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Abstract Background Scalp incision bleeds profusely due to its high vascularity. In other
regions of the body, studies have debunked the initial concern of poor wound
outcomes thought to be associated with thermal skin injury if diathermy is used to
make skin incision and found that skin incision with diathermy led to reduced incisional
blood loss. Studies on cranial operations involving scalp incisions in which incisional
blood loss is more likely are scarce.
Objective The objective of this study was to compare the outcomes of scalp incisions
using either cutting micro-needle diathermy (MND) or the traditional stainless-steel
scalpel (TSSS) during craniotomy.
Materials and Methods The study was a hospital-based, prospective, randomized
comparative study. Consented adult patients who had craniotomy were randomized
into either cutting MND or TSSS group. Outcome measures were volume of blood loss
per wound length and incision duration per wound length during scalp incision, 30-day
surgical site infection (SSI), and scar appearance at 3 months postoperatively.
Statistical Analysis The data were analyzed using SPSS version 23, and statistical
significance was set at p-value <0.05.
Results A total of 56 patients were recruited for the study, with 28 patients in each
group. The mean age of the patients was 36.21�13.90 years. The mean volume of
incisional blood loss per wound length was 3.21�2.06 and 4.65�3.25mL/cm in MND
and TSSS groups, respectively (p¼0.053). In the MND group, the mean incision
duration per wound length was 0.39�0.18minutes/cm, while it was 0.35�0.10
minutes/cm in the TSSS group (p¼0.364). Five patients (22.7%) and four patients
(16.7%) developed SSI in the MND and TSSS groups, respectively (p¼ 0.885). At
3 months postoperatively, the mean scar score was 9.06� 0.94 in the MND group
and 8.63�1.26 in the TSSS group (p¼0.255).
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Introduction

Craniotomy is a surgical procedure that provides access to
the cranial cavity for different surgical interventions; it is one
of the most frequently performed operations in neurosurgi-
cal practice, and scalp incision is the first step in these
procedures.1–3 Traditionally, incisions were made with a
stainless-steel scalpel.4 This has been the instrument of
choice for making skin incision because of its ease of use,
accuracy, and predictable tissue damage.5 However, its use
has been associated with significant blood loss.6 Moreover,
operation time could be prolonged as a result of time spent
securing hemostasis during skin incision.

Concerns about blood loss during skin incision with a
scalpel have led surgeons in search of more effective ways of
making skin incision with minimal blood loss. Different
options such as laser and plasma scalpels have been tried,
but these are unsustainable due to high cost and relative
unavailability, especially in resource-poor centers, thus sus-
taining the widespread use of the scalpel for skin incision.7

Although diathermy has been in use in surgical practice for a
long time, its use is usually limited to deep tissue dissection
and coagulation to secure hemostasis. Diathermy is not used
routinely in making skin incision due to concerns about
thermal skin injuries, which could lead to increased risk of
surgical site infection (SSI), wound dehiscence, increased
postoperative pain, and excessive scarring.7–10 However,
studies involving skin incision on other parts of the body
apart from the scalp have compared stainless-steel scalpel
and diathermy in making skin incision and found that inci-
sional blood loss was less and duration of skin incision was
shorter without increased risk of wound complication in
favor of diathermy.4,8,11–15 Despite these findings, even to
date, opinion differs among surgeons whether to use dia-
thermy or the scalpel; while some now use cutting diather-
my directly tomake skin incisions, others continue to use the
scalpel for skin incision and reserve diathermy for deeper
tissue dissection.

The significant reduction in blood lossmay be particularly
beneficial in neurosurgical operations, where one of the
potential areas of blood loss is scalp incision due to the
high vascularity of the scalp. Sakhai revealed that bleeding
from scalp incisions during cranial operations can be quite
marked and troublesome.16Most cranial neurosurgical oper-
ations consisting of scalp incision, raising of scalp and bone
flaps, and intracranial procedure proper are known to be of
long duration. The scalp incision time can be prolonged
due to hemostatic challenge, hence prolonging the total

operation time. Thus, reducing the duration of scalp incision
may lead to shorter overall duration of operation and better
outcomes, especially for patients under general anesthesia.

