the Vancouver scar scale (VSS) at 
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3 and 6 months post burn. Furthermore, they did not use any objective scar measurement tools 

and the study was limited by a relatively short follow-up period as scars mature over a period of 

at least one year15,16. Also, the VSS was formally not designed to indicate burn scar severity, has 

a moderate reliability and does not include the opinion of the patient17. Hence, it remains unclear 

whether hydrosurgery for the routine debridement of deep dermal burns prior to skin grafting 

leads to increased dermal preservation and better scar quality outcomes.

The aim of this study therefore, is to assess the effectiveness of hydrosurgical compared to 

conventional debridement in deep dermal burns. Long-term scar quality after hydrosurgical and 

conventional debridement of deep dermal burns in relation to histologically measured dermal 

preservation will be analyzed. 

METHODS

Protocol and registration

The study was approved by the medical ethics committee (NL58875.101.16) and by the 

institutional review boards of each participating burn center. The methods applied were specified 

in advance, documented in a protocol, and registered (http://www.trialregister.nl, NTR6232). 

The protocol has been designed in accordance with the SPIRIT (Standard Protocol Items: 

Recommendations for Interventional Trials) guidelines for interventional trials18. The SPIRIT 

checklist and figure are given in Additional file 1 and Figure 2, respectively.

Study design

A multicentre, randomized controlled trial with an intra-patient comparison of hydrosurgical 

and conventional debridement will be conducted in the three Dutch burn centers: Rotterdam, 

Beverwijk, and Groningen. As the healing process of burn wounds and scar formation differs 

between patients we chose an intra-patient design to provide representative outcomes and to 

limit inter-patient bias.

Participants

Patients of all ages with deep dermal burns and an indication for tangential excision and skin 

grafting are eligible for this trial, either hospitalized or under treatment in the outpatient clinic of 

one of the participating burns centers. Exclusion criteria are as follows: a burn wound <50cm2, 

total body surface area (TBSA) burned > 30%, full thickness burns, chemical or electrical burns, 

infected wounds (clinical symptoms in combination with positive wound swabs), patients with 

insufficient knowledge of the Dutch or English language, patients that are unlikely to comply with 

requirement of the study protocol and follow-up, and patients that are (temporary) incompetent 

because of sedation and/or intubation.
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Patients are included after full, understandable and neutral explanation of the study by a member 

of the research team and after having given written informed consent. 

Interventions 

Conventional tangential excision

Tangential excision with guarded knives relies on the stepwise excision of a layer of tissue using 

a flat blade. The addition of a guard prevents the removal of excessive amounts of tissue, and 

most of these knives allow adjustment of the width of the gap between the blade and the guard. 

However, if the gap is too narrow the instrument will glide off the burn without any debridement 

taking place2. 

Hydrosurgical tangential excision

The Versajet™ II hydrosurgery system (Smith and Nephew. St. Petersburg, FL, USA) was CE 

marked in 2011 and was launched in 20128. It uses a high-pressure jet of sterile saline to debride 

wounds. It is attached to a console, which is then operated by a foot pedal. The saline is forced 

out of a narrow nozzle and functions like a knife which allows debridement and aspiration of 

debris to occur simultaneously. Pressure can be adjusted (power setting 1-10) to facilitate the 

desired depth of debridement. As a result, the correct level might be reached more accurately, 

preserving as much dermis as possible. Hydrosurgery is preferentially suited to debride softer 

necrotic tissues, and cannot be used to debride full thickness burns as it doesn’t cut through 

hard eschar. Versajet™ is reported to be used routinely in multiple centers around the world 

these days8. Nevertheless, a clear algorithm for its use is lacking, and burn specialists may 

choose individually whether hydrosurgery can be applied or not9.

Figure 1. Location of punch biopsies.

A - Biopsy part A, before debridement. B - Biopsy part B, before debridement. C - Biopsy part A, after debridement.  

D - Biopsy part B, after debridement
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Surgical procedure

Prior to surgery, the surgeon divides the study area into two adjacent parts of equal size and 

burn depth (part A and part B). These parts are randomly allocated to either conventional or 

hydrosurgical (Versajet™) tangential debridement. Two 3-mm punch biopsies of both intervention 

areas will be collected before and after debridement, according to a standardized method 

(Figure 1), to determine the amount of viable dermis before and after excision. Type of mesh 

graft and expansion will also be standardized per patient to ensure an equal mesh cover of the 

two intervention areas. Before and after surgery, standard wound care is given. After discharge, 

patients will be treated in an outpatient setting according to the local protocol.

Study outcomes

Primary outcome measure

Our primary outcome measure is scar quality assessed by the items of the observer scale of the 

Patient and Observer Scar Assessment Scale (POSAS) at 12 months post-surgery. The POSAS is 

recognized as a highly reliable scar rating scale, and consists of two numeric scales: the Patient 

Scar Assessment Scale (patient scale) and the Observer Scar Assessment Scale (observer 

scale)19,20. The observer scale contains the items vascularization, pliability, pigmentation, 

thickness, and relief. All items will be measured for part A and B of the study wound on a 10-point 

rating scale by two experienced, trained and independent observers to improve the reliability of 

the assessment. The average of the observers’ scores will range from 1, which corresponds to 

the situation of normal skin, to 10, indicating the ‘worst’ imaginable scar.

Secondary outcome measures

Subjective scar assessment

Scar quality of part A and B of the study area will be measured at 3, 6 and 12 months post-

surgery using the POSAS. Although the total score of the observer scale at 12 months is our 

primary outcome, the items of the patient scale of the POSAS will also be measured and analyzed 

separately. The patient scale of the POSAS contains the items color, pliability, thickness, relief, 

itching, and pain. These items will be scored on a 10-point rating scale and added to form the 

total patient score. In addition, patients and observers will score their overall opinion on the scar 

(1-10, numeric scale), and total scores of the patient and observers will be added to form a total 

score.

Scar elasticity

Scar elasticity will be measured with the Cutometer® (Courage-Khazaka electronic GmbH 

Cologne, Germany). The Cutometer® is a validated instrument to measures the viscoelasticity 

of the skin by analyzing its maximal extension (Uf in mm) in response to negative pressure21. 
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Scar color and pigmentation

Scar color and pigmentation will be measured with the Dermaspectrometer® (Cortex Technology 

ApS Hadsund, Denmark), which is a reliable narrowband spectrometer that computes an 

erythema and melanin index19. 

Measurements with the Cutometer® and Dermaspectrometer® are performed at 3 and 12 

months post burn on both parts (A and B) of the study area, and adjacent normal skin. For 

objective data collection, measurements will be performed following a fixed protocol.  

Dermal preservation

During surgery, two punch biopsies will be taken out of both parts (A and B) of the study area, 

pre- and post-debridement, using a 3mm punch. The biopsies will be fixed in kryofix and 

processed into 3-5-μm histological slides. Sections will then be stained with hematoxylin and 

eosin (H&E) or picosirrius red. To determine the amount of dermal preservation and hence 

precision of debridement, the amount of viable tissue on pre- and post-debridement specimens 

will be recorded using light microscopy.

Baseline characteristics

Data registration will start on the day of randomization. Data regarding patients’ baseline 

characteristics will be obtained from patients’ medical records:

• Demographics: age, gender

• Burn characteristics: % total body surface area (TBSA) burned, affected anatomical site(s), 

wound etiology, time to surgery and burn depth of the study area. If possible, burn depth 

will accurately be determined on day 2–5 post burn by clinical evaluation and Laser Doppler 

Imaging (LDI) scan using the moorLDI2-Burn Imager™ (Moor Instruments, Axminster, UK) 

or similar22. 

• Clinical characteristics: skin type according to the Fitzpatrick skin type scale; wound healing 

time (measured in days till 95% re-epithelization); comorbidity; Weck knife, Versajet™ and 

dermatome settings; expansion of skin graft; adverse events (graft loss, wound infection) 

and need for reconstructive surgery. 
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Figure 2. Schedule of enrolments, interventions and assessments

SAMPLE SIZE 

Power calculation is based on the results obtained by an unpublished retrospective study on scar 

quality after hydrosurgery versus guarded knife excision in the Martini hospital in Groningen9. 

The primary outcome measure was scar quality assessed from photographs, and expressed 

in the total score of the observer part of the POSAS. Because scar quality was assessed from 

photographs, pliability was not taken into account23. Therefore, scar assessment contained the 

four items vascularization, pigmentation, thickness, and relief. 

The lowest sum score, reflecting normal skin, was four and the highest score, reflecting the 

worst imaginable scar, was forty. In this study, the Observer Score of the POSAS questionnaire 

12 months post-surgery was 14.7 in the hydrosurgery groups versus 16.7, with a pooled SD 

of 6.53. This results in an effect size of 0.3. Because of the within-subject design, a correction 

for correlated samples was included, assuming a correlation of 0.4 between POSAS Observer 

Score within one patient. Given a power of 0.8 and a level of significance of 0.05 a number of 105 

patients is needed. Assuming a 30% drop out, 137 patients need to be recruited.
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RANDOMIZATION

Randomization will occur in the operating theater after the wound is divided into two comparable 

study areas, defined as part A and part B. These areas are randomly assigned to receive either 

hydrosurgical or conventional debridement. Allocation of the treatment will be stratified per 

institute in blocks using the online randomisation program CASTOR, https://data.castoredc.

com. The outcome will be displayed on the website, only visible for the person who performed 

the randomisation and the principal investigator. After randomization, the central trial coordinator 

will receive instructions with the inclusion number.

BLINDING

Patients are blinded as they are sedated during surgery and will not be aware which treatment 

they received on which part of the wound. Blinding surgical treatment is not possible, as the burn 

surgeon knows which part of the wound received which surgical treatment. Outcome assessment 

is blinded as the member of the research team who performs the follow-up measurements is 

unaware of the technique used for debridement of part A or part B. In case of randomisation 

related difficulties, the central trial coordinator can be contacted.

STATISTICAL ANALYSIS

Data analysis will be performed using SPSS PASW Statistics 23.0 (IBM, New York City).

Primary outcome

Differences in scar quality 12 months post-surgery assessed as the total score of the observer 

scale of the POSAS will be analyzed using the paired student-t test (in case of normal distribution) 

or the Wilcoxon signed-rank test (non-normal distribution). 

Secondary outcomes

Differences in 12-month outcomes of the patient scar assessment, the observer scar assessment, 

scar elasticity (measured by the Cutometer®), scar color (measured by the DermaSpectrometer®) 

and differences in viable dermis after excision (measured by histopathology) will be analyzed 

using the Wilcoxon signed-rank test in case of non-normal distribution, or paired student t-test 

in case of normal distribution. Because of repeated measurements within patients and loss to 

follow-up, overall differences of scar quality measurements will be analyzed using generalized 

estimating equations, with unstructured working correlation matrix structure.
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DISCUSSION

In this paper, we described the design of our study into long-term scar quality after hydrosurgical 

and conventional tangential excision of deep dermal burns. This will be the first study that 

assesses differences in scar quality between both treatment modalities at 12 months post-

surgery in both adults and children with subjective and objective measurement tools. 

Subjective scar quality will be assessed using the POSAS. The POSAS is unique as it takes the 

opinion of the patients into account which is mandatory for a clinically relevant scar evaluation24.

Scar quality will not only be measured subjectively, but also with objective measurement tools 

concerning scar pigmentation, vascularity and pliability. Aside these evaluations, we want to 

support our results via quantitative analysis of the histological specimens. For a reliable follow-

up, documentation of which area of the wound is part A, and which area is part B needs to be 

specific, to allow accurate assessment of the correct areas, as it is possible that there might be 

no differences visible at follow-up.

In this study, an accurate diagnosis of wound depth is essential to determine the indication for 

surgery. Therefore, all three burn centers are in possession of an LDI scan to assess burn wound 

depth, which has an accuracy of 95% in combination with a clinical evaluation of the wound22,25,26. 

Moreover, it can be used to make sure that part A and part B of the study area are of equal 

burn depth. To enhance the applicability and generalizability of this trial, we chose a multicentre 

trial design and will recruit patients treated in one of the three national Dutch burn centres. To 

increase generalizability, and because of the intra-patient design, we are forbearing regarding 

local clinical care; for example, timing of surgery and type of wound dressings. This study will 

contribute to the optimal surgical treatment of patients with deep dermal burn wounds and the 

results will be of high international value, as hydrosurgery is used worldwide.

TRIAL STATUS

This manuscript is a restructured and edited version of the REC approved protocol (version 3.2, 

6 February 2017) to comply with the SPIRIT guidelines. Recruitment opened January 10, 2017, 

and is expected to be completed in January 2019. As of 16 April 2018, 56 patients had been 

recruited. 
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ABSTRACT

Background

Tangential excision of burned tissue followed by skin grafting is the cornerstone of burn surgery. 

Hydrosurgery has become popular for tangential excision with the hypothesis that enhanced 

preservation of vital dermal tissue reduces scarring. The objective of this trial was to compare 

scar quality after hydrosurgical versus conventional debridement prior to split skin grafting.

Methods

This double-blind randomised within-patient multicentre RCT was conducted in patients with 

burns that required split skin grafting. One wound area was randomized to hydrosurgical 

debridement, the other to Weck knife debridement. The primary outcome was scar quality 

at 12 months assessed with the observer part of the Patient and Observer Scar Assessment 

Scale (POSAS). Secondary outcomes included complications, scar quality, colour, pliability and 

histological dermal preservation.

Results

A total of 137 patients were randomised. At 12 months, scars of the hydrosurgical debrided 

wounds were statistically significantly better in terms of the POSAS observer total item score 

(mean 2.42 (95 per cent c.i. 2.26 – 2.59) vs. 2.54 (95 per cent c.i. 2.36 – 2.72); p=0.023) and 

overall opinion score (mean 3.08 (95 per cent c.i. 2.88 – 3.28) vs. 3.30 (95 per cent c.i. 3.09 – 

3.51); p=0.006). Patient reported scar quality and pliability measurements were significantly 

better for the hydrosurgical debrided wounds. Complication rates did not differ between both 

treatments. Histologically, significant more dermal was preserved with hydrosurgery (p<0.001).

Conclusion

One year post-surgery scar quality and pliability seemed better for hydrosurgical debrided burns. 

This is probably the result of enhanced histological preservation of dermis.

Registration number

Trial NL6085 (NTR6232 (http://www.trialregister.nl)).

Funding

The Dutch Burns Foundation, grant number 15.101.
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INTRODUCTION

Early debridement and split skin grafting is the standard of care for deep dermal burn wounds to 

maximize recovery of the affected area and minimize pathological scarring.1

Conventional surgical debridement consists of sharp tangential excision of non-viable tissue with 

hand-held knives until bleeding tissue is encountered as a marker for vital tissue.2 Commonly 

used instruments for conventional debridement include the Watson knife, the Humby knife, the 

Goulian or the Weck knife. Hydrosurgical debridement is an alternative to conventional knife 

debridement. The principle of hydrosurgery is the emission of a jet of water across an aperture 

that causes a localised vacuum to simultaneously cut, irrigate and suction tissue. The speed 

of the jet of water can be adjusted by the surgeon and is claimed to lift only non-viable tissue, 

thereby achieving an accurate wound debridement with maximal preservation of viable dermis.3

Loss of dermis has been considered one of the main factors determining the quality of a 

scar.4 Burn specialists widely use hydrosurgery as an alternative for conventional tangential 

debridement. The underlying hypothesis is that scar quality would be better after hydrosurgical 

debridement as it enables surgeons to accurately debride burned tissue with maximal 

preservation of viable dermis in contrast to conventional surgical debridement, which is 

associated with the unnecessary tissue loss. A recent Cochrane review showed uncertainty 

whether or not hydrosurgical debridement and skin grafting is better than conventional surgical 

debridement and skin grafting for the treatment of acute partial-thickness burns and concluded 

that more trials are needed.5

The aim of this within patient randomized clinical trial (RCT) was to compare and evaluate long 

term scar quality of patients whose burns were debrided with hydrosurgical or conventional 

techniques prior to split skin grafting. 

METHODS

The HyCon study (long-term scar quality after Hydrosurgical versus Conventional debridement 

for deep dermal burns) is a multi-centre, within-patient randomised, double-blind trial. The 

Medical Ethics Committee and the institutional review boards of each participating hospital 

approved the study protocol, which has been published elsewhere.6 The study was registered 

at the Netherlands Trial Register before the start of recruitment (Trial NL6085 (NTR6232)). The 

study was conducted according to the principles of the Declaration of Helsinki (Ethics manual 

World Association revision 2013) and in accordance with the Medical Research Involving Human 

Subjects Act (WMO) and the CONSORT statement for reporting within-person randomized trials.7 
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Setting and recruitment

Participants were recruited in the three specialized burn centres in the Netherlands: the Maasstad 

Hospital in Rotterdam, the Martini Hospital in Groningen and the Red Cross Hospital in Beverwijk. 

National guidelines advise to refer a patient to one of these specialized burn centers if they fulfill 

one of the Emergency Managements of Severe Burns (EMSB) referral criteria.8, 9

Eligible patients had burns with a surface area larger than 50cm2 that required debridement and 

split-skin grafting. There was no age restriction. Patients with full thickness burns were excluded 

as the hydrosurgery system cannot cut through hard leather-like eschar. Other exclusion 

criteria were wound infection, insufficient knowledge of the Dutch or English language and 

patients who were unlikely to comply with the requirements of the follow-up. Patients or their 

legal representatives gave written informed consent before inclusion in the study. The inclusion 

criteria were adapted to overcome low eligibility rates in the first months of the inclusion period. 

Contrary to the published protocol, both study areas did not have to be adjacent if they were 

both suitable for hydrosurgical and conventional debridement and of equal depth determined 

by an experienced burn physician preferably in combination with a Laser Doppler Imaging scan. 

Also, patients with a total body surface area (TBSA) burned of more than 30% were included.6 

Procedures and interventions

Every participant acted as their own control. Two similar wound areas of at least 25cm2 were 

selected by the surgeon in each patient and assigned A or B. If possible, the study areas were 

adjacent. Otherwise, a similar burn wound at the contralateral body part or the nearest comparable 

burn wound was chosen. Photographs were taken to facilitate identification of both areas during 

follow-up. After assignment by the surgeon and before surgery started, the study areas were 

randomly allocated to either hydrosurgical or conventional debridement with a Weck knife using 

a web-based automated randomisation system (https://data.castoredc.com) in the operating 

room by a member of the research team. During the operation, the study areas were debrided 

with the VERSAJET™ Hydrosurgery System (Smith+Nephew, London UK) or conventional 

surgery using a hand-held knife. Both study areas were debrided during the same procedure 

and covered with the same size meshed split skin graft or Meek wall grafts and identical non-

adhesive wound dressings. Graft harvesting, meshing and fixation were done following local 

treatment protocols. This design allowed comparison of hydrosurgical versus conventional 

debridement within the same participant, while controlling for variations in healing and scarring 

that could occur between patient groups. Dressings were left in situ for 5-7 days. Both study 

areas were followed until complete wound closure (at least 95 per cent re-epithelialization) was 

achieved, assessed by a member of the research team and documented with photographs 

and notes from a clinician in the patient’s file as instructed by a standard operating procedure. 

