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Zusammenfassung in Deutsch 

 

Hintergrund: Bei schweren Verbrennungen sind die Hände in 80390% der Fälle 

betroffen. Obwohl die Hände nur eine kleine Gesamtoberfläche von weniger als 5% 

ausmachen, hat der Verlust ihrer Funktionalität erhebliche Auswirkungen auf das Leben 

der Patient/innen. Die aktuelle Studienlage zeigt, dass Langzeitstudien zur 

Handfunktionalität nach Handverbrennungen selten sind. Daher zielte diese Studie darauf 

ab, funktionelle Langzeitergebnisse durch einen patientenzentrierten Ansatz hinsichtlich 

Verbrennungstiefe, einseitiger und beidseitiger Handbeteiligung sowie (nicht-) isolierter 

Handverbrennungen als potenzielle Einflussfaktoren bei Patient/innen mit 

Handverbrennungen zu untersuchen. 

 

Methoden: Wir führten eine monozentrische Querschnittsstudie mit Patient/innen mit 

Handverbrennungen durch, die zwischen 2005 und 2022 an unserer Abteilung behandelt 

wurden. Alters-, geschlechts- und händigkeitsspezifisch angepasste Teilnehmer/innen, die 

nie eine behandlungspflichtige Handverbrennung erlitten haben, dienten als Kontrollen. 

Zusätzlich wurden bei den Verbrennungspatient/innen Daten zu Demografie, 

verbrennungsbedingten Verletzungen und Behandlungen erhoben. Für einen 

patientenzentrierten Ansatz verwendeten wir den „Quick-Disabilities of the Arm, 

Shoulder, and Hand Questionnaire< und den „Michigan Hand Questionnaire< für die 

funktionelle Langzeitevaluation sowie die „Patient and Observer Scar Assessment Scale< 

(Patient/innenskala) zur Beurteilung der langfristigen Narbenqualität. 

 

Ergebnisse: Insgesamt haben 61 Patient/innen mit 88 betroffenen Händen und 63 

angepasste Kontrollteilnehmer/innen an dieser Studie teilgenommen. 77.1% der 

Teilnehmer/innen waren männlich, mit einem Durchschnittsalter von 50.7 (±15.5) Jahren 

und einer Nachbeobachtungszeit von 8.1 (±4.7) Jahren. Die durchschnittlich verbrannte 

Körperoberfläche betrug 13.9% (±15.8), wobei 72.4% der Hände tiefe Verbrennungen 

aufwiesen und die meisten Patient/innen nur eine betroffene Hand hatten (55.7%). 

Patient/innen mit Handverbrennungen erzielten signifikant schlechtere 

Langzeitfunktionalität in jedem Bereich des Michigan Hand Questionnaire sowie in den 

Bereichen „Gesamtfunktion< und „Arbeit< des Quick-Disabilities of the Arm, Shoulder 

and Hand. Oberflächliche Handverbrennungen beeinträchtigten die Funktionalität bei 



  

 

 

V 

täglichen Aktivitäten (p = 0.013) und das ästhetische Erscheinungsbild (p = 0.005) negativ, 

wenn beide Hände betroffen waren. Isolierte Handverbrennungen waren mit größeren 

Schwierigkeiten bei der Arbeitsleistung verbunden (p = 0.03), während Patient/innen mit 

beidseitiger Handbeteiligung mehr Schmerzen wahrnahmen (p = 0.025). 

 

Schlussfolgerung: Patient/innen mit Handverbrennungen können im Laufe der Zeit 

zufriedenstellende Langzeitergebnisse erzielen, erreichen jedoch nicht die gleiche 

langfristige Handfunktionalität wie die gesunde Kontrollgruppe. Unsere Studie zeigte, dass 

Faktoren wie Verbrennungstiefe, einseitige oder beidseitige Handbeteiligung und (nicht-) 

isolierte Handverbrennungen bestimmte Aspekte der wahrgenommenen langfristigen 

Funktionalität der Hände beeinflussen können. 
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Abstract in English 

 

Background: Hand burns are involved in 80390% of severe burn injuries. Even though 

hands correspond to a small total burn surface area of less than 5%, the loss of their 

functionality has a significant impact on the patient’s life. Studies that provide long-term 

results regarding hand functionality after hand burns are scarce. Therefore, this study 

aimed to investigate functional long-term results in a patient-centric approach regarding 

burn depth, unilateral and bilateral hand involvement, and (non-)isolated hand burns as 

potential influencing factors in patients with hand burns.  

 

Methods: We conducted a controlled cohort study of patients with burned hands treated at 

our department between 2005 and 2022. Healthy age-, sex-, and handedness-matched 

participants were used as controls. Data on the demographics, burn-related injuries, and 

treatments were collected. For a patient-centric approach, we used the Quick-Disabilities 

of the Arm, Shoulder, and Hand Questionnaire and the Michigan Hand Questionnaire as 

patient-reported outcome measures for functional long-term evaluation, and the Patient and 

Observer Scar Assessment Scale (patient scale) for assessing long-term scar quality. 

