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Abstract

Background: In this era of minimally invasive treatment, it is important to make
operative scars as inconspicuous as possible, and there is a great deal of room
for improvement in daily practice. Zigzag incision with coronal incision has been
described mainly in the field of plastic surgery, and its applicability for skin incision
in general neurosurgery has not been reported.

Methods: Zigzag incision with 1.5-layer method was applied to 14 patients
with unruptured cerebral aneurysm between April 2011 and August 2012.
A questionnaire survey was administered among patients with unruptured aneurysm
using SF-36v2 since April 2010. The results were compared between patients with

zigzag incision and a previous cohort with traditional incision. Access t:]is article
online

Results: There were no cases of complications associated with the operative Website:

wound. In the questionnaire survey, all parameters tended to be better in the patients www.surgicalneurologyint.com

with zigzag incision, and role social component score (RCS) was significantly higher DOI:
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in the zigzag group than in the traditional incision group (P = 0.0436).

Conclusion: Zigzag incision using the 1.5-layer method with frontotemporal
craniotomy seems to represent an improvement over the conventional curvilinear
incision with regard to cosmetic outcome and RCS.

Key Words: SF36v2, unruptured cerebral aneurysm, zigzag incision, 1.5-layer
technique

INTRODUCTION the skin, both of which contribute to its superiority for

endovascular surgery. Neurosurgeons are required to be
There has been a great deal of recent progress in both
techniques and instruments for use in the field of
neurosurgery.  Endovascular coiling is no longer an
alternative for clipping surgery, and has become the
mainstream form of treatment for cerebral aneurysms.
This method does not involve manipulation of complex  render operative scars as inconspicuous as possible, there
and fragile brain tissue and it does not leave scarring in s still room for improvement in many aspects.

more conscious of invasiveness in this era of minimally
Invasive surgery; in addition to basic neurosurgical
techniques, care should be taken with regard to esthetic
issues. Although neurosurgeons generally attempt to
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The zigzag coronal incision has been reported
for this purpose, mainly in the field of plastic
surgery.*”!" However, there have been no previous reports
of the application of zigzag incision in frontotemporal
craniotomy. Ilere, we present a frontotemporal
craniotomy technique with zigzag incision that results in
an inconspicuous operative wound.

MATERIALS AND METHODS

From April 2010 to March 2011, we had 35 patients
who underwent clipping surgery for unruptured
aneurysms with conventional curvilinear incision at
NTT Medical Center Tokyo. Then, between April
2011 and August 2012, zigzag incision with 1.5 layer
technique was applied in 14 consecutive patients with
unruptured cerebral aneurysm who were otherwise in
good health at the same facility. The description of
the zigzag incision with 1.5-layer method is as follows:
After induction of general anesthesia and fixation of
the patient’s head with a Mayfield® three-point frame,
ordinary curvilinear incision behind the hairline is
designed to expose McCarty’s keyhole. The zigzag line
can be drawn behind this curvilinear line [Figure 1]. For
perfusion of the skinflap and to ensure revascularization
during the subdural maneuver, the posterior incision
line is designed to preserve about 8 cm of the parietal
branch of the superficial temporal artery (STA). The
angle between cach short linear line (4 or 5 cm) is
approximately 90°-150°, because an excessively narrow
angle would lead to a decrease in blood flow at the tip of
the skin flap and this would result in poor wound fusion
or necrosis. Iemostasis is achieved by subcutancous
injection of 2% lidocaine with epinephrine. Then, the
incision 1s made through the skin, subcutancous layer,
and galea aponcurotica without damaging the main trunk

Figure I: Green line indicates craniotomy area. Blue line is the
conventional curvilinear incision behind the hairline, which is
designed to expose McCarty’s keyhole and lateral orbital rim.Based
on the blue line, the zigzag line can be drawn.The angle between
each short linear line (4-5 cm) is approximately 120°-150°

http://www.surgicalneurologyint.com/content/5/1/69

of the STA. Skin clips are applied as needed. The skin
flap is turned over at the layer of loose alveolar tissue.
As excessive detachment may cause peripheral facial
nerve palsy, detachment of the flap at this layer should
be stopped when the posterior edge of the preplanned
craniotomy area is exposed [Figure 2].1"" Hence, we
idiomatically call this technique 1.5 layer method. The
temporal fascia, muscle, and periosteum are then cut
with a scalpel and a monopolar clectrode. From this
line, the temporal muscle is detached from the skull and
retracted with the skin together as in the conventional
single-layer method.

