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Title of the Project: 
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Aim and Scope of 
the study 

Summary 

. • 

. • 

. . 

BRAIN ASYMMETRY IN SITUS INVERSUS 

6 Months 

To study the pattern of Brain asymme­
tries using eomputerised Tomography 
head and pattern of cerebral dominance 
for hand~ leg, eye and ear in patients 
with anamolous visceral and or cardiac 
situs and compare these patterns with 
those observed in people with normal 
visceral and cardiac situs. Also 
evaluate the correlation between 
anatomical asymmetries observed on CT 
Head and functional lateralisation 
suggested by study of Hand/Leg/Ear 
dominance. 

Seven subjects with anomolous visceral 
and or cardiac situs and normal 
neurological status underwent standardi­
sed tests of dominance for Hand/Leg 
Ear and Eye and C'l' Head. In the study 
group a pattern of Predominant or 
strong right side dominance for hand, 
leg~ eye and ear and an inversion of 
normal radiological asymmetries viz. 
PETALIA1 tilt of STRAIGHT SINUS and 
position of SYLVIAN FISSURE was observed 
suggesting an .. anatomical inversion of 
hemispheres. occurrence of right side 
predominance for Hand 1 Leg, Eye and 
Ear despite inversion of radiological 
asyrrunetries suggests that structural 
brain asymmetries can occur independent 
of functional dominance for Hand, Leg, 
Eye and Ear. The occurrence of 
anatomical brain inversion in a setting 
of anamolous visceral and or cardiac 
situs suggests that visceral and 
cerebral asymmetries go hand in hand 
and could possibly result from a 
single embryological insult. 
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BRAIN ASYMMETRY IN SITUS INVERSUS 

INTRODUCTION 

Studies on Human Brain Asymmetry provide better understanding 

of cere.bral dominance and the mechanisms underlying abnormality of 

lateralisation. The direction of Brain asymmetries in /humans, is 

consistent ~hroughout mos~ of the population. Most individuals· are 

Iight handed with left hemispheric dominance for speech, and postmor-

tem1 ·arid-faal6logical2 studies have suggested an anatomic basis for 

such· a~metries •.. The relationship postulated ~tween Brain asymmetries 

a~ other. as~etries found in hU11Jan body is a major point of 

c:lif.ference among various _theories. · corballis and Morgan3 (1978) have 

proposed that both visceral and brain asymmetries are the result of 

a single embryologic left - right gradient found in a developing 

oocyte. In contrast Annet M4 . ( 1978) has pr()posed that;. Brain asymme­

tries anq asymmetries of other internal organs are inherited 

:im1ependen,tly. A study of Brain asymmetries 1n SITUS. INVERSUS 
I 

can test these hypotheses effectively. 
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,._ ___ 
REVIEW OF LITERATURE:- Brain is an asymmetrical. organ and Anatomical Biochemical as well as Neurophysiological. differences exist RLl 

8 87 
between t~e sides. 

--··--··-·· 

ANATOMICAL ASYMMETRIES: '!'_ABLE - I 
···-· ·---

Structure Handedness comments 
--·· ·------- -· -.--- ··-·-

RH LH 
----- -··----- --··- N L RL R N L RL R 

Frontal ~~s· 2<97 28 23 49 Petalia in East African Skulls 
No handedness, percentages 

Frontable Lobe6 174 9 21 70 49 21 40 39 Width by CT SCAN; Adults and Children: 
percentages. 

206 7 63 30 58 21 60 19 Petalia by CT SCAN: Adults and 
percentages. 

Frontable Lobe 7 130 18 26 56 12~ 32 .40 36 CT Width. Right/Left handers percentages. 

130 14 20 66 .121 36 28 37 CT Petalia Right/Left Han~ers Percentages 

Frontal tobe8 • so 8 56 36 25 16 56 28 CT: Petalia: Percentages, LH includes 
ambidextrous. 

so 22 42 36 25 20 32 48 CT Width. Right/Left handers percentages. 
·LH includes ambidextro~. . ~ 

Frontal tobe9 125- 18 43 39 17-12 18 35 47 CT. Width. Right/Left Handers Percentages 
132 

125- 11 51 38 l'/-22 24 41 35 CT Lengths, Right/Left nanders percentages. 
132 

C= 

~ 
~~ 

l· 



Structure 

Frontal lobe 10 

Frontal lobe 11 

Frontal lobe12 

Inferior Frontal gyrus 13 

Inferior frontal gyrus 14 

Inferior frontal gyrus15 

Inferior frontal gyrus 16 

Inferior frontal gyrus14 

N 

300. 

300 

~ 5 

40 

100 

85 

102 

54 

10 

4 

12 

10 

L 

• 20 

18 

1 

21.5 

21.7 

26 

44 

66 

0 

8 

6 

TABLE I Contd. 

Handedness 
RL 

36 

60 

0 

61 

39 

17 
100 

1 

3 

R 

44 

22 

4 

80 

26.7 

25.8 

13 

17 

17 

0 

3 

1 

N L uf RL R 

RL2 

Comments 

CT width. Handedness not meptioned 
percentages. 

CT Petalia. percentages No mention 
of Handedness. 

Petalia in Endocasts of So~an 
No Handedness. · ~ 

Volume of frontal lobe from 
YAKOVLEV COLLECTION Adults, children, 
and infants. No Handedness 
percentages. 

Mean convexity area of opercular 
portion. Adults. No handedness. 

Mean convexity area of opercular 
portion. Infants and fetuses. 
No handedness. 

Brains with extrasulcus in Pars 
opercularis: Adults + children. 
No handedness percentages. 

convexity area of pars opercul­
aris and pars triangularis. No 
handedness: adults children. . . 

Infants 

Total area of frontal operculam. 

Total volume of opercular 
architectonic area 44. No 
handedness adults + children. 
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Structure 

.Temporal 

Temporal Lobe 18 

Tempora 1 lobe 19 

·Temporal tobe20 

Temporal Lobe 13 

Temporal tobe21 

Tempor a 1 lObe 22 

Temporal· Lobe23 

Temporal Lobe 15 

N 

75 

100 

100 

16 

14 

16 

14 

100 

100 

21 

30 

103 

54 

10 

4 

RH 

TABLE lContd. 

Hal')dedness 

L LR R 

75 12 13 

65 24 ll 

75 12.5 12.5 

81 

86 

69 

79 

82 

56 

67 

3 

77 

83 

70 

so 

0 

8 

32 

47 

1 

9 

20 

so 

31 

10 

12 

50 

22 

7 

10 

0 

Ui 
N L LR R 

~ 

R~ 

Comments 

Area of PT. No Handedness 
Percentages. 

