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Abstract
Background: The face is a frequent site of burn, but prevalence rates vary and reports are
often limited to one healthcare setting. We examined the incidence of facial burns in the
Netherlands in Emergency Departments (ED), hospitals and burn centres. Additionally, we
identified which patient, injury and burn-related characteristics were predictors of facial
burns, facial surgery and facial reconstruction in burn centres.
Methods: A retrospective, observational study was conducted including data from the Dutch
Injury Surveillance System, the National Hospital Discharge Register and burn centres in a
5-year period (2003–2007).
Results: Facial burn incidences per 100,000 were 15.1 for ED visits, 1.3 for hospital admissions
and 1.4 for burn centre admissions. A total of 2691 patients were admitted to Dutch burn
centres; 47.5% (n = 1277) had facial burns of which 20.5% received primary facial surgery
and 5.3% received facial reconstruction in follow-up. Predictors of facial burns and facial
surgery were identified. Predictors of facial reconstructive surgery were burns to the neck
(ventral), fire/flame burns and number of facial surgeries in the acute phase of the burn.
Conclusions: One in five patients with facial burns admitted to a Dutch burn centre received
primary facial surgery and 1 in 20 received facial reconstructive surgery within a follow-up of
minimum 2 years.
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Background
Worldwide, burns and fires account for more than 300,000 deaths and almost 11 million
people a year require burn-related medical attention [1]. Major improvements in burn care in
the 20th century resulted in a shift in attention from mortality towards reduction of morbidity [2,3].
Focus on the functional outcome after burn is especially important regarding the face, as it
is central to our identity and provides our most expressive means of communication [4,5]. In
addition, a distorted appearance may induce psychological problems, problems with social
reintegration and affect quality of life [6,7]. The head and neck region is a frequent site of
burns [8], with estimates of prevalence rates varying between 6% and 60% [9–11]. A possible
explanation for these differences in prevalence is the difference in population, setting,
registration and definition of facial burns.
Surprisingly, only few publications specifically focus on the epidemiology of facial burns, such
as one in French children in a regional hospital [12], one in a Nigerian burn unit [13] or one in an
United States paediatric burn centre [5]. Other studies that report on facial burns tend to focus
on specific mechanisms of injury (e.g. flambé drinks [14] or air bag infusion [15]). Additionally,
there is a scarcity of nationwide epidemiologic data on burns that comprises information from
all healthcare settings, including Emergency Departments (ED), hospitals and burn centres.
There is a state-wide study that includes both EDs and hospitals [16], but generally publications
are limited to one type of healthcare setting [17] or even to one specific hospital or burn centre.
In conclusion, most publications on the epidemiology of burns do not focus on facial burns
or are limited to incidence data, while more detailed information on socio-demographic
background, burn characteristics, treatment and outcome is lacking. The objective of this
study was to assess the epidemiology of facial burns in the Netherlands, in order to improve
treatment and provide data for prevention strategies. We examined the incidence of facial
burns in different healthcare settings, and identified which patient, injury and burn-related
characteristics were predictors of facial burns, facial surgery and facial reconstruction in Dutch
burn centres.

Methods
Study population and design
We conducted a retrospective, observational study in order to examine the incidence of facial
burns in different Dutch healthcare settings. We included all patients with acute burns, with
and without facial burns, applying for treatment in an ED, with an admission to a hospital or
to one of the three Dutch burn centres in a 5-year period (from 01-01-2003 to 31-12-2007).
Data were collected on gender, age, aetiology, body location burned, environment (e.g.
domestic or occupational burn), intent of injury (e.g. accident or intentional; not registered
in burn centre admissions) and length of hospital stay (not applicable for ED visits) for all
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healthcare settings. Secondly, additional data were collected on the patients admitted to
a burn centre with a 2- to 7-year follow-up until 31-12-2009 in order to identify which
patient, injury and burn-related characteristics were predictors of facial burns, facial surgery
and facial reconstruction. These data included percentage Total Body Surface Area (TBSA)
burned, extent and location of the facial burn, inhalation injury, mortality, first applied topical
treatment, surgery, facial surgery and facial reconstructive surgery. A facial burn was defined
as a partial or full thickness burn to the head or neck region, including scalp and ears. Facial
surgery was defined as surgical treatment in the acute phase of the burn aimed at wound
closure, while reconstructive surgery was defined as surgical treatment after initial wound
closure. This study was approved by the medical ethical board of the Maasstad hospital
(protocol 2010/17) and local hospitals.
