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Abstract
Purpose  To assess skull bone thickness from birth to skeletal maturity at different sites to provide a reference for the correct 
selection of pin type and pin placement according to age.
Methods  270 children and adolescents (age: 0–17 years) with a normal CT scan obtained at Emergency Department for 
other medical reasons were included. Skull thickness was measured on the axial plane CT scans at eight different sites of the 
vault: midline anterior (A) and posterior (P), right and left lateral (L), antero-lateral (AL), postero-lateral (PL).
Results  From birth to skeletal maturity, L thickness was increased significantly less (+ 58%) compared with AL (+ 205%), 
P (+ 233%), PL (+ 247%), and A (+ 269%) thickness (P < 0.01). At the end of growth, the thickest and thinnest points of the 
vault (absolute value) were found at the P and L measurement sites, respectively (P < 0.01). Children aged < 4 years exhibited 
the highest variability in AL and PL skull bone thickness, with thickness < 3 mm observed in 85% (64/75 patients) and 92% 
(69/75 patients) of cases, respectively.
Conclusion  We recommend that the tip of the pin should not exceed 2–3 mm in children aged < 4, and 4 mm in children 
aged 4–6 years, to decrease the risk of inner table perforation. After the age of 7 years and 13 years, standard-sized pin tips 
(5 and 6 mm, respectively) may be safely used. Children aged < 4 years show significant variability in skull thickness, and 
therefore a CT scan may be required for this particular age group.

Graphic abstract

Key points

1. Skull bone thickness from birth to skeletal maturity was assesed to 
provide recommendations for halo pin insertion.

2. To decrease the risk of inner table perforation the tip of the pin 
should not exceed 2–3 mm in children aged <4; 4 mm in children 
aged 4–6 years; 5 mm for age 7 to 13 and 6 mm for children >13.

3. Children aged <4 years exhibited the highest variability in vault 
thickness, so a cranial CT scan is recommended.
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Take Home Messages

1. Two periods of accelerated growth could be identified. The first period 
occurred during the first 2 years of life, with AL and PL thickness 
increasing by 50%. The second period occurred between the age of 10 and 
15 years, with AL and PL thickness increasing by 42%.

2. The tip of the pin should not exceed 2–3 mm in children aged <4, and 4 
mm in children aged 4–6 years, to decrease the risk of inner table 
perforation. After the age of 7 years and 13 years, standard-sized pin tips 
(5 and 6 mm, respectively) may be safely used. 

3. Children aged <4 years show significant variability in skull thickness, 
therefore a CT scan may be required for this particular age group.
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Table 3 Recommended size of the pin tip according to age (AL and PL sites) 

Age Pin-tip 
size Pre-operative head CT scan 

<4 years 2–3 mm
Recommended due to high

variability in skull bone
thickness

<2 mm: 24% (AL)–35% (PL)
2–2.5 mm: 32% (AL)–46% (PL)
2.5–3 mm: 29% (AL)–11% (PL)
>3 mm: 15% (AL)–8% (PL)

4–6 years 4 mm

Not recommended7–9 years 5 mm
10–12 years 6 mm>13 years

AL: antero-lateral; PL: postero-lateral; CT: computed tomography
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Introduction

Perry and Nickel [1] first introduced the principles of halo 
fixation of the cervical spine in orthopedics and traumatol-
ogy. Over time, halo skeletal fixation has become the most 
commonly used cervical spine-stabilizing method, as it 
decreases cervical spine motion by 30–96% [2]. Since its 
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introduction, it has been successfully used to manage cer-
vical spine instability of heterogeneous etiologies, includ-
ing trauma, neoplasms, rheumatoid arthritis, infection, and 
poliomyelitis. Subsequently, the use of halo gravity traction 
became a useful adjuvant treatment for children and adoles-
cents with complex spinal deformity [3, 4].

Despite its proven efficacy, the incidence of complica-
tions related to the halo fixator remains relatively high. 
Minor complications include pin loosening, skin breakage, 
localized infection, periorbital edema, superficial pressure 
sores, and unaesthetic scars. Major complications include 
pin penetration, cerebrospinal fluid leakage, osteomyeli-
tis, intradural and extradural abscesses, and nerve palsies 
[4–13]. Knowledge of local anatomy, adherence to estab-
lished guidelines of pin placement, meticulous care of the 
pin site, and frequent follow-up are needed to decrease the 
number of pin-related complications [5, 14].

At present, there is no relevant literature investigating the 
development of skull bone thickness throughout all growth 
stages (i.e., from birth to skeletal maturity). Furthermore, 
there is a lack of information concerning the optimal cranial 
pin placement related to age and bone thickness in skeletally 
immature patients.