Length of lateral epge of PT1 
adults. No handednes.s: 
Percentage. 

Area of PT. 
Handedness. 

Adults~ No; 
Percen~ages. 

Length of PT. No handedness 
Percentages. Adults. 

Infants 

Area of PT. No handedness. 
Percentages Adults. 

Infants 

Area of PT. No handedness. 
Percentages. Adults. 

Infants 

Length of PT. No handedness 
Adults. Percentages 

percentages with more than 
Heschl's gyrus. Adults and 
Children. No handedness. 

Area of P.T. No handedness 
Percentages 

Area of PT. No handedness. 
Percentage$ Adults. 

Children 

Infants. 



TABLE I Contd. 
RL4 

Structure Handedness Comments 

RH LH 

N L LR R N L LR R 

Temporal lobe 16 12 10 2 Area of PT 

Temporal lobe 24 4 3 1 Volume of Architectonic area TPT. 
Children and Adults. No handedness 

occipital ·Lobe5 297 52 24 24 Pe&alia in East African skulls. 
No hanaedness. Percentages. 

occipital lobe 6 156 64 20 16 so 22 32 16 Width by CT Scans. Adults and 
Children. Percentages. 

269 69 22 9 62 56 24 20 Petalia by CT Scan. Adults and 
Children percentages. 

40 37 39 24 Width by CT Scan. Adults and 
Children Percentages. Familia 1 LH. 

37 59 22 19 No familial LH 

41 29 32 39 Petalia by CTS can. Adults + 
Children. Percentages. Fam.ilial LH. 

39 59 15 26 No familial Ili. 

occipital· lobe 7 130 66 25 9 121 38 33 27 CT. Width. Right/Left Handers 
percentages. 

130 77 11 13 121 36 29 35 CT. Petalia. Right Left Handers 
Percentages. 



TABLE I Contd. RLS 

Structure Handedness Comments 
RH LH 

N L LR R N L LR R 

Occipital Lobe8 so 36 44 20 25 64 32 4 CT Width. Right/Left Handers. Percen-
tages LH includes Ambidextrous 

so 60 20 20 25 44 36 20 CT Petalia. Right/Left handers Perceo-
tages. LH includes Ambidextrous 

occ.ipital Lobe9 125- 59 23 19 17-22 so 30 20 CT. Width Right/Left handers. Percentages 
132 

125- 60 16 24 17-22 60 15 25 CT. Length. Right/Left Handers. Percentages. 
132 

occipital Lobe 10 3oo 56 29 15 CT. Petalia. Percentages. No Handedness 

occipital Lobe 11 5 4 1 0 Peta1ia in Endocasts of Soloman. No 
handedness 

Occipital Lobe 12 40 80 Volumes of occipital lobe from YAK OVLEV 
Collection. Adults, Children, Infants. 
No handedness. Percentages. 

Parieto10 occipital area 300 49 31 20 CT. Width measurement. Percentages. No 
Handedness 

occipital horn 25 87 60 30 10 13 38 31 31 Length by PEG. Percentage' 

OCcipital horn 26 75 39 44 17 Length by PEG. Children. Some with 
neurological abnormalities. No handed-
ness. Percentages. 
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Structure 

Parietal tobe27 

Sylvian Fissure28 

Sylvian ·Fissure 29 

Sylvian Fissure21 

Sylvian Fissure 30 

Sylvian Fissure 31 

Sylvian Fissure10 

Thalamus32 

33 
Bulbar Pyramids 

N 

8 

44 

100 

36 

25 

38 

300 

9 

'123 

Handedness. 

RH 

L .LR 

5 .1 

5 9 

7 26 

75 

84 0 

21 21 

70 

8 0 

73 10 

R 

2 

86 19 

67 18 

16 

58 20 

1 

17 7 

11 

7 

15 

86 

LH 

LR 

72 

71 

35 

0 

R 

17 

22 

so 

14 

Pineal position6 More Often Left of midline than Right. 

"..> .. 

---··-·---·--··-·--·-- -·-·- -···~---

··-

Comments 

Volume of· Architectonie:·.area P.G. Dir~e:t 
Correlations with asymmetry in PT. AdUlts 
and children. No handedness. 

Height of Posterior end of sylvian fi~sure 
on carotid Angi~grams.-Adults and chiQdren~ 
percentages. 

Height of Posterior end of Sylvian fissure 
on carotid angiogram. Adults and children. 
percentages • 

Length of Sylvian Fissure adults. 
No handedness. Percentages. 

Length of Sylvian Fi.13sure. adults 
No handedness. Percentages. 

Height of Posterior end of Sylv1an 
Fissure on carotid angiogram. 
percentages. 

. CT observation of· further.--position of post-. 
erior end of sylvian fissure • Percentages. 
No handedness. 

Volume of Nucleus Lateralis posterior. 
.Adults. children. No Handedness. 

'"--::-:."..::-~-:-:'::..::::~---;·~-

Side from whiCh decussation is higher in 
the brainstehl. Adults and cnildren. 
Percentages. 

---:----------··-·-.. ·-·-----· 
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structure 

Pineal position1° 

Straight Sinus8 

Frontal Horn 34 

Frontal Horn 35 

R 

CT 

A 

TABLE I Contd 

RH Handedness LH 

N L LR R N L LR 

Left of Midline 45% Right of Midline 2% 
central 53% 

50 18 72 10 so 25 

100 62 6 32 

Left Septocaudate distance wider tnan Rignt 

Left septocaudate distance wider than Right 
Left anterior Horn and s~ze of skull larger 
in boys. 

List of Abbreviations 

75 

Right - More than Left L Left more than Right 

Computerised tomography PT Planum Temporale 

R-

25 

RL 

"'PT 

R~ 

Comments 

Tilt of straight sinus in CT posteriorly 
in Right/Left banders; Percentages. 

CT measurements in 100 normal adults. No 
difference in R-L Anterior horn measurements. 
No handedness. 

CT measurement in normal children. No 
handedness 

Right = Left RH = Right Handed LH = Left Handed 

Temperoparietal arcnitectonic region 

Angiogram PG = Architectonic area in Inferior Parietal Lobule PEG = Pneuma encephalogram. 

