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 Summary
 Background:  Spinocerebellar ataxia type 1 (SCA1) and type 2 (SCA2) belong to the group of neurodegenerative 

disorders of autosomal dominant inheritance, genetically and clinically heterogeneous, caused by 
CAG trinucleotide repeat expansion, which leads to productions of protein carrying the abnormal 
polyglutamine chain (polyQ). Molecular abnormalities cause degenerative changes – atrophy of 
posterior cranial fossa structures. The clinical symptoms typical of this disorder include progressive 
gait and limb ataxia, dysarthria, occulomotor disturbances, pyramidal tract and peripheral nerves 
involvement. 

  The aim of the study is to evaluate the usefulness of a computer program prepared in our depart-
ment for volumetric measurements of posterior cranial fossa structures (the pons, vermis and 
cerebellar hemispheres) in a group of SCA patients. 

 Material/Methods:  MR examinations of 22 patients suffering from SCA were used to calculate the value of fluid/brain 
index of posterior cranial fossa structures and compared with the results of group of 10 healthy 
volunteers. The degree of atrophy of posterior cranial fossa structures can be objectively evaluated 
by special volumetric measurements.

 Results: We found fluid/brain index (FBI) of posterior cranial fossa structures in group of SCA patients to 
vary from 0.1411 to 0.3929 (mean 0.2456 SD±0.601).

 Conclusions: 1. MR-based calculation of fluid/brain index of posterior fossa structures is a valuable tool for 
morphological assessment of SCA-related changes in brain structures. 2. The presented software 
enables objective evaluation of the course and stage of posterior fossa structures  atrophy. 
3. Our self-made computer program to calculate the fluid/brain index of posterior cranial fossa 
structures is easy to use on a personal computer – it is a good tool in everyday radiological 
practice.
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Background

Autosomal dominant cerebellar ataxias (ADCAs) are 
a clinically and genetically heterogenous group of neuro-
degenerative disorders with different clinical and neu-
ropathological features. According to Harding classifica-
tion [1], SCA1 and SCA2 belong to ADCA I, characterized 
by progressive gait and limb ataxia, dysarthria, associ-
ated with pyramidal or extrapyramidal symptoms, ophtal-
moplegia and peripheral neuropathy. The disorders are 
caused by CAG trinucleotide repeat expansion. The regions 
most affected by the disease include the cerebellar cor-
tex and nuclei, the brainstem, the spinocerebellar tracts 
[2, 3, 4, 5]. 

The degree of atrophy of posterior fossa structures can 
be objectively evaluated by special volumetric measure-
ments.

The aim of the study is to present volumetric evaluation of 
posterior cranial fossa structures (the pons, vermis and cer-
ebellar hemispheres) in a group of SCA patients. MR scans 
were analyzed using a computer program designed in the 
Department of Neuroradiology of the Institute of Psychiatry 
and Neurology. 

The program is based on the white and gray meter segmen-
tation algorithm, user-friendly and installable on PC with 
MS Windows XP system. The software acquires the raw 
data in DICOM format (widely used in medicine). 

To perform the analysis, the program requires only point-
ing out of each structure, once for 6 selected slices of MR 
examination of each cerebellum hemisphere and pons, 
then the software calculates automatically the volume of 
the tissue and gives the fluid/brain index (FBI) expressed 
as a  decimal fraction. The result of calculation can be 

Table 1. Clinical data of SCA patients.

Patient Sex Age
at clinical study

Age 
at disease onset

Duration of disease
(yrs) CAG ICARS

1 M 51 45 6 48 25

2 F 26 22 4 60 28

3 F 49 36 13 51 31

4 M 22 20 2 59 21

5 M 23 17 6 65 47

6 M 48 38 10 43 28

7 M 40 35 5 54 36

8 F 29 25 4 54 27

9 F 33 32 1 55 26

10 M 32 27 5 49 35

11 M 18 15 3 66 30

12 F 45 38 7 53 42

13 M 36 26 10 49 28

14 F 30 19 11 50 26

15 M 43 40 3 46 15

16 M 55 49 6 46 22

17 M 33 29 4 55 35

18 M 30 24 6 48 30

19* M 51 21 30 38 29

20* F 54 34 20 37 25

21* F 23 18 5 45 43

22* M 46 45 1 36 4

Mean 36.71 29.04 7.66 51.00 28.77
± SD 11.61 9.66 6.68 7.62 9.27

* SCA2 patients
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obtained separately for the cerebellar hemispheres, pons 
or totally for all posterior fossa structures. 