Standard of care involved visits to the outpatient clinic at 3, 6 and 12 months post-surgery. 
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Clinicians/researchers that assessed scar quality during follow-up and patients were blinded to 

the modality used to debride the study areas.

Baseline characteristics

Investigators not involved in the clinical care of participants were responsible for trial recruitment, 

allocation and data collection. They recorded the following baseline characteristics for all 

included patients: age, gender, Fitzpatrick skin type, comorbidities, percentage TBSA burned, 

wound aetiology, burn depth, and time to surgery.  During surgery, Weck knife, Versajet settings 

and skin graft expansion were registered.

Primary outcome measure

The primary outcome was scar quality at 12 months assessed by the clinician/researcher 

with the Patient and Observer Scar Assessment Scale (POSAS) version 2.0.10 The POSAS 

questionnaire consists of two six-item scales; one for the observer (clinician/researcher) and 

one for the patient. The observer total item score was chosen as the primary outcome because it 

has been demonstrated to produce valid and reproducible results by trained evaluators.11, 12 The 

observer part includes the items vascularity, pigmentation, thickness, relief, pliability and surface 

area. These items were separately scored on a 10-point rating scale with 1 corresponding to the 

situation of normal skin and 10 indicating the worst imaginable scar. Two independent observers 

scored the scar quality to improve the reliability of the assessment.11 The mean score of the 

items of both observers formed the observer total item score.11, 12  

Secondary outcome measures

Secondary outcome measures included complications and wound healing, scar colour, scar 

pliability and dermal preservation measured by histology. 

Complications and wound healing

The presence of complications, such as infection (clinical signs in combination with a positive 

swab), percentage graft loss and hematoma were registered per study area. Prolonged wound 

healing was defined as more than 2 weeks to achieve ≥95% reepithelialisation. 

Scar quality measures

Patient reported scar quality was measured with the total item score of the patient part of the 

POSAS. The patient part of the POSAS includes the parameters pain, itch, color, thickness, 

relief, and pliability. Pain and itch were scored between 1 (no pain/itch) and 10 (extreme pain/

itch). Each of the other items was scored between 1 (no difference with normal skin) and 10 

(very different from normal skin). The mean score of these items formed the Patient total item 

score. In addition to the item scores, both observers and patients gave a score for their overall 

opinion on the scar on a 10-point rating scale, where 1 resembles normal skin and 10 resembles 
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the worst imaginable scar. Because scar quality changes over time, the POSAS was used to 

assess scar quality during standard follow-up visits to the outpatient clinic at 3, 6 and 12 months 

postoperatively. At the 12 month visit, patients were asked to indicate the degree of clinical 

difference they noticed between study area A and B on a 5-point Likert scale (much worse, 

worse, the same, better, a lot better). The purpose of this question was to gain insight in patients’ 

perspectives regarding what is clinically important.  

Scar colour

Scar colour was evaluated measuring erythema and melanin with the DSM II ColorMeter (Cortex 

Technology, Hadsund, Denmark).19  Colour results were expressed as the absolute difference 

between healthy skin and scar to eliminate season-related influence of sun exposure on the 

erythema and melanin scores.

Scar pliability

Scar pliability was measured using the Cutometer Skin Elasticity Meter 575 (Courage and 

Khazaka GmbH, Cologne, Germany).  The Cutometer measures the vertical deformation of the 

skin in millimetres into the circular aperture of the probe after a controlled vacuum. Two Cutometer 

parameters that were previously shown to be the most reliable were used: elasticity (Ue) and 

maximal extension (Uf).13 To eliminate influence of different anatomic locations, elasticity was 

analysed using the ratio of the scar and normal skin.

Colour and pliability measurement procedures

To prevent measurement bias within the scar, the colour and pliability measurements were 

performed on five locations following a standardized method including 5 scar measurements.14  

The average score of these five scar measurements was used. The first option for the control 

measurement was the patient’s unaffected contralateral site. In cases where the contralateral 

site was also affected, the most comparable and unaffected spot near the scar was used. 

Measurements were performed at 3 and 12 months post-surgery.

Dermal preservation

The amount of remaining dermis after debridement was evaluated with histopathology. During 

surgery, punch biopsies (diameter 3mm) were taken from both study areas after debridement. 

In addition to the hematoxylin and eosin (H&E) staining described in our published protocol, we 

used a Herovici polychrome staining to analyse the biopsies to differentiate between mature 

collagen and granulation tissue.15, 16 All resection specimens were processed and sampled using 

a standard protocol (Appendix). 
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Assessed for eligibility (n=713)

Randomized (n=137)

Allocated to intervention (n=137)
   Received allocated intervention (n=137)
   Did not receive allocated intervention (n=0)

Lost to follow-up
At 3 months = 7†

At 6 months = 19‡

At 12 months = 18¥ 

Analysed
At 3 months = 130
At 6 months = 118
At 12 months = 119 

Allocated to intervention (n=137)
   Received allocated intervention (n=137)
   Did not receive allocated intervention (n=0)

Lost to follow-up
At 3 months = 7†

At 6 months = 19‡

At 12 months = 18¥ 

Analysed
At 3 months = 130
At 6 months = 118
At 12 months = 119 

Excluded (n=576)
•  Not meeting inclusion criteria (n=504)
•  Declined to participate (n=52)
•  Other reasons (n=20)

Enrollment

Allocation

Follow-Up

Analysis

Figure 1. CONSORT diagram for the trial

*’other’ reasons for exclusion were missed by the study team or participation in another intervention study. †6 loss to follow-

up, 1 drop out because of new self inflicted burn wounds in study areas. ‡ 17 loss to follow-up, 1 drop out because of new 

wounds in study areas, 1 deceased.  ¥16 loss to follow-up, 1 drop out because of new wounds on study areas, 1 deceased.

Statistical analysis

A sample size calculation was performed based on the results of an unpublished retrospective 

study on scar quality after hydrosurgery versus guarded knife excision assessed from 

photographs by carers.17 In this study, the total item score of the observer scale of the POSAS 

questionnaire 12 months post-surgery was 14.7 in the hydrosurgery group versus 16.7 in the 

conventional debridement group with a pooled standard deviation (SD) of 6.53, resulting in an 

effect size of 0.3. Given a power of 0.90, a significance level of 0.05 and including a correction 
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for correlated samples and lost-to-follow-up, a sample size of 137 was calculated. Continuous 

data were first tested for normality. Normally distributed data are presented as mean (95 per cent 

c.i.) and testing was performed with paired t-tests. Non-normally distributed data are presented 

as median (interquartile range (i.q.r.)) values and analysed with the Wilcoxon signed ranks test 

for paired data. Effect sizes for the paired t-test were represented using cohen’s d, for Wilcoxon 

signed rank test r was used.18 The McNemar’s test was used for paired dichotomous values and 

odds ratios were used to represent the effect size. Because of repeated measurements within 

patients, overall differences between both treatments in subjective scar quality outcomes was 

analysed using generalized estimating equation (GEE) with an exchangeable correlation matrix 

structure. Significance was set at p <0.050. Analyses were conducted using SPSS® version 25 

(IBM, Armonk, New York, USA) and Stata® version 16 (StataCorp, College Station, Texas, USA).

RESULTS

From January 2017 to July 2019, 713 patients were screened for inclusion, of whom 137 were 

eligible to be randomized (Fig. 1). Patient characteristics and surgical details are shown in Table 

1. An example of assignment of the study area and a scar at 12 months post-surgery are shown 

in Fig. 2.

Figure 2. Allocation of wound areas on the left upper arm before randomization (left), wound inspection 5 
days post-surgery (middle) and scarring during 12 months follow-up (right) in a 61 year old female. Part A was 
randomized to debridement with a Weck knife, Part B was randomized to debridement with hydrosurgery. 
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Table 1. Baseline characteristics

Characteristic Total (n = 137)

Age (years)† 45 (25 – 59)

Sex ratio (F:M) 54:83

Skin type

Fitzpatrick 1-2 79 (57) 

Fitzpatrick 3-4 49 (36)

Fitzpatrick 5-6 9 (7)

Diabetes 11 (8)

% TBSA burned† 7 (4 – 14)

Aetiology

Flame 85 (62)

Scald 26 (20)

Fat 20 (15)

Other 6 (4) 

Surgical characteristics

Time from injury to surgery (days)† 15 (10 – 19)

Versajet setting* 5.25 (4.82 – 5.69)

Blade weck knife

0.008 inch 17 (12)

0.010 inch 19 (14)

0.012 81 (59)

Unknown 20 (15)

Skin graft expansion

1:1 16 (12)

1:1.5 66 (49)

1:2 10 (7)

1:3 30 (22)

1:6 (Meek technique) 15 (11)

Values in parentheses are percentages unless indicated otherwise; values are *mean(SD) †Median (i.q.r.); TBSA = Total 

Body Surface Area 

Primary outcome

Scar quality measured with the observer total item score of the POSAS at 12 months was 

statistically significant better for hydrosurgical debrided burns than for the conventional debrided 

burns (mean difference -0.12 (95 per cent c.i. -0.22 to -0.02),  p = 0.023) (Table 2)).
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Table 2. POSAS scores 12 months post-surgery

Hydrosurgical debridement Conventional debridement Effect-size§ p- value

Observer scar score

Total item score† 2.42 (2.26 – 2.59) 2.54 (2.36 – 2.72) -0.21 0.023*

Vascularity† 2.47 (2.26 – 2.69) 2.59 (2.37 – 2.81)

Pigmentation† 2.81 (2.62 – 3.00) 2.89 (2.70 – 3.08)

Thickness† 2.30 (2.08 – 2.51) 2.81 (2.57 – 3.19)

Relief† 2.66 (2.44 – 2.87) 2.81 (2.58 – 3.05)

Pliability‡ 2.50 (1.50 – 3.00) 2.50 (1.50 – 3.50)

Surface area‡ 1.50 (1.00 – 2.00) 1.50 (1.00 – 2.00)

Overall opinion score† 3.08 (2.88 – 3.28) 3.30 (3.09 – 3.51) -0.25 0.006*

Hydrosurgical debridement Conventional debridement Effect-size§ p- value

Patient scar score

Total item score‡ 2.68 (1.67 – 4.33) 3.00 (1.83 – 4.83) -0.14 0.019¥

Pain‡ 1 (1 – 1) 1 (1 – 1)

Pruritus‡ 1 (1 – 3) 1 (1 – 3)

Colour‡ 4 (3 – 6) 4 (3 – 6)

Stiffness‡ 3 (1 – 5) 3 (1 – 6)

Thickness‡ 2 (1 – 5) 3 (1 – 6)

Relief‡ 3 (1 – 5) 4 (2 – 6)

Overall opinion score‡ 4 (2– 6) 4 (3 – 6) -0.15 0.024¥

POSAS scores range from 1 – 10. A lower score correlates with a better scar. Observer scores are the mean scores of the 

six items scored by 2 clinicians/researchers. 
†mean (95 per cent c.i.), ‡ median (i.q.r), 
§ Effect size for paired t-test represented using cohen’s d. Effect size for Wilcoxon signed rank test represented using r 

(Cohen, 1988)

*paired t-test, ¥ Wilcoxon signed rank test

Secondary outcomes

Wound healing and complications

Time to re-epithelialization did not differ between both intervention groups. No significant 

differences in wound infection, percentage graft loss and other complications were found 

between treatment groups (Table 3). 

Scar quality

One year after surgery, scar quality scores were significantly lower (i.e. reflecting a better scar) for 

hydrosurgical debrided burns in terms of the observer overall opinion score, the patient total item 

score and patient overall opinion score (Table 2). Observer and patient reported POSAS scores 

at 3 and 6 months post-surgery are presented in Table 3. On average there was a significant 
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better outcome for the hydrosurgical debrided wounds over time in terms of the observer total 

item score (-0.16 (95 per cent c.i. -0.25 – -0.06, p=0.001)), observer overall opinion score (-0.22 

(95 per c.i. -0.34 – -0.09, p=0.001)), and patient total item score (-0.29 (95 per cent c.i. -0.49 

– -0.09, p=0.0024)), but not for the patient overall opinion score (-0.18 (95 per cent c.i. -0.75 

–0.40, p=0.547) using GEE analyses. At 12 months post-surgery, 56 patients (48%) rated the 

hydrosurgical debrided study area as a better scar on the Likert scale, 30 patients (26%) rated 

the conventional debrided study area as better, and 30 patients (26%) said they noticed no 

difference between both study areas. 

Scar colour

The erythema index of the hydrosurgical debridement and conventional debrided study areas 

did not differ significantly at 3 and 12 months post-surgery (Table 3). The melanin index for scars 

of wounds that were treated with hydrosurgery were significantly more comparable to normal 

skin at 3 months, but did not differ at 12 months (Table 3).

Table 3. Secondary outcomes

Hydrosurgical 
debridement

Conventional 
debridement

Hydrosurgical versus 
Conventional

P 
value*

Odds ratio

Complications

Wound infection 19 (13.9) 20 (14.6) 0.93 (0.47 – 1.86) 1.000£

Graft loss (partial or total) 3 (2.2) 8 (5.8) 0.36 (0.09 – 1.39) 0.227£

Prolonged wound healing 29 (21.1) 22 (16.1) 1.40 (0.68 – 2.87) 0.065£

Other 1 (0.7) 3 (2.2) 0.33 (0.03 – 3.22) 0.625£

Effect sizeα

Wound healing

Re-epithelialization 5-7 days post-
surgery (%)†

80.0 (68.96 – 79.64) 81.2 (73.20 – 82.32) -0.13 0.144

Time to re-epithelialization (days)‡ 7 (5 – 13) 7 (5 – 12) -0.10 0.353¥

Observer POSAS sores

Total item score

3 months† 3.04 (2.91 – 3.22) 3.18 (3.03 – 3.36) -0.21 0.021

6 months† 2.72 (2.57 – 2.91) 2.93 (2.75 – 3.10) -0.29 0.002

Overall opinion score

3 months† 3.87 (3.69 – 4.11) 4.07 (3.86 – 4.27) -0.21 0.031

6 months† 3.51 (3.33 – 3.74) 3.73 (3.54 – 3.94) -0.26 0.006
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Patient POSAS sores

Total item score

3 months† 4.14 (3.79 – 4.50) 4.55 (4.22 – 4.88) -0.28 0.002

6 months‡ 3.33 (2.21 – 4.83) 3.67 (2.54 – 5.17) -0.11 0.093¥

Overall opinion score

3 months‡ 5 (3 – 7) 6 (4 – 8) -0.14 0.011¥

6 months‡ 5 (2 – 6) 5 (3 – 7) -0.21 0.001¥

ColourΩ

Erythema

3 months‡ 6.26 (3.38 – 10.67) 6.68 (3.11 – 10.35) -0.02 0.560¥

12 months‡ 3.61 (2.08 – 8.82) 4.08(1.60 – 9.51) -0.04    0.596¥

Melanin

3 months‡ 13.24 (6.97 – 21.72) 13.96 (8.13 – 22.54) -0.16 0.041¥

12 months‡ 7.19 (4.30 – 13.87) 6.24 (3.77 – 15.02) 0.24 0.607¥

Pliability§

Elasticity (Ue)

3 months‡ 0.55 (0.35 – 0.74) 0.49 (0.32 – 0.71) 0.08 0.225¥

12 months‡ 0.73 (0.58 – 0.91) 0.70 (0.53 – 0.89) 0.15 0.029¥

Maximal extension (Uf)

3 months† 0.58 (0.50 – 0.72) 0.55 (0.47 – 0.62) 0.18 0.089

12 months‡ 0.75 (0.62 – 0.91) 0.72 (0.56 – 0.90) 0.14 0.039¥

Histopathological findings

Dermal preservation (μm)‡ 1748 (1213 – 2175) 1265 (689 – 1989) 0.23 <0.001¥

Values in parentheses are percentages unless indicated otherwise; †mean (95 per cent c.i.), ‡median (i.q.r) 

*Paired t-test unless indicated otherwise; ¥Wilcoxon signed rank test and £McNemar’s test
α Effect size for paired t-test represented using cohen’s d. Effect size for Wilcoxon signed rank test represented using r 

(Cohen, 1988)18

ΩMeans are calculated as absolute difference between scar tissue and the non-affected skin
§Values represent the ratio between scar tissue and non-affected skin

Scar pliability

At 12 months post-surgery, scars of hydrosurgical debrided wounds were more comparable to 

normal skin in terms of the pliability parameters elasticity and maximal extension (p = 0.029 and 

p = 0.039, Table 3).

Table 3. Continued
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Histopathological findings

Of the hydrosurgical debrided study areas, 104 biopsies were included for analyses. Of the 

conventional debrided study areas, 101 biopsies were qualified for analyses. More dermis was 

left in the punch biopsies of wounds that were debrided with hydrosurgery (p < 0.001, Table 3).

DISCUSSION

The use of hydrosurgery led to better scar-quality outcomes, as reported by clinicians and 

patients, up to 1 year postsurgery. Objective scar pliability measures were also significantly better 

which was probably the result of better preservation of dermis after hydrosurgical debridement.

An important topic to discuss is whether statistical differences in POSAS outcomes present 

a clinically significant difference. Effect sizes in observer outcomes were small (ranging from 

−0.21 to −0.29) but not trivial.19 However, the effect sizes of patient outcomes were smaller 

(ranging from −0.11 to −0.28).20 Of the trial population, 48% considered the hydrosurgically 

debrided study area as better or much better at 12 months post-surgery versus 26% of the 

conventionally debrided study area. In addition, unpublished data from our institute suggest 

that patients consider differences between −0.08 and −0.39 in patient POSAS item scores as 

important, which may indicate that the differences identified are at least of some importance to 

patients. However, in the absence of a minimal clinically important difference in POSAS score, 

uncertainty remains over what difference in outcome should be considered clinically important.

The goal of debridement of a burn wound is to remove injured and non-viable tissue to create 

the optimal wound bed for autologous split-thickness skin grafting.21-23 An essential asset of an 

effective debridement tool is to remove as much necrotic tissue as possible while preserving 

as much vital tissue as possible, to improve clinical, functional, and cosmetic outcomes.4, 24, 25 

Although specialists in burns have long recognized the association between the depth of dermal 

injury and the degree of scarring, the cellular and molecular basis of the relationship remains 

poorly understood. Dunkin et al. hypothesized that different depths of dermal injury may result 

in different inflammatory responses and cytokine profiles, which, in turn, provide an environment 

for a different proliferative response.25 The current study is the first to report a relationship 

between dermal preservation and better clinical scar outcomes. POSAS item scores related 

to elasticity (thickness, relief, pliability, and stiffness) differed most between both study groups. 

These results, in combination with better measurement of pliability for scars after hydrosurgical 

debridement, suggest that the preservation of dermis leads to better scar quality in terms of 

how scars ‘feel’ rather than how scars ‘look’ (vascularity, pigmentation, and colour). Further 

studies are necessary to better understand the relationship between dermal preservation (i.e. 

selective debridement) and scar quality. Time to wound healing and complication rates did not 
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differ between both treatment groups and can therefore be excluded as causes for superior 

scar quality after hydrosurgical debridement. This also implies that both techniques provided 

sufficient debridement.