'!'A.t!LE II 

Observation Author 

1. Brodmann area 22 has greater Choline Acetyl transferase activity on the left side with 
more pronounced asymmetry over posterior port~on of left superior temporal gyrus 

2. Content of Norephenephrine inthalamus higher in left pulvinar and Right venterobasal­
complex 

Amaducci (1981) 36 

oke (1978)37 

·>-~ .:':< 
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Test 

1. EEG28 

2. Event Related potent1a139 

3. Cerebral Blood flow40, 41 

4. Cerebral Metabolism42 

Abbreviations: L Left m9L'e than Right 

TABLE III 

NEUROPHYSIOLOGICAL ASYMMETRIES 

Observations/Comments 

Asymmetry of Alpha rhythm seen in 60% Adults. In So% higher voltage seen on Right side 
without concurrent correlation with nandedness. Asymmetry between sides 

Less tnan 20% in 8.3% More than 20% in 17" More tnan SO% in 1.S% 

Spectral analysis of visual and Auditory evoked responses in Right and Left handed subjects 
show left hemispheric speech dominance. 

(40) ophthalmic artery pressure by ophthalmodynamometry reflects Ipsilateral Internal carotid 
arterial pressure and Blood Flow characteristics. 

Right Handers Ambidextrous Left Handed 
N .L LR R N L LR R N L LR 

Extreme 68 1% 18% 81% 9 11% 67% 22% 13 62% 23% 

Moderate 20 15% 25% 60% 

(41) Radioisotope cerebral blood flow mapping. 

Right Handers Left Handers 

N L LR R N L LR R 

60 25% 13% 62% 25 64% 8% 28% 

Using Fluorodeoxyglucose (Radioisotope labled) and pdsitron Computerised Tomography. 

Metabolic pattern over occipital lobes symmetrical. 

In Right handed individuals verbal stimulus evokes left sided asymmetries in activity 
and Non verbal stimulus evokes right sided asymmetries. 

R = Right more than Left LR = Left = Right 

R 

15% 

C).,_. 
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MATERIALS AND METHODS 

Seven patients fiv~ males and two females in the age 

group of 7-18 years (Mean 11.85 years) registered in the cardiology 

section of· Sree Chitra Thirunal Institute for Medical Science 

and Technology· Trivandrum with anomalous visceral situs or 

cardiac situs or both were enrolled. for the present study 

(TABLE IV). These patients did not have any history of serizures 

or neurological deficits. 

TABLE - IV 

AGE/SEX HOSPITAL 
NUMBER 

DIAGNOSIS 

-~-----------.. -----..------------.------------111!"-------·--------------------
1. ROSHINI 11 ,F 

2. SHEEJA 11 F 

3. SHAJI 9 M 

4. CILIKUMAR 16 M 

S. ROY 18M. 

6. PRAVEEN 7 M 

7. RAN.JAN 11 M 

8803196 

10583 

19227/82 

8803570 

37840 

17024 

0946 

DEXTROCARDIA, SITUS 
INVERSUS OSTIUM SECO­
NDUM ASD. 

DEXTROCARDIA SITUS 
INVERSUS CORRECTED TGV. 

DEXTROCARDIA SITUS 
IN~RSUS TGV/VSD/PS. 

MESOCARDIA SITUS INVER-
SUS TGV. / 

MESOCARDIA SITUS INVE!t­
SUS . VS.1P PS. 

DEXTROCARDIA SITUS SOLI~ 
TUS SINGLE VENTRICLE. PS • 

LEVOCARDIA SITUS INVER-
. SUS CORRECTED TGV • 

A .S .D • ATRIAL SEPTAL DEFECT P .S. PULMONAR,Y STENOSIS · 
V .s .D. VENTRICULAR SEPTAL DEFECT 

. T.G.V. TRANSPOSIT!OO OF GREAT VESSELS 
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A. Initial neurological Evaluation: These patients 

underwent Neurological assessment following which 

they were subjected to standardised battery of tests 

for determination of hand, leg eye and ear dominance 
43 (AppendiX A) • All of them underwent Computerised 

Tomographic EXaminati~n of the head. 

B. Determination of Dominance of hand, leg, eye and ear: 

All patients underwent tests for handedness which 

involved performance of Coarse movements, Fine movements 

and Time bound precission movements, leg preference· 
I 

for Fine as well as Coarse movements and eye and ear 

preference for specific tasks and their performance 

rated by two observers. 

c. Computerised Tomographic Scan Head: (CT HEAD) All seven 

subjects underwent CT HEAD STUDY using HITACHI SCANNER 

MARKCTWL. The scans were obtained in a set of parallel 
0 

planes angulated 15 to the orbitomeatal line and the 

images recorded onto transparent films. Using an 

overhead projector the images in the transparent film 

were projected onto a Screen and the contours of the 

inner outer tables traced and the midline structures 

identified. 

Determination of Petalia:- The lowest section showing 

the Frontal horns and Trigones identified and the section 

chosen for measurement of hemispheric as~etry. The 



2. 

sagittal line was drawn through the anterior falX, septwn 

pellucidwn extending upto the in_ner table of the occipital 

bone. and perpendiculars to the anterior and posterior extents 

of· the inner table drawn thereby defining the antero posterior 

diameter of the.skull (AP) •. Where there were asymmetry in · 

the frontal or occipital protr.uberances the degree of petalia 
,1 

was qUantified by dividing the differences in the AP 

Project!Qn·~- LL by AP Diameter of the skull. 

AP 

(R) sided petalia was indicated by +ve 

and (L) sided petalia by -ve values 

(Reference - 8) Figure l.A. 

Determin§\tion of :widths of. Frontal and occipital lobes: 

Add! tional lines were drawn perpendicular to the sagital 

line at points lying at distance 16% and 90% of total posterior 

to anterior diameter· of tne skull. Tnese points were so 

eelected that their respective perpendiculars would .traverse 

the occipital lobes and the region of the micldle inferior 

frontal gyrus respectively (Reference S, Figure lA)·. The 

right and left transeverse deminisions were compared in each 

region by dividing their difference by their sums. 

Again positive value signifies ~ight sided 



predominance and n~gative value left sided predominance. 

Differences were recorded if the absolute value was equal 

or greater tnan o.o2 which corresponded to a difference of 

approximately lmro. (Viz accuracy of a mill~eter scale). 

3. Positlon of Straight sinus:- W!lerever possible the positibn 

of Straight sinus in relation to sagittal line commented upon 

in the CT Frame used for compu~ing petalia and widths of 

Frontal/OCcipita 1 lobe. 

4. Position of Pineal gland:- Wherever possible tne position of 

Pineal gland in relation to the sagittal line canmented upon 

in the CT frame used for computing Petalia and widths of 

'oecipital .and Frontal lobes. 

s. FRONTAL HORN: In the .CT section showing tne Frontal norns 

and Trigone clearly the outer most portions of the frontal 

horns of the lateral ventricles identified and tneir position 

Va(VL in relation to tne sagittal line measured and at the 

s~e position. Tbe distance· between the sagittal line and the 

inner table of skull measured FR/FL and the EVAN •s INDEX 

VtfFL VS VR"FR on either side compared figure l.f\./IB. 

