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Background and Aim: Craniotomy is a surgery in which a flap of the skull is opened to access the 
affected area in the brain. Since paying attention to the aesthetic aspects of the patient’s head 
after surgery is very important for the patient’s mental health and social life, surgeons should try 
to adopt a method that minimizes damage to the scalp and follicles. 

Methods and Materials/Patients: In this clinical trial study, patients who were candidates for 
frontotemporoparietal craniotomy surgery were selected. Twenty-three selected patients were 
randomly divided into 2 groups consisting of a 12-member intervention group (L.G. Kempe) and an 
11-member control group (Standard Reverse Question mark). Patients underwent a pre-operative 
biopsy of the scalp and a follow-up biopsy 6 months post-operatively. In the evaluation of aesthetic 
aspects, the created scar was scored using the Stony Brook Scar Evaluation Scale (SBSES). Patients 
were also directly asked about their satisfaction with the operation and the scar created.

Results: In 23 patients, the results showed that patients who underwent LG Kempe incision 
craniotomy received significantly higher scores in SBSES scoring evaluations (P=0.005). There was 
no significant difference in subjective evaluations by asking patients about their satisfaction with 
the scar site and the operation area (P=0.75). In the analysis of post-operative hair follicle density 
between the 2 groups (P=0.910), general changes in pre-operative and post-operative follicle 
density in all samples (P= 0.657) as well as comparing the changes between 2 groups, no significant 
difference was found between follicular density changes between the intervention and control 
groups (P=0.137).

Conclusion: Patients treated with L.G. Kempe incision had significantly higher SBSES scores, 
which can be considered an aesthetically superior method that could prevent the formation of 
undesirable scar.
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1. Introduction

raniotomy is a surgery in which a flap of 
the skull is opened to access intracranial 
pathologies. This surgery leaves a scar, the 
size of which varies from patient to patient 

according to the size of the scalp incision. Specifically, 
in large-size craniotomies, cosmetic problems are the 
common concern for both patient and surgeon. Patients 
may experience alopecia and whitening of the scalp, 
which may eventually begin to fall out. This is especially 
true for patients undergoing radiation therapy after cra-
niotomy surgery. Coping with hair loss after brain sur-
gery is difficult for some patients, especially young ones. 
The hair comes back after the brain surgery and the situ-
ation improves. However, the process is slow and may 
take several months [1].

A certain amount of hair loss along the scalp incision 
is inevitable after craniotomy surgery. However, some 
techniques in regular scalp incisions exacerbate hair 
loss. In Extracranial and Intracranial (EC-IC) bypass sur-
gery, the vessels that feed the scalp are removed and 
anastomosed in the cerebral arteries, resulting in more 
pronounced hair loss compared to other neurosurgical 
procedures [2]. Today, surgical interventions should be 
performed with care and consideration of the cosmet-
ic effect on patients because the craniofacial region is 
probably the most important area of the body in terms 
of aesthetics [3]. Modern neurosurgery should use pre-
cautions and surgical techniques to reduce the poor 
aesthetic consequences of patients. Therefore, a surgi-
cal protocol, regardless of the location and nature of the 
lesion, should be used. It is recommended to minimize 

the aesthetic effect with a step-by-step method [4-8]. 
Since paying attention to the aesthetic aspects of the 
patient’s head after surgery is very important for the 
patient’s mental health and social life, surgeons should 
try to adopt a method that minimizes damage to the 
scalp and follicles, heals the wound as soon as possible 
and reduces the extent of the incision area [9-11]. The 
aim of this study was to compare the 2 incision methods 
mentioned in terms of aesthetics and patient satisfac-
tion and also their effect on the density of hair follicles 
of surgical site scalp.

L.G. Kempe incision

For the LG Kepmpe incision, the scalp on the sagittal 
suture from the top of the window’s peak to the inion 
with a “T-Bar” is cut from 1 to 2 centimeters anterior to 
the tragus at the temporal root of the zygoma and as-
cending to the midline. The sagittal incision is one cen-
timeter behind the coronal suture (Figure 1). Closure 
involves holding a suture at the top of the wound, fol-
lowed by suturing and stapling Galea, and then remov-
ing the suture at the top of the wound [12].