The fluid/brain index helps the radiologist and neurologist 
to estimate objectively the stage of posterior fossa struc-
tures atrophy in SCA patients and can be used in follow-up 
examinations as a marker of the disease progression.

Materials and methods

MR examinations of 22 patients suffering from SCA were 
used to calculate the value of fluid/brain index of  posterior 
cranial fossa structures (the pons and cerebellar hemi-
spheres) using a self-designed computer program.

18 patients with SCA1 (6 females and 12 males) and 4 
patients with SCA2 (2 females and 2 males) were  included 
in our study. The mean age of the patients was 36.71 
(18-55), SD ±11.61. The mean age of onset of the disease 
was 29.04 (15-49) SD ±9.66. All of the patients have had 
a positive family history and have had genetically con-

firmed diagnosis of SCA1 or SCA2. Molecular genetic tests 
were performed using standard approved laboratory pro-
tocols [3, 4]. The mean number of CAG triplets repeats was 
51.00 (36-66) SD±7.62. The clinical examination was per-
formed by experienced neurologists using the International 
Cooperative Ataxia Rating Scale – ICARS [6]. The mean 
ICARS score was 28.77 (15-47) SD±9.27.

All these data were not statistically different between SCA1 
and SCA2 groups. The most prominent clinical symptom 
was gait ataxia which was found in all of our patients.

The patient data and the clinical status assessed with the 
ICARS are presented in table 1.

MR examination of 10 healthy volunteers (5 males and 
5 females), mean age 31.1 yrs, SD ± 13.3 were used 
to  calculate the normal values of fluid/brain index of pos-
terior cranial fossa structures.

Informed written consent was obtained from SCA patients 
and healthy volunteers.

All MR examinations were performed in the Ministry of 
Interior Affairs’ Hospital in Warsaw on Marconi Medical 
System ESLIPSE 1,5T with dual contrast FSE axial 
 sequences TR=5800 TE 15/75, NEX=1, slice thickness 
2 mm, gap 2 mm, matrix 256x256, FOV 230 running twice 
with interleaved slice position to fill the gaps. Fig. 1 and 2 
show the examples of MR examinations of SCA1 and SCA2 
patients.

The MR images taken for the calculation from 6 separate 
scans covering posterior cranial fossa structures included 
both cerebellum hemispheres and the brainstem. The data 

Figure 1.  MR of SCA 1 patient  (female - 33 yrs old with gait ataxia, 
ICARS 26). A –  SE,T1-weighted, midsagittal plane of 
brain and posterior fossa structures: flattening of the 
pontine base. B, C – SE,T2-weighted  axial images of 
the pons, cerebellar hemispheres and vermis: significant 
atrophy of cerebellum.

A B
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transferred in DICOM format to a PC was read by self-made 
software based on segmentation method. The square ROI 
used for calculation was set on transversal slice covering 
cerebellum hemispheres and brainstem as shown in Fig. 3. 
To standardize the measurements regarding cerebrum 
dimensions, the intracranial line was drawn. The next step 
involved automatic calculation of fluid/brain indexes for 
the brainstem and both cerebellum hemispheres taking into 
consideration the intracranial dimension. 

The results were statistically compared with the control 
group and clinical stage of the patients to evaluate the 
validity of the method. 

The nonparametric Mann-Whitney U test was used to esti-
mate the significance of differences between the analyzed 
groups of SCA patients. The powers of the linear relation-
ship between ICARS score, CAG repetitions and FBI indexes 
were tested using simple regression model and Pearson’s r 
correlation coefficients were calculated. Statistical analy-
ses were performed with Statistica 7.1 program (StatSoft, 
U.S.A.).

Results

In the group of 22 patients with SCA, the levels of total 
fluid/brain index of posterior cranial fossa structures var-
ied from 0.1411 to 0.3929 (mean 0.2456, SD ± 0.0601). The 
reference values in the control group (in the same region) 
varied from 0.0511 to 0.1526 (mean 0.0976, SD ± 0.0296).

Results of FBI (fluid/brain index) are presented in table 2. 

