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Background: Although complications have been associated with head clamp systems,

few reports have described head slippage. The present study aimed to determine risk

factors for head slippage and speculated that the position of head holder pins might be

associated.

Patients and Methods: We reviewed medical records and compared the positions of the

pinned heads of patients on fused preoperative and postoperative computerized tomo-

graphy (CT) images. We measured the distance between corresponding head pins to

determine head slippage. Age, sex, body weight, body mass index, surgical position,

surgical duration, craniotomy volume, and the relationship between head pins and the

nasion-inion (NI) line were statistically compared between patients with and without head

slippage.

Results: Head slippage in 3 (10%) of 28 patients was significantly associated with the most

caudal pin position (p < 0.001) and craniotomy volume (p = 0.036). Receiver operator

characteristics curves indicated a cutoff of 4.5 cm from the NI line (sensitivity and specifi-

city, 1.000 and 0.800, respectively).

Conclusion: Clamped heads can slip during surgical procedures. We found that one head

pin should be located within 4.5 cm from the NI line to avoid head slippage.

Keywords: head movement, mayfield head clamp, intraoperative computed tomography,

nasion-inion line, pinning

Introduction
Holders are used to immobilize the head during many neurosurgical procedures.1

Even if their immobilization ability is not guaranteed, they must be trusted during

surgery for various periods. However, slight head movements do occur during

surgical procedures. Not all neurosurgeons feel absolutely comfortable with

pinned head fixation. In fact, the US Food and Drug Administration in 2016

urged caution with neurosurgical head holders due to slippage, based on reports of

1000 slippages with 700 injuries.2 Some reports have associated skull

hematomas,3 fractures,4,5 air embolism,6 and asystole7 as complications of pinned

head holders. However, the reasons for slippage have not been addressed and few

reports have described head slippage, despite 700 associated injuries. This is

probably due to difficulties with comparing pre-and post-operative head holder

positions. We postulated that the pin position of the head holder might be

associated with slippage. We, therefore, compared preoperative and postoperative

computed tomography (CT) images of pinned head positions to determine risk

factors associated with slippage.
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Patients and Methods
Study Design and Ethics Approval
The Ethics Committee at Seirei Hamamatsu General

Hospital approved the protocol of this retrospective, cross-

sectional, observational, non-randomized study, which was

designed in accordance with the principles of the

Declaration of Helsinki (7th revision 2013). Participants

were identified via a retrospective electronic chart review

of patients treated between October 2015 and March 2019

at the Comprehensive Epilepsy Center, Seirei Hamamatsu

General Hospital. Written, informed consent was obtained

from all patients to publish their innominate data.

Patients
We reviewed the medical records of patients who under-

went preoperative and postoperative CT in an operating

room and fulfilled the following criteria: all CT images

were acquired with the head clamped using a radiolucent

carbon Mayfield three-pin head holder (Infinity XR2

Radiolucent System; Integra LifeSciences Services, Saint-

Priest, France); the position of the head holder was not

deliberately changed during procedures and the CT slice

thickness was <1 mm. The heads of patients who weighed

>50 or <50 kg were clamped with 60 and 40 lb of force,

respectively.

Intraoperative CT
An internationally standardized point in the SOMATOM

Definition AS64 Open scanner (Siemens AG, Munich,

Germany) called the International Organization of

Standardization (ISO) center represents the absolute refer-

ence point for neuronavigation. The camera of the neuro-

navigation system also detected the ISO center during CT,

as well as a patient reference array, so head positions were

automatically determined from CT images. Spatial errors

theoretically do not exist between these structures.8 We

applied this system without surface matching, using

a touchless laser pointer for patient registration, and thus

accurately measured head slippage.