Standard reverse question mark incision

The large reverse question mark scalp incision starts 
1-2 cm anterior to the tragus at the root of the zygoma, 
curving posteriorly above and gently behind the ear 
toward the asterion. This incision then gently curves 
around the parietal boss to the midline and forward to 
the widow’s peak [13]. The scalp is incised and reflected 
anteriorly as a myocutaneous flap of the scalp and tem-
poralis muscle (Figure 1). 

C

Highlights 

• Significantly higher SBSES scores in L.G. Kempe craniotomy were reported.

• No difference was found between the 2 groups in terms of hair follicular density.

• No difference was found between the 2 groups in terms of subjective patient satisfaction.

Plain Language Summary 

Craniotomy is a surgery in which a flap of the skull is opened to access the affected area in the brain. Since paying 
attention to the aesthetic aspects of the patient’s head after surgery is very important for the patient’s mental health 
and social life, surgeons should try to adopt a method that minimizes damage to the scalp and follicles. In this study, 
we compared 2 scalp incision methods used by neurosurgeons to treat brain conditions. By studying 23 patients, we 
found that patients who had undergone the “L.G. Kempe” incision method received a significantly higher score on 
scar evaluation.
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2. Methods and Materials/Patients

After obtaining necessary permissions including the 
ethical code of the ethical committee of Golestan hos-
pital (Code: IR.AJUMS.HGOLESTAN.REC.1399.004) and 
clinical trial (Code: IRCT20180906040962N1). Patients 
who were candidate for large frontotemporaneoprani-
tal craniotomy were selected after examining the inclu-
sion and exclusion criteria.

Patients who were candidate for large frontotempo-
raneopranital craniectomy or craniotomy aged 18-65 
years were included in the study. Exclusion criteria were 
as follows; age over 65 or under 18 years, presence of 
trauma wounds at the patient’s craniotomy site, history 
of radiotherapy, diabetes mellitus, vascular diseases, 
use of immunosuppressive drugs, history of previous 
skin problems, history of psoriasis, the presence of an-
drogenic baldness in the patient, and presence of non-
androgenic blisters in the patient.

Thirty-one patients were included in the study in 2 
groups of 14 and 17 people. In this study, selected pa-
tients were randomly divided into 2 groups by the per-
mutation block method. 

Before starting the surgery in the operating room, a 
biopsy was taken from the scalp of the affected area in 
the frontoparietal area (1 cm in front of the coronal su-
ture at a distance of 6 cm from the sagittal suture line). 

For evaluation of hair follicle density, scalp biopsy was 
sent to the pathology laboratory and evaluated for the 
number of hair follicles in each Low Power Field (LPF). 
In each group, patients underwent craniotomy with 
mentioned incisions. Six months after the date of ini-
tial sampling, patients were called in for follow-up and 
evaluated the aesthetics of the wound scar and the sec-
ond scalp sampling. The aesthetic evaluation was per-
formed by asking the patient to score the appearance 
and density of hair in the craniotomy area as one of the 
desirable, moderate, and poor results. Independent 
evaluation of the appearance of scarring was also per-
formed by the researchers through examining the scar 
using SBSES scoring (Stony brook scar evaluation score) 
(Table 1) [14].

Also, the second biopsy was taken from the scalp (pa-
rietal) from the same area under sterile conditions and 
sent to the pathology laboratory for re-evaluation of the 
number of hair follicles in each LPF. Unfortunately, 8 cas-
es expired and lost their follow-up. Finally, we managed 
to follow up the 23 patients, 11 patients in the standard 
reverse question mark incision group and 12 patients in 
the L.G. Kempe incision group. The results were com-
pared with the previous sample of the patients and also 
between the 2 groups. SBSES score was measured and 
recorded by a single person in the 6th month. The pa-
tient’s information was recorded in the designed ques-
tionnaire from the beginning.