The indexes were calculated for each cerebellum hemi-
spheres, the pons and all posterior fossa structures together.

To compare the results of FBI of SCA patients and the con-
trol group, the following indicators were assessed for our 
decision rule: Sensitivity: 95.8%, Specificity: 100%, Positive 
Predictive Value: 100%, Negative Predictive Value: 90% and 
Accuracy: 97.0%.

The diagrams presented below show relations between the 
clinical stage of SCA patients, total FBI and FBI of pons and 
both cerebellum hemispheres – Fig. 4, 5, 6 and 7.

Discussion

Spinocerebellar ataxias are the vast heterogenous group 
of disorders of autosomal dominant inheritance. Clinically 
SCA1 and SCA2 are characterized by the progressive gait 
and limb ataxia, dysarthria, oculomotor disturbances, 
pyramidal tract and peripheral nerves involvement. The 
symptoms usually begin in young adolescence. The clini-
cal pattern of the disease varies in different types of spino-
cerebellar ataxias [7, 8, 9]. The molecular basis for the 
spinocerebellar ataxias in most types are dynamic muta-
tions. The majority of the identified mutations involves 

Figure 2.  MR of a SCA 2 patient (male - 51 yrs old  with gait ataxia 
ICARS 29). A – SE,T1-weighted, midsagittal plane of brain 
and posterior fossa structures: atrophy of the brainstem 
and shrinkage of the cervical spine. B, C – SE,T2-weighted 
axial images of the pons, cerebellar hemispheres and 
vermis: significant atrophy of posterior fossa structures.

A B
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expansions of CAG trinucleotide repeats in the affected 
gene which leads to production of an aberrant protein car-
rying the abnormal polyglutamine chain [3, 4, 7].

The abnormal proteins tends to accumulate in neurons 
causing neurodegeneration in many types of neurons of the 
central and peripheral nervous system, especially in the 
 cerebellum and pons (10). 

All of the aforementioned degenerative changes lead 
to atrophy of posterior cranial fossa structures. Cerebellar 
and pontine atrophy is a characteristic radiological feature 
of the SCA patients which has been thoroughly investi-
gated. The volumetric studies of cerebellar atrophy have 
been done in many types of ataxia [2, 5, 11, 12, 13, 14, 
15, 16, 17]. 

To date, there have been no studies concerning neuroradio-
logical quantitative measurements of cerebellar atrophy in 
patients with SCA in our country. 

In Poland, two types of ADCAs are predominant: SCA1 and 
SCA2 [9].

The study was conducted to compare clinical characteris-
tics and volumetric measurements of the cerebellar hemi-
spheres and pons in patients with SCA1 and SCA2 using 
a self-made computer program for evaluation of atrophy of 
posterior fossa structures. The main purpose of the study 
was to create an easy to use computer program to calculate 
the volume of fluid and brain tissue (fluid/brain index – FBI) 
in the region of interest i.e. the pons and both cerebellar 
hemispheres. The program reads the data in DICOM format 
used widely in medicine after pointing the structures cho-
sen to calculate the volume of fluid and brain tissue. In our 
study, 6 slices of MR examinations were taken to calculate 
the fluid/brain index of posterior structures: the pons and 
both cerebellar hemispheres. The final result is expressed 
as a decimal fraction separately for each of these structures 
and totally for all posterior fossa structures.

The self-made computer program presented in the paper 
is necessary for radiologists and neurologists to estimate 
the degree of pontine and cerebellar atrophy precisely. The 
words used in radiological reports like: small, mild, promi-
nent, etc. are subjective, radiology needs more precise esti-
mation.

All of the 22 analyzed SCA patients have had family history 
of progressive ataxia. In all the patients, genetic diagnosis 
confirmed either SCA1 or SCA2 genotype. The mean age of 
the patients was not statistically different between SCA1 
and SCA2 groups. The most prominent clinical symptom 
was gait ataxia which was found in all of the patients. The 
clinical data were analyzed and compared with the volumet-
ric measurements of the pons, both cerebellum hemispheres 
and total FBI (average of all posterior fossa structures).

