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INTRODUCTION  

There are some differences in size and shape of the skull among races, and age as well as
gender. We compared the length of anterior-posterior commissure (AC-PC) depending on the
racial groups, age, and gender of patients with deep brain stimulator (DBS) and pallidotomy.

Several centers have employed surgical planning techniques which were already used
successfully several decades ago, in particular ventriculography in conjunction with brain
atlases14,16,22,23,25). In other centers, CT- and, more recently, MRI-based planning techniques
with fused each images have been established for avoiding the risk of geometric inaccuracy
due to various image distortion phenomena8,27,29,33,35,38).

History of measurements of AC-PC
Since the transition from animal neurophysiological experiments to the clinical use of

stereotaxy in human was made by Spiegel and Wycis in the spring of 1947, neurosurgeons
were able to solve the problem of variability in the relation between external skull landmark
and intracerebral target by the use of intracerebral reference points proved to be invaluable in
the development of human stereotaxis21). Talairach published two atlases34), L’atlas d’anatomie
stléréotaxique in 1957 and L’exploration stléréotaxique du télencéphale in 196726). Talairach
and his colleagues also noted that, although cerebral structures do not always have a constant
relationship to skull landmarks, the AC-PC line could serve as an accurate guide for
identification of intracerebral nuclei. Two years later, the atalas of the human brain by
Schaltenbrand and Bailey (1959) simplified this system by taking as axes the AC-PC line,
lying in the median (sagittal) plane, and a perpendicular erected in the middle point between
the two commissure32).

Objective : The length of anterior-posterior commissure (AC-PC) in racial groups, age, gender of patients with
deep brain stimulation (DBS) and pallidotomy were investigated. 
Methods : From January 1996 to December 2003, 211 patients were treated with DBS and pallidotomy. There
were 160 (76%) Caucasians, 35 (17%) Hispanics, 12 (5%) Asians and 4 Blacks (2%). There were 88 males and
52 females in DBS-surgery group and 44 males, 27 females in pallidotomy group. Mean age was 58 year-old.
There were 19 males and 19 females and mean age was 54.7 years in the control group. Measurements were
made on MRI and @Target software.
Results : The average AC-PC distance was 24.89 mm (range 32 to 19), which increased with aging until 75 years
old in Caucasian and also increased with aging in Hispanic, but the AC-PC distance peaked at 45 years old in
Hispanic. The order of AC-PC distance were 25.2±2 mm in Caucasian, 24.6±2.24 mm in Asian, 24.53 mm in
Black, 23.6±1.98 mm in Hispanic. The average AC-PC distance in all groups was 24.22 mm in female who was
mean age of 56.35, 25.28 mm in male who was mean age of 60.19 and 24.5±2 mm in control group that was
excluded because of the difference of thickness of slice. According to multiple regression analysis, the AC-PC
distance was significantly correlated with age, race, and gender. 
Conclusion : The AC-PC distance is significantly correlated with age, gender, and race. The atlas of functional
stereotaxis would be depended on the variation of indivisual brain that can influenced by aging, gender, and race.
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Modern way of measurements
and variability of AC-PC line

Since Brown (1979) was the first to
describe and presented a prototype
stereotactic frame for use in the CT
scanner, Lars Leksell later became the
first stereotactic neurosurgeon to adapt
his system to utilize CT and MR images.
Magnetic Resonance Imaging (MRI)
has replaced the usage of CT because
it provides a good demonstration of
anatomy, permitting direct visualization
of the AC-PC line and target. In an
effort to overcome the spatial distortion
on MR imaging, technique of imaging
fusion with CT by using image corre-
lation software on a workstation has
been introduced8). 

Microelectrode recording has been
used to compliment neuroimaging in
movement disorder and the update
machine like 3.0 tesler MRI has been
introduced for better resolution of the
nuclei in the brain but there has been
still much controversy concerning the
reliability of the recording and target
of the specific object in the MRI environment36).

MATERIALS AND METHODS  

Patients
A total of 211 cases among patients who were treated with

deep brain stimulator and pallidotomy for the treatment of
movement disorder and pain in the MRI operating room at
University of California, Los Angels (UCLA) from January
1996 to December 2003 were reviewed retrospectively to
compare the AC-PC distance with age, race, and gender.
For the control group, we measured the AC-PC distance
of 38 patients with trigeminal neuralgia without intrapar-
enchymal abnormality by Brainlab software (Novalis® from
BrainLAB inc., Heimstteten, Germany). There were 160
(76%) Caucasian, 35 (17%) Hispanic, 12 (5%) Asian and
4 (2%) black patients. There were 140 patients with DBS
and 71 patients with pallidotomy. Mean age was 58 years
old (range; 6.9-85.8). Among the Caucasian, there were
91 males and 69 females. Among the Hispanic, 28 were
males and 7 females. Among the Asian, there were 10 males
and 2 females. Among the black patients, male were 3 in
number and 1 female. In the DBS-surgery group there
were 97 patients with Parkinson diseases, 29 patients with