 

Results: We enrolled 61 patients with 88 affected hands and 63 matched control 

participants. Up to 77.1% of the participants were male, with a mean age of 50.7 (±15.5) 

years and a follow-up of 8.1 (±4.7) years. The mean total body surface area was 13.9% 

(±15.8), with 72.4% of the hands presenting with deep partial-thickness and full-thickness 

burns and most of the patients had only one hand affected (55.7%). The hand burn patients 

perceived significantly worse long-term functional scores in every domain of the Michigan 

Hand Questionnaire as well as in the <overall function= and <work= of the Quick-

Disabilities of the Arm, Shoulder and Hand. Superficial hand burns negatively affected the 

two-handed activities of daily living (p = 0.013) and aesthetic appearance (p = 0.005) when 

both hands were involved. Isolated hand burns were associated with more difficulties in 

work performance (p = 0.03), whereas patients with bilateral hand involvement perceived 

more pain (p = 0.025).  

 

Conclusions: The patients with hand burns can achieve satisfactory long-term functional 

outcomes over time, but they do not reach the same long-term hand functionality as the 
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healthy matched control group. Our study revealed that factors such as burn depth, 

unilateral or bilateral hand involvement, and (non-)isolated hand burns indeed have an 

impact on certain aspects of perceived long-term hand functionality. 
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Abstract: Background: Hand burns are involved in 80–90% of severe burn injuries. Even though

hands correspond to a small total burn surface area (TBSA) of less than 5%, the loss of their function-

ality has a significant impact on the patient’s life. Studies that provide long-term results regarding

hand functionality after hand burns are scarce. Therefore, this study aimed to investigate functional

long-term results in a patient-centric approach regarding burn depth, unilateral and bilateral hand

involvement, and (non-)isolated hand burns as potential influencing factors in patients with hand

burns. Methods: We conducted a controlled cohort study of patients with burned hands treated at our

department between 2005 and 2022. Healthy age-, sex-, and handedness-matched participants were

used as controls. Data on the demographics, burn-related injuries, and treatments were collected. For

a patient-centric approach, we used the Disabilities of the Arm, Shoulder, and Hand Questionnaire

(Quick-DASH) and the Michigan Hand Questionnaire (MHQ) as patient-reported outcome measures

for functional long-term evaluation, and the Patient and Observer Scar Assessment Scale (patient

scale) for assessing long-term scar quality. Results: We enrolled 61 patients with 88 affected hands

and 63 matched control participants. Up to 77.1% of the participants were male, with a mean age

of 50.7 (±15.5) years and a follow-up of 8.1 (±4.7) years. The mean TBSA was 13.9% (±15.8), with

72.4% of the hands presenting with deep partial-thickness and full-thickness burns and most of the

patients had only one hand affected (55.7%). The hand burn patients perceived significantly worse

long-term functional scores in every domain of the MHQ as well as in the “overall function” and

“work” of the Quick-DASH. Superficial hand burns negatively affected the two-handed activities of

daily living (p = 0.013) and aesthetic appearance (p = 0.005) when both hands were involved. Isolated

hand burns were associated with more difficulties in work performance (p = 0.03), whereas patients

with bilateral hand involvement perceived more pain (p = 0.025). Conclusions: The patients with

hand burns can achieve satisfactory long-term functional outcomes over time, but they do not reach

the same long-term hand functionality as the healthy matched control group. Our study revealed

that factors such as burn depth, unilateral or bilateral hand involvement, and (non-)isolated hand

burns indeed have an impact on certain aspects of perceived long-term hand functionality.

Keywords: burns; hand burns; functionality; PROM; long-term outcome

1. Introduction

Burns represent a significant disruption in the lives of affected patients. They not
only cause physical impairments but can also impact mental health and well-being [1].
With advances in the treatment of burn victims, the mortality rate associated with burns
is decreasing [2]. The systematic recording and documentation of these impairments in
burn survivors is essential in order to identify the possible effects on recovery [3,4]. The
American Burn Association (ABA) acknowledges hand burns as serious injuries even
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though they do not directly impact mortality [5,6]. Therefore, special attention should be
paid to hand burns, as hands are affected in 80–90% of severe burns [7,8]. Hands account for
less than 5% of the total body surface area (TBSA), but the loss of their functionality has a
significant impact on the body’s total functional impairment [7,9]. Everyday activities such
as bathing or putting on shoes become challenging tasks [10,11]. Also, social interactions
may be impaired as hands play a major role in social interaction [12].

The hand is characterized by a multitude of anatomical structures that are closely
adjacent [13]. Important functional structures such as nerves, muscles, ligaments, tendons,
and joints lie relatively superficially and are especially endangered [14]. Consequently,
hand burns are particularly predisposed to diminished functionality [15,16]. However,
known factors that mitigate the negative effects and improve rehabilitation include an early
initiation of intensive exercise and physiotherapy [17,18]. Several studies have demon-
strated that individuals with hand burns experience the most improvement three months
after the burn incident with the implementation of physiotherapy [19,20]. Additionally,
the ability to return to work significantly impacts hand functionality in a positive manner,
particularly for patients with manual jobs requiring hand dexterity [6]. Conversely, factors
known to adversely affect rehabilitation include surgical procedures, burn depth, and
burn-associated complications such as scar contracture, pain, and wound healing disor-
ders [6,9,21]. Wound healing disorders remain an important issue as they can increase the
risk of infections and promote the proliferation of scar tissue, thereby negatively influencing
the functional outcome [8]. Scars are particularly problematic, as 70% of burn survivors
face the challenge of hypertrophic scarring [22]. Scarring not only affects functionality but
is also associated with pain due to the reduction in nerve density in the skin [23]. Even
after 18 months, stiffness and pain can persist, further negatively impacting the quality of
the scars [24]. Scarring not only affects hand functionality but also poses an aesthetic issue.
Hands are needed for social interaction like communication and cannot be hidden under
clothing [12,14]. As a result, scars on the hands are perceived as particularly unpleasant by
burn patients, which, in turn, can affect their aesthetic and psychological well-being [25].
Hence, successful burn rehabilitation is not only essential for regaining hand functionality
but also for a successful holistic reintegration into society [18,20,26].