Measurement of Head Slippage as

a Primary Outcome
We used the iPlan station of Cranial Surgical Planning

software (Brainlab, AG, Munich, Germany) to fuse preo-

perative and postoperative CT images. We adjusted all

angles of CT image slices to the nasion-inion (NI) line on

the iPlan station. The thickness of each slice increased from

1 to 2.5 mm using this modification and they were auto-

matically fused using an algorithm.9,10 After fusion, we

measured the distance between the corresponding head

pins and the height of the pins from the NI-plane. We

referred to the maximal distance of pins that had slipped

>2.5 mm among the three pins because distances <2.4 mm

could not be measured due to the thickness of the CT slices.

Other Factors as Secondary Outcomes
We assessed age, sex, body weight (BW), body mass index

(BMI), surgical position, surgical duration, and craniotomy

volume, as well as the relationship between each head pin

and the NI line of each patient.

Surgical duration was taken as the amount of elapsed

time between acquisition of the first preoperative and the

first postoperative iCT images with head clamped in the

holder. We did not determine the period between skin

incision and wound closure. Craniotomy volume was mea-

sured using the iPlan station.

Statistical Analysis
Age, sex, BW, BMI, and the craniotomy volume were

assessed using univariate regression analyses to determine

the influence of variables on slippage rates. Slippage rates

and the sample sizes were too small for multivariate logis-

tic regression analysis; therefore, we repeated univariate

regression analysis as appropriate. The cutoff value was

calculated from receiver operating characteristics (ROC)

Table 1 Clinical Information

Age at surgery: median (range) 32 (2–77)

Gender (male: female) 20:8

Surgery Electrode implantation 13

Transnasal tumor removal 5 Tumor

biopsy 4

Tumor removal 3 Epileptical focus

resection 1 Epileptical disconnection 1

Intracranial hematoma removal 1

Body weight (kg): median (range) 63.2 (12.8–101.4)

BMI (kg/m2): average (range) 21.71 (14.83–35.09)

Surgical position (supine: prone) 26:2

Duration between CTs (min):

average (range)

184.68 (23–423)

Volume of craniotomy (cm3):

median (range)

0.31 (0–63.45)

Abbreviations: BMT, Body mass index; CT, computed tomography.
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curves. Statistical significance was taken at p < 0.05. All

data were statistically analyzed using Sigma Plot version

14 (Systat Software, San Jose, CA, USA).

Results
Clinical Information
Among 29 patients (male, n = 21; female, n = 8) who

fulfilled the inclusion criteria, one was excluded to avoid

bias because CT images from this patient could be manu-

ally fused, but not be automatically by the iPlan station.

Table 1 describes the clinical information.

Head Slippage: Primary Outcome
Table 2 shows that the primary outcome of head slippage

occurred in 3 (10%) patients. The distance between pre-

operative and postoperative slipped pins ranged from 2.5

to 10 mm. However, no complications were associated

with head slippage in these patients.

Representative Case 1

A 59-year-old male with a pituitary tumor underwent

preoperative iCT for neuronavigation registration after

general anesthesia. Complications associated with tumor

removal and any other causes were evaluated by

Table 2 Slippage Cases

Age Gender Surgery Distance of

Slippage(mm)

Patient 1 59 Male Transnasal tumor removal 10

Patient 2 23 Male Epileptical disconnection 2.5

Patient 3 64 Male Tumor biopsy 2.5

Figure 1 Measurement of slippage distance. Preoperative red (A) and postoperative green (B) dots on coronal images show pin slippage. The fused image by the iPlan

station (C) also shows slippage. All distances between preoperative and postoperative pin positions were measured in this manner.
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postoperative iCT. Preoperative and postoperative iCT

images merged using iPlan showed that his head had

slipped during the procedure (Figure 1).

Other Factors: Secondary Outcomes
Relationship Between Head Pins and NI Line

The most caudal head pin position was significantly asso-

ciated with head slippage (p < 0.001; Figure 2) The ROC

[Please consider that “ROC has already been defined” in

page 7. It does not need to be defined again in the text.]

curves indicated a cutoff of 4.5 cm (sensitivity and speci-

ficity, 1.000 and 0.800, respectively).