Healthcare settings
Data on the three healthcare settings were derived from different databases. Data on ED
visits were derived from the Dutch Injury Surveillance System (LIS). LIS has been implemented
in a selection of Dutch hospitals regarded as a representative sample of the EDs of Dutch
hospitals. Therefore, incidence figures can be extrapolated to the national setting [18]. Data
on hospital admissions were derived from the National Hospital Discharge Register (NHDR),
which includes data on patient characteristics and diagnoses of all patients admitted to
Dutch hospitals. All patients diagnosed with the burn-related ICD-9 codes (940–949) were
selected. Data from LIS and NHDR were not directly accessible and therefore obtained from
the Consumer Safety Institute, Amsterdam, the Netherlands. Data on burn centre admissions
were derived from the digital databases of the Dutch burn centres. Additional data for the
second part of the study, including follow-up, were retrieved from medical records.
Statistical analyses
Data analysis on LIS and NHDR databases was limited to descriptive statistics. The required
analyses were described and sent to the Consumer Safety Institute that carried out the
analyses. Differences in patient, injury and burn-related characteristics between healthcare
settings were assessed, and discussed if they were larger than 5%. Burn incidence was
described per 100,000 population and estimated by dividing the average number of patients
per year (nominator) by the average total population of the Netherlands in the same period
(denominator). Population data were derived from StatLine, Statistics Netherlands [19]. The
denominator used to estimate incidence figures for gender and age was the population at
risk (i.e. total population of men, women or a specific age-group).
Data analysis on the burn centre databases included univariable and multivariable logistic
regression (forward stepwise LR) to identify predictors of facial burns, facial surgery and
facial reconstruction. The models were fitted by stepwise forward selection and relative risks
were estimated by odds ratios (ORs) with 95% confidence intervals (CIs). In the multivariable
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analyses, variables were checked for multicollinearity (Spearmans ȡ (rs) > 0.75) and excluded
based on theoretical grounds. Multivariable analyses were performed with as many variables
as possible but with at least 10 cases for each variable. Variables were entered in the
multivariable analyses based on theory and odds ratio in the univariable analyses. Data were
analysed using PASW (Predictive Analytics SoftWare) Statistics 18.0 (IBM, New York City).
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Results
From 2003 to 2007, the average Dutch population was 16.3 million and on average annually
12,000 patients applied for burn-related treatment at an ED, 1900 patients had a burn-related
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hospital admission of which approximately 550 (mean 538) were admitted to a Dutch burn
centre. The patient, injury and burn-related characteristics of these patients are summarised
in Table 1.
The most frequently burned body locations seen in EDs were the arm (51%) and the head/
neck (21%). The distribution of burned body locations in hospital admissions ranged from
7% (trunk) to 11% (head) and an additional 62% was registered as other/unknown. The
burn centre registration allowed the registration of multiple locations per patient, resulting in
head involvement in 41% of the patients, which is third only to the arm (67%) and the trunk
(53%). The male–female ratio in burn incidence per 100,000 ranged from 1.4 in EDs to 2.1 in
burn centre admissions. The predominant age-groups in EDs were adolescences (15–24 years;
22%) and young adults (25–34 years; 20%); in hospital and burn centre admissions it was
young children (0–4 years; 28% and 30%, respectively).
The most common aetiology was scald in EDs (50%) and fire/flame burns in hospital (52%)
and burn centre admissions (45%). Most burns occurred at home and were accidental burns.
The mean length of hospital stay (LOS) was 7.4 days (Standard Deviation (SD) 14.4; median 2
days (Interquartile Range (IQR) 1–7)) for hospital admissions and 16.1 days (SD 23.1; median
9 days (IQR 2–22)) for burn centre admissions.
The registration of burn centre admissions allowed comparison of patient, injury and burnrelated characteristics for patients with and without facial burns. A total of 2691 patients
were admitted to a Dutch burn centre during the study period, 1277 (47.5%) had facial
burns and 1797 (66.8%) were male. The mean age in men was 26.5 years (SD 22.9) and they
typically suffered a fire/flame burn (48.1%) at home (57.8%) or at work (12.5%), while the
mean age in women was 29.1 years (SD 27.8) and they typically suffered a scald (45.4%) at
home (73%) and less frequently at work (1.3%).
The patient, injury and burn-related characteristics are summarised in Table 2. The male–
female ratio was higher in the group with facial burns (2.7) compared to the group without
facial burns (1.7). Differences between groups were small (<5%) for age and environment,
and large (≥5%) for aetiology. In patients with facial burns, fire/flame burns were predominant
(56.7%) followed by scalds (30.5%), while in patients without facial burns scalds were
predominant (44.2%) followed by fire/flame burns (33.6%). The mean TBSA and full
thickness TBSA burned were larger in the facial burns group compared to the group without
facial burns. The median TBSA and full thickness TBSA burned were 7% (IQR 4–15) and 0.5%
(IQR 0–4) respectively, for the facial burns group; and 4% (IQR 1.5–7) and 1% (IQR 0–2) for
the group without facial burns.