Patient-reported outcome measures (PROM) are essential for evaluating burn patients
because solely conducting a clinical assessment may overlook crucial aspects of the patients’
rehabilitation and well-being [27]. To the best of the authors’ knowledge, there are no
studies that provide long-term results beyond 5 years regarding hand functionality after
hand burns [28]. Factors such as burn depth, hand involvement (unilateral or bilateral),
and (non-)isolated hand burns indeed have an impact on certain aspects of perceived hand
functionality. Even though studies on isolated hand burns and hand involvement are very
sparse, these factors have already shown that they may influence hand functionality [29–31].
Based on this, we hypothesized that these factors impact certain aspects of long-term hand
functionality in patients who have undergone hand burns. Therefore, the aim of this study
was to investigate functional long-term results through a patient-centric approach, while
regarding burn depth, unilateral and bilateral hand involvement, and (non-)isolated hand
burns as potential influencing factors in patients with hand burns.

2. Materials and Methods

This monocentric, controlled cohort study was conducted between June 2022 and
June 2023. It was performed in line with the principles of the Declaration of Helsinki. The
institutional Ethics Committee (34-447 ex 21/22, 5 August 2022) of the Medical University
of Graz gave its approval. The methods were carried out in accordance with relevant
guidelines and regulations. From all the individual participants included in this study,
informed consent was obtained.
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2.1. Study Design and Patients

We searched the electronic patient records in the institutional database using the ICD-
10 (International Statistical Classification of Diseases and Related Health Problems) code
T23, for burn or chemical burn of the wrist and hand, to identify patients with hand burns.
All patients with hand burns treated at the Division of Plastic, Aesthetic, and Reconstructive
Surgery, Department for Surgery, University Hospital Graz, between 2005 and 2022, who
were willing to participate, were included in this study. At our department, superficial
partial thickness burns were treated with early surgical excision in combination with a
skin substitute (e.g., Suprathel®, PolyMedics Innovations GmbH, Denkendorf, Germany),
and deep partial-thickness burns with early surgical excision in combination with a split-
thickness skin graft with or without a skin substitute [32]. Immediate active mobilization of
the affected hand was initiated when skin substitutes (e.g., Suprathel®) were used following
early surgical excision for deep hand burns. When skin grafts such as split-thickness skin
grafts were used, active hand mobilization was initiated three to four days postoperatively.
Once stable engraftment conditions were achieved, active and passive hand mobilization
was conducted by our physical therapist. Additionally, in both situations, compression
therapy was applied for at least one year. It is worth mentioning that our rehabilitation
approach cannot be implemented in every hand burn patient with precise timing due to
varying burn severity, wound conditions, and intensive care requirements. Nonetheless,
early hand rehabilitation should be pursued as soon as possible [18]. The only exclusion
criteria were patients under 18 years of age at the time of the hand burn. The cohort of
individuals with hand burns was matched with healthy subjects who had never experienced
hand-related burns, trauma, or surgery. We matched our cohorts based on sex, age, and
handedness. All identified patients with hand burns and healthy subjects were contacted
by phone and invited for a long-term (re-)evaluation in our outpatient setting. Patients
who could not come in person received study-specific questionnaires by post. In this study,
patient-reported outcomes were assessed with validated questionnaires regarding hand
functionality, activities of daily living (ADL), work, aesthetic appearance, pain, and scar
quality. The following patient-reported outcome measurement (PROM) questionnaires
were used: the Michigan Hand Questionnaire (MHQ), Quick-DASH, and a patient scale of
Patient Observer and Scar Assessment Scale (POSAS).

2.1.1. Data Collections

Based on the clinical data provided in the internal hospital information system, subse-
quent demographic records were examined such as age of injury, age of questioning, sex,
body mass index, smoking status, and handedness in our hand burn patients. Furthermore,
hand burn- and injury-related data were examined (affected hand, % of total burned sur-
face area (TBSA), burn depth, affected anatomical areas, burn reason, isolated hand burn,
length of stay (LOS) in hospital and intensive care unit (ICU), inhalation trauma, and burn-
related surgery). Healthy control subjects were asked about their sex, age, handedness, and
whether they had experienced hand-related burns, trauma, or surgery.

2.1.2. Patient Reported Outcome Measures

Quick-DASH

The Quick-DASH questionnaire is used for self-assessment of the functionality of the
upper extremities and is validated for musculoskeletal diseases or burns [19]. It consists of
11 general questions and two subtests with five questions, each on work- and sport-related
difficulties. Each answer offers up to five points (1 = no restriction, 5 = not possible). A
high number of points indicates a severe restriction of the hand [19].
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Michigan Hand Questionnaire

The MHQ is a validated questionnaire that is used for hand injuries and hand
burns [11]. It evaluates the functionality of the individual hand (right/left hand) as well
as both hands. The questionnaire consists of six domains, which include general hand
function, specific hand function, pain, work, aesthetic appearance, and satisfaction. The
higher the number of points achieved, the better the hand function (0–100), except for the
pain sub-category. Here, lower scores indicate less pain. Each questionnaire evaluates both
hands separately, except for the domains of pain and work [33].