In the group of SCA patients analyzed by us, the level of 
fluid/brain index of posterior fossa structures varied from 

Figure 3.  A, B, C. Illustration of computed caluculation of fluid/brain 
index (FBI) in our  method – measurements in each 
cerebellar hemisphere and the pons. The calculations 
taken from 6 slices of MR examination are obtained for 
each cerebellar hemispheres separately, for the pons and 
totally for all  three posterior fossa structures.

A B
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Figure 4.  The diagram presents a significant statistical correlation  
of the clinical stage (ICARS score) and the number of CAG  
in the analyzed group of SCA patients.

Figure 5.  The diagram shows a significant statistical correlation 
between the clinical stage (ICARS) and pontine FBI 
of SCA patients.

Table 2. The results of  FBI for both cerebellar hemispheres, pons and total calculation for posterior fossa structures  in SCA patients.

Patient FBI in cerebellum
(left hemisphere)

FBI in cerebellum
(right hemisphere)

FBI
(pons)

Total FBI (average from 
posterior fossa structures)

1 0.3772 0.1924 0.3304 0.3000

2 0.1380 0.1298 0.1556 0.1411

3 0.5059 0.1733 0.2559 0.3117

4 0.1809 0.1924 0.1536 0.1756

5 0.2101 0.2696 0.2420 0.2406

6 0.1336 0.1699 0.2072 0.1702

7 0.2496 0.3338 0.2754 0.2863

8 0.1171 0.1527 0.1792 0.1497

9 0.3441 0.4991 0.3354 0.3929

10 0.2445 0.3584 0.2982 0.3004

11 0.1625 0.1625 0.2017 0.1756

12 0.2996 0.1783 0.3076 0.2618

13 0.2689 0.3025 0.2331 0.2682

14 0.1517 0.2960 0.2398 0.2292

15 0.3161 0.2290 0.2060 0.2504

16 0.2877 0.1974 0.2372 0.2408

17 0.1480 0.1471 0.3940 0.2297

18 0.2339 0.3437 0.2522 0.2766

19 0.3068 0.2003 0.2194 0.2422

20 0.2994 0.2437 0.1867 0.2433

21 0.2416 0.277 0.2959 0.2715

22 0.2098 0.2249 0.1966 0.1538

Mean 0.2484 0.2404 0.2479 0.2456
± SD 0.0956 0.0910 0.0623 0.0601
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0.1411 to 0.3929 (mean 0.2456, SD±0.0601) and was signif-
icantly different from values obtained for the same region 
in the control group (p<0.001). The normal values varied 
from 0.0511 to 0.1526 (mean 0.0976, SD±0.0296). 

We have found a significant statistical correlation between 
the clinical stage of SCA patients, the number of CAG trip-
lets repeats and FBI of pons.

We have also found a relation with linear progression 
between ICARS and total FBI and FBI of the cerebellum.

The computer program calculating the fluid/brain index helps 
radiologists and neurologists to estimate the degree of atro-
phy of posterior fossa structures and can be useful for estima-
tion of progression of the disease in follow-up examinations.

Papers previously presented by many authors proposed 
different procedures for estimating the degree of cerebel-
lar atrophy based on manual measurements, ADC mapping, 
three-dimensional MR-based volume or using the Brain 
Imaging Software Toolbox [15, 16, 17, 18]. None of these 
methods is simple because of manual complexity. The pre-
sented self-made computed calculation program is user-
friendly, available for personal computers and does not 

require special data format – the images are loaded to the 
application in the DICOM standard.

The presented program gives to radiologists an objective 
tool to estimate the degree of neurogenenerative changes 
of posterior cranial fossa structures in SCA patients. The 
result of calculation is presrnted as a decimal fraction, 
which is a good tool to compare native and follow-up 
examinations to estimate the progression of the degenera-
tion process of posterior fossa structures in SCA patients.

Conclusions

1.  MR-based calculation of fluid/brain index of posterior 
fossa structures is a valuable tool for morphological 
assessment of SCA-related changes in brain structures.

2.  The presented software enables objective evaluation 
of the course and stage of posterior fossa structures 
 atrophy.

3.  Our self-made computer program to calculate the fluid/
brain index of posterior cranial fossa structures is easy 
to use on a personal computer – it is a good tool in every-
day radiological practice.

Figure 7.  The diagram shows the relation between ICARS and 
total FBI.

Figure 6.  The diagram presents the relation between ICARS and FBI 
of cerebellar  hemispheres.
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