Figure 1. Lateral and superior view of L.G. Kempe incision (A & B); Lateral and superior view of Standard reverse question mark incision (C & D) [13]

Reproduced with permission from the main source (Neurosurgical Focus); Reverse question mark frontotemporoparietal scalp incision (C & D).
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3. Results

The definitive collected samples through the follow-up 
process consisted of 2 groups: a 12-member interven-
tion group with L.G. Kempe incision and an 11-member 
control group with standard reverse question mark inci-
sion. In the collected samples, the subjects were divided 
by sex, including 14 males (9 in the LG Kempe section 
and 5 in the reverse question mark section) and 9 fe-
males (3 in the L.G. Kempe section and 6 in the reverse 
question mark section).

The results obtained from SBSES score evaluations are 
as follows: SBSES scores were compared between the 
intervention and control groups using the independent 
sample t-test. The results of comparing the SBSES score 
between the 2 groups indicated that the mean SBSES 
score in the intervention group (mean=3.83) was higher 
than that of the control group (mean=2.18) (P=0.005). 
There was a significant relationship (P<0.05) between 
the type of incision and the SBSES score (Table 2).

The results of the data were as follows: in the interven-
tion group (L.G. Kempe) 6 people had a good evaluation 
(50%), 4 people had a moderate evaluation (33%) and 2 

people had a poor evaluation (17%). Also in the control 
group, 4 people reported good evaluation (36%), 4 peo-
ple reported moderate evaluation (37%) and 3 people 
reported poor evaluation (27%).

Also, the result of patients’ satisfaction with the effect 
of residual scar area in the 2 groups was evaluated by 
the chi-square test, but no significant relationship was 
found (P=0.75).

In the results of biopsies obtained at the follow-up pe-
riod of 6 months from the patients’ scalp, the obtained 
follicular examinations demonstrated the mean of the 
intervention group was 8.92 and the mean of the con-
trol group was 9.18 in each LPF.

Comparison of mean follicular density between the 
intervention and control groups with independent sam-
ple t-test displayed no significant relationship between 
the type of surgical incision and follicular hair density 
after surgery between the 2 groups (P=0.910).

Studying the changes of hair follicle density showed 
that the mean changes of hair follicles were generally 
1.09, in the intervention group 0.83 and, in the control 

Table 2. Average SBSES score by type of incision

Craniotomy Scalp Incision Type N Mean±SD Min. Max. P

Standard reverse question mark 11 2.18±1.401 0 5

0.005L.G. Kempe 12 3.83±0.937 2 5

Total 23 3.04±1.430 0 5

Table 1. Stony brook scar evaluation scores

ScoreStony Brook Scar Evaluation ScaleScar Category

0
1

>2 mm
≤2 mmWidth

0

1

Elevated/depressed in relation to surrounding skin
FlatHeight

0

1

Darker than surrounding skin 
Same color or lighter than surrounding skinColor

0
1

Present
AbsentHatch marks/Suture marks

0
1

Poor 
GoodOverall appearance
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group 1.36. Using paired sample t-test, the mean after 
surgery was not significantly different from before sur-
gery (P=0.657). 

Also, in the results of comparing the mean changes in 
hair follicle density between the control and interven-
tion groups, which was performed by 1-way ANOVA 
statistical test, no significant relationship was found be-
tween the type of surgical incision and the mean chang-
es in follicular density (P=0.137).

4. Discussion

Today, surgical interventions must be treated with care 
for their aesthetic impact on the patient. The cranium 
area and the scalp also have a special place in terms 
of beauty and psychosocial effects, and the head and 
neck are probably the most important anatomical ar-
eas in the human body. Neurosurgeons, in addition to 
trying to acquire modern neurosurgery skills, should 
also use precautionary measures and reliable surgical 
techniques to reduce the poor aesthetic consequences 
in patients. This should be a fundamental approach 
even if more aesthetic considerations are experienced 
by young people, women, and bald people. The adop-
tion of a common protocol for the proper treatment of 
all patients seems absolutely necessary. Thus, neuro-
surgeons should get used to considering the aesthetic 
aspect as a necessity for all patients, even those with 
undesirable injuries. Therefore, a surgical protocol, re-
gardless of the location and nature of the lesion, should 
be used to minimize the aesthetic effect with a step-by-
step method [4-8]. One of the inevitable complications 
of scalp incision is scarring and loss of hair follicles in the 
cut area. Since paying attention to the aesthetic aspects 
of the patient’s head after surgery is very important 
for the patient’s mental health and social life, surgeons 
should try to adopt a method that minimizes damage 
to the scalp and follicles, heals the wound in the fastest 
and most possible way and minimizes the extent of the 
incision area [9, 10].

