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INTRODUCTION
The scalp is an important functional structure that covers the 
cranial bones and protects the brain from external factors [1]. It 
is also an important aesthetic structure in that it is hair-bearing. 
Damage to this structure, such as from trauma, burns, radia-
tion, or tumor excision can result in poor quality of life from 

factors such as alopecia or deformity.
The complex anatomy of the scalp makes reconstruction dif-

ficult. The scalp consists of tight and loose portions, which sur-
geons must consider when choosing a method of scalp recon-
struction [1]. Additionally, surgeons should consider how the 
scalp reconstruction can be achieved so as to not distort the 
hairline and, if possible, minimize scars, alopecia, or deformity 
[2]. Previous scars or fibrosis may adversely affect the recon-
struction for a local or regional flap [3]. Surgeons should 
choose the best reconstructive procedure for each patient con-
sidering factors like defect size, depth, location, hairline, and al-
opecia risk. Therefore, it is necessary to build a useful manual 
to more easily choose the best reconstructive method for each 
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situation. 
The purpose of this study is to compare and analyze the cases 

of scalp reconstruction that have been performed in a single 
center over the past 10 years. Using this data, we aimed to pro-
vide better surgical choices for scalp reconstructions to sur-
geons, through the compilation of an algorithm.

 

METHODS
This study was a retrospective clinical review of patients who 
underwent scalp reconstructive surgery at a single center from 
2010 to 2019. Patients data was collected from a medical data-
base. Patients that underwent excisions of osteomas, lipomas, 
or epidermal cysts were excluded because there were no or 
minimal skin defects after surgery. 

This study was reviewed and approved by the Institutional 
Review Board of Inje University Paik Hospital (IRB No. 2020-
04-018) for human subject research and patient data was ob-
tained by informed consent.

We examined selected patients through chart review, and col-
lected the following data: defect etiology, location, size, depth, 
reconstructive procedure, postoperative complications, and 
whether the patient required revision surgery. Etiology was 
classified into postoperative alopecia, acute burn, malignant tu-
mor resection, soft-tissue defect (after infection, operation, or 
trauma), and postradiation [4]. Defect location was classified 
into three categories: frontoparietal/vertex, temporal/temporo-
parietal, or occipital area. Defect size was classified into small 
(< 10 cm2), medium (10–50 cm2), or large (> 50 cm2) [1]. De-
fect depth was classified into soft-tissue defects without cranial 
bone exposure, and with cranial bone or dura mater exposure. 
Reconstructive procedures were categorized into primary clo-
sure, skin graft, local flap, pedicled regional flap, and free flap 
[1]. We also investigated whether a skin graft was performed 
for donor site coverage when a local or pedicled regional flap 
was performed.

We evaluated whether each of these factors had an impact on 
the choice of reconstruction procedure. With respect to the de-
fect location, we evaluated whether a tight or loose scalp deter-
mined if primary closure was performed. The tight scalp is the 
region where the galea is located and is characterized by inelas-
tic skin. We included the frontoparietal/vertex and occipital ar-
eas in this region for the purpose of this study [1]. The loose 
scalp is the region where the temporalis muscle and fascia are 
located and this region is characterized by more flexible skin. 
For this study, we included the temporal/temporoparietal area 
and lateral occipital areas in this region [5,6]. These three fac-
tors (defect location, size, and depth) were tested in order by 

the chi-square test, Spearman correlation test, and Mann-
Whitney U test.

Complications were divided into major or minor categories 
[3]. Major complications included flap necrosis, thrombosis, 
and skin graft necrosis that required revision surgery under 
general anesthesia. Additionally, cases that required revision 
surgery were further categorized by the reconstruction proce-
dure and complications after the revision. Minor complications 
included flap congestion, partial skin graft loss, infection, he-
matoma, and dehiscence treated with only conservative therapy.

 

RESULTS
After applying the exclusion criteria, 94 patients were selected 
in total, and 98 cases of scalp reconstruction including revision 
surgery were performed. Among the 94 patients, 51 were male 
and 43 were female, while the mean age was 66.47± 17.34 years. 

Table 1 shows the etiology of the scalp reconstructions. Malig-
nant tumor resection (65.30%) was the most common etiology, 
followed by posttraumatic soft-tissue defect (14.28%), postop-
erative soft-tissue defect (9.18%), postinfectious soft-tissue de-
fect (4.08%), burn (3.06%), postoperative alopecia (3.06%), and 
postradiation (1.02%). 