After  the procedure, standard craniotomy and
microsurgical manipulation can begin. In closing, the
temporal fascia is approximated with nonabsorbable
sutures. Then, the skin is sutured where the angles of the
zigzag mect.

In this era of minimally invasive surgery, neurovascular
surgeons are required to be more conscious of
invasiveness especially in treating unruptured aneurysms.
However, it is sometimes difficult to measure patients’
satisfaction  through doctors’  subjective eyes. To
evaluate it objectively, a questionnaire survey has been
administered using SIF-36vZ scoring system regarding
quality of life (QOL) for all cases of unruptured ancurysm
one month after surgery in our facility since April 2010.
SEF36v2 questionnaire sheet consists of only 36 questions,
which yields an 8-scale profile of functional health.
The 8-scale profile indicates, physical functioning (PI),
role  physical (RP), bodily pain (BP), general
health (GII), vitality (VT), social functioning (SI), role
emotional (RE), and mental health (MH). Summary
scores, that is, physical component score (PCS), mental
component score (MCS), and role social component
score (RCS), are calculated from the 8-scale profile.
Concretely, PCS reflects PE, RP. BP. and GH. MCS

Figure 2: The width of hair removal is within 2 cm. Stiff gauze is
usually stapled onto the cutting line to cover the patients’ hair.
The distance between the zigzag line and fascia incision line is
approximately 4-5 cm
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reflects VI, SE RE, and MH. RCS reflects RP. GH, SE,
and RE. The summary score can be compared with
norm, and the standard score of the norm is 50. The
data were compared between patients treated with zigzag
incision and those patients treated with conventional
curvilinear incision. Twenty-nine questionnaires were
returned, among which two were excluded because of
incomplete data. Comparisons were performed between
13 patients as a control group (median age, 62 years;
range, 45-70 years; 9 females, 4 males) and 14 patients as
a zigzag group (median age, 58 years; range 40-69 years;
10 females, 4 males). We calculated a 3-component
summary score, consisting of the PCS, MCS, and RCS,
and performed statistical analysis of the data using
Student’s t-test and Fisher’s exact test. Before using
Student’s t-test, we confirmed that the null hypothesis
that the data with each component score from SF36v2
had come from a normally distributed population could
not be rejected using the Shapiro-Wilk test.

In all analyses, P < 0.05 was taken to indicate statistical
significance.

RESULTS

The method described here had excellent cosmetic
results. The average additional time to perform this
procedure was about 20 min, which was mainly due to
elongation of the scar. No complications associated with
wounds, such as infection or leakage of cerebrospinal
fluid (CSF) occurred. All cases included in this study
is listed in Table 1. In control group, the average score
of PCS was 43.0 (£12.4), the average score of MCS
was 51.3 (£7.9), and the average score of RCS was 30.0
(£14.7). In zigzag group, the average score of PCS was
49.8 (£8.1), the average score of MCS was 54.5 (x10.0),
and the average score of RCS was 40.6 (=11.2). All of
the average parameters were higher in patients with
zigzag incision than in the control group receiving
conventional treatment. The RCS was significantly
higher in the zigzag incision group than in the control
group (P = 0.0436) [Figure 3], while there were no
significant differences in the other two components
between the groups (PCS, P = 0.1034; MCS,
P = 0.3635) [Table 2]. In control group, there were three
patients whose RCS scores were definitely low (patients’
number 2, 9, 13), however, these scores were not outliers.
Therefore, these three patients were also included in the
analysis.

DISCUSSION

With the development of novel instruments and deeper
knowledge of anatomy, treatment of neurological
disorders is becoming less invasive. Interventional
radiology is no longer an alternative to clipping surgery,
and has become the mainstream form of treatment

http://www.surgicalneurologyint.com/content/5/1/69

Table 1 : The basic information and summary scores of
patients included in the study are listed in

Locationof PCS NMCS RCS

Patientno. Age, Sex

years aneurysms

Control
1 70 F Acom 45.7 47 371
2 68 F BA 446 489 8.1
3 64 F MCA 59.5 51 471
4 56 M Acom 412 4.7 316
5 56 F IC 389 60.7 405
6 70 M Acom 483 384 339
7 58 F IC 59.8 503 33.6
8 45 F IC 543 658 50.9
9 70 M BA 50 43.1 8.6
10 61 M BA 32 549 325
" 66 F Acom 418 53.6 234
12 63 F IC 254 599 372
13 65 F MCA 179 517 4.9