The purpose of this study was to assess skull bone thick-
ness using non-contrast computed tomography (CT) in a 
large cohort of children and adolescents. In particular, by 
measuring skull bone thickness from birth to skeletal matu-
rity at different skull bone sites, we aimed to provide a refer-
ence to clinicians for the correct selection of pin type and pin 
placement according to the age of patients.

Methods

This retrospective study was approved by the institutional 
review board. A total of 270 children and adolescents (131 
females; 139 males; age: 0–17 years) underwent non-con-
trast head CT scan between 2010 and 2015.

All cases were admitted through the Emergency Depart-
ment (ER) of our institution with a positive history for trau-
matic brain injury (TBI) associated with lost, decreased, or 
altered level of consciousness, as well as amnesia, neuro-
logic deficit, or intracranial lesion (20).

The inclusion criteria for this study required the patient 
to be aged 0–17 years at the time of scanning. Besides TBI, 
all patients had to be healthy without history of concomitant 
skull fracture, systemic disease affecting the quality and/or 
structure of the bone, or any localized skull bone disease 
(e.g., deformity, tumor, infection, and/or prior head surgery).

Non-contrast head CT scans (i.e., complete images 
of frontal, temporal, and orbital bones) were obtained 
with patients in the supine position within 0–24 h after 
admission to the ER. CT scans should have a spatial 

resolution > 1.6 mm. CT scans showing motion artifacts 
were excluded. Selected patients were de-identified and 
transferred to a secure data repository.

Patients

Patients were stratified in 18 groups (15 patients per group) 
according to age. Group 1 included patients between birth 
and 6  months of age; Group 2 included patients aged 
7–12 months; Group 3 included patients aged 1–2 years; 
Group 4 included patients aged 2–3 years, until Group 18 
which included patients aged 16–17 years. Table 1 outlines 
the demographic characteristics of the patients.

CT scan assessment

Non-contrast CT scans were processed using the workstation 
IMPAX ® Client software Version 6.5.2 (Agfa HealthCare, 
Mortsel, Belgium). The system allowed multiplanar recon-
struction at the recommended areas for pin site placement 
[21, 22]. The plane of measurement was always the same 
plane where the halo should be placed.

In particular, skull thickness was measured on the axial 
plane at the standard locations for halo pins: above the 
eyebrows and lateral to the supraorbital nerves (antero-
lateral [AL], right and left) and posterior to the ear above 
the level of the auditory meatus (postero-lateral [PL], 
right, and left) using bone windows with the same cut 

Table 1   Demographics of patients according to age and gender

* P > 0.05

Group Age Males (n)* Females (n)*

1 Birth–6 months 9 6
2 7–12 months 7 8
3 1–2 years 7 8
4 2–3 years 8 7
5 3–4 years 8 7
6 4–5 years 8 7
7 5–6 years 7 8
8 6–7 years 8 7
9 7–8 years 8 7
10 8–9 years 7 8
11 9–10 years 8 7
12 10–11 years 7 8
13 11–12 years 8 7
14 12–13 years 10 5
15 13–14 years 9 6
16 14–15 years 5 10
17 15–16 years 8 7
18 16–17 years 7 8
Total 139 131
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width [21, 22]. All the measurements were obtained 
using the same CT scan, and bone width cut. The plane 
of acquisition was adapted to the plane of the halo place-
ment in order to accurately measure the skull width at the 
site of pin placement. Moreover, skull bone thickness was 
assessed at four additional sites (i.e., anterior [A], right 
lateral [Lr], left lateral [Ll], and posterior [P]) using the 
same axial plane (Fig. 1). A single, senior orthopedic 
surgeon with expertise in cervical spine surgery (JY) per-
formed all measurements.

Statistical analysis

The categorical variables were described with their 
absolute values and percentages. The quantitative vari-
ables were presented according to their measurements of 
central tendency (mean and standard deviation). Regres-
sion Spearmann correlation was used to study thick-
ness progression between the different pin sites and age. 
The Mann–Whitney U test was used to compare differ-
ences between age groups and thickness of the pin site. 
A P < 0.05 denoted statistically significant difference. 
Statistical analysis was conducted using the IBM SPSS 
Version 24.0 software (IBM Corp., Armonk, NY, USA).

Results

A total of 270 non-contrast CT scans (131 female patients; 
139 male patients) were reviewed, and a total of 2,160 meas-
urements were performed (Table 1). There were no signifi-
cant differences found in the age groups between the right 
and left side of the AL, PL, and L cranial vault thickness 
(Table 2).

Skull bone thickness increased with age for all param-
eters. In particular, A, AL, PL, L, P skull bone thickness was 
gradually increased with age, demonstrating good to excel-
lent correlation with age (R = 0.718, R = 0.742, R = 0.836, 
R = 0.569, and R = 0.6, respectively; P < 0.001). From birth 
to skeletal maturity, L thickness was increased significantly 
less (only 58%) compared with AL (205%), P (233%), PL 
(247%), and A (269%) thickness (P < 0.01). At the end of 
growth, the thickest point of the vault (absolute value) was 
found at the P site and the thinnest points were found and 
both L measurement sites (P < 0.01) (Fig. 2).