The factors affecting the choice of scalp reconstruction meth-
od are described in Table 2. The reconstruction of scalp defects 
was conducted in the frontoparietal/vertex and temporal/tem-
poroparietal area in 45 cases, and in the occipital area in eight 
cases. The mean size of the scalp defects was 43.28± 113 cm2, 
which was performed in 56 cases (56.14%) of small size, 30 cas-
es (30.61%) of medium size, and 12 cases (12.24%) of large size. 
In terms of the depth of scalp defects, there were 79 soft-tissue 
defects without cranial bone exposure, and 19 soft-tissue de-
fects with cranial bone or dura mater exposure.

Tables 3 and 4 show the cases categorized by the characteris-
tics of the defect and the type of scalp reconstruction method 
used and it also describes whether supportive surgery was per-

Table 1. Causes of scalp reconstruction (n=98)
Cause No. of cases (%)

Malignant tumor resection 64 (65.30)

Soft-tissue defect

   Posttraumatic 14 (14.28)

   Postoperative 9 (9.18)

   Postinfectious 4 (4.08)

Burn

   Scalding 3 (3.06)

   Radiation 1 (1.02)

Postoperative alopecia 3 (3.06)
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formed simultaneously. There was a statistically significant dif-
ference (p= 0.011) between the proportion of primary closures 
performed versus no primary closure on loose scalps (51.11%) 
and the proportion of primary closures performed versus no 

primary closure on tight scalps (24.52%). Within the small size 
defect group, primary closures (58.92%) were common, fol-
lowed by local flap (19.64%), skin graft (16.07%) and regional 
flap (53.57%). There were no free flap procedures performed in 
this group. Within the medium size defect group, skin grafts 

Table 2. Defect classification and reconstructive procedures (n=98)
Variable No. of cases (%)

Location

   Frontoparietal/vertex 45 (45.91)

   Temporal/temporoparietal 45 (45.91)

   Occipital 8 (8.16)

Size

   Small (<10 cm2) 56 (57.14)

   Medium (10–50 cm2) 30 (30.61)

   Large (>50 cm2) 12 (12.24)

Depth

   Cranial bone exposure (–) 79 (80.61)

   Cranial bone or dura mater exposure (+) 19 (19.39)

Reconstructive procedures

   Direct closure 36 (36.73)

   Skin graft 27 (27.55)

   Local flap only 10 (10.2)

   Local flap + skin graft 7 (7.14)

   Regional flap only 2 (2.04)

   Regional flap + skin graft 13 (13.26)

   Free flap 3 (3.06)

Table 3. Reconstructive procedures depending on defect size and depth

Variable
Reconstructive procedures

p-valueDirect 
closure

Skin 
graft

Local 
flap

Regional 
flap

Free 
flap

Sizea) 0.000

   Small (<10 cm2) 33   9 11 3 0

   Medium (10–50 cm2)   3 15   2 9 1

   Large (>50 cm2)   0   3   4 3 2

Depth 0.000

   Cranial bone exposure (–) 36 26 11 6 0

   C ranial bone or dura ma-
ter exposure (+)

  0   1   6 9 3

a)R=0.479.

Table 4. Reconstructive procedures depending on location
Variable Primary closure No primary closure p-value

Location 0.011

   Tight scalp 13 40

   Loose scalp 23 22

Tight scalp = frontoparietal/vertex+occipital area; loose scalp = temporal/temporopari-
etal area. 