Although several studies have reported that hydrosurgery can be used maximally to preserve 

dermis, only one has reported histological evidence to support this in burns.26-31 Hyland et al. 

performed a randomized controlled trial to study scar quality after hydrosurgical and conventional 

debridement in children with partial-thickness burns.30 They also confirmed greater loss of 

dermis in conventionally debrided burns via an analysis of histological specimens. They also 

found better scar scores in favour of the hydrosurgery group at 3 and 6 months postburn, but 

this difference was not statistically significant. However, they did not use a within-patient design, 

did not report the distribution of patient characteristics that may have influenced scar quality, and 

ended their follow-up at 6 months.

A recent Cochrane review reported low-quality evidence for the potential benefits of hydrosurgical 

debridement over conventional debridement that are desirable to clinicians, such as faster 

operating time, improved usability, fewer procedures, less blood loss, and a shorter hospital stay.5 

To reduce treatment costs, burn specialists often prefer to use a Weck knife in smaller burns. 

The current cost of the disposable Versajet headpiece is €141.86 ($167.55), while the costs of a 

reusable Weck knife guard and handle are €0.91 ($1.08) and €20.91 ($24.70), respectively. The 

cost of one sterilized, single-use Weck blade is €1.08 ($1.28). However, evidence for the cost-

effectiveness of hydrosurgery in burns is limited and further research on its long-term benefits, 

such as fewer reconstructive surgery procedures, is necessary.32

The strengths of this trial include the comprehensive inclusion criteria (patients of all ages and 

most burn aetiologies), which allowed application to a broad patient population. The within-

patient design reduced factors that could lead to confounding of scar outcomes. Much effort 

was put into minimizing the risk of bias due to incomplete outcome data, which resulted in 

a remarkably low drop-out rate after 1 year follow-up (13%). The multicentre approach and 

pragmatic character (mimicking routine clinical practice) improve the generalizability of the 

results. Another strength is the use of the POSAS instrument; it is validated, incudes most 

relevant scar characteristics, and is the most frequently used scale.33-36 

The key assets of the trial also create the main limitations, including the within-patient design and 

outcome measure. For patients, the POSAS may have been difficult to rate for two study areas. 

In particular, after adjustment of the protocol that allowed study areas to be on different parts of 

the body, the patient’s opinion on scar quality might have been biased based on the location of 

the scar, especially if scars are further apart on the body or if one is in the sight and the other is 

not. To increase reliability, the observer part of the POSAS was used as the primary outcome, 
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and was scored by two independent trained observers. To improve the feasibility of the trial, there 

were no restrictions or standards for delivery of the intervention, depth of graft harvesting, skin 

graft fixation, or wound treatment post-surgery. However, both wound areas were treated the 

same within patients and therefore this may lead to improvement of generalizability of the results 

rather than bias of scar-quality outcomes. Previous research has shown that burn surgeons 

tend to use hydrosurgery more often in children and more superficial wounds (like scalds).6 

Subgroup analyses were not part of the initial research plan and further research is necessary 

to gain insight into the benefits of hydrosurgery for different patient and burn categories. Scar 

outcomes present data from specialized burn care, which might not be comparable to outcomes 

in non-specialized centres. Nevertheless, hydrosurgical debridement is easy to learn and the 

device is not difficult to use. Therefore, its use may lead to better scar outcomes in centres where 

surgeons are not frequently practising burn debridement with guarded knives.
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APPENDIX

The biopsies were fixed in kryofix, processed into 5μm histological slides and stained with 

a Herovici polychrome staining.37 A digital camera (Nikon DS-Ri2, Nikon, Amsterdam, the 

Netherlands) mounted on an Axioskop40FL microscope (Zeiss, Badhoevedorp, the Netherlands) 

was used to take images of the slides. Digital image analysis software (NIS-Elements 4.4, Nikon) 

was used to determine the amount of remaining dermis, measured as the length in μm between 

two parallel lines; one at the subcutis and one at the dermal surface (Figure 1).  If the border 

between dermis and subcutis was not visible on the slides, or only subcutis was present, slides 

were excluded for analyses. 

A         B

Figure 1a and 1b. Histological specimen demonstrating an example of Herovici polychrome staining and 
measurement procedure after hydrosurgical (Figure 1a, 2362 μm dermis left) and conventional (Figure 1b, 
1265 μm dermis left) debridement. 
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ABSTRACT

There exists little to no data on the development of donor-site scars that remain after split skin 

graft harvesting. The objectives of this study were to (a) examine changes in characteristics of 

donor-site scar quality over time and (b) assess the agreement between patient-reported and 

observer-reported donor-site scar quality in a burn population. A prospective cohort study was 

conducted including patients who underwent split skin grafting for their burn injury. Patients and 

observers completed the Patient and Observer Scar Assessment Scale (POSAS) for the first 

harvested donor site at 3 and 12 months post-surgery. This study included 80 patients with a 

median age of 34 years. At 3 months post-surgery, the patients scored the POSAS items itch and 

color as most deviant from normal skin, both improved between 3 and 12 months (3.1 vs 1.5 and 

5.0 vs 3.5, respectively [P < .001]). Other scar characteristics did not show significant change 

over time. The patients' overall opinion score improved from 3.9 to 3.2 (P < .001). Observers 

rated the items vascularization and pigmentation most severe, only vascularization improved 

significantly between both time points. Their overall opinion score decreased from 2.7 to 2.3 (P < 

.001). The inter-observer agreement between patients and observers was considered poor (ICC 

< 0.4) at both time points. Results of current study indicate that observers underestimate the 

impact of donor-site scars. This has to be kept in mind while guiding therapy and expectations. 
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BACKGROUND

Split skin grafting remains a widely used reconstructive technique for chronic wounds, burns 

and other traumatic wounds. The procedure involves harvesting of the full epidermis and part of 

the dermis, creating a secondary wound at the donor-site. Because skin grafting is necessary 

to cover the wound, scars of these donor-sites might be considered as subservient. Unlike for 

other wounds, there is little to no data on the development of donor-site wounds and their final 

appearance, even though the donor-site can be a considerable burden to patients during and 

after the healing process1 2.

Integrating scar evaluations of patients in clinical assessments is promoted based on findings 

that patient-rated scar severity is directly related to psychological distress whereas observer-

rated scar severity is unrelated to psychological distress3. Assessment of scars by both patients’ 

and professionals’ provides more useful information regarding the patients’ well-being compared 

to focusing on the separate assessments only4. 

Eskes et al. investigated patients’ and observers’ judgements and satisfaction with respect to 

donor-site scars at 3 months after wound healing5. They found discrepancies between patients' 

and observers' opinions on different characteristics of donor-site scars5. However, they included 

mainly male patients who underwent surgery in a non-acute setting and only included adults 

with a mean age of 59.6 years6. Furthermore, scars were assessed at twelve weeks post-surgery, 

which limits the insight into the final situation of the scar as the active transformation processes 

and maturation of scars takes at least one year7-9. 

The objectives of this study were to 1) examine changes in characteristics of donor-site scar 

quality over time and get insight into final scar appearance at 12 months post-surgery; and 2) 

to assess the extent of agreement between patients’ ratings and observers’ rating of donor-

site scar characteristics in a burn population. The ultimate aim of current study was to improve 

information given to patients and eventually ensure high-quality patient-centered care.

PATIENTS AND METHODS

Study design and patients

An observational prospective cohort study was performed. From February 2016 – February 2017 

patients were included in the burn center of the Maasstad Hospital in Rotterdam, the Netherlands. 

Patients of all ages who underwent split skin grafting for an acute burn were eligible to participate. 

Patients were excluded if they had cognitive impairments or were unable to understand or 

answer questionnaires in Dutch or English. Written informed consent was obtained from each 
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patient and patients received standard treatment. Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) guidelines were adhered to in this study and manuscript. The 

study was approved by the regional Medical Ethics Committee (reference number L2016119) 

and conducted according to the principles of the Declaration of Helsinki. Scar quality of the first 

harvested donor-site was evaluated at 3 and 12 months post-surgery during routine outpatient 

visits. Other study parameters were documented during admission, surgery and outpatient 

visits. These were patient characteristics: age at surgery, gender, skin type. Registered clinical 

characteristics were burn-related: % total burned body surface area (TBSA), % TBSA excised, 

length of stay, and donor site-related: location on the body, >2 weeks to re-epithelization, and 

wound infection.

Treatment

Patients received standard treatment peri-operatively. Split-thickness skin grafts were harvested 

at a depth of 0.2mm (0.007 inch) with an electric dermatome. Adrenaline soaked alginate 

dressings were place on the wounds immediately after grafting to reduce blood loss. Afterwards, 

donor-site wounds were covered with an alginate dressing, cotton wool and elastic bandages 

which were removed 2 weeks post-surgery.

Scar outcome

The Patient and Observer Scar Assessment Scale (POSAS) version 2.0 was used to assess 

scar quality10. The POSAS is a validated measurement scale for scar quality of burn and linear 

scars and therefore seemed most suitable to assess scar quality of donor-sites10-13. The POSAS 

consists of a patient and observer (i.e. caregiver) part. Both patient and observers rated the 

same scar on six different scar characteristics, with roughly an overlap of four characteristics 

(Table 2). This enabled the identification of differences between patients and observers and 

specific scar characteristics that may be more troublesome than others from the patients’ point 

of view.

The patient part involves the scar characteristics pain, itch, color (a combination of vascularization 

and pigmentation), thickness, relief (surface roughness) and pliability (stiffness). The parameters 

pain and itch measure the extent to which the donor-site scars have been painful or itching over the 

past few weeks. The parameters color, thickness and pliability describe the patients’ judgement 

of whether the color, thickness, and stiffness of the donor-site scar differed from the normal 

skin. The parameter relief, which includes the surface roughness of the donor-site scar area, 

described the presence of surface irregularities. The observer scale includes vascularization, 

pigmentation, thickness, surface, relief and pliability. Each of the six scar characteristics was 

rated on a 10-point scale, which ranges from 1 (comparable to normal skin) to 10 (very different 

from normal skin).
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In addition, patients and observers complete one item to measure their overall opinion on the 

donor-site scar, ranging from 1 (best scar imaginable) to 10 (worst scar imaginable).

STATISTICAL ANALYSIS

Characteristics 

Descriptive statistics were used to present data on patient characteristics (age, sex, and 

Fitzpatrick skin type), clinical characteristics (cause of the burn, percentage total body surface 

area (TBSA) burned, percentage TBSA excised, and length of stay) and donor-site characteristics 

(anatomical location of the donor-site, >2 weeks to re-epithelization, infection). 

Changes of scar quality over time

The Wilcoxon signed-rank test was used to analyze differences per POSAS item between 3 

and 12 months. A p -value <0.05 was considered significant. Additionally, the effect size was 

calculated by dividing the Z-value by the square root of number of cases14. An effect size above 

0.5 was considered as a ‘large effect’, between 0.3 and 0.5 as a ‘moderate effect’ and between 

0.1 and 0.3 as a ‘small effect’ and beneath 0.1 ‘trivial’. In other words, the larger the effect size, 

the greater the change in scar quality14.  

Agreement between patients and observers 

The agreement between patients and observers on the POSAS items was assessed in three 

ways. First, the inter-observer reliability (IOR) was used to determine the agreement between the 

patient-ratings and observer- ratings regarding the different items on quality of the donor-site 

scars. The IOR was expressed as intra-class correlation coefficient (ICC) for the POSAS items, 

including their 95% confidence intervals (CI), and calculated using a two-way mixed random 

effect model for single measures consistency15 16. The ICC was calculated for the corresponding 

items (color, vascularity, pigmentation, relief and thickness) and overall opinion item. To be able to 

compare the color assessments of the patients with the color assessments of the professionals, 

an average score for the items vascularity and pigmentation was calculated. ICC-values range 

from no agreement (0) to perfect agreement (1)17 18. ICC-values beneath 0.4 are considered as 

‘poor agreement’, between 0.4 and 0.6 as ‘moderate agreement’, between 0.6 and 0.8 as ‘good 

agreement’ and above 0.8 as ‘very good agreement’17 18. Second, the 95% limits of agreement 

approach (Bland & Altman plots) was used to assess the score agreement between the patients’ 

and observers’ judgement of the overall opinion19 20. Third, a sub analysis on the corresponding 

POSAS items was performed to analyze whether the patients judged their scars more severe, 

identical or less severe compared to the observers. All data analyses were performed using 

statistical software (IBM, SPSS, V.24.0).
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RESULTS

Out of 113 eligible patients, 80 patients were included in the study. Participants had a median 

age of 34 (range 0-84) and most were male (65.0%)). Median percentage TBSA burned was 

6.0 (range 0.5-55) and most donor-sites were placed on the thigh (73.8%) (Table 1). During 

the three-month follow-up, 73 patients (91%) completed the POSAS. During the twelve-month 

follow-up, 72 patients (90%) completed the POSAS (Figure 1). A non-response analysis showed 

no differences in age, gender and %TBSA burned.

Table 1. Baseline characteristics

Demographics Total population  
(n=80)

Age, median (range) 34 (0-84)

Male, n(%) 52 (65.0)

Skin type [FP >3], n (%) 21 (26.4) 

Clinical characteristics

Cause of the burn

Scald (%) 19 (23.8)

Flame/fire (%) 39 (48.8)

Hot fat (%) 4 (5.0)

Other (%) 18 (22.5)

%TBSA burned, median (range) 6 (0.5-55)

% TBSA excised, median (range) 2 (0.5-50)

LOS in days, median (range) 16 (0-94)

Donor-site characteristics

Location of the donor-site

Thigh (%) 59 (73.8)

Other (%) 21 (26.4)

Time to re-epithelization (>2 weeks), n (%) 58 (74.4)

Wound infection, n (%) 7 (8.8)
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Assessed for eligibility
n=113

Excluded patients n=33

• Did not meet the inclusion criteria n=10
• Missed n=1

• No informed consent n=20
• Wound primary closed during surgery n=2

Follow-up 3 months =73

• Deceased n=1
• Drop out n=1

• Loss to follow-up n=3
• Wound still open n=2

Follow-up 12 months =72

• Deceased n=1
• Drop out n=1

• Loss to follow-up n=6

Included patients
n=80

Figure 1. Inclusion flowchart

Scar quality and changes over time

At 3 months post-surgery, the patients rated the scar characteristics color and itch most severe 

(Figure 2). The mean scores for color and itch significantly decreased (e.g. improved ) between 

3 and 12 months (3.1 vs. 1.5 and 5.0 vs. 3.5, respectively both p<0.001) with an effect size 

of 0.53 and 0.48, indicating a moderate effect. No significant change was seen for the other 

items (Figure 2, Supplementary Digital Content 1), but the mean overall opinion of the patients 

significantly decreased from 3.9 to 3.2 (effect size 0.49, p<0.001). 



CHAPTER 10

202

Figure 2. Patients and Observers (i.e. caregivers) scar quality scores at 3 and 12 months post-surgery. 

Bars represent the mean item score and standard deviation. A lower POSAS score correlates with a better scar; a score of 

10 reflects the worst imaginable scar. A score of 1 means no difference from normal skin. *p<0.001, ** p<0.05 (Wilcoxon 

signed-rank test).

Agreement between patients and observers

Table 2 shows the agreement in terms of inter-observer agreement between patients and 

observers on the corresponding POSAS items. The agreement on the items pliability, thickness 

and relief increased between 3 and 12 months. Agreement on POSAS items were all poor, 

however at 12 months at best for the item color/pigmentation (0.38, 95% CI 0.16-0.56). 

Table 2. Inter-observer reliability between patients and caregivers

POSAS items 3 months
ICC (95% CI) 

12 months
ICC (95% CI)

Color/vascularity      0.29 (0.07 – 0.49) 0.14 (-0.09 – 0.36) 

Color/pigmentation    0.05 (0.28 – 1.11) 0.38 (0.16 – 0.56) 

Color/combination* 0.08 (0.30 – 1.17) 0.20 (-0.03 – 0.41) 

Pliability 0.30 (0.08 – 0.50) 0.31 (0.09 – 0.54) 

Thickness 0.19 (-0.05 – 0.40) 0.36 (0.15 – 0.55) 

Relief 0.23 (-0.01 – 0.44) 0.36 (0.14 – 0.54) 

Overall opinion 0.20 (-0.02 – 0.41) 0.24 (0.02 – 0.45) 

POSAS: Patient and Observer Scar Assessment Scale; 
*Combination: Average score of vascularity and pigmentation
ICC-values range from no agreement (0) to perfect agreement (1) 17 18. ICC-values beneath 0.4 are considered as ‘poor 
agreement’, between 0.4 and 0.6 as ‘moderate agreement’, between 0.6 and 0.8 as ‘good agreement’ and above 0.8 as 
‘very good agreement’ 17 18
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The limits of agreement approach showed that 95% of the patient overall opinion item differed 

up to 4.74 points from the observers with a systematic difference of 1.05 at 3 months and 0.89 

at 12 months, indicating a slightly better agreement between the assessors at twelve months. 

Both plots visualize that the difference between the patients and observers tends to get larger 

as the average overall opinion score increases (i.e. if the overall opinion gets worse) (Figure 3).

Figure 3. Bland and Altman plots demonstrating the agreement of POSAS overall opinion scores between 
patients and caregivers at three (left) and twelve (right) months post-surgery. 

Each dot in the figure represents a donor site scar judged by the patient and observers. The difference between the two 

ratings is on the Y-axis and the average of both ratings on the X-axis. The dotted lines represent the 95% confidence intervals 

(limits of agreement -2.63 to 4.74 and -2.95 to 4.74) and the black line the mean difference between the raters (mean 

difference 1.055 and 0.892).   

Figure 4 presents the agreement in terms of the proportion of patients that score their scar more 

severe, identical or less severe compared to the observer. Patient and observer scar assessment 

scores of the items relief and pliability were identical in more than 50% of the cases, whereas the 

agreement on color (vascularity and pigmentation) was below 20% at both time points. Overall, 

patients rated the scar characteristic color (pigmentation and vascularization) and their overall 

opinion on the scar more severe than observers. If patients rated their scar less severe than 

observers, the mean difference was less than one point for all items (Supplementary Content 

2). If patients rated the scar more severe than observers, the mean difference was more than 2 

points for all items (Supplementary Content 2).
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Figure 4. The agreement in terms of the proportion of patients that score their scar quality more severe, 
identical or less severe compared to the observer 

DISCUSSION

To our knowledge, this is the first study that investigated patient- and observer-reported scar 

quality of donor-sites up to one year post-surgery. Patients’ and observers’ perceptions of scar 

quality only slightly improved during scar maturation. The agreement between patients and 

observers generally increased between 3 and 12 months, but remained ‘poor’ for all items of the 

POSAS. Results of this study indicate that caregivers seem to underestimate the impact of scars 

on patients. Especially the items on color were rated more severe by patients. 