Patient Observer and Scar Assessment Scale

The scar quality was measured with the Patient Observer and Scar Assessment Scale
(POSAS). POSAS evaluates scar quality through visual and sensory perception, and pal-
pation [34]. In this study, we exclusively analyzed the patient’s subjective view of the
hand without considering the observer’s view. The patient evaluates the pain, itching,
color, stiffness, thickness, irregularity, and overall impression. They can then award points
ranging from 1 (e.g., no pain) to 10 (e.g., yes, had severe pain). The higher the number of
points, the worse the patient-related scar quality is [34].

2.1.3. Statistical Analysis

All statistical analyses were performed using IBM® SPSS® (Statistics ver. 28, Armonk,
North Castle, NY, USA). The statistical evaluation included means or medians, standard
deviations (SD) or ranges of continuous or ordered variables, and relative frequencies
of categorical factors. Continuous data were examined using two-tailed t-tests while
the chi-squared test was applied for categorical data analysis. One-way ANOVA was
used to compare continuous variables, and a post hoc test with Bonferroni adjustment
was subsequently used when significant main effects were present. Superficial burns
were grouped with superficial (first-degree burns = 1◦) and superficial partial-thickness
burns (superficial second-degree burns = 2a◦), and deep burns with deep partial-thickness
(deep second-degree burns = 2b◦) and full-thickness burns (third-degree burns = 3◦).
For the MHQ-based analysis of individual hand functionality, only the affected hands
were considered. A two-tailed t-test or chi-squared test was used for group comparisons
between patients with hand burns and healthy control subjects. One-way ANOVA with
Bonferroni adjustment was conducted for group comparisons regarding burn depth (control
vs. superficial burns vs. deep burns), hand involvement (control vs. unilateral vs. bilateral),
and (non-)isolated hand burns (control vs. non-isolated vs. isolated). All statistical tests
were two-tailed, and differences were considered statistically significant when p < 0.05.

3. Results

3.1. Patient Characteristics

Out of a total of 299 potential patients with hand burns who were identified as eligible
for study inclusion, only 61 (20.4%) patients agreed to participate in this study. Among
the included 61 patients with hand burns, there were 14 women (22.9%) and 47 men
(77.1%). The mean age at the time of the hand burn-related accident was 43.0 years
(SD ± 16.8), whereas the mean age at the time of examination was 50.7 years (SD ± 15.5).
A demographic overview of our patient cohort with burned hands is given in Table 1. We
included 63 healthy control subjects, consisting of 30.2% women (n = 19) and 69.8% men
(n = 44). Here, the mean age was 49.9 (SD ± 14.9) years at the time of examination. There
were no significant differences between our hand burn group and the healthy matched
control group (CG) regarding age, gender and handedness (Table 1).



J. Clin. Med. 2024, 13, 3509 5 of 17

Table 1. Demographic characteristics of patients with hand burns.

Parameter
Hand Burn

Group
Healthy Control

Group
p-Value

Gender, n (%)
Male: 14 (22.9) 19 (30.2)

0.364 a
Female: 47 (77.1) 44 (69.8)

Age at examination, (years), mean (SD) 50.7 (±15.5) 49.9 (±14.9) 0.776 b

Age at accident, (years), mean (SD) 43.0 (±16.8) NA
Dominant hand, n (%)

0.528 aRight hand: 53 (86.9) 57 (90.5)
Left hand: 8 (13.1) 6 (9.5)

Follow–up (years), mean (SD) 8.1 (±4.7) NA

BMI * (kg/m2), mean (SD) 26.4 (±3.6)
Smoker *, n (%)

Yes 15 (25.4)
No 44 (74.6)

SD: standard deviation; BMI: body mass index. NA: not applicable. * no BMI and smoker data were obtained

from healthy control group. a chi-squared test, b two-tailed t-test.

3.2. Hand-Related Burn Characteristics

In total, 88 burned hands from 61 patients were enrolled in this study, with 80.3% of
the patients having their dominant hand affected. Flames (43.3%) were the most common
reason for hand burn injuries, followed by hot oil (15%) and explosions (13.3%). Up to
83.6% of the patients had a non-isolated hand burn, with the head/face (47.5%) and forearm
(45.9%) being the most affected areas. In more than half of all the cases (55.7%), a unilateral
hand burn was reported. A total of 78.3% of these hand burns presented as deep partial-
thickness or full-thickness burns. Table 2 provides a detailed overview of the characteristics
of hand burns.

Table 2. Characteristics of hand burns.

Hand Burn Characteristics Values

Burn reasons, n (%)
Flames 26 (43.3)
Hot oil 9 (15)

Explosion 8 (13.3)
Contact burn 5 (8.3)

Electrical 5 (8.3)
Hot water 2 (3.4)
Chemical 2 (3.4)

Other 3 (5.0)
TBSA (total body), mean

% (SD) 13.9 (±15.8)
% (range) 13.9 (0.2–70)

Affected areas, n (%)
Head/face 29 (47.5)

Neck 9 (14.8)
Thorax 9 (14.8)

Back 6 (9.8)
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Table 2. Cont.