6. SYLVIAN FISSURE:- 'rhe CT Head Section showing the 1bird 

ventricle, atria and insular region was usea to ioentify 

the posterior as well as the medial extent of Sylvian Fissure 

and the position of_ this point in relation to the inner table 

of skull on either side commented upon Figure 2. 



~5 

~~~------:- The CT Head section displaying 

horns clearly was used to identify 

most extent. A perpendicular was 

at the posterior extent of the inner table 

the relative position of the occipital horns 



RESULTS. 

The patient• population was divided into four groups 

based on their cardiac and visceral status. 

GROUPS NUMBERS OF 
PATIENTS 

DESCRIPTION 

----~--------------~----------------------~-------------~-~-------~-

GROUP I 7 

GROUP II 1 

GROUP III 1 

GROUP IV A 5 

IV A 3 

B 2 

ABNORMAL VISCERAL AND OR, CARDIAC 
SITUS •. REPRESENTS THE ENriRE 
GROUP OF PATIENl'S WITH ANOMOLOUS 
CARDIAC/VISCERAL S I'l'US. 

NORMAL VISCERAL SITUS 'WITH 
ABNORMAL CARDIAC SITUS 

ABNORMAL VISCERAL SITUS WITH 
ABNORMAL CARDIAC SITUS 

ABNORMAL\ VISCERAL SITUS WITH . 
ABNORMAL CARDIAC SITUS 

ABNORMAL VISCERAL SITUS -
SITUS INVERSUS 

ABNORMAL CARDIAC SITUS -
DEXTROCARDIA 

ABNORHAL VISCERAL SI'IUS -
INVERSUS ABNORHAL CARDIAC SITUS -
MESOCARDIA. 



PATIENTS GROUP 
DATA ON DOMINANCE 

I • HANDEDNESS 

1. Coarse Movements 

Hand preferred for 

a. Combinghair 

b. Using a Spoon 

2. Precision Movements 
Hand preferred for 

a •. cutting 

b. passing a needle through 
printed dots 

3. Time Bound Prec1sion tes~ 

a. cutting a circle out 
of paper 

b. passing a needle through 
printed dots 

II. LEG DOMINANCE 

1. Coarse Movements 

a. Kicking 

b. Leg croS$ing_ 

2. Precision movements 

a. Foot used for drawing 
a circle 

b. Accuracy of circle drawn 

III.EYE DOMINANCE 

IV. EAR DOMINANCE 

R = RIGHT MORE THAN LEFT 

TABLE - VI DATA ON HAND/LEG/EYE DOMINANCE 

GROUP I (%) 

No. R L RL 

7 100 0 0 

7 85.7 14.3 0 

7 85.7 14.3 0 

7 100 0 0 

7 85.7 14.3 0 

7 57.1 42.9 0 

7 100 0 0 

7 100 0 0 

7 85.7 14.3 0 

7 42.9 14.3 42.9 

7 57.1 42.9 0 

7 85.7 14.3 0 

GROUP II (%) 
No. R L 

1 100 0 

1 100 0 

1 100 0 

1 100 0 

1 100 0 

1 100 0 

1 100 0 

1 100 0 

1 100 0 

1 0 0 

1 0 100 

1 100 0 

L LEFT MORE '!HAN RIGHT RL 

RL 

0 

0 

0 

0 

0 

0 

0 

0 

0 

100 

0 

0 

RIGHT 

GROUP III ( %) 
No. R L RL 

1 100 0 0 

1 100 0 0 

1 0 100 0 

1 100 0 0 

1 0 100 0 

1 0 100 0 

1 100 0 0 

1 1JO 0 0 

1 100 0 0 

1 0 0 100 

1 0 100 0 

1 100 0 0 

LEFT 

GROUP IVA(%) 
No. R L RL 

3 100 0 0 

3 100 0 0 

3 100 0 0 

3 100 0 0 

3 100 0 0 

3 66.6 33.3 0 

3 100 0 0 

3 100 0 0 

3 66.6 33.3 0 

3 66.6 33.3 0 

3 66.6 33.3 0 

3 66.6 33.3 0 

GROUP IV B( %) 
No. R L RL 

2 100 0 0 

2 so so 0 

2 100 0 0 

2 100 0 0 

2 100 0 0 

2 so 50 0 

2 100 0 0 

2 100 0 0 

2 100 0 0 

2 so 0 50 

2 100 0 0 

2 100. 0 0 

1?7. 
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DATA ON CT HEAD AS'YMMETRIES TABLE- VII 

NORMAL REF No. FRONTAL FRONTAL OCCIPITAL OCCIPITAL PINEAL 
Fts. WIDTH LENG"m~ liiDTH LENG'lH* PQSITICN 

L LRR .L LRR L l..RR L LRR L~ LR R~ 

DATA ON ~ 174 9 21 70 

RIGHT 6 206 7 63 30 L 
HANPED 6 150 64 20 16 

6 269 69 22 9 

7 13() 18 26 56 14 20 66 66 25 9 77 ll 13 

8 50 22 42 36 8 56 36 36 44 20 60 20 20 

125-
9 132 18 43 39 11 51 38 59 23 19 60 16 24 

10 300 20 36 44 18 60 22 49 31 20 45 53 2 

**PEG 25** 87 
DATA 

:16** 75 

21 36 

30 25 

3g 

PATIENT 
DATA 

Data on 5 
GROUP I 7 29 29 43 57 43 0 71 0 29 14 0 86 60 20 20 

GROUP II 1 0 0 100 100 0~ 0 100. 0 0 0 0 100 100 0 0 

GROUP III 1 0 0 100 0 100 0 100 0 0 100 0 0 100 0 0 

Data on 3 
GRC:UP IV 5 4o 40 20 60 400 60 0 40 0 0100 33 33 33 

Data on 2 
GROUP IV. A. 3 0 67 33 33 67 0 67 0 33 0 0 100 0 so so 

Pata on 1 
GROUP ·IV. B. 2 100 0 0 100 0 0 so 0 so 0 0 100 100 0 0 

ST.SINUS 
POSITION 
L LR R 

8 72 20 

Data on 6 
67 17 17 

100 0 6 

100 0 0 

Data on 4 
so 25 25 

nata on 2 
so 0 so 

50 :0 0 

occ.aoAA 
L LR'R 

60 30 10 

39 44 17 

Data on 6 
67 33 0 

No data. 
0 0 0 

100 0 0 

60 40 0 

67 0 33 

so 0 so 

SYL.FIS 
L LR R 

70 

75 

84 - 16 

Data on 6 p 
29 0 71 

M 

3~ta0on 7! 
p 

0 0 100 
Data on 1-M 
0 0 100 

p 
0 0 100 

M 
0 0 100 

p 
4o 0 60 

M 
40 0 60 

p 
33 0 67 

M 
33 0 67 

p 
so 0 so 

M 
50 0 so 

* = PETAL:tA P = POSTERIOR EXTENT OF SYLYJ:AN FISSURE M = MEDIAL EXTENT OF~ SYLVIAN FISSURE 

** PEG • PNEUMOENCEPHALOGRAM OCC. • OCCIPITAL SYL. = SYLVIAN FIS. = FISSURE REF. = REFERENCE. 

R . = RIGHT MORE THAN LEFT ],·'= LEFT MORE THAN RIGHT LR • LEFT ,. RIGHT 

EVAN 1 S INDEX 
L LR~ R 

PROMINENT - L 

··--\--

SEPTO -CAUDATE 

14 14 72 

0 0 100 

0 100 0 

20 0 80 

33 0 67 

0 0 100 

~",.) 



DISCUSSION 

I. Data on Hand Leg/Eye .and Ear dcrninance 

The tests for Hand, Leg, Eye and Ear preference showed 

very strong or predominant right. sided preference with none 

showing a left sided predominance. The occurrence of right sided 

-dominance in the setting of anomalous visceral and or cardiac situs 

. 44-46 is of considerable significa~~ Three large studies ; on 

situs inversus have found that the incidence of left handedness in 

these ·groups was the same as in the normal population suggesting 

thereby the predominance of right handedness in humans is unrelated 

to asymmetries 'of other internal organs. 

II. Data on CT Asymmetries 

(A) Hemispheric projections: (Petalia}: In the present study 

a trend towards left frontal petalia or frontal symmetry was 

observed with none showing right frontal petalia. All but one 

{Group III) had predominance of r_ight occipital petalia. 

These observations are at variance with the predominant 

left occipital petalia, frontal symmetry or right frontal petalia 