The magnitude of the observed improvement in scar quality over time was limited in our study 

population. Patient satisfaction regarding donor-sites may improve over time as a result of 

scar maturation but may on the other hand deteriorate as a result of psychological sequelae, 

especially when the recipient-site is completely healed and the patient might have expected that 

the donor-site scar would fade. The small changes over time that we observed in the perception 

of scar quality and satisfaction are consistent with previous studies on other scar types7 9. Our 

results show that items on color (color on the patients scale, vascularization and pigmentation 

on the observer scale) are rated the worst out of all items by both patients and observers at 

both time-points. Patients rated color less severe at 12 months post-surgery while observers 

only rated the item vascularization less severe at 12 months post-surgery. This might indicate 

that the appreciation of the item ‘color’ grows as a result of the reduction of erythema and that 

pigment changes contribute less to the improvement. This is in line with one study that measured 

erythema and melanin indexes of donor site scars with an objective measurement instrument 
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in patients with chronic leg ulcers2. That study found that the erythema index decreased 109% 

from 3 to 12 months post-surgery, whilst pigmentation only decreased 24% compared to normal 

skin. Studies that investigated patient- and observer-reported scar quality of burn wounds also 

found that items on color were rated worse than other items7 21. The severe scores and reduction 

over time that we found for patient-reported itching are also in accordance with previous studies 

regarding burn- and linear scars7 12 13.

The items pliability, thickness and relief seem of less importance in our study population than 

to populations with burn scars or linear scars7 12 13. Nevertheless, it is of note that none of the 

POSAS items had a mean score of 1 (i.e. the same as normal skin) at 12 months post-surgery.

Patients and observers showed only poor to moderate agreement on scar quality at both time 

points. For the overall opinion on the scar, agreement was poor as well. Patients especially scored 

color worse than observers, whilst observers seemed to underline the importance of thickness. 

This might be due to the fact that hypertrophy of donor-site scars is not expected by the observers 

and may be seen as pathological scarring, whilst patients might compare the donor-site scar to 

their burn scar and consequently downgrade hypertrophy. The limited agreement on specific items 

that we found between patients and observers is consistent with studies that reported differences 

in scar appreciation between patients and observers on linear scars5 22-24. Eskes et al. only found 

a ‘moderate’ agreement on the overall opinion item of the POSAS on donor-site scars in a general 

trauma population and also a ‘poor’ agreement for all other items. However, they did not study 

the magnitude or direction of the differences between patients’ and observers’5. Hoogewerf et al. 

studied the magnitude and direction of differences in assessment of facial burn scars for patients 

and observers in a Dutch burn population4. They found that 53% of the patients’ and observers’ 

assessments were identical. In our study population this was only 24% and 37%, at respectively 3 

and 12 months. In other words; there seems to be a worse agreement in the judgment of donor-site 

scars compared to the recipient site. 

Surgeons should be aware of the fact that patients might have different views on scar outcomes 

after split skin grafting. Patients are often well informed on the (development of) scars at the 

recipient site, but just have to deal with the emergence of a donor-site scar. Our results can be 

used to manage patients’ expectations regarding donor-site scar quality after split skin grafting. 

Effective communication can improve patient satisfaction and outcome. However, it is difficult to 

predict psychological distress based on the severity of disfigurement. Therefore, future studies 

should investigate the relationship between donor-site scar quality and psychological distress 

or quality of life25.  Results of our study can also be used as a starting point for scar quality 

improvement. Concerns about donor-site scarring may be more significant than surgeons might 

expect; the mean overall opinion of the patient on the donor-site scar was still 3.2 after one 

year (in comparison: two large cohort studies found that patients scored the overall opinion on 
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their burn scar 4.1, at 1 - ≥5 years post burn7 21). Many studies have been performed on donor-

site management ranging from different types of wound dressings to more innovative (surgical) 

techniques, including harvesting of the skin from a different location (i.e. buttock or skull) or the 

use of other harvesting methods, like dermal grafting26-29. Caregivers should be aware of these 

options, which may increase scar quality. However, most studies on the outcomes of these 

treatment options focus on early and rapid re-epithelialization but lack data on patient reported 

(long term) scar appearance26. Further research is, therefore, necessary to investigate which 

patients benefit from these techniques. 

This study has limitations that should be noted. The POSAS was used to assess scar quality. 

Although this is the only scar assessment scale that takes the opinion of the patient into account 

and has been validated for judgment of burn and linear scars, there has never been a reference 

or golden standard with regard to the quality of scars. In our study, this is of less importance 

because the patients’ perception is the ultimate outcome to come to the best patient-centered 

care. Nevertheless, a minimal important change analysis is never done for the POSAS and it 

is therefore unknown if patients or observers judged the observed changes between 3 and 12 

months important or meaningful. Another limitation is that this study is part of an explorative 

cohort study wherefore it was decided a priori to include patients over a one-year period. The 

accuracy of the agreement might be limited as illustrated by the wide confidence intervals and 

might be due to an insufficient sample size. However, the agreement between items was ‘poor’ 

at best. So even if the number of included patients would decrease confidence limits, this will 

probably not lead to a ‘good’ agreement.  

CONCLUSION

The agreement on donor-site scar quality between patients and observers is limited. Surgeons 

should be aware that patients might have a different view on donor-site scars. This realization is 

important to manage patient expectations regarding scar quality after split skin grafting and pre-

surgical counseling of patients with regard to anticipated anxiety about scar appearance and 

quality improvement. Effective communication may improve patient satisfaction.
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SUPPLEMENTARY CONTENT 1 

POSAS item scores at 3 and 12 months post-surgery

Patients 

Scar characteristic Mean 3 months SD Mean 12 months SD

Pain 1,61 2 1,14 0,723

Itch 3,1 0,7071068 1,55 1,663

Color 4,97 3,05505 3,53 2,055

Pliability 2,28 1,944 1,92 1,97

Thickness 2,08 1,897 1,68 1,668

Relief 2,08 1,897 1,63 1,326

Overall Opinion 3,92 1,847 3,22 2,103

Observers

Scar characteristic Mean 3 months SD Mean 12  months SD

Pain 1,61 2 1,14 0,723

Pigmentation 2,5479 0,96884 2,56 1,14774

Thickness 1,2945 0,49185 1,26 0,6895

Relief 1,3904 0,5728 1,28 0,54052

Pliability 1,3973 0,50662 1,2533 0,63869

Surface area 1,0548 0,21346 1,0667 0,26423

Overall Opinion 2,726 0,82091 2,32 0,75624
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SUPPLEMENTARY CONTENT 2

Comparison of patients’ scores and caregivers’ scores on corresponding POSAS items  

3 months 12 months

POSAS item More severe
n (%); D

Identical
n (%)

Less severe
n (%); D

More severe
n (%); D

Identical
n (%)

Less severe
n (%); D

Color/vascularityab 47 (65.3); 2.7 9 (12.5) 32 (22.3); 0.7 57 (78.0); 2.7 10 (13.7) 6 (8.2); 0.1

Color/pigmentationab 56 (77.9); 3.3 6 (8.3) 10 (14.0); 0.8 42 (57.6); 2.5 12 (16.4) 19 (26.0); 0.5

Thicknessab 6 (8.4); 4.5 4 (5.6) 62 (86.2); 0.1 13 (17.7); 2.8 24 (32.9) 36 (49.4); 0.1

Reliefab 18 (25.2); 2.7 37 (51.4) 17 (23.6); 0.5 17 (23.4); 2.3 46 (63.0) 10 (13.7); 0.4

Pliabilityab 24 (33.5); 2.2 36 (50.0) 12 (16.7); 0.5 16 (21.9); 3.5 50 (68.5) 7 (9.6); 0.2

Overall opinionab 44 (60.3); 2.5 11 (15.1) 18 (24.7); 0.8 38 (51.4); 2.6 18 (24.3) 18 (24.4); 0.6

* D: mean difference between patients’ and observers’ scores (patient – observer) 
a missing at 3 three months: color/vascularity (7), color/pigmentation (7), thickness (7), relief (7), pliability (7) overall opinion (7); 
b missing at twelve months: color/vascularity (8), color/pigmentation (8), thickness (8), relief (8), pliability (8), overall opinion (8)
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ABSTRACT

Background

Skin grafting is the current gold standard for treatment of deeper burns. How patients appraise 

the donor-site scar is poorly investigated. The aim of this study was to evaluate long-term patient-

reported quality of donor-site scars after split skin grafting and identify possible predictors.

Methods

A prospective cohort study was conducted. Patients were included in a Dutch burn centre during 

one year. Patient-reported quality of donor-site scars and their worst burn scar was assessed 

at 12 months using the Patient and Observer Scar Assessment Scale (POSAS). Mixed model 

analyses were used to identify predictors of scar quality.

Results

This study included 115 donor-site scars of 72 patients with a mean TBSA burned of 11.2%. 

The vast majority of the donor-site scars (84.4%) were rated as having at least minor differences 

with normal skin (POSAS item score ≥2) on one or more scar characteristics and the overall 

opinion on 80.9% of the donor-site scars was that they deviated from normal skin 12 months after 

surgery. The overall opinion on the donor-site scar was 3.2 ± 2.1 vs. 5.1 ± 2.4 on the burn scar. 

A younger age, female gender, a darker skin type, and location on the lower leg were predictors 

of reduced donor-site scar quality. In addition, time to re-epithelization was associated with scar 

quality.

Conclusion

This study provided new insights in long-term scar quality of donor-sites. Donor-site scars 

differed from normal skin in a large part of the population 12 months after surgery. Results of 

this study can be used to inform patients on the long-term outcomes of their scars and to tailor 

preventive or therapeutic treatment options.
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BACKGROUND

In present day burn care, excision and skin grafting is the cornerstone in the treatment of deeper 

burns to facilitate wound healing and provide a good functional and aesthetic scar outcome.1-3 

On the one hand, skin grafting offers an important therapeutic option in the treatment of burn 

wounds. On the other hand, donor-sites that remain after skin grafting form scars, which may 

heal aesthetically displeasing with noticeable depigmentation and hypertrophy.4-6 Scars of the 

donor-sites are rectangular, linear-shaped and commonly placed on the patients’ thigh, arms or 

back. Patients just have to accept this extra scar whilst it may have an impact on their quality of 

life.4 7

The incorporation of patients’ values and opinions is endorsed to ensure high-quality patient-

centred care.8-10 Although scar quality is one of the most important outcomes in burn surgery 

today, there is no evidence to support therapeutic decision-making regarding skin grafting 

and expected donor-site morbidity. In massive burn injuries, donor-site scarring might be of 

limited importance. However, when treating smaller injuries, other treatment options might be 

considered if significant distress for the patient is expected after surgery. 

Clinical observations at our institution have shown that caregivers seem to underestimate the 

impact of donor-site scarring on patients.11 Therefore, the main aim of this study was to evaluate 

long-term patient-reported scar quality of donor-sites one-year post-surgery. Our secondary aim 

was to identify factors related to patient-reported scar quality of donor-sites in burn patients. 

METHODS

Design and Participants 

The present study is part of an observational prospective cohort study. Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) guidelines were adhered to in 

this study and manuscript. Patients of all ages who underwent excision and split-skin grafting 

for a burn wound between February 2017 and February 2018 in the burn centre of the Maasstad 

Hospital in Rotterdam were asked to participate. Patients were included if they were able to 

comply with the study protocol and signed informed consent. A maximum of 3 donor sites per 

patient were included. The study was conducted according to the principles of the Declaration 

of Helsinki and Dutch laws and approved by the regional Ethics Committee (reference number 

L2016119). 
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Treatment

Skin grafts were harvested at a depth of 0.2mm (0.007 inch) with an electric Aesculap® 

dermatome. Adrenaline soaked gauzes were placed on the wounds immediately after grafting 

to reduce blood loss. Afterwards, donor site wounds were covered with an alginate dressing, 

cotton wool and elastic bandages, which were removed 2 weeks post-surgery. 

Scar quality assessment

Scar quality was assessed at 12 months post burn in the outpatient clinic. The patient part of 

the Patient and Observer Scar Assessment Scale (POSAS) version 2.0 was used to assess the 

scar quality of their donor sites and of the burn scar that they indicated as most severe. The 

patient scored the items pain, itch, color, pliability, thickness, and relief. All items were scored on 

a 10-point rating scale. A lower score correlates with a better scar, where 1 resembles ‘normal 

skin’ and 10 resembles ‘very different from normal skin’. The mean POSAS score was calculated 

by summing up the six item scores and dividing this by 6. Furthermore, patients were asked to 

give their overall opinion of the scar on a scale from 1 (best scar imaginable) to 10 (worst scar 

imaginable). The outcomes of the POSAS were divided into 3 categories: (1) low score, no 

differences with normal skin: POSAS item score 1; (2) intermediate scores, minor differences 

with normal skin: POSAS item score 2 or 3; (3) high scores, major differences with normal skin: 

POSAS item score ≥ 4. These cut-off points are arbitrary in the absence of commonly used cut-

off points and in the absence of a minimal important change analysis of the POSAS 12. 

Other study parameters

Other study parameters were documented during admission, surgery and outpatient visits. These 

were patient characteristics: age at surgery, gender, skin type, diabetes yes/no and smoking 

yes/no. Registered clinical characteristics were burn-related: % total burned body surface area 

(TBSA), % TBSA excised, length of stay, POSAS of the burn scar, and donor site-related: location 

on the body, location in relation to the burn wound, surface area, >2 weeks to re-epithelization, 

application of pressure garment and application of silicone gel. 

Statistical analysis

We compared the main baseline characteristics of participants and nonparticipants to determine 

if there were any relevant differences between the groups using the independent t-test or Mann 

Whitney U tests (for continuous variables) and chi² test (for categorical variables). Descriptive 

statistics were used to assess long-term scar quality and characterize patients with low and high 

POSAS scores. Pearson statistics were used to identify the correlation between patient rated 

POSAS scores of the donor-site scar and burn scar (i.e. recipient site scars).

Univariable and multivariable mixed model analyses were performed to determine the predictive 

value of patient-, clinical- and donor-site-related factors for the mean POSAS score and 
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mean overall opinion of the POSAS. Mixed model analysis was used to take into account the 

dependency of the multiple observations within the participants if more than one donor site per 

patient was included. Factors with univariable p<0.20 were selected for multivariable analyses. 

A backward selection procedure was used to obtain the final models for the outcomes, in which 

only variables with p <0.10 were selected. IBM SPSS Statistics 23 and STATA version 14 were 

used for the analysis.

RESULTS

A total of 114 patients were screened for eligibility during the study period. Of these, 106 patients 

were eligible to participate and 80 patients signed informed consent. At 12 months post-surgery, 

7 patients were lost to follow-up and 1 patient deceased, resulting in a total study population of 

72 patients with 115 donor site scars. Patients included in the analysis had a mean age of 37.4 ± 

23.0 years, 23.8% were aged ≤16years, and most were male (65.3%) (Table 1). Most burns were 

caused by flames (51.4%). Mean %TBSA burned was 11.2 ± 11.4, mean length of hospital stay 

was 24.8 ± 23.2 days, and most participants had only 1 donor site (62.6%). Most donor-sites 

were placed on the patients’ thigh (76.5%).

Donor site scar quality

The mean POSAS score (based on the six POSAS items) was 1.9 ± 1.2 (range 1.0 - 7.2) at one-

year post-surgery. Eighteen patients (25.0%) scored all six items as 1, indicating that their donor 

site scar did not deviate from normal skin (all had 1 donor site scar). These patients had a mean 

age of 43.1 ± 24.6 years and most (64.3%) were male.

Thus, for the other donor-site scars (n=97, 84.3%), patients reported at least minor differences 

(i.e. POSAS item score ≥2) on one or more scar characteristics. Six patients (8.0%) with a total 

of 8 donor sites (6.1%) reported a relatively high POSAS score (i.e. POSAS item score ≥4) for 

all POSAS items). These patients had a mean age of 29.7 ± 23.9 years and most (87.5%) were 

female. 

The item ‘color’ was appreciated worst; for 41% of the scars, major differences compared to 

normal skin were reported and for 43% of the scars minor differences were reported (Fig. 1). For 

the scar characteristics itch, pliability, thickness and relief 8-12% of the donor site scars were 

rated with high scores (POSAS item score ≥4), while 73-88% were rated with no differences 

compared to normal skin (POSAS item score =1). The lowest ratings were for the item pain; 

97% of the scars were rated as ‘no difference to normal skin’, resulting in a mean score of 1.1 

± 0.6 (Fig. 1).
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Table 1. Patient demographics and clinical data

Patient characteristics No. of patients
(n = 72)

Age, mean (SD, range) 37.43 (23.0, 0-84)

Gender: Male, n(%) 47 (65.3%)

Fitzpatrick skin type 
I
II
III
IV
V
VI

12 (10.4%)
65 (56.5%)
12 (10.4%)
18 (15.7%)

7 (6.1%)
1 (0.9%)

Diabetes, n(%) 6 (5.2%)

Smoking, n(%) 35 (30.4%)

Clinical characteristics

Burn aetiology

Flame 37 (51.4%) 

Scald 18 (25%)

Other 17 (23.6%)

%TBSA burned, mean (SD, range) 11.2 (11.4, 0.1-55)

%TBSA excised, mean (SD, range ) 6.2 (7.1, 0.1-50)

Length of stay (days), mean (SD) 24.8 (23.2)

Donor site characteristics No. of Donor sites
(n = 115)

Location, n(%)

Upper back 1 (0.9%)

Upper arm 12 (10.4%)

Lower arm 1 (0.9%)

Thigh 88 (76.5%)

Lower leg 1 (0.9%)

Same limb as burn wound, n(%) 56 (48.7%)

Adjacent to burn wound, n(%) 39 (39%)

Surface (cm2), mean(SD) 167.5 (173.4)

Time to re-epithelization (>2 weeks), n (%) 28 (24.3%)

Wound infection, n(%) 8 (7.0%)

>1 time harvested, n(%) 3 (2.6%)

Application of pressure garment, n(%) 2 (1.7%)

Application of silicone gel, n(%) 19 (17.3%)
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Figure 1. Proportion of donor sites for which patients scored low, intermediate, and high scores for scar-
related problems on items of the patient part of the POSAS at 12 months post-surgery. 

Low scores, no differences with normal skin; POSAS item score 1; intermediate scores, minor differences with normal skin: 

POSAS item score 2 or 3; high scores, major differences with normal skin: POSAS item score ≥4. 

Patients’ mean overall opinion of their donor site scars was 3.2 ± 2.2 (range 1-10) (Fig. 2). Twenty-

two scars (19%, in 16 patients) were rated as 1 (i.e. ‘best scar imaginable’). These patients had a 

mean age of 38.6 ± 24.6 years and most of these patients were male (81.3%). Thus, for all other 

scars (80.9%) at least minor dissatisfaction with the scar was reported. For 40 scars, 27 patients 

reported a relatively poor overall opinion (i.e. POSAS score ≥ 4). These patients had a mean age 

of 31.3 ± 21.3 years and 47.5% were male. In total, two patients rated 4 scars as 10 (i.e. ‘worst 

scar imaginable). These patients were both female and had a mean age of 35.5 ± 13.4 years. 