Zigzag
1 64 F IC 383 66.7 387
2 45 F IC 407 434 244
3 50 M Acom 57.8  56.6 52
4 53 M IC 525 604 544
5 45 F IC 465 409 248
6 56 F IC 50.7 643 474
7 65 M Acom 60 66 47.3
8 69 F IC 58.1 43 249
9 66 M IC 584  62.3 49
10 40 F MCA 374 362 414
1" 59 F IC 46.8 541 475
12 67 F IC 546 576 327
13 64 F IC 40.2 525 303
14 69 F IC 5.2 593 534

ACom:Anterior communicating artery, BA: Basilar artery, IC: Internal carotid artery,
MCA: Middle cerebral artery

Table 2: Statistical analysis of summary scores hetween
two groups

Control Zigzag P
Age, years, mean=SD 62.5+7.3 58+9.9 *0.1956
Sex, male 30.80% 28.60% **0.6151
PCS, mean=SD 43.0x12.4 49.8+8.1 *0.1034
MCS, mean=SD 51.3x7.9 54.5+10.0 *0.3635
RCS, mean+SD 30.014.7 40.6+11.2 *0.0436

The patient characteristics are listed in this table. Comparisons were performed
between |3 patients as a control and 14 patients as a zigzag. There were no
significant differences between the two groups with regard to age or sex.We
performed statistical analysis of the data using student’s t test and Fisher’s exact
test. The RCS was significantly higher in the zigzag incision group than in the control
group (P=0.0436). *Student’s t test. **Fisher’s exact test. SD: Standard deviation,
PCS: Physical component score, MCS: Mental component score, RCS: Role social
component score

for cerebral aneurysms. This method is less invasive
in that it does not manipulate the complex and fragile
brain tissue directly,. However, cosmetic issues in that
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do not leave scarring of the skin, which contributes
largely to patients’ preference for endovascular surgery,
although radiation-induced permanent alopecia due
to endovascular treatment occurs in a considerable
proportion of cases.!” Thus, it is necessary for operative
neurosurgeons to be conscious of the impact of operative
scars on patients’ QOL.B%!M121 With regard to minimally
Invasive surgery, many reports have emphasized the
effectiveness of small scars. However, even small incisions
may be conspicuous if made on a hairless area or parallel
to the flumina pilorum.

Zigzag bicoronal incisions have been reported for
cosmetic purposes, and they were mainly for the
maneuvering of skin and bone pathology. Munro et al.
first described zigzag incision in 1993.1% They noted
that there is often a late problem from straight line
coronal incision; in that it produces a natural separation
of the hair, which then parts forward and backward
leaving a very visible defect, especially when the hair is
wet. Zigzag incision can make the scar less conspicuous
as each short incision does not lie parallel to the hair
stream, and the scar tends to be covered by hair even
when wet. In addition, the human visual cognition
system tends to follow one continuous line, including
operative scars, but is less well adapted to the connection
of short incisions. Moreover, this method disperses the
tension of the scar along the incision, which provides
better conditions for wound healing!" [Figure 4a] and
reduces the risk of forming a hyperplastic scar.*¢/ There
is, as yet, no consensus regarding to the optimal length
of cach short incision and the angle between them.
We generally make each short incision about 4-5 cm in
length with an angle of approximately 90°-150°, because
if the angle is too narrow, blood flow to the tip of the
skin flap would be reduced, leading to poor conditions
for healing [Figure 4b).

Fisher et al. addresses the main disadvantage of this

® control

W 2ig2ag

PCS MCS RCS

Figure 3: SF36v2 summary score PCS: Physical Component score
MCS:Mental Component score RCS:Role Social Component score
The bar chart indicates the component summary score based on the
norm.The average score based on the norm is 50.RCS is significantly
higher in the zigzag group than the control group (P = 0.0436)
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zigzag incision; in that it takes a longer time to perform,
and devised a simple reproducible method to plan the
incision and part the hair using a template.”! Long skin
incisions can result in extra blood loss as they could take
long time after craniotomy, and so meticulous hemostasis
is mandatory when employing zigzag incision. According
to the same principle, sinusoidal coronal incision is also
an efficient way and commonly used among plastic
surgeons, however, we prefer zigzag method to sinusoidal
onc because zigzag method is simpler and easy to
design. >0