~ 

observed. in normal right handed individuals by several authors6- 10• 

(B) Hemispheric widths: A trend towards wider left occipital 

~J.,obe was observed in all the groups except IVB but no consistent 

pattern was evident in frontal lobe widths. A pattern of wider 

Right frontal lobe and left occipital lobe has been highlighted 

by various authors 6-10 in normal right handed individuals and 

also in these individuals there is a tendency for the wider right 

frontal lobe ·and left occipital lobe to project fnrther in 

comparison to their opposite halves. In left handers thEre tends 



to be a higher percentage of individuals without striking 

asymmetries and with asymmetries which are the reverse of 

those most commonly seen in right handers. In the present study 

a combination of right occipital petalia with frontal symmetry 

or left frontal petalia was noticed despite the fact that the 

study population had shown strong or predominant Right hand 
' 

dominance thereby showing a lack of correlation between hand 

dominance and cerebral asymmetries. Lack of correlation between 

cerebral symmetry and handedness has been highlighted by Chang 

Chui et a18 • There was a tendency for left occipital lobe to 

be wider but despite this the right occ•iptal petalia was more 

prominent. 

c. Pineal gland: Pineal gland seemed to be more often to the 

left of midline except in group IV and particularly in IVA where 

it was either in midline or lie to the right of midline. Pineal 

position to the left of midline or in midlinQ has been observed · 

in normal population and has been ascribed to be due to a wider 

right central hemisphere. 

Straight Sinus: Straight sinus tilt to the left was observed 

more than right or central location in this study and this is in 

contrast to the predominant central alignment or right ward tilt 
8 reported in normal right handed individuals • Straight sinus 

alignment to the right side may be due to a wider left occipital 

lobe which is seen in normal right handed individuals and in the 

present study a straight sinus tilt to the left observed despite 

a tendency for the left occipital lobe to be wider thereby proving 



the lack of correlation between occipital width and the 

straight sinus inclination. 

E. Occipital horn: There was a trend towards more posterior exte-

nsion of the occipital horn on the left side in all the groups 

except group IV B where the occipital horn extended posteriorly 

on the right side. 25 26 Pneumoencephalo graphic data ' reveal 

a tendency for the occipital horn to project further more 

often on the left side than on the right side. 

F. sylvien Fissure: Sylvia:n fissure was observed to extend more 

medially and posteriorly on the right side more often than the 

left side in all four groups. S~iro et a1 10 observed that the 

posterior end of the left syliven fissure entended more posteri­

orly then the right side in 70% of the patients. 

G. Frontal Horn DimensionsfEvan•s Index: Evan's Index on the 
on 

right side appeared to larger more often/the left except in 

group III. The fallacies regarding ventricular measurement 

on CT Head as against Premoencephalogram have been highlighted by 

Let1ay47 • She~' observed the body of the lateral ventricle to 
34 .. 

the slightly larger on the right side. Gyldensted found the 

septo caudate distance wider on the left side in 62%, right side 

in 32%. With greater difference among males than females. 

They however did not find any difference in the measurements of 

Right and Left Frontal horns. Pedersen 35 found that in children 

the left septocaudate was wider more often than right and the 

width of the left anterior horn and the size of the skull 

were larger in boys. 
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Several rad.iological observations on the. pattern 

asymmentry in the present study group viz. the petalia, tilt 

of the streight sinus and position of the sylvien fissure have 

shown an inversion of the commonly observed radiological 

asymmetries suggesting a possible aqatamical·hemispheric 

inversion. Pieniadz et a148 have observed significant corre­

lation between the occipital length asymmetry on CT Scan and 

the P-lanum Temporale length found at autopsy. · The fee 1 that 
-

CT Scan asymmetries may be the indices of underlying anatomical 

asymmetries which in turn might underli•e _ - functional asymmetry 

obs-erved in human being especially those pertc:lining to language. 

Asymmetries pertaining to the Planum temporalel3 ,l4 ,l8 , 20 have 

been implicated to underliilae the cerebral daninance for speech. 

In this context the observed inversion of Brain anatomical pattern 

in Situs :rnversus/Dextrocardia has profound significance. Despite 

anatomic brain inversion there. was a strong or predominant Right 
' 

sided preference for :Hand, Leg, Ear and Eye which sUggests that 

anatomical. pattern do not correlate well with dominance for hand, 
49 ' 

leg, ear· and eye. Deue 1 et al did not fi'nd any significant 

correlation between hemespheric configuration and h~ndedness and 

felt that although there may be statistical re lationsnip 

between cerebral configuration attl handedness. in large- groups 

of subjects, hemispheric asymmetries found on routine CT Head 

cannot serve as predictors of cerebral daminance in children~ 

Corballis and Morgan 3 had proposed that both visceral and brain 

asymmetrices ar.e the r\esult of single embryological Left Right 

gradient. and the observation of inversion of cereor.al hemispheric 

asymmetries in Situs Inversus/dextrocardia suggesting an inversion 



of cerebral hemispheres is inaccordance with the views 