Children aged < 12 months had an average AL and PL 
skull thickness of 1.88 ± 0.5  mm and 1.81 ± 0.45  mm, 
respectively. AL and PL thickness reached 2.74 ± 0.38 mm 
and 2.29 ± 0.37 mm, 2.67 ± 0.46 mm and 2.42 ± 0.36 mm, 
and 2.74 ± 0.53 mm and 2.49 ± 0.53 mm in children aged 2, 
3, and 4 years, respectively.

Children aged < 4 years exhibited the highest vari-
ability in AL and PL skull bone thickness, with 

Fig. 1   Measurement sites at the plane of Halo placement
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thickness < 3 mm observed in 85% (64/75 patients) and 
92% (69/75 patients) of cases, respectively (Table 2).

Growth of the vault showed a nonlinear progression. 
Two periods of accelerated growth could be identified. 
The first period occurred during the first 2 years of life, 
with AL and PL thickness increasing by 50%. The second 
period occurred between the age of 10 and 15 years, with 
AL and PL thickness increasing by 42% (Fig. 2).

Discussion

This study evaluated skull bone thickness at different sites 
to provide normative values for the safe placement of pins 
in skeletally immature patients. Our findings are based on 
a larger number of CT scans and a higher number of meas-
urements compared with previously published research. 
In addition, owing to the larger sample size, the results 
could be stratified according to age, aiming to provide a 
more precise set of data for all age groups (i.e., from birth 
to skeletal maturity).

The skull bone consists of the inner table, the outer 
table, and the middle layer (diploe) of cancellous bone. CT 
scans provide high-fidelity representations of cranial bones 
and are the preferred modality for bone imaging. Several 
investigators performed measurements of bone thickness 
using CT scans [15–17], and found that the measure-
ments were reliable and correlated to similar measure-
ments obtained in human specimens [18, 19]. However, 
performing CT scans in otherwise healthy children is not 
justifiable due to concerns regarding the effects of ionizing 
radiation. All our patients were admitted through the ER of 
our institution with positive medical history for TBI asso-
ciated with lost, decreased, or altered level of conscious-
ness, as well as amnesia, neurologic deficit, or intracranial 
lesion [20]. Therefore, head CT scans were acquired to 
rule out potentially significant medical conditions.

Table 2   Skull bone thickness at different sites according to age

Mean values are expressed in mm. n.s.: nonsignificant
AL antero-lateral, PL postero-lateral, A anterior, P posterior, L lateral, R right, L left

Group Age AL PL A P L

1  < 4 years (n = 75) R = 2.46 ± 0.56 R = 2.15 ± 0.5 3.82 ± 1.17 4.78 ± 1.46 R = 2.13 ± 0.47
2
3 L = 2.4 ± 0.52n.s L = 2.42 ± 0.52n.s L = 1.97 ± 0.44n.s
4
5
6 4–6 years (n = 45) R = 3.24 ± 0.62 R = 2.9 ± 0.6 4.62 ± 0.94 7.06 ± 1.75 R = 2.46 ± 0.46
7 L = 3.11 ± 0.56n.s L = 3.34 ± 0.62n.s L = 2.4 ± 0.5n.s
8
9 7–9 years (n = 45) R = 3.32 ± 0.59 R = 3.61 ± 0.85 5.33 ± 1.15 7.49 ± 1.83 R = 2.39 ± 0.82
10 L = 3.22 ± 0.53n.s L = 3.95 ± 0.78n.s L = 2.48 ± 0.65n.s
11
12 10–12 years (n = 45) R = 3.89 ± 0.75 R = 4.25 ± 0.91 5.26 ± 1.4 8.25 ± 1.99 R = 3.04 ± 0.72
13 L = 3.79 ± 0.63n.s L = 4.44 ± 0.81n.s L = 3.07 ± 0.69n.s
14
15  > 13 years (n = 60) R = 4.12 ± 0.67 R = 4.71 ± 0.95 7.24 ± 1.64 8.63 ± 2.31 R = 3.43 ± 0.99
16
17 L = 4.13 ± 0.76n.s L = 5.15 ± 0.98n.s L = 3.46 ± 0.86n.s
18