Figure 2 shows the mean and standard deviation of the POSAS item scores of the donor-site 

scar and most severe burn scar (as indicated by the patient). The items ‘pain’ (1.1 ± 0.7 vs 1.9 

± 1.8), ‘itch’ (1.6 ± 1.7 vs 2.7 ± 2.3), ‘color’ (3.5 ± 2.1 vs. 5.2 ± 2.4), and ‘overall opinion’ (3.2 

± 2.1 vs. 5.1 ± 2.4) items differed least. The items ‘pliability’ (1.9 ± 2.0 vs. 4.2 ± 2.6), ‘thickness’ 

(1.7 ± 1.7 vs. 4.4 ± 2.8), and ‘relief’ (1.6 ± 1.3 vs 4.8 ± 2.6) differed most. All items had a very 

low or low ICC (Pearson’s r <0.30). 
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Figure 2. Patient reported POSAS scores of their donor-site and burn scar 12 months post-surgery. 

A lower POSAS score correlates with a better scar; a score of 10 reflects the worst imaginable scar. *ICC<0.3 (very low), 

**ICC 0.3-0.5 (low).

Predictors of long-term donor-site scar quality

The results of univariable and multivariable mixed model analysis are shown in tables 2 and 

3 respectively. In the final model, a higher age was associated with a better donor-site scar 

quality (i.e. a lower mean POSAS score (r=-0.01, SE=0.01; p=0.046)). Female gender (r=0.76, 

SE=0.27; p=0.004), a higher Fitzpatrick skin type (r=0.27, SE=0.13,; p=0.12) and time to re-

epithelization exceeding 2 weeks (r=0.66, SE=0.26; p=0.016) were associated with a poorer 

scar quality (i.e. higher mean POSAS score).

For the overall opinion, a higher age was associated with a better score (i.e. lower POSAS score 

(r=0.02, SE=0.01; p=0.045). Female gender (r=1.40, SE=0.48; p=0.045), location on the 

lower leg (r=0.77, SE=0.43; p=0.077) and time to re-epithelization exceeding 2 weeks (r=0.79, 

SE=0.39; p=0.044) were associated with a poorer overall opinion on the donor-site scar. None 

of the clinical characteristics were associated with patient-reported donor-site scar quality at 12 

months (Table 2).
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Table 2. Univariable mixed model analysis of predictors of long-term donor-site scar quality

Mean 6 item POSAS score Overall opinion score

Patient characteristics R coefficient SE p-value R coefficient SE p-value

Age (years) -0.01 0.01 0.114 -0.02 0.01 0.158

Female gender 0.78 0.29 0.008 1.28 0.50 0.010

Fitzpatrick  skin type 0.27 0.13 0.042 0.35 0.23 0.119

Diabetes -0.38 0.63 0.554 0.43 1.09 0.694

Smoking -0.58 0.31 0.061 -0.83 0.53 0.117

Clinical characteristics

%TBSA burned 0.00 0.01 0.824 0.01 0.03 0.908

%TBSA excised -0.01 0.02 0.526 -0.02 0.04 0.537

Total no. donor-sites -0.18 0.35 0.604 0.34 0.60 0.569

Length of stay 0.01 0.01 0.695 0.01 0.01 0.496

Donor site characteristics

Location - Body part 

Trunk -0.07 0.65 0.911 -0.66 1.08 0.541

Upper arm 0.37 0.37 0.320 0.07 0.63 0.914

Lower arm -0.28 0.65 0.665 -1.47 1.06 0.166

Upper leg -0.08 0.21 0.689 -0.23 0.35 0.519

Lower leg 0.02 0.27 0.955 0.84 0.44 0.060

Location on same limb as burn wound (yes) -0.20 0.24 0.401 -0.27 0.41 0.513

Location adjacent to burn wound (yes) -0.08 0.24 0.750 -0.01 0.41 0.987

Surface 0.01 0.00 0.789 -0.03 0.01 0.722

Time to re-epithelization (>2 weeks) 0.64 0.24 0.008 0.75 0.41 0.066

Wound infection 0.66 0.40 0.105 0.93 0.68 0.172

>1 time harvested 0.01 0.01 0.391 0.01 0.01 0.441

Use of pressure garment -0.06 1.22 0.959 1.31 2.07 0.527

Use of silicone gel 0.74 0.38 0.054 1.04 0.67 0.118
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Table 3. Multivariable mixed model analysis of predictors of long-term donor-site scar quality

Mean 6 item POSAS score* Overall opinion score¥

Patient characteristics R coefficient SE p-value R coefficient SE p-value

Age (years) -0.01 0.01 0.046 -0.02 0.01 0.045

Female gender 0.76 0.27 0.004 1.40 0.48 0.004

Fitzpatrick  skin type 0.21 0.12 0.067

Donor site characteristics

Location

Lower leg

0.77 0.43 0.077

Time to re-epithelization (>2 weeks) 0.66 0.26 0.017 0.79 0.39 0.044

*Explained variance: 32.3%
¥Explained variance: 17.3%

DISCUSSION

This prospective cohort study assessed patient-reported quality of donor-site scars in a burn 

population one year after surgery. The majority of the scars (84.4%) were rated as having at least 

minor differences with normal skin (POSAS item score ≥2) on one or more scar characteristics. 

The overall opinion on the majority of the donor-site scars (80.9%) was that they deviated from 

normal skin.

The overall opinion of patients on their donor-site scar differed less than 2 points (POSAS 1-10 

point scale) and patient-reported quality of burn scars and donor-site scars were not correlated, 

which might indicate that the individual opinion of the patient is of more importance than 

biological or genetic factors. A younger age, female gender and time to re-epithelization were 

associated with reduced scar quality (both mean POSAS item score and overall opinion on the 

scar). In addition, a darker skin was associated with a poorer scar quality (POSAS item score) 

and location on the lower leg was associated with a poorer overall opinion of the patient. 

A former study from our research group found that the agreement on donor-site scar quality 

between patients and caregivers is poor and that caregivers seem to underestimate the 

impact of donor-site scars in – a subgroup of- patients. Many studies have been performed on 

donor-site management, ranging from different types of wound dressings to more innovative 

(surgical) techniques. However, patient-reported outcomes were hardly reported.13 Our results 

show that location on the lower leg was a predictor of reduced patient satisfaction, which might 

be due to the fact that this area is more often visible than the upper leg. Harvesting of the 

skin from a different location (i.e. buttocks or skull) may lead to a less visible donor-site and 

might therefore be a relatively simple option to improve overall satisfaction of patients. The use 

of other harvesting methods, like dermal and minced skin grafting, have been described to 
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reduce donor-site morbidity.13-16 Also, methods that aim to improve selective debridement (e.g. 

enzymatic or hydrosurgical debridement) of burn tissue may reduce the need for skin grafting 

and consequently, donor-site scarring.17 18 If poor patient satisfaction regarding scar quality of 

a donor-site is expected, this might be an argument to support the decision to refrain from skin 

grafting. Local, pedicle and free flaps or the use of a skin stretching device for primary closure 

have been described as successful in the treatment of acute burn wounds and eliminate the 

need for donor-sites.19-21 Another option, although costly and time consuming, is the use of 

allogenic skin substitutes or dermal regeneration products to support the wound environment 

and autologous regeneration in such way that skin grafting (and therefore donor-site scarring) 

may be reduced.17 18 22 Conversely, if no problems regarding donors-site scar quality are expected, 

early debridement and skin grafting may lead to a decrease of the length of hospital stay.23

Articles that report donor-site scar quality are scarce. Most investigate difference in cosmetic 

outcome after the use of different types of wound dressings and only a few used patient-reported 

outcome measurement instruments.13 Schulz et al. evaluated donor-site scar quality ≥2 years 

after application of Biobrane or Dressilk in 11 patients and found that patients reported all POSAS 

items ≤2 for their donor-site scar. These lower POSAS scores might indicate that donor-site scar 

quality improves after one year.  On the other hand, the  patients that they included in their study 

were older, no children were included and more males were included compared to our study 

population.  Similar to our results, color was appreciated worst.24 

To our knowledge, only two studies investigated the relationship between patient- and other 

clinical factors and patient-reported scar quality of donor-sites.25 26 Karlsson et al. reported 

POSAS results 8 years post-surgery that were similar to our study results, but did not find a 

significant relationship between age, sex, healing time and patient-reported scar quality. However, 

they invited patients retrospectively, resulting in a study population of only 27 patients. McBride et 

al. studied patient reported donor-site scarring in children, but did not find a relationship with age 

or sex.26 Studies that assessed predictors of patient-reported quality of scars after general surgical 

procedures and burn injuries have, in line with our study, reported female gender as a predictor 

for a worse scar outcome.12 27 28 Wallace et al. hypothesized that immune and hormone responses 

might result in hypertrophic scarring in females.29 Nevertheless, other studies on hypertrophic 

scars did not find female gender as an independent predictor.30-32 Garcia et al. state that their 

clinical observations showed that female burn patients frequently have greater difficulty choosing a 

donor-site location and therefore conclude that scar outcome in females is more important than in 

men.5 This finding is comparable with a previous study that described that women express greater 

concern with their appearance than men.33 Moreover, many studies on health related quality of life 

after burn injury report female gender as a predictor of a reduced health related quality of life.23 

This supports the gender differences in the patients’ opinion found in our study and suggest that 

this outcome might be based on culture rather than biological differences between males and 



CHAPTER 11

224

females. One study that used the patient scale of the POSAS to assess the quality of burn scars 

also found differences in age categories on the items pain, color, pliability and thickness.28 It is 

important to realize that in children under the age of 5, parents complete the patient part of the 

POSAS. In literature, it has been stated that this may lead to underestimation of the true magnitude 

of the problem because pain and pruritus are difficult to assess through the parents.30 On the other 

hand, parents may be very concerned about the appearance of the angular donor-site scars and 

how they evolve if their child grows and what they might think when they go into puberty. 

An important strength of this study is that the study was conducted in a dedicated burn center, 

and thus reflects donor-site outcome after specialized (scar) treatment. Another asset of the 

study was the prospective design which is preferred for the development of association and 

prediction models.34 Because of the strict study protocol and study conduct there were no 

missing values in the patient-, clinical and donor site characteristics. Although patients signed 

informed consent, they were not aware of the predictors that we aimed to investigate and could 

therefore not influence the outcome. This study also has some limitations. We used the POSAS 

to assess scar quality and used arbitrary cut-off points in the absence of a commonly used cut-

off point or a minimal important change analysis of the POSAS. Nevertheless, the POSAS is the 

only validated scar outcome measure that takes the opinion of the patient into account. 

CONCLUSION

This study provides important new insights in long-term scar quality of donor-sites as stated 

by burn patients. Even one year after surgery the mean overall opinion of patients on donor-

site scars was remarkably high (POSAS score 3.2 (scale 1-10)). Moreover, 37% of the patients 

reported a poor overall opinion on the donor-site scar (i.e. POSAS score ≥ 4). Especially color 

of the donor site-scars was judged to remain deviant from normal skin. A younger age, female 

gender, a darker skin type, location on the lower leg and prolonged time to re-epithelization 

predict patient-reported reduced donor-site scar quality. Our study provides data that can help 

to better inform patients on the long-term outcome of their injury. Furthermore, preventive and 

therapeutic measures can be tailored to further improve long-term donor-site scar quality.
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Research in this thesis focused on patient reported outcome measures (PROMs) and clinical 

outcomes in burn care. An overview of available evidence on patient reported Health Related 

Quality of life (HRQL) after burn injury was provided (Part I), clinimetric properties of PROMs 

used in burn care were assessed (Part II) and clinical studies into outcomes of burn surgery 

were performed (Part III). The aim was to critically appraise available evidence of often used 

measurement instruments and to contribute to improved surgical burn care through the 

evaluation of surgical techniques.

PART I   HEALTH-RELATED QUALITY OF LIFE AFTER BURN INJURY

Part I of this thesis is dedicated to patient reported HRQL after burn injury, which is essential 

to qualify the burden of burns in survivors. As a first step, we performed a systematic review to 

gain insight which instruments have been used to measure HRQL in burn patients. The review 

in Chapter 2 revealed 94 articles that studied outcomes of HRQL after burn injury in adults since 

1975. Figure 1 shows how important and often used HRQL became as an outcome in burn 

research during the last years.

Figure 1. Number of studies (Y-axis) assessing HRQL of burn patients per year (X-axis). 
(data derived from the search in Chapter 2 of this thesis (October 2016))

Results of the review showed that 20 different instruments were used to assess HRQL. In addition, 

we found a large variation in the use of disease-specific and/or generic instruments (26% of the 

studies used both) and time-assessment points (varying from pre-injury to >10 years). Also, 

studies had different ways of reporting of the results, including mean or median scores, domain 

scores versus total scores and 0-100 scores or standardized norm scores. This made it difficult 

to combine study results in order to study recovery patterns. Therefore, we choose to analyze 

recovery patterns of the three most applied instruments; the BSHS-B (46%), SF-36 (42%) and 

EQ-5D (9%). Results of the studies showed that most domains of HRQL were affected shortly 
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after injury but recovered over time, except for the domains work and heat sensitivity (BSHS-B), 

emotional role limitations and physical role limitations (SF-36), and pain/discomfort (EQ-5D). 

In the long-term, limitations of regular daily activities, including work, seemed to develop. We 

hypothesized that this is probably due to emotional problems as patients accomplish less and 

perform not as accurately as they were used to due to the injury.

The following step in optimizing treatment and rehabilitation of burn patients was to identify 

patients at risk of a decreased HRQL after burn injury. The systematic review in Chapter 3 analyzed 

32 articles that studied and identified factors predicting HRQL after burn injury. Also in this review, 

we refrained from pooling of results due to the heterogeneity in used HRQL instruments, time 

points and data presentation. Furthermore, reported predictors and statistical reporting varied. 

Therefore, we were not able to take into account the sample size nor the reported strengths of 

predictors in the individual articles. Not entirely unexpected, indicators of burn severity and post-

burn psychological factors were strong predictors of HRQL. 

During the reviewing process we concluded that children with burn injuries form a distinct 

group in HRQL research. One important aspect of HRQL research in children is that, next to the 

child’s perception, it often includes the parent’s perception on a child’s health status (a parent-

proxy score). Chapter 4, therefore, provides a separate overview of study designs, instruments, 

methodological quality, outcomes and predictors of HRQL research in children after burn injury. 

As 27 studies were included, the relatively low number of studies compared to studies for adults 

found in Chapter 2 and Chapter 3 was striking. Again, we were unable to pool the data due to 

differences in instruments, data presentation, and the use of different norm scores. Similar to 

adults, most often used instruments were burn-specific: the Burns Outcome Questionnaire (BOQ) 

0 to 4 years old (30%) and the BOQ 5 to 18 years old (41%). For the latter questionnaire, a child 

and parent version are available. An older age seemed related to a reduced HRQL. A possible 

explanation is that younger children are less affected by the trauma and adjust easier to their 

scars, disabilities and appearance as they grow older. Furthermore, indicators of burn severity 

and health status were found to predict HRQL in children. Assessment of individual data showed 

that HRQL improved over time and that parental proxy scores were in general comparable to 

children’s self-ratings except for the domains ‘appearance’ and ‘(parental) concern’. It might 

be that parents are constantly reminded on the trauma by seeing the scar, which results in 

having more concerns. Also, parent views are influenced by general parental concerns, parental 

post-traumatic stress, and their perspectives on pre-burn functioning of their child. Presumably, 

patients do not see their scar constantly and might focus more on their progression during 

recovery. Compared to the results of Chapter 3, there was very low attention for psychological 

predictors in the studies found in children and no conclusion can be drawn on this aspect.  
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Clinical implications

Clinicians should be aware that both mental and physical support during the rehabilitation of 

burn patients is important. Also, a follow-up period of at least one year is necessary as some 

problems develop over time. Next to the severity of burns, HRQL seemed mostly affected by 

the psychological response of an individual to the trauma. In the Netherlands, the Burn centers 

Outcome Registry the Netherlands (BORN) has become part of standard burn care in 2018.1 

In 2020, this registration also started for pediatric burn patients. All admitted patients and/or 

caregivers are requested to participate, and a range of outcomes (including HRQL) are assessed 

during admission (pre-injury health status), one week, three months and twelve months after 

discharge from the burn center. Hereafter, annual follow-up will follow. Clinicians can use these 

data to identify patients at risk for a decreased HRQL and use this information to tailor their 

treatment.

In children, clinicians should be aware that special attention is needed for a child’s experience 

on their appearance. Special attention is needed on parental concerns as many parents keep 

expressing their worries about their child’s recovery years after injury, regardless of the child’s 

age. Former studies have reported that family functioning, social support, and personality 

characteristics play an important role on child outcomes.2, 3 As it seemed that children that were 

burned at an older age experience more problems, age specific treatment or prevention seems 

to be implicated. Hence, parental counseling and the inclusion of parents in the aftercare is 

important to improve HRQL measures in children, regardless of the child’s age.

Future research

Future studies should focus on the development on a guideline on how to measure HRQL 

after burn injury world-wide, in both children and adults. This guideline should not only inform 

researchers on which measurement instrument should be used, but also on which time points 

the assessment should take place and how data should be presented. The first step to come to 

a worldwide consensus and a universally applied HRQL instrument for assessment in adults has 

recently been taken by an international group of clinicians and researchers.4 They recommended 

a standardized assessment schedule of 4-6 weeks, 3 months, 6 months, 12 months and 24 

months after burn injury, which is in accordance with the most frequently used time assessment 

points in research. Consensus on which instrument should be used could be achieved by an 

international Deplhi study: a method that is based on structured communication that relies 

on a panel of experts and patients, who are receiving questionnaires in several rounds.5, 6 

Standardization of reporting of results will make it easier to compare and combine study results 

into the development and predictors of HRQL, which is an important advantage as the study 

population of burn patients is often relatively small. Also, this will lead to a decreased risk of 

outcome reporting bias and would thereby contribute to the quality of future research and clinical 

burn care. Of course, this initiative should be rolled out for adults, adolescents and children.
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Recently, a screening tool has been developed with the aim that it can be used in clinical practice 

to inform adult patients on expected HRQL outcomes and provide clinicians insights into the 

expected recovery of HRQL.7 The aim is that, after further validation of the tool, clinicians may 

use patients characteristics and patient-reported data to identify patients who might benefit from 

additional rehabilitation care and timely interventions can be started to improve patient-centered 

care. The current tool is designed for adult burn patients, but should also be developed for 

children and adolescents to enhance future improvement of pediatric burn care.

PART II   CLINIMETRIC STUDIES ON OUTCOMES

In Part II of this thesis, results of clinimetric studies into HRQL and scar quality, two often used 

PROMs in burn research, were performed. The reviews in Part I of this thesis show that there 

are many different PROMs used to evaluate HRQL in burn patients and that standardization of 

outcome measurement would be a step forward for future research on HRQL after burn injury. 