Hand Burn Characteristics Values

Upper arm 14 (22.9)
Forearm 28 (45.9)

Abdomen 3 (4.9)
Buttocks 3 (4.9)

Thigh 13 (21.3)
Shank 15 (24.6)
Feet 10 (16.4)

Affected hands, n (%)
Total 88 (100)

Unilateral (right hand) 21 (34.4)
Unilateral (left hand) 13 (21.3)

Bilateral 27 (44.3)
Handedness of burned hand, n (%)

Dominant hand 49 (80.3)
Non-dominant hand 12 (19.7)

Burn depth, n (%)
Superficial burn (1◦–2a◦) 24 (27.6)

Superficial (1◦) 1 (1.2)
Superficial partial-thickness (2a◦) 23 (26.4)

Deep burn (2b◦–3◦) 63 (72.4)
Deep partial-thickness (2b◦) 34 (39.1)

Full-thickness (3◦) 29 (33.3)
Isolated hand burn, n (%)

Yes 10 (16.4)
No 51 (83.6)

Surgery, n (%)
Yes (patients) 43 (70.5)
Yes (hands) 60 (68.2)

No (patients) 18 (29.5)
No (hands) 28 (31.8)

In-patient length of stay (days), mean (SD) 14.6 (±12.9)
ICU, n (%)

Yes 17 (27.9)
No 44 (72.1)

ICU length of stay (days), mean (SD) 11.8 (±11.2)
Inhalation trauma, n (%)

Yes 7 (11.5)
No 54 (88.5)

TBSA: total body surface area; SD: standard deviation; ICU: intensive care unit.

3.3. Results of Patient Related Outcome Measures

3.3.1. Functionality (Quick-DASH)

Patients with hand burns showed significantly impaired long-term hand functionality
and work-related abilities (Figure 1, Table S1). Deep hand burns, unilaterally and bilaterally
affected hands, and isolated or non-isolated hand burns, showed a significant long-term
impairment in functionality compared to the CG, where no significance was found in
superficial hand burns. No significant differences were found in total functionality scores or
sport-related functional scores based on burn depth (superficial/deep), hand involvement
(unilateral/bilateral), and hand isolation (isolated/non-isolated hand burn) (Figures 2–4,
Tables S2–S4).
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3.3.2. Functionality and Activities of Daily Living (MHQ)

Patients with hands affected by burns presented significantly poorer long-term func-
tionality and greater difficulties with ADL compared to the CG (Figure 5, Table S1). Super-
ficial and deep burns, unilateral burns of the right hand, bilaterally affected hands, and
non-isolated hand burns significantly impaired long-term hand functionality (Figures 6–8,
Tables S2–S4). No significant differences were found in the MHQ functionality scores based
on burn depths (superficial/deep burn), hand involvement (unilateral/bilateral) and hand
isolation (isolated/non-isolated hand burn). Regardless of burn depth, hand involvement,
and (non-)isolation, the results show significantly impaired hand functionality regarding
activities of daily living compared to the CG (Figures 5–8, Tables S2–S4).
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3.3.3. Aesthetic and Satisfaction (MHQ)

Patients with hand burns perceive their hand as aesthetically and satisfactorily worse
compared to the CG after the long-term follow-up (Figure 5, Table S1). Deep hand burns,
bilateral hand involvement, and non-isolated hand burns presented significantly worse
long-term aesthetic and satisfaction scores compared to the CG. Superficial burns showed
significantly worse scores in hand aesthetics (p = 0.005) and satisfaction (p = 0.03) when
both hands were affected. Patients with unilateral burns on their right hand perceived their
hand aesthetic as significantly more appealing compared to bilateral hand involvement
(p = 0.015). Isolated hand burns negatively affect long-term satisfaction scores of the right
hand (p = 0.003), but not the left hand, nor do they affect hand aesthetic scores (Figures 5–8,
Tables S2–S4).

3.3.4. Pain (MHQ)

Patients with burned hands reported significantly more pain compared to the CG
(Figure 5, Table S1). Patients with deep hand burns (p < 0.001), bilaterally affected hands
(p < 0.001), and non-isolated hand burns (p < 0.001) showed significantly worse pain scores
compared to the CG. Patients with bilaterally affected hands reported significantly worse
pain scores compared to patients with unilaterally affected hands (p = 0.025) (Figures 5–8,
Tables S2–S4).

3.3.5. Work (Quick-DASH, MHQ)

At the time of examination, 7 patients (11.5%) were already retired, 40 (65.6%) were
still working, and 14 (22.9%) did not provide any information regarding their employment
status. In total, 50 (80.2%) patients stayed at their old profession, whereas 8 (13.8%) patients
changed their job after the hand burn-related injury. Among these eight patients, one
had retired (12.5%) and seven (87.5%) were still working in different jobs at the time of
the examination. In general, patients with hand burns have significantly more long-term
work-related issues compared to the CG (Figures 1 and 5, Table S1). Patients with deep
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hand burns presented significant work-related functional impairments in the Quick-DASH
(p = 0.003) (Figure 2, Table S2). Those with isolated hand burns encountered more long-term
work-related functional difficulties than non-isolated hand burns (p = 0.030) and the CG
(p < 0.001) (Figure 4, Table S4). Deep burns, bilateral hand involvement, and isolated and
non-isolated hand burns showed significantly worse work-related performance compared
to the CG in the MHQ (Figures 5–8, Tables S2–S4).