essential tremors, 7 patients with dystonia, 3 patients with
cerebral palsies and 4 patients with other diagnoses. In the
pallidotomy-group there were 51 patients with Parkinson
diseases, 4 patients with dystonia, and 11 patients with
cerebral palsy and 5 patients with other diagnoses. In the
control group, the mean ages was 54.7 years and male were
19 among 38 patients.

The length of AC-PC lines were obtained through the
same sequenced MRI by one specialist using @Target Brain
lab software (Fig. 1). However, the AC-PC distance of
trigeminal patients was excluded for a statistical analysis
because the AC-PC distance of them was measured on 3
mm slice thickness-MRI beyond brain stem-trigeminal
nerve level on 1 mm slice thickness-MRI. Nevertheless the
exclusion of control group, we were able to make reference
to the data.

How to calculate the length of AC-PC
A Leksell stereotactic frame (Elekta, Atlanta, GA) was

attached to the patient’s head under sterile conditions with
local and IV anesthesia in the MRI suite. It was adjusted
parallel to the infra-orbito meatal line (Reid’s line) to approx-
imate the axial plane of the stereotactic frame to the AC-PC
plane of the patient. The 1.5 Tesla MRI (Siemens, Erlangen,
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Fig. 1. AC-PC distance is calculated through the axial and sagittal images. In axial view, the
anterior commissure has the shape of bicycle handlebars, coursing posteriorly, inferiorly and
laterally behind the head of caudate nucleus and passes into nucleus of the globus pallidus into the
inferior and middle temporal gyri. The anterior commissure is easily recognizable in all plane, at
least the posterior commissure and anterior margin of the pineal region were closely related to the
superior colliculi as well as the uppermost point of the aqueduct of sylvius3). 



Germany) series were obtained by using the Parameters
(Table 1). Both T1WI- and T2WI-Images were transformed
with the Windows NT-based Brainlab software (Novalis®

from BrainLAB inc., Heimstteten, Germany) and also
combined with the preoperative T1-weighted MR images
and CT scans. Thereafter, AC and PC were identified on
T1WI-, T2WI-MRI, and CT scans. In control group, from
those who underwent the stereotactic radiosurgery for the
treatment of trigeminal neuralgia, the AC-PC distance were
measured with the MRI (3 mm slice thickness) (Fig. 1).

Statistical analysis
Analysis was performed with SPSS using the multiple

regression analysis as indicated the correlation with variables.
Mean and standard deviation of AC-PC distance were
compared using ANOVA and t-test.

RESULTS   

Notably, there was high individual variability of AC-PC
distance in our series that is well comparable with standard
stereotactic atlases and other previously published studies,
particularly with two large series in which MRI and ventric-
ulography have been employed (Table 2). In Table 3 and
Fig. 2, the values of AC-PC distance for several variables
(age, gender, races; Caucasian, Hispanic, Asian, Black) are
summarized and showed. The AC-PC distance increases
with aging but decreases in females. Race-related variations
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Table 1. Magnetic resonance parameters for pre- and post-operative functional neurosurgery planning

Pre-operative XYZ planning Post-operative lesion localization

Scanner Siemens Sonata Siemens Sonata Siemens Sonata Siemens Sonata Siemens Sonata

Field Strength (Tesla) 1.5 1.5 1.5 1.5 1.5

Pulse Sequence T1 MPRAGE T2 T2 T1 Flash 3D Volume T2 for bleed

Scan Region Whole brain Area of interest Area of interest Whole brain Whole brain

Slice plane Axial Axial Coronal Axial Axial

TR 2050 4000 4000 56 1500

TE 4.4 96 96 25 60

Flip Angle 15 180 180 40 40

FOV (mm) 280 280 280 280 230

Slab 1 1 n/a

Slab Thickness 160 160 160 96 n/a

Partitions 160 n/a n/a 32 n/a

Slice Thickness (mm) 1 effective 2 2 3 effective 6

Slice GAP None None None None None

No of slices 160 20 20 32 15

Matrix 256×256 252×256 252×256 256×256 224×256

Matrix (%) 100 98 98 100 88

Rect/FOV 8 of 8 8 of 8 8 of 8 8 of 8 8 of 8

Voxel size Ht×Wd×Thick (mm) 1.09×1.09×1.0 1.11×1.09×2 1.11×1.09×2 091×1.09 1.03×0.90