There is a paucity of studies on scalp incision outcomes
comparing the two methods of incision to the best of our
knowledge. Among the few studies in neurosurgical practice
are those of Sheikh in Saudi Arabia and Nitta et al in
Japan.17,18 Sheikh found that skin incision in neurosurgical
operations with cuttingmicro-needle diathermy (MND) was
faster, with three to five times less incisional blood loss, no
significant difference in wound complication rates and scar
outcome when compared with traditional scalpel incision.17

However, the study was not limited to scalp incisions but
included neck, back, abdomen, and upper extremities inci-
sions for neurosurgical procedures. The study by Nitta et al
showed that scalp incision with MND was associated with
minimal blood loss without increased wound complica-
tion.18 However, they used only diathermy in their study
without comparing with a scalpel and only reported that
there was minimal blood loss without quantifying the loss.

Therefore, the aim of this study was to compare the
outcomes of craniotomy scalp wounds between incisions
madewithMNDand the traditional scalpel bymeasuring the
volume of incisional blood loss per unit length, duration of
incision per unit length, rate of SSI, and postoperative scar
appearance.

Materials and Methods

Study Design and Study Population
The study was a hospital-based, prospective, randomized
comparative study, performed in the Division of Neurosur-
gery of the Department of Surgery at the University of Ilorin
Teaching Hospital, over a period of 21 months. Ethical
approval was obtained from the Health Research Ethical
Committee of the hospital. All consented adult patients,
aged 18 years and older whowere scheduled to have elective
or emergency craniotomies were recruited into the study.
Patients who had increased risk factors for excessive bleed-
ing such as bleeding disorders, vascular scalp disease, and
previous scalp surgery were excluded from the study. Like-
wise, patients with risk factors for developing SSI such as
patients with immunosuppression (patients on prolonged
use of steroids, diabetic and HIV patients), malnourished
patients (with hypoproteinemia and hypoalbuminemia), and
patients with open skull fracture and scalp infection were
excluded. These patients were excluded because these risk
factors may serve as cofounders.

Conclusion The study revealed no significant difference in the outcomes of cranioto-
my scalp incision between the two methods of making scalp incision. The study
concludes that the use of diathermy in making scalp incision is not inferior to the use of
the traditional scalpel, and the method of scalp incision may be left to the discretion of
the surgeon.

Asian Journal of Neurosurgery © 2025. Asian Congress of Neurological Surgeons. All rights reserved.

Outcomes of Craniotomy Scalp Incision Using Cutting MND versus TSSS Adegboye et al.



Sample Size Determination and Sampling Method
The sample size for the study was calculated using the formula
for a comparative study (Lehr’s rule).19With an attrition rate of
10%, a total of 28 patients were calculated for each group,
making a total sample size of 56 patients in both groups.

The patients who fit into the inclusion criteria were
randomized into either group A (MND) or group B (tradi-
tional stainless-steel scalpel [TSSS]). Simple randomization
was performed using balloting to assign patients to either of
the two groups.

The Procedure
All operations were performed under general anesthesiawith
endotracheal intubation and relaxation technique. One gram
of intravenous ceftriaxone (Rocephin) was administered at
the induction of anesthesia as antibiotic prophylaxis, which
was repeated for operations that lasted longer than 4hours.

Patients ingroupAhad their scalp incisionmadewithmicro-
needle cutting diathermy made by Hangzhou Valued Medtech
Co., Ltd, China using electrosurgical unit obs (Baisheng Medical
Co., Ltd), waveform of 330 to 460kHz set at pure cutting power
of 30W. Micro-needle (needle point) cutting diathermy was
used to minimize contact with the skin and hence reduce
thermal injury. Patients in group B had their scalp incisions
made with a surgical blade size 20 mounted on number 4 Bard
Parker knife handle. Hemostasis during scalp incision was
achieved with dandy forceps applied to the edges of the scalp
flap, and hemostasis was considered achievedwhen the opera-
tive field was dry and the surgery could proceed.

