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Abstract Background Scalp reconstruction following trauma presents unique challenges due
to limited tissue extensibility and frequent association with severe injuries. The
traditional “reconstructive ladder” may not always apply to emergency scenarios.
This study aims to analyze the epidemiological profile and surgical outcomes of scalp
trauma, proposing a treatment algorithm.
Methods A retrospective cohort study of 35 patients with scalp trauma treated at a
Level I reference center between 2013 and 2023 was conducted. Demographic
variables, injury characteristics, and surgical techniques were analyzed. Statistical
analysis was performed using the chi-square test and Fisher’s exact test (p< 0.05).
Results The sample had a mean age of 35.4 years, with 28.6% pediatric patients. The
profile indicated high severity: 91.4% emergency admissions and 77.1%with associated
injuries. “Injury type” was the only statistically significant predictive factor for success
(p<0.02). Anatomical location and the presence of polytrauma did not influence
outcomes. Primary closure was successful only in wounds<3 cm; larger lesions
required local flaps. A systematic failure was observed in the use of local flaps for
total avulsions.
Conclusion The nature and size of the injury are the primary determinants of
prognosis, regardless of location. This study proposes an algorithm based on injury
type to optimize surgical outcomes in emergency settings.
Level of Evidence: IV.
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Introduction

Scalp reconstruction poses a significant challenge for plastic
surgeons due to unique anatomical features and limited local
tissue elasticity. Surgical planning must prioritize the restora-
tion of functionality, primarily protecting the cranial vault to
prevent severe complications such as infections, bone seques-
tration, and intracranial involvement. Additionally, aesthetic
restoration is crucial, as the scalp is an exposed area that serves
as the foundation for hair. Issues such as hairline maintenance
and scar positioning must be carefully considered.1–10

For reconstructive success, a mastery of anatomy is fun-
damental. The scalp is classically divided into five layers,
represented by the mnemonic SCALP: Skin, Connective
tissue (subcutaneous), Aponeurosis (galea), Loose connec-
tive tissue, and Pericranium. The skin is the thickest in the
human body (3mm to 8mm), contributing to the region’s
low elasticity. The subcutaneous tissue contains vessels and
nerves; therefore, flaps elevated too superficially in this
plane carry a high risk of necrosis. The galea aponeurotica
is a firm, inelastic structure. Beneath it, the loose connective
tissue constitutes the ideal dissection plane, ensuring mo-
bility and preserving vascularization. The deepest layer, the
pericranium, lines the calvaria and, when preserved, serves
as a recipient bed for skin grafts. Vascularization is extremely
rich, with a robust collateral network formed by branches of
the internal and external carotid arteries.1,3,4,6,8,10,11

While the etiology of scalp defects is varied, trauma
represents a subcategory with unique challenges. Unlike

elective lesions, traumatic causes are frequently managed
in emergency settings, complex tissue loss, contamination,
and associated injuries. This complexity requires a specific
treatment approach and justifies the focus of this study
exclusively on the analysis of reconstruction in trauma
patients.1–4,6

The search for solutions to this challenge has a long
history inmedical literature. In 1696, French surgeon Augus-
tin Belloste proposed trepanation of the skull when denuded
of periosteum to stimulate local granulation and healing by
secondary intention. The use of skin grafts was later advo-
cated by Netolitzky in 1871 and Robinson in 1908.8,12 A
significant advancement occurred in 1953, when Kazanjian
demonstrated the benefits of galea relaxation incisions for
greater advancement of local flaps. During the same period,
Neumann, Radovan, and Manders explored the use of tissue
expanders, and Uruguayan surgeon Orticochea described a
three-flap technique for covering large defects. Since the
1970s, a major leap in technical complexity has been ob-
served, driven by Miller’s report of a microsurgical scalp
replantation after complete avulsion, which opened new
frontiers and stimulated further research in the field.8,12

Objective

The objective of this study was to analyze the clinical
evolution of traumatic scalp reconstruction cases according
to the surgical management adopted and to propose a
treatment algorithm based on the observed results.