expressed by them. Detailed studies of functional 

lateralisation as we 11 as autopsy studies of bi;ains in 

patients with Situs Inversus/Dextrocardia will define 

the significance of the inversion of commonly observed~., . 

Radiological asymmetries in CT Head. The report of 

occurrence of aphasia in a patient with situs inversus 

and left hemispheric infarct by woods50 makes the correla­

tion between structural asymmetries and functional laterali­

sation more intriguing. 



CONCLUSIONS -------- -·--

1. A pattern of predominant or strong pattern for right 

side dominance for hand leg ear and eye was observed 

in patients with anomalous visceral and or cardiac situs. 

2. The occurrence of Right side praminance for hand leg 

eye and ear in a setting of anomalous visceral and or 

cardiac situs suggests that the pattern of dominance 

occurs independent of the visceral/cardiac situs. 

3. An inversion of commonly observed radiological asymmetries 

in CT Heads ie. Petalia, tilt of straight sinus and 

position of sylvian fissure was observed in patients with 

anomalous visceral and or cardiac situs. 

4. Inversion of radiological asymmetries in CT Head suggests 

the possibility of anatomical cerebral hemespherical 

inversion. 

s. Despite inversion of radiological asymmetries in patients 

with anomalous visceral and or cardiac situs there was 

predominant or strong pattern for right sided dominance 

for hand leg, eye and ear suggesting that structural brain 

asymmetries can occur independent of functional dominance 

for hand, eye ear and leg. 



6. Detailed studies of functional latera lis at ion as we 11 

as autopsy studies including the cytoarchitectonic 

patterns of Brains in patients with anomolous cardiac/ 

visceral situs are reqUired to define the significance 

of. inversion of commonly observed radiological as~e­

tries in CTHead. 

7. The occurrence of .radiological asymmetries suggesting a 
' 

possible cerebral hemispheric inversion in a setting of 

. C!.l1e>rnolous. visceral/cardiac situs seems to support 

Cqrballis and Morgan•s 3 theory that both Visceral and 

Brain asymmetries qre the result .of single embryological · 

left-Right gradient. 
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ILLUSTRATIONS 

·····-cT~HEAD-ASYMMETRIES. SEEN IN ANOMOLOOS VISCERAL AND/OR 

CARDIAC SITUS 

FIGU~ - II: ·Shows (A) More Posterior and Medial EXtent of 

<s.y:Wian Fissure Right Side. 

(B) Leftward inc lin at ion of straight sinus 
' j 
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(C) More pos-terior location of left occipital ~ 
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ILLUSTRATIONS 

FIGURE VI: Shows (A) Right Frontal Petalia 

(B) Left occipital Petalia 

(C) Tilt of Straight sinus to right side 

(D) CentFal position of pineal 

(E) More posterior ·extent of left occipital .horn, 

Choroid plexus of occipital horn left side. 
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Title of the project:- A study of Cerebral Dominance in 

children and young adults witr 

normal visceral situs. 

Duration 

Aim and Scope 

Summary 

b months. 

To study the pattern of t;erebJ: 3.1 

Dominance for hand, leg, eye u1.d ear 

the given polula tion and to ol: serve 

for any possible corr-elation l:.:!tween 

different organ dominance, bet·.veen 

coarse movements and precisiW) move­

ments, and innu.te an<i acquire1: fun­

ctioned movements. ":•'urther tc identify 

a few bedside tests to ascertuin the 

cerebral dominance of a person in a 

clinical setting. 

20 subjects were stw:1ied for cr?rebral 

dominance t;sin,g a battery of -u~sts for 

hands legs, eyes and ears. Tb~ results 

were analysed in terms of test.:> for 

coarse movements, te::>ts for pn:cision 

movements and tests f.'or time t:uund pre­

cision move1:1ents. A handful <l.f bedside 

tests for cerebral dominance o:f these 

organs functioning m,e identiL.ed. 



METHODOLQGX 

Study Population 

Twenty children admitted to th,Cardiology ward ~f 

the Institute formed the study population.Their age range•c:. 

from 6 to 20 years.Mean age !0.35 years.(Male I5 and 

Female 5) All of them aad normal viaceral situs and DO Be~,,~rologic 

disorders. Children with congenital .heart disease but ao:rJilal 

visceral situs were selected to utch th~opulat.ton. of aw;:-~ther 
controlled study of cerebral dominance in cbiidrea with 

a'bnormal visceral situs and con&erd tal heart diseases. 

Teat se.tting 

Two persons were given the teats at a time, each one 

sitting opposite other at a table. Height ofthe chair wa~ 

adjusted to suit th~ ~caa convenience of the subject. 
I 

First, each test was delllfbnstrated and explaiD.ed to tbe su1~ject. 

(a) Tests for hand preference material was displayed in f.ront 

of the subjec,equidistant from. e:i.ther.~hanQ., at equal 1fac1lity 

for either hand. (b) A/stop watch was used to accurately ltteasure • I .. 

tJtte time, whenever necessary. The first response of i the .. ;:u,didate 

was· t"ecorded wherever side preferance was iavol 'red. .Pext~¥ri tJ 

of a movement was assessed by visual iapression. Identic~~ 

test material was given for all subjects. 
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A· Tests for Hand Preference 

I, Card §huffling and dealing;- A set of playing ca;r·ds is 

kept on the table in front of the subject and he.~is 

instructed to pick up the cards, shuffle a.nd arrang't' them 

in four differant groups. The hand prefered to talU'; the 

cards, dexterity of shu.ffling and dealing are acted after 

repetition of the test with the opposite hand, 

2. Cutting a circle out of a.paper. A paper, on which a 

standard size circle is printed, and a pair of scist~·ors 