3.3.6. Scar Quality (POSAS, Patient Perspective)

No significant differences were found in the total patient-reported POSAS scores
regarding burn depth (p = 0.172), hand involvement (p = 0.417), and (non-)isolated hand
burns (p = 0.507). Furthermore, no significant differences in the sub-categories of the POSAS
could be found (Table S5).

4. Discussion

Hand burns frequently occur either as components of extensive burns or as isolated
injuries and can cause significant functional impairment [26]. However, the functional
recovery of burn survivors does not end upon the discharge of the hospital, but rather,
it fluctuates over time [35]. Based on that, past studies have revealed that occupational
therapy and early stages of rehabilitation therapy are key factors for achieving the best
functional results [18,20]. However, previous studies have evaluated hand burn-based
outcomes with a long-term follow-up for only up to five years [6,18,28,31]. To the best
of the authors’ knowledge, this is the first study that provides long-term results above
5 years regarding hand functionality after hand burns [28]. In contrast, our study evaluated
patients’ perceived hand functionality after a mean long-term follow-up of 8 years. We
only used a patient-centric approach with PROMs in this study to evaluate the patients’
self-perspective regarding the long-term functional results. These data can give crucial
insights into patients’ rehabilitation and well-being [27]. Additionally, our hand burn
cohort was compared to a healthy sex-, age-, and handedness-matched control cohort.
Compared to our CG, the hand burn cohort reported significantly worse scores in every
domain of the MHQ (function, pain, ADL, aesthetic, satisfaction, overall) as well as in
the overall function and work domains of the Quick-DASH. No sports-related perceived
functional impairments could be found. Our study revealed that factors such as burn depth,
unilateral or bilateral hand involvement, and (non-)isolated hand burns indeed have an
impact on certain aspects of perceived hand functionality. Even though studies on isolated
hand burns and hand involvement are very sparse, these factors have already shown that
they may influence hand functionality [29–31]. In the following sections, our long-term
results regarding hand functionality, ADL, work, scar quality, aesthetic appearance, and
pain will be discussed.

4.1. Hand Functionality

Deep burns not only entail a prolonged recovery period but also result in the de-
struction of underlying anatomical structures, thereby compromising functionality [16,31].
This often leads to longstanding functionality impairments of the affected hands up to
12 months after the accident [31]. However, after 5 years, satisfying to normal long-term
hand functionality after deep partial- and full-thickness hand burns has been reported by
Cartotto et al. [28]. Compared to the healthy subjects in our study, deep (p < 0.001) and
superficial (p = 0.013) hand burns impaired two-handed long-term functionality, whereas
one-handed functionality was only negatively affected by deep burns (Table S2). Even
though there is a difference from a statistical point of view, one-hand and two-handed
functionality in the MHQ were considered good in our hand burn cohort for both super-
ficial (right hand: 86.5, left hand: 88.1, both hands: 78.2) and deep burns (right hand:
77.3, left hand: 81.8, both hands: 76.4). Interestingly, no functionality differences could
be found between the superficial and deep hand burns for both the one- and two-handed
functionalities. The comparable and generally low TBSA of superficial (11.4% ± 8.7) and
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deep hand burns (14.6% ± 17.3) may play a role here (p = 0.555). Taking into account that
severe burns are typically defined by a TBSA as exceeding 20% [36], the TBSA within our
study cohort was not only low (13.9%), but notably lower when compared to other studies
focused on hand burns (TBSA: 22–58%) [28,37]. Furthermore, none of our patients’ extensor
mechanisms, joint capsules, or bones were affected by deep burns. Even though this type
of injury is very rare, accounting for only 5% of all hand burns, it is often accompanied
by significant functional impairment [30]. It is worth mentioning that through the evo-
lution of burn care in the last decade, significant advances have contributed to current
standards of care in burn management and ultimately improved patient outcomes [38].
Especially in the last decade, a rapid improvement in skin substitute development has
been reported, whereby skin substitutes have shown comparable long-term results in scar
quality compared to autologous skin donor sites [32,39]. These aspects could contribute to
the comparable perceived functional long-term results regarding burn depth. However,
Sheridan et al. [30] reported contrary results regarding functionality in 1047 hand burns.
This study showed that 81% of deep partial- and full-thickness hand burns regained normal
hand functionality, whereas almost all superficial burns (97%) regained complete hand
function [30]. In this study as well, the patients exhibited a higher average TBSA compared
to our hand burn cohort (23.3% vs. 13.9%), further emphasizing the significant impact of
deep hand burns in combination with higher TBSA on hand functionality.