In a retrospective study, Ragel et al. compared the re-
sults of 3 craniotomies in 90 patients. They pointed to 
the need to use alternative methods of scalp incision, 
including the LG Kemp incision, due to the unacceptably 
high rate of reverse question mark incision wound fail-
ure in patients requiring large craniotomies or patients 
with complex scalp injuries. The advantages of this inci-
sion (L.G. Kemp) included the preservation of the scalp 
arterial blood supply source by the occipital and super-
ficial temporal arteries and the restriction of the incision 
on the lambdoid suture, which has been subjected to 

prolonged pressure. The authors recommended L.G. 
Kepme incision to maintain blood flow in large craniec-
tomies to prevent brain strangulation on bone margins, 
minimal brain debridement, adequate brain decom-
pression, and dural substitute dural closure.

In the results of this study, after the examinations and 
evaluation of the scar with the SBSES scoring system, , 
there was a significant relationship (P>0.05) between 
the type of incision and the SBSES score between the 
intervention and control groups. The result can indicate 
that the scalp blood supply of patients in L.G. Kempe 
craniotomy was less affected and the affected areas in 
the incision area had higher blood flow.

The results of the study on patient satisfaction as a 
direct question to the patient about the condition of 
the operation area and the scar indicate no significant 
relationship (P=0.75). A prospective study by Diccini et 
al. found that most patients did not report a change in 
self-esteem due to hair loss. Self-esteem was the same 
among patients who were told about the process of hair 
loss. The majority of patients used accessories as a strat-
egy to hide shaved areas and believed that hair loss did 
not harm their quality of life or their social relations [15].

Therefore, in line with the research mentioned, the 
findings of the researchers of this study illustrated that 
the type of operation incision did not have much effect 
on the patient’s satisfaction or dissatisfaction with the 
scar. One of the reasons for this can be attributed to 
the socio-cultural conditions of patients, which can be 
a good topic for future research. Moreover, due to the 
limited number of sample size and the existing cultural 
and economic diversities, no definite conclusion can be 
reached and the rejection or confirmation of the results 
requires further investigation.

In the results of biopsies obtained at the follow-up 
period of 6 months after the operation, by comparing 
the mean follicular density, no significant relationship 
was found between the type of surgical incision and fol-
licular hair density after surgery between the 2 groups 
(P=0.910). The results also suggest that the mean hair 
follicle density after surgery was not significantly differ-
ent from before surgery (P=0.657). Our perception was 
that LGkempe incision, because of maintaining better 
blood supply for scalp, leads to better results in terms of 
follicular density. It may be because of the small number 
of our cases.

A certain amount of hair loss along the scalp incision 
is inevitable after craniotomy surgery. However, some 
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techniques in regular scalp incisions exacerbate hair 
loss. In Extracranial and Intracranial (EC-IC) bypass sur-
gery, the vessels that feed the scalp are removed and 
anastomosed in the cerebral arteries, resulting in more 
pronounced hair loss compared with other neurosur-
gical procedures [2]. However, the findings of the re-
searchers in this study did not reveal a clue of follicular 
damage which could lead to a decrease in follicular den-
sity and hair loss due to damage to the hair follicles. The 
apparent hair loss can be caused by telegenic effluvium, 
which is a temporary process triggered by anesthesia, 
stress, and hormonal changes after surgery, from which 
the hair follicle is not damaged and the lost hair is re-
paired after a while [16].

5. Conclusion

The results of the study showed that patients who 
underwent craniotomy with L.G. Kempe incision scored 
significantly higher mean scores in SBSES scoring evalu-
ations. Although the 2 surgical incisions were not sig-
nificantly superior in maintaining density and prevent-
ing follicular damage, because of its better SBSES score 
L.G. Kempe incision can be considered an aesthetically 
superior method that could prevent the formation of 
undesirable scar. 
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