Risk Factors for Slippage

Table 3 shows that craniotomy volume was a significant

risk factor for head slippage (p = 0.036), whereas age,

sex, BW, BMI, surgical position and surgical duration

were not.

The ROC curves indicated a cutoff of 1.54 cm3 (sensi-

tivity and specificity, 0.67 and 0.72, respectively).

Figure 2 Position of most caudal head pins in representative patients with andwithout slippage. (A andB) Patient without slippage. Most caudal pin (arrowhead) is located near the

nasion-inion line (dotted line). (C and D) Patient with slippage. Most caudal pin (arrowhead) is located >4.5 cm vertically (black line) from nasion-inion line (dotted line).

Table 3 Risk Factors for Slippage

Factors Slippage cases (N=3) Non Slippage Cases(N=25) p

Age at surgery: median (range)[Std Dev] 59 (23–64)[22.4] 29 (2–77)[21.9] 0.287

Gender (male: female) Male n = 3, female n = 0 Male n = 17, female n = 8 0.12

Body weight (kg): median (range)[Std Dev] 63.2(63.2–70.9)[4.03] 53.45(12.8–101.4)[23.6] 0.477

BMI (kg/m2): median (range)[Std Dev] 21.36(21.36–24.17)[1.61] 21.28(14.83–35.09)[4.75] 0.477

Surgical position (supine: prone) Supine n = 2, prone n = 1 Supine n = 24, prone n = 1 0.96

Duration between pre and postoperative CTs (min): median (range)[Std Dev] 259(97–423)[165.1] 173.5 (23–345)[74.4] 0.225

Olume of craniotomy (cm3): median (range)[Std Dev] 1.356(0–63.448)[36.2] 0.454(0–36.396)[8.68] 0.036*

Note: *p<0.05.
Abbreviation: Std Dev, standard deviation.
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Discussion
Head Slippage: Primary Outcome
We found that heads clamped with pins slipped at a frequency

of 10% during surgery. We then statistically evaluated risk

factors to eliminate such slippage. The most caudal pin above

4.5 cm from NI line was significant (p ≤ 0.001) with 1.000

sensitivity and 0.800 specificity. This means that one of the

three pins should be located within 4.5 cm from the NI line to

stabilize the clamp. A previous study found that the center of

gravity is located at the middle of the NI line.11 This means

that the head could slip more easily if the pins are inserted

more superiorly, because they would be located further away

from the center of gravity of the head.

The positioning of the Mayfield headrest represents the

first surgical procedure in the operating room; newer neu-

rosurgeons need to be educated about not only surgical

skills,12 but also correct technique and the risks associated

with intraoperative slippage.

Craniotomy Volume
A larger craniotomy volume was a risk factor for head

slippage. A larger craniotomy often does not achieve

satisfactory cosmetic results due to shifting.13 However,

this outcome might be statistically paradoxical due to

lower sensitivity and specificity than the cutoff of the NI-

line. Nonetheless, this factor should be considered before

patients with larger craniotomies are scheduled to undergo

procedures that require immobilizing the head.

Study Limitations
The number of participants in this preliminary retrospec-

tive study at a single facility was small. The thickness of

the axial image slices had to be increased from 1 to

2.5 mm to measure distances between the head pins. We

should be able to show more details with thinner slices

A prospective, multicenter trial with more participants and

thinner slices is needed to confirm the present findings.

Conclusions
Clamped heads can slip during surgery. One head pin

should be located within 4.5 cm of the NI line to avoid

head slippage.

Highlights
● Measurement of head slippage with head clamp system
● Frequency of head slippage is 10%
● Head pin position is a risk factor for head slippage

Abbreviations
BMI, body mass index; BW, body weight; CT, com-

puted tomography; ISO, International Organization of

Standardization; NI, nasion-inion; ROC, receiver operat-

ing characteristics.
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