were kept on the table close to each other. The suJ:,ject 

was requested to take the scissorsu;uld cut out the f:;lrcle 

precisely along the circle outline. The time taken to 

complete the task with either hand and the dexterit~ of 

cutting and the hand prefered to cut are noted. 

3. Winding 3 threzd Qn a repl. An empty reel and a lo!~ 

piece of thread. are kept along side on the table. ~j1\:ae 

hand p-:-efered to pick up the thread and wind are not~tad. 
1 

Subject is instructed to keep the reel stationa.ry. 

4. Threading bead§ on a rQd~. A set of 8 beacis in a CUJl and 

a sui table thia rod are kept on the table, Subject ftas 

to pick up the rod and fix it firmly t9 the edge of '~he 

table and thread the beads one after the o t.her with \~he 

opposite halad. The hand prefered and the time takerl to 

complete the task with ei.ther hand are not,ad, 
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. 5. . ciioPiAA The hand which is kept above the other IVhile 

clapping is noted. 
! 

foJ.ding the arm.s fiCross chest. Subject is instruct,¥Sd to 

keep the hands folded across the chest. The 

hand which is kept in front of the oth•;r while 

doing so is noted. 

Z· Screwing the cap of a Rgttl§. ·The hand prefered .~o 
!,f 

(a) pick. up the bottle and (b) to open ~e 

screwcap of the bottle are noted. 

&, ManUel Pr~f~reace. 
a. A SID.Ul ball is kept on. the table. Tb.e hand Jf;refeeed 

to pick up .ang throw the ball are noted. 

b. ~d prefered to pick up a comb and to comb t~~ hair 

9. 

are noted. 

c. The hand pret,eDed to pick up a sppon. to simul~te 

eating is noted. 

d. Hand prefered for writing with a pen is uoted •. 
' 

Qstramiy' s T~Ui!5 • The subject' is 'ins tru.c ted to dl~~w a 
- I --~ 

circle and a strai&ht line, each in a ~e 
l < ', 

·stroke, with either hall.d. Tb;t bet,ter qJ the 

two performances is noted. 

10, Droppiag pebble@ in A gottl§. An erapt1 bottle wit~ 

urrow openi~ and a set of eight pebblJas ill­

a cup are kept at a fixed distance from each 

.. other, Subj~ct piCkf3 up the pebW.es OBit at 

., 
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a-time and drops thea in the bottle. The haad 

prefered and the time taken to complete the task 

with either hand are noted. 

II. P&ssing a n~edle ~h£oush dots, The test aaterial co•aists 

of a panel of 25 fine circles each of I ltla diarl.er 

on a paper. The subject has to carefully prick 

through each. of the circle with either hand usj~ a 
l 

pin. · The hand pre~ered 8l.l.d the time taken with ~ ther 

ha.Jlld are aoted. 

1.\i:' LEG PREFERENCE. 

I. Subject is instructed. to sit on a chair with lee;' 

crossed. anti the leg collllllg above the other is noted.. 

2.. Subject s.tands with both feet together lUI4 steps JOn 

~o the stairs. The toot advanced. firs\, to d.o _. is .oo ec:l. 

Subject stands steady on one foot and cfraws the~-, 

toe of the other toot over a circle drawn on the &ro~ 
. ? 

The foot p.tefered and the acclU"acy of t4le cj,rcle drawn 

with either foot are noted. 
/ t ' 

The foot prefered while hoppin& ·on a s~le 'toot ,l..s not~~. 

The foot preferecl to kick a ball kept ill. t.roa.t of 

the subject is ~oted. 

6. The subject taps in a series on the floor with t .. 

forefoot of tither lower lim.b, The dexterity o.f 

tappiDg with. either o t the toot ia uo teci. 
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C. EYE PREFERENCE 

I. The eye prefered to look through a pinhole, kept. at 

eye level is noted. 

2. The eye prefered to look through a paper tube is not;ed. 

3. The eye prefered to look in to a..r1 empty bottle is :Dl:,)ted. 

D. EAR PREFERENCE 

I. Subject stands six m.eters away from th.e examiner f&'Cing 

the opposite direction. The side to wbicb. he turll.EI to 

face the examiner when his name is called is noted. 

2. The ear which the subject prefers to liste~ to the 

ticki~ of a watch kept equidistant from both ears ~s noted. 

Finally the results of all the tests are 

classified in to three categories. 

I. Tests involving coarse movements. 

II. Tests involving precision movemnts. 

III. Tests i.lllvol ving time bound precision mov·em.ents• 

I A. Tests involving coarse movem~nts 

. A Up per Limb. 

I. Hand prefered for taking cards. 

2. Hand prefered for shuffling cards 

3. Dexterity of shuffling. 

4. Dexterity of deali:u.g carlis. 

5. Clapping - Hand kept above the other. 

SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND 
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6. Folding arms across chest - Hand kept in front~ 

?. Hand prefered to pick up a bottle. 

8. Hand prefered to open the bottle. 

9. Hand prefered to throw a ball. 

IO. Hand prefered to coab hair. 

II. Hand prefered to use a spoon.. 

I2. Hand prefered to write. 

Ija. J,OWER t«Ifil. 

I. Leg kept abo•e while sittiDg cross legged. 

2. Leg advanced in climbing. 

~. Foot pref[ed in hopp_i.og. 

4.. Foot prefered ia ld.ck.ing a ball. 

-IT TESTS EPB PRECISION HOYEMENTS 

IIA UPfER LIM 
I. Hand prefered; in cuttiDJ a circle, 

2. Dexterity of cuttiD& a circle • 

3. !:land prefered tor beadi~~g. ,~ 

4. Coramina's .Tests. 

5. Puttiug pebbles in a bottle. 

6. Passin& nee<Ue tbrou.&h dots. 

Jli·. JAWER LIHI:'• 
I. Foot prefered for drawiD& a circle. 

2.. Dexterity of drawing a circle, 

3. Dexterity of tapping on floor. 



• 

Til', · TIME BOUND PR]JQJSION MOVEME!iTS a., ___ . _, . _ . 

I. Time taken to cut a circle out of paper, 
\ 

2. Time taken to thread beads on a rod. 

3. Time taken to put pebbles in a bo.ttle, 

4· Tim.e takea to pass needle 

C TESTS FOR EYE PREFERENCE .. 

D. TESTS OFR EAR PREFERENCE, 

******** 

through dots. 

Name 
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RESULTS --------