There are two conventional methods for frontotemporal
craniotomy, that is, the single-layer method and the
two-layer method. In the single-layer method, the
skin, galea, temporal muscle, and periosteum are
simultancously cut along the same line by a scalpel or
monopolar electrode, and the periosteum is then dragged
and the skin flap is turned over. In contrast, the two-layer
method requires full exposure of the anterior part of the
temporal muscle and fascia, and then provides adequate
exposure of the temporopolar lesion or temporal base.
However, it sometimes causes moderate or severe atrophy
of the temporal muscle.’! The traditional single-layer
method is not feasible for use with zigzag incision as if
applied, the skin flap would become unnecessarily large
and it would be problematic to expose McCarty’s keyhole
due to the bulk of the temporal muscle.

Therefore, we combined 1.5-layer method with zigzag
incision as mentioned ecarlier. It is also beneficial to
prevent infection of the surgical site compared with
the conventional single-layer technique, as the closure
line changes with each anatomical layer. SF36v2 Ilealth
Survey consists of 36 questions to measure functional
health and wellbeing from the patient’s point of view. It
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Figure 4a: The total stress (S) needed to reapproximate the total
length of the linear skin incision (L) can be described as linear
integration of the stress (F(L)) at each very short length of the
incision (dL) S = [L F(L)dL. If the condition of the skin on each side
of the scar is the same, as the total length of the zigzag incision
(L) becomes larger, the f(L’)dL can be smaller, as the total stress
(S’) is equal to S. f(L’)<F(L). Figure 4b: At the very short length
of the incision (DL), the stress needed to reapproximate the skin
(f) becomes smaller than regional stress (f) as follows: f = f cos
(90-0) = f sin0=<f. Therefore, the stress is dispersed along the
incision, and the stress at each small length becomes smaller with
zigzag incision
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is a practical, reliable, and valid measure of physical and
MH. Moreover, it is a norm-based scoring, which enables
us to compare specific groups with general population.
The two-component model gave PCS scores and MCS,
while the three-component model gave PCS, MCS, and
also the third component, the RCS.

Suzukamo et al. confirmed the validity of this
three-component scale in 2011.1"1 PCS reflects physical
condition of a person, and MCS reflects mental
condition. RCS is comparatively difficult to understand,
but put simply, it indicates how socially active a person is.
The subscale that correlated most strongly with the RCS
should be the RP (limitations on role functioning because
of physical health), RE (limitations on role functioning
because of emotional problems), and SEF subscales. We
expected that the cosmetic effect of zigzag incision
would be reflected in MCS and RCS, because patients
with zigzag incision did not need to care about wounds
and could be socially active, resulting in improvement
in mental condition. Although statistical data shows
that only RCS was significantly higher in the zigzag
group than the control group (P = 0.0436) [Iigure 5],
all of the parameters were higher in zigzag group. In
fact, all of the patients in zigzag group were satisfied
with the inconspicuous scar, and they go their daily life
as actively as before having undergone surgery, without
caring about their appearance even in a swimming pool
or a bathhouse. That could explain why only RCS was
significantly superior in zigzag group. Therefore, we
believe zigzag incision is definitely superior to traditional
curvilinear incision as to preserving patients” QOL.

Pitfalls and complications

There were no complications associated with wounds in
this ancurysm surgery cohort, but as the skin incision
was longer than the conventional curvilinear incision,
the operation time was longer. There was also an increase
in oozing from the skin, and therefore subcutancous
epinephrine injection and meticulous hemostasis were
required. In conventional ancurysm surgery, the STA
or inherent collateral arterial network of the scalp is
sufficient to supply the skin flap, even when a zigzag
design is employed. However, if the aneurysm requires
some revascularization with the STA, which is not
unusual in this endovascular era, it would be better to
adopt the conventional skin incision as the tip of the
angle may become ischemic after depletion of the STA.

Limitations
The primary limitations of this study were the small
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sample size and the statistical comparison with a historical
cohort. It would be better to design a randomized control
trial to compare the QOL according to the method of
skin incision.

CONCLUSION

Zigzag incision with 1.5-layer method is an ecasy, safe,
feasible, and useful method to increase the cosmetic
satisfaction of patients.
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