An important first step is to evaluate which instrument(s) should be recommended to assess 

HRQL. The COnsensus-based Standards for the selection of health Measurement INstruments 

(COSMIN) initiative recommends that the selection should be based on 1) the quality of 

measurement properties of an instrument, as these are required to draw reliable and valid 

conclusions and 2) feasibility aspects, like access to the instrument and ease of use.8, 9 

The quality of measurement properties of HRQL instruments validated for burn patients were 

evaluated using the COSMIN checklist in Chapter 5. None of the instruments provided enough 

evidence on their measurement properties to be highly recommended for routine use based 

on the COSMIN guidelines.9 This is possibly due to the fact that only recently standards for the 

development of PROMs became available whilst the COSMIN guideline requires high standards 

of development and analyses and calls for distinct reporting of results. Therefore, we believe 

that some of the studies might have been of higher quality than rated in this review as a result 

of incomplete reporting, even though researchers may have performed extensive studies. 

According to the COSMIN guidelines, the first step in evaluating the development of a PROM 

is the question whether there is a clear description provided of the construct to be measured 

(i.e. a description of the different health aspects they purport to measure). Although HRQL is 

a widely used outcome, there is no definition or consensus available on which domains the 

outcome HRQL should cover.4 Our review focused on instruments for which authors stated that 

they aimed to measure HRQL. Other PROMs that may assess only specific aspects of HRQL 

were therefore not included. For example, the Life Impact Burn Recovery Evaluation (LIBRE) 

profile that aims to measure social participation includes items on social role and personal 

relationships, which may also be important aspects of HRQL.10 The COSMIN guidelines indicate 

that if no instrument can be recommended based on superior measurement properties, the 
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most important property of a measurement instrument is content validity, followed by structural 

validity and internal consistency.11 The recently developed Brisbane Burns Scar Impact Profile 

(BBSIP) was the only instrument with good quality evidence for sufficient content validity as both 

professionals and patients were included in the development and state-of-the art qualitative 

data methods were used in line with the strict COSMIN guidelines.12 However, it is important to 

note that this questionnaire focusses on the impact of burn scarring on HRQL while domains like 

work and daily activities or emotional reactions may also be influenced by other trauma-related 

factors and not all patients may (only) suffer from scarring. The BSHS-B was the only instrument 

with high-quality evidence for internal consistency, which is (together with structural validity) 

the second important measurement property according to the COSMIN guideline. Moreover, it 

seemed the most feasible instrument as it is relatively short and freely available in 14 languages 

whilst the BBSIP is only available in English. The review found good quality evidence for sufficient 

hypotheses testing for construct validity of the EQ-5D and SF-36, which suggests that these 

instruments can adequately determine differences between groups that differ in burn severity. 

Nevertheless, they miss important content that is relevant for patients after burn injuries as items 

specific for burns and related to scarring (self-esteem, stigmatization, physical appearance) are 

missing.  

Another important aspect of a PROM is interpretability. Interpretability is not a measurement 

property, like validity and reliability, because it does not refer to the quality of an instrument.13 It 

refers to what the score of an instrument means. In Chapter 6, the minimal important change 

(MIC) and minimal clinically important difference (MCID), two important interpretability aspects, 

of the patient part of the POSAS were explored. We were not able to determine the MIC, as 

the best cut-off values that we found for the differences that patients gave in POSAS scores 

between 3-6 and 6-12 months were not able to adequately differentiate between unchanged 

and improved scars. We hypothesize that patients may have found it difficult to remember what 

their scar was like 3 or 6 months earlier, even though we showed them pictures of the scar. 

Also, acceptance or other psychological factors may have influenced patients’ POSAS ratings 

overtime. However, one important finding seemed to be that patients already appreciated a small 

change in POSAS as important. Of more importance in clinical research is what a difference in 

POSAS score means when results of a treatment are evaluated, which is expressed by the 

MCID. Using two different methods we found MCID values of -0.08 and -0.39. No guidelines for 

aggregation of these results exist.14  Nevertheless, a MCID value of -0.08 seemed adequate to 

differentiate between patients that scored a scar as ‘better’ and patients that scored a scar as 

‘the same’ or ‘worse’ (sensitivity 0.69, specificity 0.81). This difference in score is very small on 

the 1-10 POSAS scale and therefore small differences seem already important to patients.
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Clinical implications

For now, it is recommended to use the BSHS-B to evaluate disease-specific HRQL in clinical burn 

research in adults based on the quality of measurement properties. The generic instruments EQ-

5D and SF-36 can be best used to make comparisons with population norms or other patient 

groups. In children, none of the burn-specific instruments could be recommended based on the 

quality of the measurement properties or feasibility aspects and no evidence on measurement 

properties of generic instruments after burn injury exists. Therefore, it seems that the decision 

should be based on the research goal (evaluation of recovery/treatment or comparison with 

other patient groups) and the availability of the instrument (in the right language and/or if a 

permission fee is required). 

The MCID of the POSAS is important to interpret results of clinical trials. However, it cannot 

directly be used to interpret differences between intervention groups in randomized clinical trial 

arms when baseline values are compared with improvement after a certain treatment to inform 

patients about what they might expect from a certain treatment in clinical practice.15 The reason 

is that the results in each intervention group are presented as a mean value of all patients in 

that group, some may have indicated a larger difference than the MCID value, others may have 

smaller values. Therefore, former researchers have proposed a responder analysis.16, 17 In a 

responder analysis, the percentage of patients in each arm of the trial that exceed the MCID 

value is calculated and these values are compared. In clinical practice, for example, one can tell 

a patient that about 75% of the patients experience a clinically relevant improvement after a given 

treatment. In this way, the MCID can be used to facilitate and improve shared decision making.

Future research

The first step to evaluate which instrument(s) should be recommended for use is to come to an 

overall consensus on the content that an instrument should include to comprehensively measure 

HRQL after burn injury. As mentioned in the discussion of part I, it is important that all relevant 

stakeholders (clinicians, researchers, but also patients and their caregivers) are included in 

this decision.8, 11 If consensus is achieved, the overview provided in Chapter 5 could help to 

decide if a new instrument should be developed, or that more research into the measurement 

properties of already available instrument is needed in order to improve them before they can 

be recommended. 

Currently, a new version of the POSAS, the POSAS 3.0, is being developed. The main reason for 

initiating this project was the lack of patient input in the development of the Patient Scale of the 

POSAS 2.0.18 Also, Rasch analyses on the Patient Scale of the POSAS 2.0 suggested that the 

number of answering categories (10-point scale) might be reduced without losing information.19 

An important challenge for further research will be to discover the best way to measure different 

outcome domains of scar quality to guide treatment and rehabilitation strategies after burn injury.
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PART III OUTCOMES OF BURN SURGERY

Part III focused on clinical outcomes of surgical debridement and split skin grafting, which is the 

standard of care for dermal burn wounds that are not expected to heal in 14-21 days. Over the 

last decade, hydrosurgery has become available in burn surgery as an alternative technique 

for tangential excision alongside the gold standard of conventional tangential excision by 

guarded knives. The retrospective analyses in Chapter 7 showed that the use of the VERSAJET™ 

hydrosurgery system (Smith+Nephew, London UK) in specialized Dutch burn care is substantial 

and that it is more often used in younger patients, scalds, burns on irregularly contoured body 

areas and in patients with a larger percentage total body surface area (%TBSA) burned. This is 

in line with our clinical experiences that 1) hydrosurgery seems more precise in debridement 

of burned tissue and therefore is used preferably in children and for burns on irregular surface 

areas like the face and hands 2) hydrosurgery is more often used in more superficial burns 

since full thickness burns are not easily debrided with hydrosurgery (scalds are more likely to be 

superficial than, for example, fire or chemical burns) and 3) hydrosurgery is regularly used next to 

conventional knives if the operating team consist of more than 1 surgeon, which is often the case 

in patients with a larger %TBSA burned. Hydrosurgery was used in 52% of the surgically treated 

patients despite little or no evidence of beneficial effects on related outcomes such as scar  

quality and substantial higher costs.20, 21 One assumption of hydrosurgery is that it contributes to 

a more selective method of debridement with more preservation of viable dermis and therefore 

a better scar quality.22, 23 Scar quality is the most relevant outcome for burn patients in the long 

run, especially in young patients, who will suffer from scar sequelae the rest of their lives. To 

compare the effect of hydrosurgery with conventional knife debridement in relation to dermal 

preservation and scar quality, we designed a study protocol for a randomized controlled trial 

(RCT) which is presented in Chapter 8. We choose an intra-patient design to overcome the effect 

of inter-patient differences on scarring (i.e. the presence of genetic risk factors for pathological 

scarring). The downside of this decision was that we were unable to conduct a cost-effectiveness 

study along the RCT. In addition to consecutive and comprehensive scar assessments, biopsies 

of the wound bed were taken before and after debridement to objectively measure dermal 

preservation by histology. To approach the full spectrum of scar quality evaluation we followed 

patients up to 1-year post-surgery. Results of the RCT are shown in Chapter 9. At 12 months, 

scars of the hydrosurgical debrided wounds were statistically significantly better in terms of 

the POSAS observer scores, POSAS patient scores and pliability measurements, whilst there 

was no difference in complications in wound healing after both treatments. The differences in 

POSAS scores in our study population were small, nevertheless, we determined that 48% of 

the patients rated the hydrosurgical debrided study area as better or much better 12 months 

post-surgery compared to 26% for conventional debrided study areas. Also, results of Chapter 6 

support that the difference in patient POSAS scores can be interpreted as clinically important to 

patients. In line with the hypotheses of an increased scar quality when more dermis is preserved, 
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there was significantly more dermal tissue left after hydrosurgical debridement measured with 

histology. Although specialists in burns have long recognized the association between the depth 

of dermal injury and the degree of scarring this is, to our knowledge, the first study that proved 

a relationship between preservation of dermal tissue measured with histology and clinical better 

scar quality outcomes after burn surgery in humans. One of the strengths of this trial was the 

comprehensive inclusion criteria (patients of all ages and aetiologies) which allows application 

to a broad patient population with burns. Nevertheless, eligibility rates were lower than expected, 

as the amount of burns that would be suitable for hydrosurgical debridement was overestimated 

during the formation of the study protocol. Besides, one should keep in mind that dedicated burn 

surgeons determined which wound areas were randomized and therefore may have chosen 

wounds that seemed more suitable for hydrosurgical debridement than others. On the other 

hand, this mimics routine clinical practice and clinical decision-making.

Another important matter during split skin grafting is the side issue of a donor-site wound, and 

later scar, which is created when autologous healthy skin is harvested. A recent systematic 

review showed that studies that report donor-site scar morbidity are scarce and only a few 

studies used PROMs.24 In 2021, a Delphi panel aimed to achieve consensus on the reduction in 

donor-skin (in percentages) that would be clinically meaningful to validate expensive treatment 

options like cellular and/or tissue products.25 Unfortunately, the panel only included experts and 

patients were not asked for their opinion. In Chapter 10 and Chapter 11 results of a prospective 

cohort study in which patients were asked about their opinion on the scar quality of their donor-

site are presented. We found that patients’ perceptions on scar quality of donor-sites only slightly 

improved during scar maturation. One of the hypotheses for the small improvement was that 

scar quality improved over time as a result of scar maturation. On the other hand, the opinion 

of the patient regarding the scar may have deteriorated as a result of psychological sequelae, 

especially when the recipient site is completely healed and the patient might have expected that 

the donor-site scar would fade. Especially items on colour had a bad rating. Another important 

finding was that observers (i.e. caregivers/clinicians) seemed to underestimate the impact of 

donor-site scarring on patients. To improve management of patient expectations and pre-surgical 

counselling we explored patients’ opinions on donor-site scars in relation to recipient-site scars 

(i.e. burn scars) and identified patients at risk for a low opinion on donor-site scars in Chapter 11. 

The mean overall opinion on scars of donor-sites measured with the POSAS was 3.2 (SD 2.1) 

compared to a mean overall opinion of 5.1 (SD 2.4) on the burn scar. This difference of less than 

2 on a 1 – 10 point scale seems to indicate that the impact of donor-site scarring comes rather 

close to the impact of burn scars. From our clinical experience and the amount of attention that 

exists for burn scars in combination with the results of Chapter 10, clinicians need to be more 

aware of the morbidity of donor-site scarring in patients. A younger age, female gender, a darker 

skin type, and location on the lower leg were predictors of reduced donor-site scar quality. In 

addition, time to re-epithelization was associated with scar quality.   
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Clinical implications

Burn specialists seem to have a preference for specific patients and burn wounds on which they 

apply hydrosurgery. Although this is mostly based on the ease in use for particular burns, they also 

seem to keep the costs in mind. Hydrosurgery appeared to improve dermal preservation during 

debridement and resulted in a better scar quality after split skin grafting. Improved scar quality 

aspects were mostly related to pliability of the scar. During rehabilitation, scar therapy (like micro-

needing, silicone cream, sheets and garment), is often necessary to improve pliability. This calls 

for repeated hospital visits and, in some cases, reconstructive surgery might even be necessary. 

If at least one of these treatments can be reduced in a patient, the costs of the VERSAJET™ 

hydrosurgery system (Smith+Nephew, London UK) of ±€140 per procedure may seem less 

important.26, 27 Although surgical debridement and split skin grafting is still the cornerstone in 

treatment of deeper burns, surgeons should be aware that patients might have a different view 

on donor-site scars. This realization is important to manage patient expectations regarding scar 

quality after split skin grafting. A better management of expectations before surgery may improve 

patient satisfaction. If a poor patient satisfaction regarding a donor-site is expected, this might 

be an argument to support the decision to refrain from skin grafting, use more costly and/or 

time-consuming cellular or tissue products, or harvest skin from the scalp.28 On the contrary, if 

no problems regarding donors-site scarring are expected, early excision and skin grafting leads 

to an early wound closure and a shorter stay in hospital which may lead to better quality of life 

outcomes and lower costs. Furthermore, identification of people at risk of reduced satisfaction 

regarding their donor-site may lead to tailored preventive and therapeutic measures and improve 

long-term satisfaction regarding donor-site scar quality.

Future research

To create robust guidelines for the approach of deeper burns there is a need for more high quality 

research on debridement techniques, in particular on alternatives to surgical knife debridement. 

Although RCTs are considered the highest in the order of levels of evidence, two recent reviews 

showed that only three RCTs with overall limited quality could be found to evaluate the advantages 

of the use of other techniques over tangential excision with a knife.29, 30 Moreover, none of the 

studies addressed long term follow-up in terms of PROMs or scar outcomes. We experienced 

the performance of a RCT with a long follow-up period as cumbersome and time consuming for 

both patients and clinicians, but not impossible. We would like to encourage others to contribute 

to the evidence of debridement techniques by performing RCTs or large prospective cohort 

studies including PROMs with a follow-up period of at least one year to facilitate evidence-

based decision making and patient-centered care in burn treatment. As mentioned before, burn 

surgeons tend to use hydrosurgery more often in more superficial wounds (like scalds) and 

children. To gain insight in the benefits of hydrosurgery for different patient categories, further 

analysis of our data could demonstrate if different patient or burn categories benefit more from 

hydrosurgical debridement compared to others. 
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In recent years, a growing trend has emerged towards more patient involvement in treatment 

decision making (shared decision making (SDM)). In the Netherlands, formal institutions such as 

the Dutch Healthcare Institute and Netherlands Federation of University Medical Centers (NFU) 

mention SDM as a key element of value based health care which aims to improve outcomes that 

matter to patients/populations while optimizing resource utilization.31 One of the most important 

steps in the process of SDM is that the physician carefully explains the benefits and harms of 

all reasonable treatment options, including necessity of (early) surgery and donor-site morbidity. 

Future studies should examine 1) if clinicians currently apply SDM in clinical practice, 2) the 

preferences burn patients and parents have regarding involvement in treatment decision making 

(time of debridement, placement of the donor-site), and 3) if SDM leads to a higher degree of 

satisfaction with the decision-making process and final treatment. 

FUTURE PERSPECTIVES

Standardization of outcome measurement

As pointed out in Part I, standardization of outcome measurement would be a big step forward 

for future research on burns. When all research groups measure the same outcomes, using the 

same validated instruments and thereby producing uniform results, researchers will be able to 

compare and combine their data. The development of a Core Outcome Set (COS), a scientifically 

agreed minimum set of the most important outcomes to be reported in all studies of a medical 

condition, is likely to provide the answer. Patients should have a genuine say in the development 

process otherwise there is a likelihood that the COS will omit important outcomes and that, 

ultimately, research will fail to give definitive information about whether treatments benefit patients 

or not. After the decision is made on ‘what’ to measure, consensus should be reached on ‘how’ 

to measure the outcomes, i.e. which outcome measurement instrument should be selected. This 

selection must be based on quality of measurement properties of the instruments (to gain valid 

and reliable results) and feasibility aspects (like availability of the instrument and ease of use).8 

Recently, Young et al. initiated the development of a COS for burns, however, they restricted 

their focus to outcomes to be used in RCTs, which are not necessarily the outcomes used in 

daily burn care.32 Especially to aid justification of more modern or various debridement tools, 

the inclusion of long-term validated scar outcome assessments and PROMs in future research 

is necessary. This is supported by several research initiatives that used modern state-of-the art 

methods, including patient participation, to develop PROMs on scarring.12, 18 Furthermore, the 

International Consortium for Health Outcomes Measurement (ICHOM) is an organization which 

promotes the use of core outcome sets for various diseases. Burns is one of the 16 conditions 

and diseases that are considered as a topic for new standard sets.33, 34
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Treatment strategies

The evidence presented in Part III of this thesis highlights the necessity for the burn community to 

consider a paradigm shift away from always reaching for the knife towards modern debridement 

approaches. Besides hydrosurgery, enzymatic debridement has been shown to be a new 

debridement technique comparable to knife debridement in terms of safety, efficacy and 

speed.20, 29, 30, 35 More importantly is that both have the potential to improve dermal preservation 

and, therefore, long term scar outcomes. Nevertheless, use of novel tools is still not common 

practice for many burns facilities.36 Challenges include feasibility of use, learning curves, 

available expertise and costs. Another topic of debate in burn treatment remains the timing of 

debridement.37-40 Postponing excision of deep partial-thickness burns could allow time to assess 

burn depth, as superficial partial-thickness burns do not require skin grafting, but it may then 

result in increased risk of infection, increased length of stay and more extensive scarring. Novel 

debridement techniques contribute to novel perspectives in this debate. When the eschar of a 

deep partial thickness burn is removed with hydrosurgery, it is hypothesized that bacterial load 

is reduced and spontaneous healing with the use of biological dressings is optimized, potentially 

leading to a better outcome.22, 41 Enzymatic debridement claims to only selectively debride burn 

eschar while viable dermal tissue remains unaffected during the debridement process and can 

therefore be used almost immediately after presentation to the burn center.35 In this additional 

way, both techniques may minimize the risk of overzealous early excision, and subsequently 

poor scar quality outcomes, while allowing early burn management and a potential shorter 

hospital stay.