The volume of blood loss during scalp incision was esti-
mated using the gravimetric method by weighing the surgical
sponges (gauze) before use (dry weight) and after use (wet
weight) with a digital electronic weighing scale (SF-400,
made by Hebei Renquin Co., Ltd, China). The estimated blood
volume loss was taken as the difference between the wet and
dry weights of the pieces of gauze used (1g¼1mL), which is
the gravimetric method of intraoperative blood loss mea-
surement. Mopping of blood during scalp incision was re-
stricted to the use of gauze and suctioning was not done so as
to have an accurate measurement of blood loss. The duration
of incisionwas taken as the time the epidermis was incised to
the time the incision was carried through all the layers of the
scalp down to the cranium along the whole length of the
incision with all hemostasis secured. This was measured by
the unit registrar using a stopwatch and recorded in minutes.

All the scalp incisions for craniotomy designated for this
study were performed by the researcher and other neuro-
surgeons of the same level of experience in the unit, so as to
avoid the confounding effect of different levels of experience.
The length of incision was measured using a silk suture
immediately after closure of the wound, which was then
extrapolated onto a tape measure to get the actual length of
the incision in centimeter (cm). The volume of incisional
blood loss and duration of scalp incision were divided by the
length of incision. This was done to take into consideration
the length of incision based on the craniotomies performed,
as the length of incision may determine the volume of
incisional blood loss and duration of scalp incision.

Postoperative Care and Assessment
Patients in both groups had routine postoperative care for
the craniotomy procedure. Subgaleal drainswere removed at
48 hours postoperation, which is the usual time subgaleal
drain is removed in our neurosurgery unit except if it is still
functioning beyond this period (i.e., effluent more than
50mL in 24hours). Patients who required subgaleal draining
beyond 48hours were noted and documented appropriately.
One gram of intravenous ceftriaxone (Rocephin) was admin-
istered daily for 48hours during which the patient was on a
subgaleal drain to eliminate the risk factor of foreign body for
SSI. Patients who required antibiotics for a longer period
than 48hours were noted and documented, and the individ-
ual reasons were also documented.

The surgical wounds were inspected for SSI on the 3rd,
7th, 14th, and 30th postoperative days using the South-
ampton wound scoring system, and the patients who devel-
oped SSI were managed thereafter according to the regular
protocol of SSI management. Surgical wound scar assess-
ment was performed at 3 months postoperatively in the
surgical outpatient clinic, by scoring the scars using the
Manchester scar scale. SSI and scar assessments were done
by a resident in the neurosurgery team, who was excused at
the time of making the scalp incision and hence not aware of
the method of the scalp incision.

Assessment of Outcome Measures
The primary outcome of the study was the mean volume of
blood loss per unit length of the wound during scalp incision
in both groups. This was defined as the volume of blood loss
divided by the length of incision and recorded in milliliter
per centimeter (mL/cm). Volume per length was used since
the length of incision varied depending on the indication
for craniotomy and thus could affect the volume of blood
loss during the process of making the scalp incision.
The secondary outcomes were mean incision duration per
unit wound length, recorded in centimeter per minute (-
cm/min), the rate of SSI, and surgical scar appearance scores
at 3 months postoperatively. Likewise, mean incision dura-
tion per length was used in this study since the length of
incision could affect the time spent on making the incision.

Statistical Analysis
The data were collected using a predesigned proforma and
analyzed using Statistical Package for Social Sciences (IBM
SPSS, version 23.0) software (SPSS Inc., Chicago, Illinois,
United States). Descriptive statistics were presented with
tables and figures. Analyses were performed using Student’s
t-test for continuous variables and chi-square test for cate-
gorical variables. Differences were considered statistically
significant if the p-value is less than 0.05 (p<0.05).