Significant predictors of facial burns were the male gender, a younger age, a larger TBSA
burned, work-related burns and specific types of aetiology. Burns caused by fire/flames
increased while contact burn decreased the risk for facial burns.
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Burn centre treatment and outcome for patients with and without facial burns are summarised
in Table 3. The mean LOS was 19.1 days (SD 26.7; median 10 days (IQR 3–24)) for patients
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with facial burns, and 13.2 days (SD 17.7; median 7 days (IQR 1–20)) for patients without
facial burns (mean difference -5.9, 95% CI -7.6 to -4.2, p < 0.001). One in five patients (20%)
with facial burns received facial surgery, which was applied most frequently to the ventral side
of the neck (52%). One in 20 patients (5.3%) with facial burns received facial reconstructive
surgery.
Facial surgery was necessary in 262 (20.5%) of the 1277 patients with facial burns. On
average, the first facial surgery was performed 18.3 days post burn (SD 18.7; median 15; IQR
12–19.75) and 84% of those surgeries consisted of (tangential) excision and transplantation
of meshed (49%) or unmeshed (28%) autograft. The characteristics that predicted facial
surgery are summarised in Table 4. Multivariable logistic regression analyses showed an
increased risk for facial surgery in women and burns located on the scalp, ears or ventral
side of the neck. Fire or flame burns increased the risk for facial surgery (OR = 4.37; 95% CI
2.53–7.53), as well as a more extensive head/ neck burn. An older age, burns located on the
face and work-related burns decreased the risk for facial surgery.
Sixty-eight (5.3%) of the 1277 patients with facial burns, received facial reconstructive
surgery in the follow-up period until December 2009 (range 24–84 months post burn). The
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mean number of facial reconstructive surgeries was 2.8 (SD 2.5; range 1–12) and the first
reconstruction was on average performed on post burn day 367 (SD 341; median 312; IQR
99– 511). The characteristics that predicted facial reconstructive surgery are summarised
in Table 5. Multivariable logistic regression analyses showed an increased risk for facial
reconstructive surgery for burns located on the ventral side of the neck, OR = 3.18 (95% CI
1.24–8.16); fire or flame burns, OR = 2.65 (95% CI 1.15–6.11) and for each facial surgery in
the acute phase of the burn, OR = 3.74 (95% CI 2.87–4.89).
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Discussion
To our knowledge, the present study is the first extensive epidemiological study that has
assessed not only incidence, but also socio-demographic background, burn characteristics,
treatment and outcome of facial burns in different healthcare settings. The medically treated
facial burn incidence figures per 100,000 reported in this study were 15.1 for ED visits, 1.3
for hospital admissions and 1.4 for burn centre admissions, while the incidence figures for all
medically treated burns were 72, 12 and 3.3, respectively. In addition, we identified which
patient, injury and burn-related characteristics were predictors of facial burns, facial surgery
and facial reconstructive surgery in Dutch burn centres.
We reported on the incidence figures for medically treated burns in EDs, hospital admissions
and burn centre admissions separately because of the partial overlap between registration
systems and differences in registration methods. Simply adding up all separate incidence
figures would provide an overestimated overall incidence figure. Previously published Dutch
burn incidence figures, in a study period from 1987 to 1989 [20] and 1992 to 1998 [21],
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showed higher burn incidence figures for EDs (78 and 82 per 100,000) but lower for hospital
admissions (7 and 8 per 100,000) and burn centre admissions (2.9 per 100,000) compared
to our study. This may be related to the start of the Emergency Management of Severe Burns
(EMSB) course in 1998, gradually provoking a change in referral practice in most EDs. The
EMSB referral criteria were more strict than the formerly applied criteria [22], for instance,
smaller burns were now recommended for referral to a burn centre [23]. Consequently, burns
are probably more frequently admitted and also referred sooner to specialised care. This is
in line with the downward trend in TBSA seen in burn centre admissions [22,24]. A downside
of referring smaller burns could be an increase in unnecessary referrals because medical
personnel in peripheral hospitals become less experienced in burn assessment and burn care [25].
The EMSB criteria also recommend the referral of burns of special areas, including the face and
major joints [23], which probably explains the higher proportion of facial burns in Dutch burn
centre admissions (47%) compared to hospital admissions (11%) and EDs (21%) reported in
our study.