Resumo Introdução A reconstrução do couro cabeludo após trauma apresenta desafios únicos
devido à limitada extensibilidade tecidual e à frequente associação com lesões graves. A
tradicional “escada reconstrutiva” nem sempre se aplica a cenários de emergência. Este
estudo tem como objetivo analisar o perfil epidemiológico e os desfechos cirúrgicos dos
traumas no couro cabeludo, bem como propor um algoritmo de tratamento.
Métodos Realizou-se um estudo de coorte retrospectivo de 35 pacientes com trauma
no couro cabeludo atendidos em um centro de referência Nível I entre 2013 e 2023.
Foram analisadas variáveis demográficas, características da lesão e técnicas cirúrgicas.
A análise estatística foi realizada por meio dos testes do qui-quadrado e do exato de
Fisher (p<0,05).
Resultados A amostra apresentou média de idade de 35,4 anos, com 28,6% de
pacientes pediátricos. O perfil indicou alta gravidade: 91,4% das internações foram de
emergência e 77,1% com lesões associadas. O tipo de lesão foi o único fator preditivo
estatisticamente significativo para o sucesso (p< 0,02). A localização anatômica e o
politrauma não influenciaram os desfechos. O fechamento primário foi bem-sucedido
apenas em feridas<3 cm; lesões maiores exigiram retalhos locais. Observou-se falha
sistemática no uso de retalhos locais em avulsões totais.
Conclusão A natureza e o tamanho da lesão são os principais determinantes do
prognóstico, independentemente da localização. Este estudo propõe um algoritmo,
baseado no tipo de lesão, para otimizar os desfechos cirúrgicos em ambientes de
emergência.
Nível de evidência: IV.
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Methods

This retrospective cohort studywas designed as a case series,
and conducted at the Plastic and Reconstructive Surgery
Service at a tertiary public hospital. The project followed the
STROBE guidelines and was approved by the institutional
Research Ethics Committee.

Inclusion criteriawere: patients of all ages and both sexes,
presenting scalp defects of traumatic etiology, treated be-
tween January 2013 and December 2023. Patients not man-
aged by the Plastic Surgery team, injuries restricted to the
frontal region without involvement of the hairline, or medi-
cal records with incomplete data (>25% missing informa-
tion) were excluded.

Collected data included demographic variables, trauma
mechanism, presence of associated injuries, and specific
injury characteristics: injury type (partial or total avulsion,
blunt-force trauma – BFT, scalping, or necrosis), topography,
depth (classified by the deepest exposed structure), area
(cm2), and number of surgical approaches. The primary
outcome evaluated was the success of complete wound
closure versus the occurrence of failures or complications
(infection, hematoma, dehiscence, necrose).

Statistical analysis was performed using SPSS software
v.29.0. Quantitative variables were analyzed by Student’s t-
test or Mann-Whitney U test, and qualitative variables by
Chi-square or Fisher’s Exact tests. Values of p<0.05 were
considered significant.

Results

A total of 35 patients were analyzed. The mean age was 35.4
years (SD�21.6), and 28.6% were pediatric patients (0–18
years). Males patients predominated (51.4%). The severity of
the sample was evidenced by the high rate of emergency
admissions (91.4%) and the presence of associated injuries
in 77.1% of cases, primarily traumatic brain injury (TBI)
(►Table 1).

Regarding the mechanism of injury, blunt-force trauma
(BFT) was the most frequent (45.7%), followed by motor
vehicle accidents (22.9%) and scalping/avulsions (20%). The
most affected anatomical regions were the frontal (28.2%)
and parietal (20.5%).

In surgical management, local flaps were the most used
technique (46.2%), followed by primary closure (28.2%). The

Table 1 Demographic and clinical characteristics and
associated injuries of 35 patients treated for scalp trauma

Variable n (%) or mean� SD

Age (years) 35.4�23.6

Gender

Male 18 (51.4%)

Female 17 (48.6%)

Comorbidities

Absent 28 (80.0%)

Present 7 (20.0%)

Associated injuries 27 (77.1%)

Eyelid BFT 10 (28.6%)

Facial BFT 8 (22.9%)

Auricular BFT 7 (20.0%)

Fractures (other sites) 6 (17.1%)

Facial fracture 4 (11.4%)

Skull fracture 4 (11.4%)

Cerebral hemorrhage 3 (8.6%)

Ocular trauma 2 (5.7%)

Multiple associated injuries 12 (34.3%)

Length of hospital stay (days) 33.5�98.4

Follow-up time (days) 206.9� 326.2

Abbreviations: BFT (blunt-force trauma); SD (standard deviation).

Table 2 Injury characteristics, surgical approaches, and
outcomes

Variable n (%) or
mean� SD

Type of injury

BFT 22 (56.4%)

Total avulsion 7 (17.9%)

Scalping 6 (15.4%)

Partial avulsion 3 (7.7%)

Necrosis 1 (2.6%)

Depth (deepest exposed structure)

Skull (exposed bone) 9 (23.1%)

Pericranium 8 (20.5%)

Subcutaneous 5 (12,8%)

Aponeurosis (galea) 4 (10.3%)

Meninges 1 (2.6%)

Anatomical region

Combinations (e.g., fronto-parietal) 11 (28.2%)

Frontal 10 (25.6%)

Others (parietal, occipital, temporal) 18 (46.2%)

Surgical management

Local flap 18 (46.2%)

Primary closure 11 (28.2%)

Debridement 4 (10.3%)

Healing by secondary intention 1 (2.6%)

Auxiliary measures 5 (12.8%)

Delayed closure (3rd stage) 4 (10.3%)

Number of surgical procedures (mean) 2.03� 1.9

Need for> 1 surgery 12 (30.8%)

Outcomes

Complications (general) 16 (41.0%)

Complete wound closure 33 (84.6%)

Abbreviations: BFT (blunt-force trauma); SD (standard deviation).
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mean number of surgical procedures per patient was
2.03 (SD�1.9). Complete wound closure was achieved in
84.6% of patients. General complications occurred in 41.0% of
cases, including infection, partial necrosis, and dehiscence
(►Table 2).