Averages 1 2 2 1 2

Special Swap phase enc L->R Swap ph enc L->R

Scan Time (min:sec) 16:52 4:53 4:53 7:42 11:16

T1W : T1 weighted, T2W : T2 weighted, MPRAGE : Magnetization prepared rapid acquisition gradient echo

Table 2. AC-PC distance from different sources

Authors *AC-PC distance (mm) Method Year

Mundinger and potthoff 24.6±4.7 VG 1961

Andrew and watkins 20.9-27.3 VG 1969

Edwin M todd 24 VG 1972

Talairch and tournoux 25.5 Autopsy 1972

Schaltenbrand and wahren 24.6 Autopsy 1977

Hariz MI and berhenheim AT 25.18±1.67 CT 1990

Gross RE, Lozano AM 27.0±1.5 MRI 1999

DiPierro 25.43±1.57 MRI 1999

Zonenshayn M,Kelly PJ 27.3±1.3 MRI 2000

Zhu XL 25.74±1.72 MRI 2002

Richter EO, Lozano AM 25.8 MRI 2004

This series 24.89±2.11 MRI 2004

VG ventriculography, *from center of anterior commissure to center of 
posterior commissure

Table 3. Race-specific analysis of AC-PC distance

Race AC-PC distance (mm) Mean age
Number of pt.

Male   Female

Control group 26.3±1.79 54.74 19 19

Caucasian 25.2±2.00 61.57 91 69

Hispanic 23.6±1.98 48.37 28 7

Asian 24.6±2.24 57.22 10 2

Black 24.53 37.18 3 1
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have also been detected. The variations show that the
Caucasian, Asian, Black, and Hispanic are put in order of
the distance decreasing. Black race did not have a stastically
significant correlation because the number of patients was
only 4. The average AC-PC distance among whole groups
was 24.22 mm in female whose mean age were 56.35, 25.28
mm in male whose mean age was 60.19. 

In Table 4, age-related variations have been detected as
the strongest variable. The AC-PC distance increases with
aging until 75 years old in Caucasian and also increases with
aging in Hispanic, but the AC-PC distance peaked at 45
years old in Hispanic (Fig. 3). The data show the AC-PC
distance of 37 Caucasians and 10 Hispanics in sixties (mean
age; 65 years old). The AC-PC distance was 1.12 mm bigger
in Caucasians (p＞0.057). There were 24 males in Caucasian
group and 7 males in Hispanic group. The proportion of
gender between Caucasian and Hispanic was almost same
(male:female=2:1). The etiology was Parkinson disease in
10 Hispanic patients and 30 Parkinson diseases, 5 essential
tremors, 1 dystonia, and 1 spasmodic torticollis in 37
Caucasian patients. Otherwise, the mean AC-PC distance
of 26 Caucasian male patients in sixties was 26.11 mm

whereas that of 7 Hispanic male patients in sixties was
24.86 mm but the AC-PC distance of males among sixties
between Caucasian and Hispanic was not also statistically
significant (p＞0.05), and the mean AC-PC distance was
24.7 mm in 12 females who were sixties among Caucasian
patients. Aforementioned result also has no stastical difference
compared with 7 Hispanic male patients (p＞0.3). 

In pallidotomy-group among the Caucasian and Hispanic,
gender-related variations have been detected. In males, the
AC-PC distance was 25±1.7 mm, 23±1.2 mm in females
in Caucasian patients and in Hispanic patients were 23±
1.7 mm in male, and 22±2.2 mm in female. 

Among the whole 211 patients, multiple regression analysis
was also performed to the AC-PC distance. These results
imply the AC-PC distance was most heavily correlated with
age-predictor. The AC-PC also has significant correlation
with gender and race (Table 5). 

DISCUSSION

In this study, the AC-PC distance with race, age, and
gender of patients has been investigated horizontally, not

Fig. 2. The vertical line mans standard deviation and the control group
is excluded for multiple regression analysis.
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Fig. 3. Age-specific differences in the AC-PC distance between
caucasian and hispanic. The AC-PC distance increases with aging, until
75 years old in caucasian but increases until 45 years old in hispanic.
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Table 5. Multiple regression analysis of the AC-PC distance as
dependable variable in the all patients