Fig. 1. A 39-year old man with scalp defect caused by radiation therapy. (A) Preoperative clinical photograph. (B) Intraoperative clinical pho-
tograph. (C) Postoperative clinical photograph. (D) Dura mater exposure and skull defect were observed. (E) Reconstruction with titanium 
mesh plate. Reconstruction of skin defect due to radiation therapy after a central neurocytoma operation. The bone defect was reconstructed 
with a titanium mesh plate. The superficial temporal artery-based regional flap was performed to cover the scalp defect and the donor site was 
covered with split-thickness skin graft.
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(50%) were most common, followed by regional flap (30%), 
primary closure (10%), local flap (6.66%), and free flap (3.33%). 
Within the large size defect group, local flap (33.33%) was the 
most common procedure, followed by skin graft (25%), region-
al flap (25%) and free flap (16.66%). There were no primary 
closures performed in this group. The choice of scalp recon-
struction method was affected significantly by defect size 
(R= 0.479, p< 0.001). Additionally, this table shows the cases of 
scalp reconstruction depending on the scalp defect depth. 
Within the group of soft-tissue defects without cranial bone ex-
posure, primary closure (45.56%) was most common, followed 
by skin graft (32.91%), local flap (13.92%) and regional flap 
(7.59%). There was no free flap performed in this group. Con-
versely, within the group of soft-tissue defects with cranial bone 
or dura mater exposure, regional flap (47.36%) was mostly per-
formed, followed by local flap (31.57%), free flap (15.78%), skin 
graft (5.26%), and no primary closure. The choice of scalp re-
construction method has been affected significantly by the de-
fect depth (p< 0.001). Fig. 1 shows a case where a superficial 

temporal artery-based island flap procedure was performed on 
a patient with radiation therapy after a central neurocytoma 
operation. After a wide excision of the chronic ulcerative lesion, 
inflammation and necrosis of the bone was observed under the 
ulcerative lesion, and an ostectomy was performed with the aid 
of a neurosurgeon. The bone defect was reconstructed with a 
titanium mesh plate and the superficial temporal artery was 
checked by doppler ultrasonography. The regional flap proce-
dure was performed to cover the scalp defect and the donor site 
was covered with split-thickness skin graft.

Fig. 2 shows the reconstruction of a skull deformity with a la-
tissimus dorsi muscle free flap in a patient after neurosurgery 
for a traumatic epidural hemorrhage caused by a fall.

There were five major complications and 29 minor complica-
tions among the patients (Table 5). There were three cases of 
flap necrosis and two cases of skin necrosis within the major 
complications group. A total of four revision operations were 
performed, but revision surgery was not performed on one of 
the patients because the patient was transferred to another hos-
pital. Hematoma (15 cases) was the most common minor com-
plication, followed by skin necrosis (nine cases). These cases 
were managed conservatively and the wounds healed without 
further surgery. In the single case of flap congestion, leech ther-
apy was applied for 1 week and the wound healed after 2 weeks 
of conservative treatment.

 

DISCUSSION
A deep understanding of scalp anatomy is essential in recon-
structing scalp defects. Most of the scalp area has tight and in-
elastic properties, including the underlying galea and perioste-
um. When the scalp defect includes the tighter scalp, it is more 
difficult to perform a primary closure. This is a significant con-
cern when choosing the best reconstruction procedure. Addi-
tionally, the surgeon must consider the defect size and depth, as 
well as prevention of alopecia, because the hair-bearing scalp 

Table 5. Complications of scalp reconstruction
Complications No. of cases

Major complications

   Flap necrosis   3

   Skin necrosis   2

Minor complications

   Flap congestion   1

   Hematoma 15

   Skin necrosis   9

   Dehiscence   2

   Infection   2

Fig. 2. Latissimus dorsi muscle free flap. (A) Preoperative clinical 
photograph. (B) Latissimus dorsi muscle free flap and skin graft. (C) 
Postoperative clinical photograph. Reconstruction of skull deformi-
ty after neurosurgery for traumatic epidural hemorrhage caused by 
a fall. Latissimus dorsi muscle free flap was performed with split-
thickness skin graft.
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affects the patient’s general appearance. The choice of recon-
struction method can vary significantly, as shown in our study. 
There are multiple methods utilized for the surgical treatment 
of scalp defects, with various surgical algorithms proposed [1-
6]. To our knowledge, however, there is no established surgical 
treatment algorithm. This study established an algorithm by 
retrospectively studying scalp reconstruction performed in a 
single center for the last 10 years.

A primary closure is the first surgical method to consider for 
small size defects. If there is little tension at the time of primary 
closure after undermining the subcutaneous tissue around the 
defect, this can be considered as the first choice, because it re-
duces operation duration and minimizes alopecia [1]. One 
study obtained means of 83.3% and 92.2% tension reduction 
with 5 cm and 15 cm of undermining, respectively [7]. In our 
study, it was also observed that primary closure was more per-
formed in small size defects less than 10 cm2 than in scalp de-
fects greater than 10 cm2. In the loose scalp area, where primary 
closure was possible with relatively less tension after undermin-
ing, a primary closure was often performed significantly more 
than in the tight scalp. However, if primary closure is per-
formed when the defect size is larger or the tension is great, the 
possibility of dehiscence of the surgical site or widening of the 
lineal alopecia cannot be excluded. In this case, other surgical 
treatments should be considered. 