In the statistical analysis, the “type of injury”was the only
significant predictive factor for surgical success (p<0.02).
Primary closure was successful only in small wounds
(< 3 cm). For total avulsions, local flaps showed systematic
failure, requiring the “inversion of the reconstructive ladder”
with the use of grafts or more complex procedures. Variables
such as anatomical location, age, and presence of polytrauma
did not significantly influence thefinal success rate (p>0.05).

Discussion

The reconstruction of the traumatized scalp represents a
unique challenge, requiring a detailed analysis of the defect’s
characteristics. Our results demonstrate that, unlike elective
reconstructions, the emergency scenario (91.4% of cases), the

high incidence of associated injuries (77.1%), and the depth of
the wounds (25.7% reaching the skull or meninges) are
prominent factors in trauma epidemiology.

The traditional “reconstructive ladder” must be modulat-
ed in trauma.1–4,6 Rigorous statistical analysis of our data
revealed that the “type of injury” was the only determinant
variable for the outcome, showing robust statistical signifi-
cance (p<0.02). These findings are clinically important, as
they isolate the biological nature of the wound (total avul-
sion versus blunt-force trauma) as the main predictor of
success or failure. It is fundamental to highlight that there
was no statistically significant association related to anatom-
ical location (frontal, parietal, occipital) or the presence of
severe associated injuries. This allows for the inference that
the plastic surgeon should not alter their reconstructive
approach based solely on the affected region or polytrauma,
but rather focus primarily on the diagnosis of the type and
extent of the soft tissue injury.

Regarding defect size, our findings corroborate the 3 cm
limit for primary closure.8 Above this cutoff, the rigidity of

Fig. 1 Proposed algorithm for the management of scalp trauma. The flowchart systematizes the therapeutic decision based primarily on the
type of injury. Primary closure is indicated only for small wounds (< 3 cm). For total avulsions or failure of local flaps, the protocol highlights the
“Inversion of the Reconstructive Ladder,” prioritizing microsurgery as the first line of treatment.
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the galea aponeurotica made direct suturing unfeasible in
our series, requiring immediate progression to local flaps.
Skin grafting, in turn, remains a solution for extensive defects
but critically depends on the presence of the pericranium. In
the 23.1% of cases with bone exposure (loss of pericranium),
grafting only became viable after preparing the bed with
drilling or trepanation.8,12

Local flaps were the pillar of treatment (46.2%), offering the
best aesthetic result in extensive lesions (above 3cm).1,4,6,8,10

However, we identified a critical limitation: the use of local
flaps for total avulsions resulted in systematic therapeutic
failure. This suggests that the trauma zone in the avulsion
compromises the vascularization of the adjacent tissue (“injury
zone”), making local flap unreliable and prone to necrosis.

This failure of local flaps in total avulsion cases supports
the concept of “inversion of the reconstructive ladder”. In
patients with this injury profile, the microsurgical free flap
should no longer be considered the last resort but rather the
preferred first-line option,14 ensuring stable coverage in a
single stage and avoiding unnecessary re-interventions.6,13

Based on these data, we propose a systematized treatment
algorithm (►Fig. 1). The flow begins with patient stabilization
(ATLS) and proceeds immediately to the decision based on the
type of injury (a statistically validated factor). The algorithm
branches into three initial paths: (1) small wounds (< 3cm)
are resolved with primary closure; (2) extensive wounds or
scalping require local flaps with galeotomies; and (3) loss of
pericranium demands bed preparation before grafting. The
crucial point of the algorithm, however, is the identification of
total avulsions or cases of local flap failure. In these specific
scenarios, the protocol determines the interruption of further
local reconstructive attempts and the immediate “Inversion of
the Reconstructive Ladder,” indicating replantation or micro-
surgical free flap as first-line therapy.

Conclusion

The analysis demonstrated that injury type and defect size
were the main determinants of successful wound closure,
regardless of anatomical location or associated trauma. The
study supports the proposal of a systematized algorithm, an
essential tool to guide surgical decision-making in emergen-
cy scenarios. The proposed protocol highlights the critical
need to invert the reconstructive ladder in complex avul-
sions, prioritizing microsurgical techniques to avoid thera-
peutic failures and ensure definitive coverage.
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