Results

A total of 56 patients were recruited for the study, with 28
patients in each group of cutting MND and TSSS. The mean
age of the patients was 36.21�13.90 years. Other socio-
demographics are shown in ►Table 1. ►Fig. 1 shows the
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spectrum of diagnoses for which craniotomies were done.
Traumatic events accounted for 43 (76.8%) of the cases
operated, while the remaining 13 (23.2%) cases were brain
tumors.

The patients in both groups of MND and TSSS were
compared in terms of sociodemographics and baseline
parameters, as shown in ►Table 2. Eighteen patients in
both groups were given antibiotics beyond 48hours, out of
whom 8 (44.4%) were in the MND group and 10 (55.6%) were

in the TSSS group. Chest infection, prolonged use of a drain,
SSI, and urosepsis were the reasons for the prolonged use of
postoperative antibiotics. ►Table 3 shows the mean volume
of incisional blood loss, incisional blood loss volume per unit
length, and themean incision duration per unit wound length
between the two groups. The mean volume of incisional
blood loss was significantly higher in the TSSS group than
in the MND group (144.54�114.19 and 95.50�58.02mL,
respectively, p¼0.048). However, when the incisional blood

Fig. 1 Spectrum of diagnosis of patients who had craniotomy in the
study. CSF, cerebrospinal fluid; EDH, extradural hematoma; SDH,
subdural hematoma.

Table 2 Comparison of baseline between the two methods of scalp incision for craniotomy procedure

Variable Micro-needle diathermy Traditional stainless-steel scalpel χ2 p-Value

Age group (y)

<40 17 (48.6) 18 (51.4) 0.076 0.783

�40 11 (52.4) 10 (47.6)

Sex

Male 24 (85.7) 24 (85.7) 0.416a 0.702

Female 4 (14.3) 4 (14.3)

Diagnosis

Brain tumor 7 (25.0) 6 (21.4) 0.100 0.752

Traumatic head injuries 21 (75.0) 22 (78.6)

Nature of operation

Elective 8 (28.6) 7 (25.0) 0.091 0.763

Emergency 20 (71.4) 21 (75.0)

Repeated intraoperative antibiotics

Yes 5 (17.9) 8 (28.6) 0.902 0.342

No 23 (82.1) 20 (71.4)

Prolonged postoperative antibiotics

Yes 8 (44.4) 10 (55.6) 0.327 0.567

No 20 (52.6) 18 (47.4)

aYate corrected chi-square test.

Table 1 Demographic characteristics of 56 patients who had
craniotomy

Variable Frequency Percentage (%)

Age group (y)

18–20 6 10.7

21–30 19 33.9

31–40 12 21.4

41–50 9 16.1

51–60 8 14.3

>60 2 3.6

Mean� SD 36.21 �13.90

Sex

Male 48 85.7

Female 8 14.3

Abbreviation: SD, standard deviation.
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loss was divided by the length of incision, the difference was
not statistically significant (3.21�2.06 and 4.65�3.25mL/cm
in the MND and TSSS groups, respectively, p¼0.053). In the
MND group, themean incision duration per unit wound length
was 0.39�0.18minutes/cm, while it was 0.35�0.10
minutes/cm in the TSSS group (p¼0.364).

Ten patients in the study (6 and 4 patients in the MND
and TSSS groups, respectively) died before 30 days postop-
eratively, leaving 46 patients (22 in the MND group and 24
in the TSSS group) for assessment for SSI at 30 days
postoperatively. Also, 9 patients (4 patients in the MND
group and 5 patients in the TSSS group) were lost to follow-
up, leaving 37 patients (18 in the MND group and 19 in the
TSSS group for scar assessment at 3 months postoperatively.
In the study, 9 out of 46 patients (19.6%) developed SSI, out
of whom 5 (22.7%) patients were in the MND group and 4
(16.7%) patients were in the TSSS group. The mean Man-
chester scar scores in the MND and TSSS groups were
9.06�0.94 and 8.63�1.26, respectively. There was no
statistically significant difference in the wound outcomes
(occurrence of SSI and scar appearance) between the two
groups (p>0.05) (►Table 4).