A skin graft usually should not be the first choice for scalp re-
constructions, since it can cause poor cosmetic outcome such 
as alopecia, color mismatch, and height discrepancy. However, 
in some cases skin graft can be considered as an appropriate al-
ternative if a well-vascularized tissue bed remains [8]. For ex-
ample, in patients who are already bald, a flap operation such as 
a local flap, regional flap, or free flap, may not be appropriate 
because there would be no significant benefit and considering 
the possibility of flap necrosis, hematoma, and donor site mor-
bidity. If the scalp defect is too large, the vascular condition of 
the patient is poor due to severe comorbidities such as old age, 
cardiovascular disease, or diabetes, or if the flap procedure 
threatens the life of the patient, a skin graft is an appropriate al-
ternative to reduce invasiveness and duration of therapy. 

In cases involving radiation therapy or bone exposure, other 
surgical procedures should be considered first because the 
healthy tissue is not suitable for skin grafting. However, a study 
showed that skin grafts with Integra may be a stable alternative 
for patients undergoing radiotherapy indicating the possibility 
of good results from skin grafts using bioengineered skin sub-
stitute [9].

A local flap is the most preferable surgical treatment for re-
constructing scalp defects. A study found that a local flap is the 

most feasible method for reconstructing scalp defects less than 
150 cm2 with a low complication rate (3.4%) [1]. If the local flap 
can be performed on healthy tissue, it can be useful in compro-
mised conditions such as with radiotherapy, infection, and 
postoperative skin necrosis [3]. Additionally, a local flap mini-
mizes alopecia by covering defects using hair-bearing tissue 
and it provides “like with like” tissue, which can result in a fa-
vorable appearance by minimizing height discrepancy and col-
or mismatch, even in patients without hair [1]. For a local flap 
to be successful, it is important to design one that is much larg-
er than the defect size, and has a wide base, and to avoid suture 
lines in critical areas [10]. However, as the defect size increases, 
the likelihood that a skin graft on the donor site is the best pro-
cedure increases, and alopecia may be inevitable. 

A regional flap is a surgery used to dissect the vascular pedicle 
and cover the scalp defect by using the vascularized flap. This 
operation is often used in large-size scalp defects. There are sev-
eral types, including the lower island trapezius flap, latissimus 
dorsi musculocutaneous flap and the temporoparietal fascia 
flap [1]. The temporoparietal fascia flap, based on the superfi-
cial temporal artery, was used the most in our center. This flap 
is particularly useful for scalp defects in the frontal or temporal 
hairline regions because it can be designed with the hair-bear-
ing scalp included [11]. Like a local flap, a regional flap can be 
performed in patients with compromised conditions, such as 
radiation therapy, infection, and postoperative skin necrosis [1]. 
In our study, regional flaps were performed more frequently in 
conjunction with a skin graft than were local flaps. 

A free flap can be useful with medium or large size defects, es-
pecially in cases with previous radiation therapy, chronic infec-
tion, and neurocranial morbidity [1]. One study showed that a 
scalp free flap can survive postoperative radiation therapy after 
a malignant tumor resection and reconstruction surgery [12]. 
In another study, the free flap procedure was shown to be as 
safe and efficient in the elderly population as it is in other age 
groups, which means that age alone should not be considered a 
contraindication for a free flap [13]. A total of three free flap 
procedures (two latissimus dorsi muscle flaps and one antero-
lateral thigh flap) were performed in our study. A free flap al-
lows for a more favorable cosmetic appearance by providing 
sufficient volume for the scalp deformity as the case of Fig. 2. A 
latissimus dorsi muscle free flap and skin graft were performed 
on this patient, thereby providing a favorable contour for the 
skull defects. The reason a latissimus dorsi myocutaneous free 
flap was not performed is that the subcutaneous fat on the latis-
simus dorsi muscle is too bulky, and therefore bulges after the 
surgery, creating poor skull contouring.