The respoue of each subject ot the full batter,J: ot 

the ·· 
tests is given in Table III ..... t()VI~.r.. In case of fol~~ the 

arms in front of the chest, 30% { 6 Subjects") kept th~ right 

hand in f~oilt of the left ~d ?0% ( I4 Subjects) did ;l.t in. 

the reverse waa. Apart from this single test~. all ~\her 

tests were preferentially doneby the right ~d by ~aority of 

persons •. This could 'b.e in~rpreted that. the right ha~. u · 

moves first and is arranged across the chest ~ the~~ett 

hand. simpl:f complet~s the activity, in which case ~···"' the 

manual preference shifts to the right sid.e regardi~ :~hat test... 

There was DO person who .di<i allune tests with tither 

right hand or lett haad.. Similarly there was DO absotute 
' . , 

concor.d,ance in the use of hand, leg eye a.nd ear. For ~ple 

su.bjt;tct ® IO who used, left hand for almost all acti-·t.ies. 

used the right leg·, and right e:te for doing the teste', 

There was only one J&tx subject whO. performed more t•~ ~ 

of the teats with the left hand. Table VI S\IUB.l"itses tbe 
i .-~ 'i 

· fre~uenUes with which either side was depl§lyed 111 pe.~fo~ 

the different catogories of tests. This cl~J.y shoYit that 

lateralisation is D1a.nifest best 1n case of ~ds then legs 
'• 

followed. by eyes a11d lastly ears. In the case of ~~ tbe 
I 

lateralisation was c)-early more evident for precision JD.OY.em.ent.s 

But in the case of legs the reverse was obseu-ved. 

S~EE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND 
TECHNOLOGY, T~IVANDRUM 695011 
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drift away f•om dextrality is due to the ambidextrous rtaispo;o.se 

( 23% .. ~) for precision movements. There were ilo time boulld 
~' l-

precision movements for lower limbs which could have stjen a 

Jmore objective answer. Tests for eyes and ears showed 

65% and 55% dextrality respectiv.ely. A total of four tttsts 

couldnot be completed in three subjects due tQ; techDicu/ 
' ' '"~ 

reasons. 

.. ' 

Name 

'' ' 
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r-----~-------~~----~ 
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i"ASL£ ,Jir . "'·-•• • •• Test. Ri~ Hand preference ·Tptal 

Patient No, . ., '- :J ~ S" ·'-"' 'l 01! .•~n 11 u ~~ .IS"l'- If tsr1 ts 

JfiND PREP~:RENC.E - COA.lt38 MPVEMENTS I . r r J i 1 t I rt l t f . ·t ~ t 1 '1 Lt . 

:-.: = ::':.~~. ':::
1
:::::: .1:1:! 1: :1= 1:~: :::;:: :1 ;· 

Dexterity- of s:·Jfling1 •• +i+ + + + "''+ + !+ +'+!+ + + + +j+ • I7 
. I . ' • I I l Dexterity- of: dealing cl!rds . + ;•: '+ + 1+ + + ·+ ·+ i+ + + :+ •. + +I+ + IB 

Clapping- Irand kept a~ov& :+:+:+ + +· + + +j+ ....... + + + + + + I7 

Folding armskep't in front 

~d - To pick a bottl' 

Hand - To open a bottle 

Throwiig a ball 

Hand - To comb hair 
B'andd- •r'o use spoon 

Rand - To write 

RAND PREFERED - PRECISION MOVE: 

Band - Cutting a .circle 

Dexterity or· cutting 

Hand - For beading 

Coramin:a • Test 

Band - Putting pebbles 

Hand - P~ssing needle 

H:AND TIME-BOUND PRECl'SION 1!0VE: 
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IO 

I7 

Putting pebbles inbottle ,, 

Passing needle tbro' dots •• 
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1ABLE -'Sl 

LEG MOVEMENTS 

Coarse Move: Precieiol'l Ho v.e: 

LEG MOVEMENTS 

Precisio~a. HoMaeate 
Suatect. 

Coaree Mov.eaeats 
(4 Tests) 

Rt. Lt. R/L 
(} Testa) · c ·. _· 

Rt/ Lt. ia/1. 
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Table showin& the cerebra+ dominance of 

Hands, Legs, Eyes and Earsr1for differant f~tiona \.. .. -----------c;;;;;-------------P;;~i;i~;---~----ii;;··~~;d ____ ,,,,. _______ _ 
,,, .Organ Movement Movement Precieion· Move;~, Total 

----------~--B~:.--~it---~~-----Hi:.--~~:.--&:~ ----~i:.-4\,&l:.--~!:-~~,--------
I. Bud 83 I6 I 94 5 I ?I 25 4 IOO 

a. Lei 73 Z6 I 69 8 ·23 •• •• •• IOO 

'5 
4. Ear 55 45 
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Name: Age 

Address Sex M I F' 

I. 

2. 

8. 

Card ~~~!f!~g~ ~· ~~~!~~ 

a. Hand prefered for taking the cards 

b. Hand.prefered for shuffling the cards 

c. Dexterity of snuffling the cards 

d. Ha:dd prefered for dealing the cards 

e. Dexterity of dealing the pards 

Q~~~!g& ~ £!!:£1~-2~~ 2! E~E~!:· 

a. Hand prefered for cutting 

B. Dexterity for cutting 

c. Time taken for cutting (Seconds) 

a~ Hand prefered for picking the thread 

b. Hand prefered for winding the thread 

!!!!:~~9:!~ heads on a rod· 

o· 
D 
D 
D 
0 
D 
0 

R · [ I 

a. Hand preference for picking & threading CJ 
Time taken to complete the task( Seco'nds)R. [ J 

Hand which is kept above the other· 

The. arm which comes in fro)Olt 

a.Hand prefered to pick the bott.le 

b. Hand prefered to open the bottle 

!:!~~~§:! E!:~!~!:!::!!£~ 

a. Hand prefered ~or throwing a ball. 

b. Hand prefered for combing hair 

c. Hand prefered for using a spoon 

d. Hand prefered for writing 

0 

0 

0 
D 

D 
D 
[ l 
t ] 

]L 

]t 



a. Hand preference to put pebbles 

b. Time taken to complete the task (Sec) 

a. Hand prefered to do the task 

b. 'l'ime taken to complete t11e task(Sec) 

LEG PREFERENCE 

I. Leg com~ing above while sitting 

2. Leg advanced fi.rst in climbing staJ.rs 

3. Circle drawing with foot 
a. foot prefered 
b. accuracy of circlB better with 

4. Foot prefered for hopping 

5. Foot prefered for kicking 

6. Dexterity of tflpping on floor with one foot 

EYE PREFERENCE 

I. Looking through a pinhole 

2. Looking through a tube 

3. Looking into a bottle 

EAR PREFERENCE 

I. Side to which one turns to listen to sound 

2. Listening to the ticking of a watch 

D 
RC,CJL 

D 
L ·r--J 

CJ 
0 
CJ 

L1 
[_J 
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