AC-PC distance Age Race Gender

Multiple R .36235 .48830 .54223

R square 13130 .23844 .29401

Significance F .0000 .0000 .0000

Significance T .0000 .0000* .0000

Number 211 211 211

*p=0.12226, 0.0003 : Black, Asian among races

Table 4. Age-specific analysis between caucasian and hispanic

Caucasian Hispanic

Age No. of Mean AC-PC No. of Mean AC-PC 

patient age distance patient age distance

0-9 4 6.73 21.15

10-19 5 14.97 23.91 3 17 22.4

20-29 6 25.75 24.2 3 21.93 21.03

30-39 11 34.16 23.9 1 30 24.1

40-49 12 46 24.14 5 45.28 25.03

50-59 24 54.95 24.89 2 56.5 23.8

*60-69 37 65.3 25.64 10 65.02 24.52

70-79 48 74.2 26 6 74.76 24.6

80-90 17 83 25.74 1 81 23

*The AC-PC difference of sixties between caucasian and hispanic was 
not stastically significant (p>0.05), the AC-PC distance of males among
sixties between caucasian and hispanic was not stastically significant 
(p>0.05)
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longitudinally in each individual. With few exceptions, the
MRI data were obtained from patients with movement
disorder. To what extent this chronic disease and an early-
developed disease such as cerebral palsy have been compared
with trigeminal neuralgia that was defined without a
pathologic condition in intracerebral structure. However,
the AC-PC distance of the control group might be bigger
than that of DBS and pallidotomy-groups because MRI
were undertaken with 3 mm slice thickness at the level of
AC-PC line. This was reason why we excluded the control
group for stastical analysis. 

To review the error of MR images in the field of stereo-
tactic functional neurosurgery, motion artifact and image
distortion have been solved by IV anesthesia and fused
technique with software. Several quantitative studies have
been published in clinical studies comparing MRI with CT
or ventriculography6,9,15,16,18,19,22,23,25,28,33). The AC-PC distance
has been defined in T1WI-MRI (1 mm slice thickness)
since this has allowed for best definition of the commissure.
In addition, this sequence did not reveal relevant image
distortion and coordinates determined for AC and PC did
not differ significantly from CT-derived coordinates7).
Whether the targeting has directly been done or not, the
AC-PC line became the essential landmark for the localization
of the neuroanatomical target in the basal ganglia and
diencephalons for relating them to stereotactic atlases. In
our series, the AC-PC distance was average 24. 89 mm and
its range was 19 to 32 mm. It seems that the AC-PC distance
was smaller and wider range than other studies that might be
caused by the prevalence of younger and Hispanic patients
in California compare with in other medical centers. Our
studies have shown that the AC-PC distance was stastically
correlated with race, and gender as well as age.  The AC-PC
distance increased with age and male, and in racial order of
the AC-PC distance were Caucasian, Asian, Black, Hispanic
and the AC-PC distance showed a significant correlation
except the Black race because Black patients were only 4
as a variable. Our data also demonstrated that the AC-PC
distance was most seriously influenced by age-predictor. Even
though the AC-PC distance of Caucasian was longer than
other races and that of male was bigger than female, there
was no statistical difference between races, gender if age as
the best predictor was situated under same circumstance. 

The brain length was correlated with the AC-PC distance
but a weak correlation was found between brain width and
length as well as between brain width and width of the third
ventricle37).

In some dementia studies, regression analysis showed
statistically in women, the size of the third ventricle increase
by age. Compared to women, the size of the third ventricle

in male was bigger. Gender-specific changes in brain size were
significantly greater in men than women for the peripheral
(sucal) cerebrospinal fluid volume, the lateral (Sylvian) fissure
cerebrospinal fluid volume, and the parieto-occipital region
area. The main effects of age were observed for all the
remaining brain regions examined (cerebral hemisphere
volume, frontal region area, temporo-parietal area, lateral
ventricular volume, and third ventricular volume). These
effects were similar in men and women but asymmetries
in brain structures were not by age and gender. At least in
some structures, aging effect may be more apparent and
rapid in men than women1-5,10-13,17,20,30,31,39). We found out
the similar result through analysis of Caucasian DBS group.
The length of AC-PC line increased with aging and the
peak of AC-PC distance was up to 60 years old in male and
70 years old in female, so the peak of AC-PC distance in
female was about 10 years delayed. 

A quadratic regression line was also the optimal fit for
gray matter volume/white matter volume ratio, supporting
earlier observation. There was preferential loss of gray matter
between the ages of 20 and 50, with a subsequent predom-
inance of white matter volume loss24). This phenomenon
also can be a contributor of changing of AC-PC distance
with aging. 

CONCLUSION

The AC-PC distance showed significant correlations with
age, race, and gender. The distance increased with aging and
in cases of male patients. Also, there is a difference between
races, as stated above, the Caucasian shows the longest
AC-PC distance and the Asian, Black and the Hispanic are
put in order of the distance decreasing. This study suggests
that caution should be exercised when using the available
atlases for functional stereotaxis. 
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