Patient participation

In 2018, the Burn centers Outcome Registry the Netherlands (BORN) started for adults, followed 

by the introduction of BORN-kids in the autumn of 2020.1 Patients register several outcomes, like 

HRQL and burn scar quality at several moments during the first year after their injury, followed 

by an annual follow-up. This facilitates a comprehensive registration of the evolvement of short- 

and long-term consequences of burns. Patients are currently able to enter an online personal 

health environment platform that contains information and tools that can help them during their 

recovery including a decision aid for scar therapy to choose the treatment that best suits the 

patient’s health status and perspectives. This tool uses data from research and the outcome 

registration. So, especially in aftercare patient involvement is getting more integrated. In acute 

burn care, however, many decisions are primarily made by the healthcare provider with limited 

consultation with the patient about their preferences, goals and values. An example of this is the 

decision between early skin grafting versus conservative treatment for intermediate depth burns. 

A recent systematic review provides no clear best treatment strategy.40 Early skin grafting has 

the possibility of a shortened hospital stay and earlier rehabilitation, but the potential for worse 

scars (including an additional donor-site scar). Conservative treatment leads to a longer in-

hospital stay and more painful bandage changes with the possibility of delayed surgery, but the 
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potential of less morbidity (no need for surgery) and less severe scars. In the future, integration 

of patient perspectives and clinical data should be used to uncover insights into patient-relevant 

outcomes of acute burn treatment. Especially for treatment options like early skin grafting versus 

conservative treatment for intermediate depth wounds and the use of novel techniques like 

tissue engineered skin constructs. The three Dutch Burn centers (Beverwijk, Groningen and 

Rotterdam) recently received a ZonMw grant to explore these topics. The aim is to create a 

decision aid to serve as a practical guide for patients and healthcare providers to understand 

and prioritize the preferences and goals of patients and to make sure that patients are involved in 

the decision about which treatment strategy to pursue (shared decision making). Ultimately, this 

should lead to improved patient-relevant outcomes and optimal value based acute burn care.
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Appendix 1. Search strategy

Embase.com
(‘thermal injury’/de OR ‘heat injury’/de OR ‘burn’/exp OR ‘burn patient’/de OR ‘burn scar’/de OR ‘burn nursing’/de OR 
‘burn unit’/de OR (((burn OR burned ) NOT burn*-out*) OR burns OR ((thermal OR heat) NEAR/3 injur*)):ab,ti) AND 
(‘quality of life’/exp OR ‘health status’/exp OR ‘general health status assessment’/exp OR ‘health status indicator’/de 
OR ‘disability’/exp OR ‘work resumption’/de OR ‘return to work’/de OR ‘sexual function’/de OR ‘daily life activity’/exp 
OR ‘chronic pain’/exp OR ‘functional disease’/de OR ‘functional assessment’/de OR ‘disabled person’/de OR ‘physical 
activity’/exp OR ‘physical performance’/exp OR ‘independent living’/exp OR ‘social participation’/de OR fitness/de 
OR ((qualit* NEAR/3 life*) OR hrql OR hrqol OR ((health OR functional* OR physic*) NEAR/3 (stat* OR limitation* OR 
outcome* OR recover* OR impair* OR result* OR fitness*)) OR disab* OR invalid* OR ((walk* OR work* OR mobilit*) 
NEAR/3 (difficult* OR limit*)) OR (work NEAR/3 (resum* OR return OR back)) OR ((sexual* OR disease* OR assess* 
OR hand OR adaptat*) NEAR/3 function*) OR (dail* NEAR/3 (life OR living) NEAR/3 activit*) OR adl OR adls OR iadl OR 
iadls OR badl OR badls OR ((chronic* OR long*-term* OR longterm*) NEAR/3 (pain*)) OR (loss NEAR/3 function*) OR 
(burn NEAR/3 outcome* NEAR/6 questionnaire*) OR boq OR ((burn OR burns) NEAR/6 health NEAR/3 scale*) OR bshs 
OR euroqol OR sf36 OR sf-36 OR short-form-36 OR eq-5d OR eq-6d OR eq5d OR eq6d OR itqol OR (physical* NEAR/3 
(activ* OR perform*)) OR (independent* NEAR/3 living) OR (social* NEAR/3 participat*)):ab,ti) AND (‘cohort analysis’/
exp OR ‘longitudinal study’/exp OR ‘retrospective study’/exp OR ‘prospective study’/exp OR ‘validation study’/exp OR 
‘validity’/exp OR ‘sensitivity and specificity’/exp OR ‘clinical article’/de OR ‘observational study’/de OR ‘major clinical 
study’/de OR ‘follow up’/de OR ‘epidemiological data’/de OR ‘case control study’/exp OR ‘cross-sectional study’/
exp OR (cohort* OR longitudinal* OR retrospectiv* OR prospectiv* OR validat* OR validit* OR (observation* NEAR/3 
stud*) OR sensitiv* OR specific* OR ‘follow* up*’ OR followup* OR epidemiolog* OR ‘case control*’ OR ‘cross-
section*’):ab,ti) NOT ([animals]/lim NOT [humans]/lim) NOT ([Conference Abstract]/lim OR [Letter]/lim OR [Note]/lim 
OR [Editorial]/lim) AND [english]/lim

Medline Ovid
(exp “burns”/ OR “burn units”/ OR (((burn OR burned) NOT burn*-out*) OR burns OR ((thermal OR heat) ADJ3 injur*)).
ab,ti.) AND (“Quality of Life”/ OR “health status”/ OR “Health Status Indicators”/ OR “Disability Evaluation”/ OR “Return 
to Work”/ OR exp “Activities of Daily Living”/ OR “chronic pain”/ OR “Disabled Persons”/ OR “Motor Activity”/ OR 
“Physical Fitness”/ OR ((qualit* ADJ3 life*) OR hrql OR hrqol OR ((health OR functional* OR physic*) ADJ3 (stat* 
OR limitation* OR outcome* OR recover* OR impair* OR result* OR fitness*)) OR disab* OR invalid* OR ((walk* 
OR work* OR mobilit*) ADJ3 (difficult* OR limit*)) OR (work ADJ3 (resum* OR return OR back)) OR ((sexual* OR 
disease* OR assess* OR hand OR adaptat*) ADJ3 function*) OR (dail* ADJ3 (life OR living) ADJ3 activit*) OR adl OR 
adls OR iadl OR iadls OR badl OR badls OR ((chronic* OR long*-term* OR longterm*) ADJ3 (pain*)) OR (loss ADJ3 
function*) OR (burn ADJ3 outcome* ADJ6 questionnaire*) OR boq OR ((burn OR burns) ADJ6 health ADJ3 scale*) OR 
bshs OR euroqol OR sf36 OR sf-36 OR short-form-36 OR eq-5d OR eq-6d OR eq5d OR eq6d OR itqol OR (physical* 
ADJ3 (activ* OR perform*)) OR (independent* ADJ3 living) OR (social* ADJ3 participat*)).ab,ti.) AND (“validation 
studies”/ OR “Sensitivity and Specificity”/ OR “observational study”/ OR exp “Epidemiologic Studies”/ OR (cohort* OR 
longitudinal* OR retrospectiv* OR prospectiv* OR validat* OR validit* OR (observation* ADJ3 stud*) OR sensitiv* OR 
specific* OR “follow* up*” OR followup* OR epidemiolog* OR “case control*” OR “cross-section*”).ab,ti.) NOT (exp 
animals/ NOT humans/) NOT (letter OR news OR comment OR editorial OR congresses OR abstracts).pt. AND english.
la.
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CINAHL EBSCOhost:
(MH “burns+” OR MH “burn units” OR TI (((burn OR burned ) NOT burn*-out*) OR burns OR ((thermal OR heat) N2 
injur*)) OR AB (((burn OR burned ) NOT burn*-out*) OR burns OR ((thermal OR heat) N2 injur*))) AND (“Quality of Life+” 
OR MH “health status” OR MH “Health Status Indicators” OR MH “Disability Evaluation” OR MH “Job Re-Entry” OR MH 
“Activities of Daily Living+” OR MH “chronic pain” OR MH “Disabled+” OR MH “Motor Activity” OR MH “Physical Fitness” 
OR TI ((quality* N2 life*) OR hrql OR hrqol OR ((health OR functional* OR physic*) N2 (stat* OR limitation* OR outcome* 
OR recover* OR impair* OR result* OR fitness*)) OR disab* OR invalid* OR ((walk* OR work* OR mobilit*) N2 (difficult* 
OR limit*)) OR (work N2 (resum* OR return OR back)) OR ((sexual* OR disease* OR assess* OR hand OR adaptat*) 
N2 function*) OR (dail* N2 (life OR living) N2 activit*) OR adl OR adls OR iadl OR iadls OR badl OR badls OR ((chronic* 
OR long*-term* OR longterm*) N2 (pain*)) OR (loss N2 function*) OR (burn N2 outcome* N5 questionnaire*) OR boq 
OR ((burn OR burns) N5 health N2 scale*) OR bshs OR euroqol OR sf36 OR sf-36 OR short-form-36 OR eq-5d OR eq-
6d OR eq5d OR eq6d OR itqol OR (physical* N2 (activ* OR perform*)) OR (independent* N2 living) OR (social* N2 
participat*)) OR AB ((qualit* N2 life*) OR hrql OR hrqol OR ((health OR functional* OR physic*) N2 (stat* OR limitation* 
OR outcome* OR recover* OR impair* OR result* OR fitness*)) OR disab* OR invalid* OR ((walk* OR work* OR mobilit*) 
N2 (difficult* OR limit*)) OR (work N2 (resum* OR return OR back)) OR ((sexual* OR disease* OR assess* OR hand OR 
adaptat*) N2 function *) OR (dail* N2 (life OR living) N2 activit*) OR adl OR adls OR iadl OR iadls OR badl OR badls OR 
((chronic* OR long*-term* OR longterm*) N2 (pain*)) OR (loss N2 function*) OR (burn N2 outcome* N5 questionnaire*) 
OR boq OR ((burn OR burns) N5 health N2 scale*) OR bshs OR euroqol OR sf36 OR sf-36 OR short-form-36 OR eq-5d 
OR eq-6d OR eq5d OR eq6d OR itqol OR (physical* N2 (activ* OR perform*)) OR (independent* N2 living) OR (social* 
N2 participat*))) AND (MH “validation studies” OR MH “Sensitivity and Specificity” OR MH “Nonexperimental Studies” 
OR MH “Epidemiological Research+” OR TI (cohort* OR longitudinal* OR retrospectiv* OR prospectiv* OR validat* 
OR validit* OR (observation* N2 stud*) OR sensitiv* OR specific* OR “follow* up*” OR followup* OR epidemiolog* OR 
“case control*” OR “cross-section*”) OR AB (cohort* OR longitudinal* OR retrospectiv* OR prospectiv* OR validat* 
OR validit* OR (observation* N2 stud*) OR sensitiv* OR specific* OR “follow* up*” OR followup* OR epidemiolog* OR 
“case control*” OR “cross-section*”)) NOT (MH animals+ NOT MH humans+) NOT PT (letter OR news OR comment OR 
editorial OR congresses OR abstracts) AND LA English

Cochrane
((((burn OR burned ) NOT burn*-out*) OR burns OR ((thermal OR heat) NEAR/3 injur*)):ab,ti) AND (((qualit* NEAR/3 
life*) OR hrql OR hrqol OR ((health OR functional* OR physic*) NEAR/3 (stat* OR limitation* OR outcome* OR recover* 
OR impair* OR result* OR fitness*)) OR disab* OR invalid* OR ((walk* OR work* OR mobilit*) NEAR/3 (difficult* OR 
limit*)) OR (work NEAR/3 (resum* OR return OR back)) OR ((sexual* OR disease* OR assess* OR hand OR adaptat*) 
NEAR/3 function*) OR (dail* NEAR/3 (life OR living) NEAR/3 activit*) OR adl OR adls OR iadl OR iadls OR badl OR 
badls OR ((chronic* OR long*-term* OR longterm*) NEAR/3 (pain*)) OR (loss NEAR/3 function*) OR (burn NEAR/3 
outcome* NEAR/6 questionnaire*) OR boq OR ((burn OR burns) NEAR/6 health NEAR/3 scale*) OR bshs OR euroqol 
OR sf36 OR sf-36 OR short-form-36 OR eq-5d OR eq-6d OR eq5d OR eq6d OR itqol OR (physical* NEAR/3 (activ* OR 
perform*)) OR (independent* NEAR/3 living) OR (social* NEAR/3 participat*)):ab,ti) AND ((cohort* OR longitudinal* OR 
retrospectiv* OR prospectiv* OR validat* OR validit* OR (observation* NEAR/3 stud*) OR sensitiv* OR specific* OR 
‘follow* up*’ OR followup* OR epidemiolog* OR ‘case control*’ OR ‘cross-section*’):ab,ti) 

Web of science
TS=(((((burn OR burned ) NOT burn*-out*) OR burns OR ((thermal OR heat) NEAR/2 injur* ))) AND (((qualit* NEAR/2 
life*) OR hrql OR hrqol OR ((health OR functional* OR physic*) NEAR/2 (stat* OR limitation* OR outcome* OR recover* 
OR impair* OR result* OR fitness*)) OR disab* OR invalid* OR ((walk* OR work* OR mobilit*) NEAR/2 (difficult* OR 
limit*)) OR (work NEAR/2 (resum* OR return OR back)) OR ((sexual* OR disease* OR assess* OR hand OR adaptat*) 
NEAR/2 function*) OR (dail* NEAR/2 (life OR living) NEAR/2 activit*) OR adl OR adls OR iadl OR iadls OR badl OR badls 
OR ((chronic* OR long*-term* OR longterm*) NEAR/2 (pain*)) OR (loss NEAR/2 function*) OR (burn NEAR/2 outcome* 
NEAR/5 questionnaire*) OR boq OR ((burn OR burns) NEAR/5 health NEAR/2 scale*) OR bshs OR euroqol OR sf36 OR 
sf-36 OR short-form-36 OR eq-5d OR eq-6d OR eq5d OR eq6d OR itqol OR (physical* NEAR/2 (activ* OR perform*)) 
OR (independent* NEAR/2 living) OR (social* NEAR/2 participat*))) AND ((cohort* OR longitudinal* OR retrospectiv* 
OR prospectiv* OR validat* OR validit* OR (observation* NEAR/2 stud*) OR sensitiv* OR specific* OR “follow* up*” OR 
followup* OR epidemiolog* OR “case control*” OR “cross-section*”)) ) AND LA=(english) AND DT=(article)

Google scholar
burn|burns hrql|hrqol|”health|functional|physical status|limitation|outcome|recovery|impairment| 
fitness”|disability|adl|”chronic pain”|”loss * function” cohort|longitudinal|retrospective|prospective|validation| 
observational|”follow up”|epidemiologic
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Appendix 2. Risk of bias assessed with the Quality in Prognostic Studies (QUIPS) risk of bias tool

First author year 1. Study 
Participation

2. Study 
Attrition

3. Prognostic 
Factor 
Measurement

4. Outcome 
Measurement

5. Study 
Confounding

6. Statistical 
Analysis &
Reporting

Daltroy 2000 Moderate High Low Low

Dodd 2010 Moderate High Low Low Moderate Low

Kazis 200229 Moderate Moderate Moderate Low High Low

Kazis 2012 Low High Moderate Low Moderate Moderate

Kazis 2016 Low High Low Low

Laitakari 2015 Moderate High Low Low

Landgraf 2013 Low Moderate Low Low

Landolt 2002 Low High Low Low Moderate Low

Landolt 2009 Low Moderate Moderate Low Moderate Low

Maskell 2013 Moderate High Low Low

Maskell 2014 Moderate High Low Moderate

Meyer 2012 Moderate High Moderate Low High Low

Nicolosi 2013 Moderate High Moderate Low High Low

Palmieri 2012 Moderate High Low Low

Pan 2015 Low High Low Low

Patrick 2007 High High Moderate Low

Pope 2007 High High Low High

Rosenberg 2013 Moderate High Low Low

Spuijbroek 2011 Low Moderate Low Low

Stubbs 2011 Moderate High Low Low Moderate Low

Sveen 2012 Low Moderate Moderate Low Moderate Low

Sveen 2014 Low Moderate Moderate Low Moderate Low

Van Baar 2006 Low Moderate Low Low

Van Baar 2006 Low Moderate Low Low

Van Baar 2011 Low High Moderate Low Moderate Low

Warner 2012 Moderate High Moderate Low Moderate Low

Weedon 2011 Low High Moderate Low Moderate Moderate

Note. Domain 3 and domain 5 were only assessed for the thirteen prediction studies.
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Appendix 3b. Parent proxy scores versus children’s self-ratings for Pediatric Quality of Life Inventory

First author, year, 
assessment time 
point

Physical 
health

Psychosocial 
health

Emotional 
functioning

Social 
functioning

School 
functioning

Perceived 
physical 
appearance

Total 
score

Maskell 2013 - 7,3 year

Proxy score 84.1 81.2 81.2 83.1 78.3 82.3

Child score 87.8 81.8 79.2 85.0 81.3 83.9

Difference -3.7 -0.6 2.0 -1.9 -3.0 -1.6

Maskell 2014 – pre/post 
intervention

Proxy score 75.5 67.7 64.7 70.5 66.4 49.1 70.2

Child score 86.2 73.5 75.4 78.3 66.8 50.0 78.0

Difference -10.7 -5.8 -10.6 -7.8 -0.4 -0.9 -7.8

Proxy score 80.5 72.1 71.4 78.7 67.1 53.1 75.2

Child score 87.8 75.8 73.8 85.7 68.2 54.5 79.9

Difference -7.3 -3.7 -2.5 -7.0 -1.1 -1.4 -4.8

Proxy score 80.8 70.2 66.2 75.3 65.0 63.1 73.1

Child score 85.4 77.3 77.7 82.2 72.0 60.2 80.1

Difference -4.6 -7.2 -11.5 -6.9 -7.0 2.9 -7.1

Proxy score 86.5 74.7 69.3 81.8 69.5 69.3 78.0

Child score 90.2 80.0 79.0 85.2 75.5 69.5 83.6

Difference -3.7 -5.3 -9.7 -3.4 -6.0 -0.2 -5.5

Note. None of the studies reported whether differences were statically significant different
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Appendix 5a. Modified GRADE approach to rate the quality of evidence on content validity

Study design Quality of evidence Lower if

At least 1 content validity study High Risk of bias
-1 Serious
-2 Very serious 

Inconsistency
-1 Serious
-2 Very serious

Indirectness
-1 Serious
-2 Very serious

No content validity studies Moderate

Low

Very low

Appendix 5b. Modified GRADE approach to rate quality of evidence on other measurement properties

Quality of evidence Lower if

High Risk of bias
-1 Serious (no studies of very good quality or only one study of adequate quality)
-2 Very serious (only one study of doubtful quality or only studies of inadequate quality)
-3 Extremely serious (only studies of inadequate quality) 

Imprecision
-1 total (n = 50-100)
-2 total (n < 50)

Inconsistency
-1 Serious (< 75% of studies did not display the same results)

Indirectness
-1 Serious (at least one study not addressing construct or target population of the review)

Moderate

Low

Very low
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SUMMARY

The number of people surviving burns increased during the past few decades due to substantial 

advances in critical and surgical care management. Therefore, more patients have to deal 

with lifelong psychological problems, disabilities and disfigurements which are frequently a 

consequence of burn injury. This caused a shift in attention from short-term clinical outcomes 

(e.g. improvement of survival) to long-term patient-reported outcomes (PROMs) focusing on 

psychological sequelae and physical appearance. The studies described in this thesis aim to 

critically appraise available evidence of often used measurement instruments and contribute to 

improved surgical burn care through the evaluation of surgical techniques.