Discussion

Many surgeons continue to use a scalpel to make surgical
incision due to anecdotal concerns that direct use of diather-
my on the skin could lead to poor wound outcomes such as
SSI and abnormal scars. Previous studies have however
debunked this fear. While most of these studies were on
other regions of the body, studies involving scalp incision

where blood loss and the need to reduce this may be more
warranted are few. This study set out to compare the out-
comes of craniotomy scalp incisions using MND versus TSSS.
The mean age of patients in the study was 36.21�13.90
years. This is similar to the work of Adeleye in Ibadan, South-
Western Nigeria, who reported a mean age of 32.2�17.2
years among patients who had craniotomy.20 Patients who
had craniotomy in the current study were younger than the
patients who had craniotomy in the developed countries, as
reported by Jiménez-Martínez et al in a study in Spain
(52.8�14.4 years) and Golas et al in the United States (56
years).21,22 The contrast in mean ages seen in this study and
in Ibadan, both centers in a developing country, compared
with the developed countries is probably due to differences
in indications for the craniotomies.

In this study, majority (76.8%) of the craniotomies were
done for head injuries. Similarly, Adeleye reported that
traumatic events accounted for the highest (46.7%) indica-
tion among their patients who had craniotomies.20 In con-
trast, the study by Jiménez-Martínez et al showed that only
2.7% of the craniotomieswere done for trauma,while the rest
were done on account of brain tumors, epilepsy, and vascular
pathologies, while Golas et al reported that brain tumors
were the indication for 75% of craniotomies in their
study.21,22 The high proportion of head injuries requiring
craniotomy in the developing country centers (Ilorin and
Ibadan in Nigeria)might be due to the high rate of road traffic
crashes stemming from bad roads, bad vehicles, poor vehicle
maintenance attitude, less adherence to traffic regulations,
careless and unlicensed driving in developing countries
compared with developed countries.

Table 3 Comparison of operative findings between MND and TSSS groups

Variable MND TSSS t p-Value

Mean� SD Mean� SD

Incisional blood loss (mL) 95.50� 58.02 144.54� 114.19 �2.026 0.048

Incision duration (min) 11.72� 4.83 10.48�2.78 1.182 0.242

Incision length (cm) 31.41� 8.10 30.12�5.26 0.712 0.480

Blood loss per wound length (mL/cm) 3.21� 2.06 4.65�3.25 �1.978 0.053

Incision duration per wound length (min/cm) 0.39� 0.18 0.35�0.10 0.915 0.364

Abbreviations: MND, micro-needle diathermy; SD, standard deviation; TSSS, traditional stainless-steel scalpel.

Table 4 Surgical wound outcomes between MND and TSSS methods of craniotomy scalp incision

Variable MND TSSS χ2 p-Value

Surgical site infection

Yes 5 (22.7) 4 (16.7) 0.021a 0.885

No 17 (77.3) 20 (83.3)

Mean� SD
(n¼18)

Mean� SD
(n¼ 19)

t p-Value

Manchester scar score (n¼37) 9.06�0.94 8.63� 1.26 1.158 0.255

Abbreviations: MND, micro-needle diathermy; SD, standard deviation; TSSS, traditional stainless-steel scalpel.
aYate corrected chi-square test.
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The absolute mean volume of incisional blood loss in the
MND group was significantly less when compared with the
TSSS group. When the length of incision was taken into
consideration, the incisional blood loss was still less in the
MND group and nearly reached a significant level
(3.21�2.06 and 4.65�3.25mL/cm in the MND and TSSS
groups, respectively, p¼0.053). If a larger sample size had
been studied, this difference would have probably been
significant. The small sample size in this study may be a
limitation of the study.