Fig. 2   Skull thickness (mean) correlation with age at different sites
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In the current study, skull thickness was gradually 
increased during growth. Children aged < 3 years had the 
thinnest cortical bone. Caird et al. investigated 13 infants 
(aged 16–43 months) treated with halo fixation. They found 
an overall complication rate of 53.8% (six infections at the 
site of the pin; one respiratory difficulty), and concluded 
that the complication rate was similar to that reported in 
older children. Moreover, there was no skull deformity 
observed in any of the patients at the end of treatment [6]. 
Arkader et al. [7] conducted a similar study involving 10 
infants (aged 10–34 months) and reported a 20% lower com-
plication rate (one infection at the site of the pin; one pin 
loosening). Mubarak et al. reported three additional cases 
of infants (aged 10–24 months) treated with halo fixations 
[21]. All investigators recommended performing a preopera-
tive head CT scan to evaluate skull bone thickness prior to 
halo application. They suggested that a higher number of 
pins, meticulous care of the pin site, frequent follow-ups, 
and limited ambulation (toddlers may be more prone to fall-
ing than older children) are needed to decrease the number 
of pin-related complications [6, 7, 21].

Garfin et al. reviewed 18 CT scans of pediatric skulls. The 
skulls were divided into three age groups (i.e., 1–2 years, 
2–5 years, and 5–12 years). They found that the mean total 
thickness at the level of the AL and PL portions of the cal-
varia was increased from 3.7 and 3.9 mm, respectively, in 
infants (aged 1–2 years) to 6.1 and 5.9 mm, respectively, in 
children and preadolescents (aged 5–12 years). The thick-
ness was the lowest at the temporal fossa, increasing from 
3 mm in infants to 4.1 mm in the oldest children [22]. How-
ever, the number of patients was low and did not include 
patients aged < 1 year and > 12 years. Most importantly, the 
selected age range was very broad, not allowing to clearly 
evaluate changes occurring over time. Lett et al. reviewed 
68 pediatric skulls (35 males and 33 females). They found 
that skull thickness varied considerably in the first 6 years 
of age regardless of age and sex. In addition, they reported 
a trend toward increasing skull thickness in adolescence. 
This trend was initiated at approximately 10 years of age, 
and adult thickness was attained by the age of 16 years [23].

Loder reviewed 82 non-contrast head CT scans and did 
not find statistically significant differences according to race 
or gender. He reported that the average skull bone thickness 
increased with age and was not influenced by race [24].

Haas et al. showed that the external skull length and width 
reach 94% and 89% of its adult measurements, respectively, by 
the age of 3–5 years [25]. There was also a significant increase 
in skull bone thickness, in particular during the first 3 years 
of life. During this period of rapid skull growth, the size of 
the halo ring must be carefully selected. When possible, pin 
selection should be based on knowledge of the skull thickness. 
Stone et al. reported that adults have similar skull bone thick-
ness compared with children aged > 12 years, and found that 

the inner table was thicker at the AL site [26]. Our findings 
show that by the age of 4 years, the AL thickness has reached 
3 mm in 20% of children. This percentage reaches 60% by 
the age of 9 years, > 80% by the age of 12 years, and 100% 
between puberty and skeletal maturity. On the other hand, only 
7% of patients reached a PL thickness of 3 mm by the age 
4 years, 40% by the age of 6 years, 80% by the age of 9 years, 
and 100% between puberty and skeletal maturity.

One of major concerns is the occurrence of cerebrospinal 
fluid (CSF) leakage at the time of pin placement, which a lot 
of times is more related with the pressure applied to a point 
than skull thickness. Torque forces were not considered in this 
study. The literature recommends significant less torque infants 
than in older children, not exceeding 2 in/lb [21].

Therefore, caution during the application of a halo fixa-
tor must be exercised equally for all children. We recommend 
that the tip of the pin should not exceed 2–3 mm in children 
aged < 4, and 4 mm in children aged 4–6 years, to decrease 
the risk of inner table perforation. After the age of 7 years and 
13 years, standard-sized pin tips (5 and 6 mm, respectively) 
may be safely used. It has been recommended that toddlers and 
children should undergo head CT scans prior to the placement 
of pins. Considering that skull bone thickness varies between 
the AL and PL pin sites, this approach assists in assessing cra-
nial bone thickness and facilitating the selection of pin length 
and placement of the pin [3, 5]. The findings of this study 
provided normative data regarding cranial bone thickness that 
may be used in skeletally immature patients requiring halo 
fixation. The present data may help spine surgeons to avoid 
performing systematic preoperative CT scan of the head in 
skeletally immature patients requiring halo fixation. This is 
especially important in infants and toddlers who are particu-
larly sensitive to exposure to ionizing radiation.

Particular attention should be paid to children aged < 4 years 
who show significant variability in skull thickness compared 
with other age groups; a CT scan may still be required for this 
particular age group. Moreover, specific pins used for halo 
fixation should be placed antero-laterally and postero-laterally 
(highest bone thickness), thus avoiding the temporal fossa 
(lowest bone thickness).
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