PART I   HEALTH-RELATED QUALITY OF LIFE AFTER BURN INJURY

Health-related quality of life (HRQL) reflects a patients’ perception of how a health condition 

affects his/her physical, psychological and social wellbeing after an injury or disease. HRQL is, 

therefore, an important PROM to understand, qualify and quantify the impact of burn injuries. 

In order to reveal and summarize the current knowledge on HRQL after burns, an extensive 

systematic literature review was performed. Results of Chapter 2 and Chapter 4 show that HRQL 

is increasingly studied after burn injury and no consensus consists on what specific HRQL 

instrument(s) should be used in adults or children after burn injuries. Many different instruments 

and a broad range of time assessment points were used, which complicated comparison and 

correlation of outcomes. HRQL was diminished shortly after sustaining the injury in most adults 

and children, but improved over time. Nevertheless, some HRQL domains and patient groups 

remained impaired, indicating that they need special attention during follow-up. In adults, 

participation restrictions due to physical functional limitations and emotional distress remained, 

including limitations of regular daily activities like work. In addition, burn patients seemed to be 

on average more anxious and/or depressed compared to the general population and a large 

number of patients continued experiencing pain and/or discomfort in the long term (Chapter 2). 

In children, especially appearance and parental concern remained a problem (Chapter 4). 

These results show that burns have a prolonged impact on patients’ daily and social life and 

indicate the need for a comprehensive approach, including both physical and psychological 

care in the aftermath of burns. Also, some patient groups were found to require special attention. 

Patients with major burns experienced evidently more problems than patients with mild burns, 

and patients with psychological problems before or shortly after the injury are frequently seen to 

maintain problems in the long-term and should therefore be carefully monitored (Chapter 3). In 

children, the psychological impact is barely studied. Paediatric patients with major burns, facial 
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burns, hand burns, and comorbidity experienced a poorer long-term HRQL and required special 

attention.

PART II   CLINIMETRIC STUDIES ON OUTCOMES

The discipline of clinimetrics aims to improve the quality of measurements by assessment of 

the measurement properties of existing measurement instruments or by development of new 

instruments. In Chapter 5 measurement properties of instruments that have been used to 

assess HRQL in burn patients were critically assessed with the aim to guide the selection of an 

appropriate measurement instrument. Results showed that the Burns Specific Health Scale-brief 

(BSHS-B) and the Brisbane Burn Scar Impact Profile (BBSIP), have somewhat more favourable 

properties compared to other instruments. For now, it is recommended to use the BSHS-B 

to evaluate disease-specific HRQL in clinical burn research in adults based on the quality of 

measurement properties. The generic instruments EQ-5D and SF-36 can be used best to make 

comparisons with population norms or other patient groups. In children, none of the burn-specific 

instruments could be recommended based on the quality of the measurement properties or 

feasibility aspects and no evidence on measurement properties of generic instruments after 

burn injury exists. To further improve the understanding of HRQL after burn injury, consensus 

on uniformly validated instrument(s), time assessment points and data presentation is needed. 

In Chapter 6, the minimal important change (MIC) and minimal clinically important difference 

(MCID), two important interpretability aspects, of the patient part of the Patient and Observer 

Scar Assessment Scale version 2.0 (POSAS 2.0) were explored. Our results suggest that patients 

consider minor differences (less than 0.75 on the 1–10 scale) in POSAS scores as clinically 

important scar quality changes. MCID values ranged from -0.39 to -0.08 and can be used to 

evaluate the effects of burn treatment at the same time (i.e. the difference between two trial arms) 

and to perform sample-size calculations.

PART III OUTCOMES OF BURN SURGERY

Part III focuses on clinical outcomes of surgical debridement and split skin grafting, which 

is the standard of care for dermal burn wounds that are not expected to heal in 14-21 days. 

Over the last decade, hydrosurgery has become available in burn surgery as an alternative 

technique for the gold standard of conventional tangential debridement by guarded knives. The 

retrospective analyses in Chapter 7 show that the use of the VERSAJET™ hydrosurgery system 

(Smith+Nephew, London UK) in specialized Dutch burn care is substantial and that it is more 

often used in younger patients, scalds, burns on irregularly contoured body areas and in patients 
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with a larger % total body surface area (TBSA) burned. To assess if hydrosurgical debridement 

leads to the long-standing assumption of maximal dermal preservation with a better scar 

outcome, we conducted the HyCon study (long-term scar quality after Hydrosurgical versus 

Conventional debridement for deep dermal burns). This double-blind within-patient randomized 

controlled trial (RCT) was conducted in the three Dutch Burn Centres. The study protocol of 

this trial is described in Chapter 8. Results of the trial are presented in Chapter 9 and show 

that scar quality and pliability outcomes were better for hydrosurgical debrided burns one year 

post surgery. This was probably the result of significant enhanced preservation of dermis during 

debridement, which was demonstrated with histology measures. Although clinical relevance of 

the outcomes might be limited as differences were small, hydrosurgery should be considered as 

a superior alternative for knife debridement. Further research is necessary to gain insight in the 

benefits of hydrosurgery for different patient- and burn categories. 

Surgical debridement is followed by autologous split skin grafting, leaving a donor-site wound. 

Donor-site scarring is an important harm that patients should be informed about if split skin 

grafting is considered. During the DonorSite (DOSIS) study, we followed burn patients up to 

one year post-surgery to assess (patient-reported) scar quality of donor-sites after skin graft 

harvesting. In Chapter 10, changes in characteristics of donor-site scar quality over time and the 

opinion of patients and caregivers on donor-site scars were examined. Patients’ and clinicians’ 

perceptions of scar quality only slightly improved during scar maturation. The agreement between 

patients and observers generally increased between 3 and 12 months, but remained ‘poor’ for 

all items of the POSAS. Results of this study indicate that caregivers seem to underestimate the 

impact of scars on patients. Chapter 11 provides further insights in long-term patient reported 

scar quality of donor-sites. Donor-site scars differed from normal skin in a large part of the 

population 12 months post-surgery. Even one year after surgery the mean overall opinion of 

patients on donor-site scars was remarkably high (POSAS score 3.2 (scale 1-10)). Moreover, 

37% of the patients reported a poor overall opinion on the donor-site scar (i.e. POSAS score ≥ 

4). Especially colour of the donor site-scars was judged to remain deviant from normal skin. A 

younger age, female gender, a darker skin type, location on the lower leg and prolonged time to 

re-epithelization predict reduced patient-reported donor-site scar quality. Results of Chapter 10 

and Chapter 11 can be used to inform patients on the long-term outcomes of their scars and to 

tailor preventive or therapeutic treatment options.
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NEDERLANDSE SAMENVATTING

Ontwikkelingen in de acute brandwondenzorg hebben de overlevingskans van patiënten met 

ernstige brandwonden de afgelopen jaren aanzienlijk verbeterd. Als gevolg hiervan moeten 

ook meer patiënten leven met de langetermijngevolgen van dit letsel. Dit heeft geleid tot een 

verandering in veel gebruikte uitkomsten in de brandwondenzorg. Waar eerder de focus lag 

op kortetermijnuitkomsten, zoals sterfte en IC opname, is er nu meer aandacht voor patiënt 

gerapporteerde langetermijnuitkomsten (PROMS, patient-reported outcome measures), zoals 

kwaliteit van leven en littekenkwaliteit. De in dit proefschrift beschreven studies hebben het 

doel al het beschikbare wetenschappelijke bewijs over de meest gebruikte meetinstrumenten 

samen te vatten en kritisch te beoordelen (Deel I en II) en bij te dragen aan de verbetering van 

chirurgische zorg voor brandwonden door de vergelijking van verschillende operatietechnieken 

(Deel III). 

DEEL I   KWALITEIT VAN LEVEN NA EEN BRANDWOND

Gezondheidsgerelateerde kwaliteit van leven (GKvL) geeft informatie over hoe een persoon 

zijn of haar lichamelijk, psychisch en sociaal functioneren ervaart en is een belangrijke patiënt 

gerapporteerde uitkomstmaat om de impact van een ongeluk of ziekte te kunnen beoordelen en 

kwantificeren. Door middel van een systematisch literatuuronderzoek werd al het beschikbare 

onderzoek naar GKvL na brandwonden bestudeerd. Al deze kennis is samengevat in het 

eerste deel van dit proefschrift. De resultaten van hoofdstuk 2 en hoofdstuk 4 laten zien dat 

GKvL steeds vaker bestudeerd wordt, maar dat er voor zowel volwassenen als kinderen geen 

consensus bestaat over welk meetinstrument (d.w.z. vragenlijst) het beste gebruikt kan worden 

om GKvL te meten. Het samenvatten en vergelijken van de resultaten van alle verschillende 

studies was complex, omdat er verschillende vragenlijsten werden gebruikt die ook nog eens 

op verschillende tijdstippen na het brandwondenongeluk waren afgenomen. Over het algemeen 

leek GKvL kort na het oplopen van de brandwonden op veel fysieke en psychosociale domeinen 

verminderd, maar dit herstelde zich grotendeels na verloop van tijd. Patiënten met brandwonden 

zijn echter wel vaker angstig en/of depressief  in vergelijking met de algemene bevolking en een 

groot deel ervaart pijn en/of discomfort op de lange termijn. Volwassenen ervaren op de lange 

termijn met name beperkingen bij dagelijkse activiteiten, zoals werk. Kinderen ervaren op lange 

termijn vooral problemen met hun uiterlijk. Daarnaast blijkt dat de bezorgdheid van ouders op 

lange termijn groot blijft. Deze resultaten geven aan dat brandwonden een langdurige impact 

hebben op het dagelijkse functioneren en sociale leven van patiënten. Daarom moet er tijdens 

de nazorg aandacht zijn voor zowel fysieke als psychosociale zorg en is het belangrijk om ook 

aandacht te hebben voor de familie van de patiënt. 
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Om te exploreren welke patiënten mogelijk extra (na)zorg nodig hebben werden voorspellende 

factoren van verminderde GKvL beschreven in hoofdstuk 3 (volwassenen) en hoofdstuk 

4 (kinderen). Niet geheel onverwacht bleken ernst van de brandwonden en het hebben van 

post-traumatische psychische problemen sterke voorspellers voor een verminderde GKvL op 

lange termijn. Bij kinderen bleek daarnaast dat het hebben van brandwonden op zichtbare 

lichaamsdelen, zoals het gezicht en de handen, een verminderde GKvL voorspelt. Hoe jonger 

kinderen de brandwonden oplopen, hoe minder last zij hiervan op lange termijn lijken te hebben. 

Dit komt mogelijk doordat jonge kinderen zich minder herinneren van het trauma en zich 

makkelijker aanpassen aan littekens en een veranderd uiterlijk. 

Om onderzoeksresultaten in de toekomst beter samen te kunnen voegen en vergelijken moet 

er een internationale consensus komen over welk instrument gebruikt moet worden, op welke 

momenten GKvL gemeten dient te worden en hoe uitkomsten gepresenteerd moeten worden. 

DEEL II  KLINIMETRISCHE STUDIES NAAR UITKOMSTEN

Dit deel van het proefschrift richt zich op het onderzoeken van de eigenschappen van 

verschillende meetinstrumenten voor patiënt gerapporteerde uitkomsten. 

Vragenlijsten die gebruikt worden om GKvL te meten zijn ziekte-specifiek of generiek. Ziekte-

specifieke vragenlijsten zijn speciaal ontwikkeld voor mensen met brandwonden en bevatten 

bijvoorbeeld vragen over uiterlijk en (over)gevoeligheid voor hitte. Generieke vragenlijsten 

bevatten meer algemene vragen en kunnen voor elke ziekte of populatie gebruikt worden. In 

hoofdstuk 5 worden de meeteigenschappen van ziekte-specifieke en generieke vragenlijsten die 

gebruikt zijn in onderzoeken naar GKvL bij patiënten met brandwonden beschreven. Het doel 

hiervan was te bepalen welke vragenlijst de meest betrouwbare en valide resultaten geeft en dus 

het beste kan worden gebruikt. De ziekte specifieke ‘Burns Specific Health Scale-Brief’ (BSHS-B) 

en ‘Brisbane Burn Scar Impact Profile’ (BBSIP) bleken de beste meeteigenschappen te hebben. 

Omdat de BSHS-B in de meeste talen beschikbaar is, raden wij op basis van ons onderzoek aan 

deze te gebruiken. De generieke vragenlijsten EuroQol-5 Dimension (EQ-5D) en 36-item Short 

Form Survey (SF-36) kunnen het best gebruikt worden wanneer men GKvL van brandwonden 

wil vergelijken met de algemene populatie of andere patiëntengroepen. We konden op basis 

van kwaliteit van meeteigenschappen geen aanbeveling doen voor het gebruik van specifieke 

vragenlijsten voor kinderen. 

In hoofdstuk 6 zijn de Minimal Important Change (MIC) en Minimal Cinically Important Difference 

(MCID) van de Patient and Observer Scar Assessment Scale versie 2.0 (POSAS 2.0) onderzocht. 

Met de POSAS kan men patiënt gerapporteerde littekenkwaliteit meten doordat de patiënt een 
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score invult voor pijn, jeuk, kleur, dikte, reliëf en soepelheid van het litteken ten opzichte van 

de normale huid. De MIC en MCID geven aan welk verschil in POSAS uitkomst voor patiënten 

belangrijk is en zijn daarom belangrijk om de uitkomsten van onderzoeken naar littekenkwaliteit 

te interpreteren. Uit de resultaten blijkt dat patiënten kleine veranderingen (<0.75 op een schaal 

van 1 – 10) en kleine verschillen (<0.39 en op een schaal van 1 – 10) al als belangrijk ervaren.

DEEL III  UITKOMSTEN VAN BRANDWONDENCHIRURGIE

In dit deel ligt de focus op klinische uitkomsten van huidtransplantaties, de standaard behandeling 

voor brandwonden die niet binnen 14-21 dagen genezen. Voordat een huidtransplantatie kan 

plaatsvinden moet eerst het aangedane weefsel van de brandwond worden gedebrideerd. 

Conventioneel wordt dit gedaan met een scherp chirurgisch mes, waarmee het dode weefsel 

laagje voor laagje wordt weggeneden (tangentiële excisie). De laatste jaren is hydrochirurgie 

populair geworden als alternatief. Hierbij wordt met behulp van water onder hoge druk het dode 

weefsel verwijderd. De retrospectieve analyse in hoofdstuk 7 laat zien dat het VERSAJET™ 

hydrosurgery system (Smith+Nephew, London UK) in de Nederlandse brandwondencentra veel 

wordt gebruikt en dat het vaker wordt ingezet bij jongere patiënten, heet water verbandingen, 

brandwonden op irreguliere oppervlakten en bij patiënten met een groter percentage totaal 

verbrand lichaamsoppervlak (TVLO). 

Men denkt dat hydrochirurgisch débridement voor een huidtransplantatie lijdt tot een betere 

littekenkwaliteit doordat er meer gezonde huid wordt gespaard dan bij tangentiële excisie 

met een mes. Om dit te onderzoeken werd de HyCon studie (lange termijn uitkomsten van 

littekenkwaliteit na Hydrochirurgisch versus Conventioneel débridement van brandwonden) 

opgezet. Dit dubbelblind gerandomiseerde onderzoek werd uitgevoerd bij 137 patiënten in de 

drie Nederlandse brandwondencentra. Het primaire eindpunt was littekenkwaliteit, gemeten met 

de POSAS. In hoofdstuk 8 is het studieprotocol samengevat. De resultaten van de studie worden 

in hoofdstuk 9 beschreven. Deze laten zien dat een jaar na de operatie kwaliteit en soepelheid 

van het litteken beter zijn na hydrochirurgisch débridement van de brandwond dan na tangentiële 

excisie. Er werd geen verschil in nadelige effecten, zoals infectie of wondgenezingsstoornissen, 

van de ingreep gezien. Uit histologisch onderzoek bleek ook dat er, microscopisch gezien, 

inderdaad meer dermis (lederhuid) gespaard werd met hydrochirurgie. Ondanks dat verschillen 

tussen de littekenmetingen klein waren, kan hydrochirurgie daarom als een beter alternatief voor 

débridement met het mes gezien worden. 

Wanneer er een huidtransplantatie verricht wordt, ontstaat er ook altijd een wond op de plaats 

van het lichaam waar de gezonde huid vandaan wordt gehaald. Hier vormt zich ook een litteken. 

Voordat patiënten de operatie ondergaan moeten zij hier dan ook over worden ingelicht. Om 
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meer inzicht te krijgen in patiënt gerapporteerde kwaliteit van de littekens van deze donorplaatsen 

volgden wij patiënten tot één jaar na de huidtransplantatie tijdens de DonorSite (DOSIS) studie. 

In hoofdstuk 10 wordt beschreven hoe patiënten en artsen verschillende kenmerken (o.a. kleur, 

dikte, reliëf en soepelheid) van littekens gedurende het jaar beoordeelden. Twaalf maanden na de 

operatie werden de meeste kenmerken niet veel beter gescoord dan 3 maanden na de operatie, 

terwijl littekenkwaliteit over het algemeen vaak over de tijd verbetert als gevolg van rijping van 

het litteken. Daarnaast bleek dat de mening van artsen en patiënten over de kenmerken slecht 

overeenkwam en artsen de impact van het litteken voor de patiënt onderschatten. In hoofdstuk 

11 gaan we verder in op de patiënt gerapporteerde kwaliteit van donorplaats littekens. Een 

jaar na het ongeluk werden alle POSAS littekenkenmerken door patiënten nog gescoord als 

‘afwijkend van de normale huid’ en was de gemiddelde score voor ‘algehele indruk’ over het 

litteken opmerkelijk slecht; van alle patiënten rapporteerde 37% een ‘slechte’ algehele indruk 

(POSAS score ≥ 4). Patiënten gave met name een slechte score voor de littekeneigenschap 

‘kleur’. Voorspellende factoren van verminderde patiënt gerapporteerde littekenkwaliteit waren 

een lagere leeftijd, vrouwelijk geslacht, donker huidtype, locatie op het onderbeen en langere 

genezingsduur van de initiële wond. De resultaten van hoofdstuk 10 en hoofdstuk 11 kunnen 

worden gebruikt om patiënten voor te lichten over de langetermijnuitkomsten van littekens op de 

donorplaats en om de behandeling daarop aan te passen. 
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