Based on the nature of non-isolated hand burns, patients experienced more severe
injuries regarding burn depth and area compared to isolated hand burns. Thus, non-
isolated hand burns present with more severe burn extension, which ultimately negatively
affects functional outcome [40,41]. Similar results could be found in our hand burn cohort.
Here, non-isolated hand burns showed significantly impaired one-handed and two-handed
functionality compared to the CG, whereby patients with isolated hand burns (right hand:
p = 0.092, left hand: p = 0.599) presented comparable results. Additionally, non-isolated
hand burns are associated with higher TBSA [40], thus more body parts are potentially
affected. This does not only lead to a longer inpatient stay [40] but can also lead to more
concerning emergency procedures or intensive care treatment in these patients [8,42]. As
those are the primary preferences after severe burns, consequently, the affected hands may
be neglected because their impairment is perceived as less life-threatening [8]. However,
27.9% of our burn patients remained in the ICU with a mean length of stay of 11.8 days.
Hand functionality of our ICU patients and non-ICU patients were comparable (Quick-
DASH: p = 0.762, MHQ: p = 0.293), thus an ICU stay did not affect the perceived long-term
functional results in our hand burn cohort. However, early surgery is associated with
better hand functionality compared to delayed surgery and should be considered in a
setting of intensive care [16]. Moreover, the functionality between isolated and non-isolated
hand burns were comparable (p = 1.000) in our hand burn group. These findings align
with those of Aghajanzade et al. [43], showing similar results between isolated and non-
isolated hand burns. A contributing factor for our good results in non-isolated hand burns
could be the improved alignment with the situation, as described by Renneberg et al. [44],
among patients with severe burns. Here, patients with non-isolated hand burns showed a
well-established coping mechanism to manage the trauma and disability. Social support
and self-efficacy were adaptive strategies to overcome these obstacles [44]. Nevertheless,
these results must be interpreted with caution, as our study only included ten isolated
hand burns.

However, non-isolated hand burns not only present larger TBSA but also more fre-
quently exhibit bilateral hand involvement, with rates of up to 35% compared to 9% of
isolated hand burns [40]. Bilateral hand involvement not only correlates with a higher
number of surgeries [45] but also leads to poorer hand functionality [29]. Additional surg-
eries frequently cause further anatomical hand alterations, leading to increased functional
impairment [41]. In contrast with these findings, hand functionality was comparable be-
tween our patients with unilateral and bilateral hand involvement (Table S3). Although
the proportion of bilateral hand involvement was similar to that which was reported by
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Li et al. [29], relatively more patients underwent surgery (90.5%) compared to our hand
burn cohort (70.5%). These aspects likely led to comparable functional results between the
unilaterally and bilaterally involved patients in our hand burn cohort.

4.2. Activities of Daily Living

Alongside impaired hand function, activities of daily living (ADL) such as the tying
of shoelaces can be challenging for patients after hand burns [18]. Even one year after the
injury, hand burn patients showed difficulties concerning ADL [18]. ADL can be influenced
by burn-related amputations and deep burns [37]. Concordant with hand functionality,
deep burns also negatively affected the perceived one-handed and two-handed ADL
in our hand burn cohort. Interestingly, superficial hand burns only negatively affected
two-handed ADL (p = 0.013), but not one-handed ADL (p = 0.330). Both isolated and
non-isolated hand burns impaired ADL in our hand burn cohort, but they were comparable
to each other, mirroring the results concerning hand functionality. The patients’ perceptions
of hand function in our study cohort corresponded with their abilities to actually perform
most of the ADL. Just as with long-term hand functionality, the ADL scores were good
in our hand burn cohort (one-handed ADL: 90.4 ± 18.0; two-handed ADL: 88.3 ± 18.8).
In our study, most of the patients (94%) with hand burns returned to work after the hand
burn-related injury. Taking into account that recovery of hand functionality aligns with
the ability to return to work [41,46], this could be a reasonable explanation of our good
functional long-term results.

4.3. Working Capacity

Although most of our patients returned to work after their hand burns, these patients
presented significant perceived long-term work-related performance issues (Quick-DASH:
p = 0.021, MHQ: p < 0.001). Additionally, patients with deep burns and bilateral hand
affection seem to perceive worse long-term work performance (respectively, p < 0.001).
Deeper burns and bilateral hand involvement often present with more severe burns, thus
they are more likely to be associated with increased scarring. This often leads to a reduction
in functionality, which can lead to impaired work performance [47]. Although no statistical
differences were observed regarding the patients’ perceived scar quality, descriptively
worse scores were found in deep and bilateral hand burns compared to superficial burns or
unilateral hand involvement (Table S5). Patients with isolated hand burns also perceived
work-related performance impairments (Quick-Dash: p < 0.001, MHQ: p = 0.015). Interest-
ingly, isolated hand burns even showed significantly worse work-related scores compared
to non-isolated hand burns (p = 0.030). Patients with isolated or unilateral hand burns may
tend to rely more on the healthy hand, thereby neglecting the injured hand, whereas those
with bilaterally affected hands are compelled to utilize the burned hand. Derived from this
explanation, a reduced use of the affected hand could potentially be responsible for the
poorer work performance [48]. Regarding the process of recovery, having a job before the
burn injury might positively affect the outcome and post-burn employment for patients [4].
It has also been stated that patients who were employed after their burn injuries had higher
scores in physical and social functioning, bodily pain, and mental health, compared to the
unemployed patients [49]. However, in our study, these possible correlations were not
further investigated.