A tissue expander was not used in this center for several rea-
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sons. First, due to the socioeconomic status of many of the pa-
tients that come to this center, patients generally refuse this op-
tion because of the high cost of the tissue expander coupled 
with the secondary surgery. Second, patients are understand-
ably concerned with their appearance caused by the expander 
prior to the second surgery and, third, they do not want to be 
inconvenienced by repeatedly having to go to the hospital for 
inflation of the tissue expander. Most importantly, there is a risk 
of infection or inflammation due to the reaction to a foreign 
body, and this may ultimately necessitate removal of expander 
before performing the second surgery. Especially in patients 
with previous radiotherapy, chronic wound infection, or allo-
plastic material, tissue expanders should not be recommended 
due to the high complication rate [1,12]. Despite tissue expand-
er insertion surgeries not being performed in this center, the 
procedure should be considered for patients with scalp alopecia 
acquired after other reconstruction surgeries.

To summarize, it is possible to select a reconstruction method 
for scalp defects based on the following algorithm (Fig. 3). First, 
conservative therapy such as a secondary intention or vacuum-
assisted closure should be considered when the patient’s general 
condition is not good enough to perform reconstruction sur-
gery under general anesthesia. If the patient’s condition is good 

enough for a reconstruction, defect depth should be evaluated 
first. If cranial bone is not exposed at the defect but the patient 
is bald, a skin graft should be performed if primary closure is 
not possible. If the patient’s scalp is hair-bearing, the size of the 
scalp defect should also be evaluated. In our study, the ratio of 
primary closure to no primary closure was significantly higher 
in defect sizes of less than 10 cm2 and on loose scalps than in 
the other categories. Therefore, if the scalp defect is on the loose 
scalp and the size is less than 10 cm2, primary closure should be 
considered the first choice. Even in the tight scalp, primary clo-
sure can be considered in small size defects where tension is not 
too tight to close the wound. However, if the tension is too 
great, a flap operation should be performed. Even if the defect 
size is small, it is critical to make the flap size large enough be-
cause, if it is not, there may be too much tension on the donor 
site, or a skin graft may need to be performed. In medium to 
large size scalp defects a primary closure is rarely performed, so, 
a local flap, regional flap, or free flap should be considered. In 
the case of a regional flap, a skin graft was more often accompa-
nied than in a local flap, as mentioned above. In other words, 
alopecia is often involved after a regional flap so, if possible and 
even if the flap incision is large, a local flap should be consid-
ered first to cover the scalp defect. Finally, a reconstruction can 

 Fig. 3. Algorithm for reconstruction of scalp defect.

Scalp soft tissue defect

Poor general condition

Bone exposure

Bald scalp

Secondary intention 
vacuum-assisted closure

No Yes

No

Yes

Yes No

Skin graft Local flap Local flapPrimary closure Primary closureLocal flap
Regional flap

Local flap
Regional flap

Free flap

Small size Small size

Tight scalp Tight scalpLoose scalp Loose scalp

Medium or large size Medium or large size
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be performed using a free flap when the local tissue is poor vas-
cularity due to radiotherapy, or when a skull deformity is severe 
and a volume supplement is required.

There are some limitations in this study. First, this center did 
not perform reconstructions strictly following this algorithm. 
This was because we evaluated the data retrospectively and the 
operations were not performed by only one surgeon, meaning 
that the choice of reconstruction method was affected some-
what by the surgeon’s preference. There were also consider-
ations for patients with cardiovascular disease, diabetes melli-
tus, or other comorbidities as well as socioeconomic status that 
could not be factored into our study. Additionally, the number 
of patients in the large size defect group was much smaller than 
in the other defect size groups. Lastly, we should mention the 
case of skin graft for the reconstruction of dura mater-exposed 
scalp defect. We performed skin graft as temporary procedure 
for the protection of brain because dura mater was still exposed 
after craniectomy and duroplasty for skull fracture and trau-
matic epidural hemorrhage and patient condition was poor. 
Despite these limitations, this study may assist surgeons in their 
choice of reconstruction method before and during the surgery.

In conclusion, multiple factors affect the choice of scalp re-
construction method. As there was no previously established 
algorithm approach for scalp reconstruction, we suggest that 
this algorithm, based on our 10 years of experience, will help 
surgeons better choose successful surgical managements for 
these patients. 
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