Our data on the proportion of facial burns in burn centre admissions varied between 41%
(routine database) and 47% (more extensive medical record database), and differ from other
international data. These percentages are lower compared to the 58% reported in patients
admitted to an Australian burn unit, who were over 12 years old with burns by inflammable
agents in a domestic situation [26], but higher compared to the 27% reported in patients
admitted to a Nigerian burn unit [13]. These differences can be explained by the difference
in population, healthcare setting and definition of facial burns. For example, the higher
proportion in the Australian burn unit [26] can be explained by the exclusion of scalds; resulting
in a study population with an increased risk for facial burns.
Our results showed that being male, a younger age, a more extensive burn and fire/flame
burns increased the risk for facial burns. That a larger TBSA burned increased the risk for a
facial burn is not surprising and age only minimally decreased the risk for facial burns. An
explanation for the increased risk with fire/flame burns could be the influence of flash burns
that affect exposed body parts (e.g. face and hands), and the possible involvement of burning
clothes [27]. Flames of a burning jacket or jersey tend to go upwards to the neck and head
region and are likely to cause facial burns [28]. An explanation for the increased risk for men
could be a possibly higher proportion of flash burns. Flash burns are often a work-related
injury and, in our population, men have a higher proportion of fire/flame and work-related
burns compared to women. The decreased risk in contact burns can be explained by the
profile of these burns; being generally small and located on the patients extremities [29].
We reported primary facial surgery in one in five patients with facial burns. Patients had an
increased risk for facial surgery if they were female, younger, had a more extensive head/
neck burn, located on the scalp, ears or ventral side of the neck and caused by fire/flames. In
burn treatment, surgery is usually performed on deep dermal and full thickness burns only,
and those burns are often caused by fire/flame burns. A location particularly at risk for deep
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burns is the ventral side of the neck because flames from burning clothes bump up against
the neck and chin. In addition, the scalp and ears have only a thin layer of skin covering bone
and cartilage. Burns in these locations have limited healing potential and are prone to surgery [30],
while burns in the face, which is highly vascularised and can rapidly dissipate heat [31], have
a lower risk for surgery. An explanation for the increased risk for facial surgery for women
could be the distribution and characteristics of flash burns. Those burns are more often seen
in males in work-related settings, and they are usually superficial or partial thickness burns that
heal with conservative treatment [32].
We reported facial reconstruction in one in 20 patients with facial burns. Facial reconstruction
is usually performed on contracted or disfiguring scars which are likely to occur in severe
burns. In our study, patients had an increased risk for facial reconstruction if they had burns
to the ventral side of the neck, caused by fire/flame burns or if they had facial surgery in the
acute phase of their burns. These three characteristics are actually a proxy for the severity of
the burn. After all, fire/flame burns are more likely to cause deep burns, facial surgery in the
acute phase of the burn is usually performed on deep burns and in our study the ventral side
of the neck was the location most often surgically treated in the acute phase, indicating a
deep burn. In addition, surgery to the ventral side of the neck is likely to induce contractions
and functional impairment of neck movement that, with time, need surgical correction [32].
The aim of this study was to assess the nationwide epidemiology of facial burns for three
Dutch healthcare settings. Unfortunately, analyses for EDs and hospital admissions were
restricted to descriptive statistics due to the limited access to the LIS and NHDR databases. In
addition, the data on EDs were based on a sample of Dutch EDs. The representativeness of
the burn data in that sample is unknown and probably less compared to trauma in general.
Furthermore, a more specialised healthcare setting has a more detailed registration, however,
even in the registration systems of the burn centres there were differences between the
routine database and the more extensive medical record database, leading to registration
bias. In addition, due to the definition of surgery used in this study, tracheostomies were
not extracted from the medical records. Although this type of surgery is rarely performed
in the Dutch burn population, inclusion of this intervention might have increased the
number of surgeries to the ventral side of the neck. Finally, the follow-up of this study was
until 31-12-2009 and therefore varied between patients depending on date of admission.
Especially patients admitted late 2007, who had a follow-up of 2 years, could have received
late reconstructions beyond our follow-up period. Despite these limitations, the inclusion of
national registrations of three healthcare settings enabled us to give an extensive overview of
incidence and prognostic factors of facial burns.
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Conclusions
One in five patients with facial burns received primary facial surgery and one in 20 received
facial reconstructive surgery. Although men were more prone to facial burns, woman had an
increased risk for facial surgery. Therefore, the focus of prevention strategies should be on
the group with an increased risk for a severe facial burn, possibly leading to facial surgery
and facial reconstructive surgery. The prognostic factors for facial burns and its consequences
found in this study can be used to optimise prevention and prognosis on admission in a burn
centre.
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