Studies, both in neurosurgical and general surgical pro-
cedures, reported significantly less incisional blood loss in
the diathermy group than the scalpel group. Sheikh in Saudi
Arabia found that blood loss was four times less when
incisions were made with micro-needle tip monopolar dia-
thermy compared with the scalpel for neurosurgical proce-
dures (although the incisions in his study were not limited to
the scalp alone but involved other regions of the body).17

Likewise, Ayandipo et al in Ibadan, South-Western Nigeria
and Chauhan and Charpot in India reported that diathermy
skin incisionwas associated with significantly less incisional
blood loss when compared with the scalpel for general
surgical procedures.8,23 The difference in the findings of
the index and previous studies might be due to differences
in sample size.

In the current study, the mean incision duration per
wound length was slightly longer in the MND than in the
TSSS group, the difference was not however significant
(p¼0.364). In contrast to the findings of this study, studies
by Ayandipo et al, Damani et al, and Kearns et al found that it
took less time to make an incision with cutting diathermy
than with the scalpel.8,9,24 Their studies were on general
surgical procedures, which dealt with other regions of the
body and not the scalp. The difference between their studies
and the current study might be due to differences in the
vasculature of the parts of the body incised.

The fear of wound complications thought to be associated
with direct skin diathermy incision as a result of thermal
injury, which has prevented some surgeons from using this
method of skin incision, was debunked by the findings of the
current study, as well as by several other studies. This study
reported no significant difference in the rate of SSI between
the two methods of making scalp incision (22.7 and 16.7% in
the MND and TSSS groups, respectively, p¼0.885). Similarly,
Ayandipo et al in Ibadan found that wound infection was
similar in both methods (p¼0.206), while Okereke et al in
Ile-Ife reported that no patient in the diathermy arm devel-
oped wound infection, while 1 out of 32 patients in the
scalpel arm developed wound infection.8,11 Similar findings
were reported by many other authors including Kadyan et al
in India, Kalawar et al in Asia, and Kearns et al in Ireland.4,9,25

The scar appearance at 3 months of the wounds made by
MNDandTSSS in this studywas similar,without a statistically
significant difference between the two methods (the mean
Manchester wound scar scores were 9.06�0.94 and
8.63�1.26 in the MND and TSSS groups, respectively,
p¼0255). It was thought that scar outcome may be worse
when incision is made with diathermy due to increased

incidence of SSI, wound breakdown, secondary wound heal-
ing, and subsequent scarring consequent upon thermal injury.
However, the current study found no difference in the cos-
metic appearance of wounds created either by MND or TSSS.
Similarly, Okereke et al reported a total Patient and Observer
Scar Assessment Scale (POSAS) scar score of 22.44 in the
diathermy group versus 22.21 in the scalpel group (p¼0.95)
and concluded that there was no difference in patients’
satisfaction with their wound appearance at 3 months’ fol-
low-up postoperatively.11 Kumar et al in India also reported
no significant difference in the cosmetic outcome of wounds
made with diathermy and traditional scalpel.13 Also, Sheikh
in Saudi Arabia found that patients who had scalp incisions
with either diathermy or scalpel reported no incisional alo-
pecia at 3 months postoperatively.17

This study and previous studies found that there is no
difference in the postoperative scar outcome and patients’
satisfaction with surgical wounds created with diathermy or
scalpel as against the initial concern of poor scar outcome
associated with diathermy skin incision.

Conclusion

The study revealed no significant difference in the volume of
incisional blood loss per unit wound length, duration of scalp
incision per unit wound length, rate of SSI, and postoperative
scar appearance between the two methods of scalp incision.
The poor wound outcomes earlier attributed to thermal
injury when diathermy is used to make skin incision was
not found in this study. The study concludes that the use of
diathermy in making scalp incision is not inferior to the use
of the traditional scalpel, and the method of scalp incision
may be left to the discretion of the surgeon.
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