4.4. Scar Quality, Aesthetic Appearance, and Pain

Our study cohort presented satisfactory perceived scar quality with no significant
long-term differences regarding unilateral or bilateral hand involvement, (non-)isolated
hand burns, and burn depth. However, Spronk et al. [25] reported that patients perceived
the scar appearance in burned areas as distinctly different from that of unaffected skin
more than 5 years after their burn injuries. Interestingly, there was no significant difference
in all aspects of scar quality (pain, itching, color, stiffness, thickness, irregularity, patients’
overall opinion) in our hand burn cohort regarding burn depth, unilateral or bilateral
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hand involvement, and (non-)isolated hand burns (Table S5). Scar quality differences were
more pronounced in patients with severe burns (>20%) compared to those with mild or
moderate burns (<10% TBSA) [25]. Taking that into account, our results could be explained
by the fact that a lesser burn extent was reported in our hand burn cohort (TBSA 13.9%),
and here, the patient-related scar assessment of only the affected hands rather than of
other affected body parts was conducted. However, scar quality following hand burns can
significantly impact not only hand functionality but also the aesthetic perception of the
burned area [50]. In our study, patients with a unilaterally affected right hand perceived
their hand aesthetic as significantly better compared to patients with bilaterally affected
hands (p = 0.015), whereby isolated hand burns do not seem to have an impact here. A
possible explanation could be that patients with unilateral hand burns have a healthy hand
to compare against as they observe the healing process. But for those with burns on both
hands, it is harder to maintain the same point of reference. This concept of a superimposed
comparison is used in mirror therapy [51]. Interestingly, even superficial hand burns
showed a noticeable impact on patients’ aesthetic concerns, when both hands were affected.
Nonetheless, the quality of scarring after burns not only affects the aesthetic appearance
but can also be associated with pain, and particularly with poorer scar quality [25]. Our
hand burn patients perceived significantly more long-term pain compared to the healthy
group, especially patients with deep hand burns (p < 0.001), bilaterally affected hands
(p < 0.001), or non-isolated hand burns (p < 0.001). These results are not surprising, as
severe burns are associated not only with increased scarring but also with more pain [52].
Pain can lead to an impairment of the hands and thus a reduction in their usage. Since
hands are necessary for self-care, communication, occupational skills, and even emotional
touch, pain should be a significant consideration in the multifactorial treatment of hand
burns [53]. When dealing with hand burns, these results should help provide the respective
physicians with evidence-based information about realistic convalescence expectations.
Our findings indicate that patients with deeper or isolated hand burns have worse work-
related outcomes, necessitating proper clarification as it might impact patients’ future work
decisions. Furthermore, in patients with bilateral hand burns, special attention should be
given to a comprehensive pain management strategy that addresses pain from multiple
perspectives, as these patients experience more pain than those with unilateral hand burns.
Finally, patients must be informed about the realistic expectations regarding possible scar
formation, as we have observed that even superficial hand burns can lead to significant
aesthetic impairment. Although our results offer valuable insights into significant aspects
of patients’ perceptions regarding certain areas of functionality after hand burns, this study
has some limitations and the necessity of controlled prospective long-term studies persists.
As this is the first study to examine long-term functional outcomes concerning burn depth,
unilateral/bilateral hand involvement, and isolated /non-isolated hand burns, these data
can be used as power analyses for future short-term or long-term hand burn studies. Future
research should focus on these subgroups in a prospective, controlled manner to obtain
more information regarding reasons for functional differences in certain aspects of hand
functionality and potential confounding factors in functional hand recovery, and finally
identify potential areas for personalized treatment.

5. Limitations

This study has several limitations, including the retrospective retrieval of clinical data
(e.g., variations in documentation styles, missing data), wide distribution of follow-up
time, and the relatively small cohort. Of a total of 299 potential patients with hand burns,
only 61 (20.4%) agreed to participate in this study. This leaves a bias, as patients who were
not satisfied with their burn-related outcome might have been reluctant to participate in a
hand burn study. Therefore, only limited inferences can be drawn regarding the subjective
perception of hand function in our hand burn cohort. For an adequate sub-analysis of our
hand burn cohort, the small cohort size further limits its statistical power. In particular, the
results of isolated hand burns, which involved only 10 patients, should be interpreted with
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the relevant level of caution. It is important to mention that our study was a controlled
cohort study, therefore it is not possible to draw conclusions regarding cause and effect.
Additionally, we only used a patient-centric approach with PROMs in this study to evaluate
the patients’ perspective regarding functional long-term results. Without objective data,
our findings must be interpreted within this framework of limitations.

6. Conclusions

This study demonstrates that patients with hand burns can attain satisfactory per-
ceived functional outcomes over an extended period. However, our hand burn group was
unable to achieve the same level of long-term hand functionality as a healthy comparison
cohort. Our study revealed that factors such as burn depth, unilateral or bilateral hand
involvement, and (non-)isolated hand burns indeed have an impact on certain aspects of
perceived hand functionality. By comparing hand isolation, the extent of hand involvement,
and burn depth, we were able to demonstrate that deeper burns and isolated hand burns
resulted in worse outcomes regarding work-related issues, while patients with bilateral
hand burns experienced more pain than those with unilateral hand burns. Patients with
superficial hand burns exhibited noticeable long-term aesthetic concerns when both hands
were affected, as well as long-term difficulties with two-handed ADL. These findings
should help physicians properly advise patients with hand burns so that they have realistic
expectations about their recovery. Additionally, these insights could contribute to providing
more targeted psychosocial support for patients facing long-term aesthetic concerns or
difficulties in daily activities due to their hand burns.
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