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Introduction: The attraction of the Subjective Visual Vertical (SVV) to the side of rod presentation has 
already been described in adults and is potentially related to visual dependency. The aim of this study to 
evaluate this phenomenon in children and to analyze the effect of sex and age.
Materials and Methods: This retrospective study included 601 children and teenagers aged between 4 and 
19 years. All subjects underwent a SVV evaluation included in a complete balance workup. SVV was 
measured by presenting a phosphorescent rod 12 times in total darkness with a 45° deviation from the 
vertical alternatively on the left and the right. The patient was asked to replace the bar vertically with a 
remote control.
Results: On average, SVV at each iteration was tilted to the side of the rod presentation. The cumulative tilt 
to the side of presentation after 12 measures was higher in the 4-7 years age group and decreased 
progressively with age (25 ± 2.2° in 4-7 years group, mean ± SEM,  n=109 versus 5 ± 1.4  in 15-19 years, n=204, 
p<0.001, ANOVA) . The cumulative tilt was higher in girls than in boys in the 15-19 years group (8 ± 2.5, n=104 
in girls versus 2 ± 1.2° n=100 in boys, p<0.001, ANOVA). This phenomenon appeared independent from the 
type of vestibular disorder.
Conclusion: Young children are highly attracted to the side of rod presentation during SVV measurements. 
This phenomenon gradually disappears with age but a significant difference appears between genders 
suggesting a hormonal role.

ABSTRACT

� Subjective visual vertical (SVV) is routinely used to assess the otolithic function (Vibert et al., 1999). 
� Women are reported to perform poorer in visuomotor tasks and to be more dependent on their visual context 
(Witkin et al,1946). Although many studies suggest that children have also a lower capacity in these tasks due 
probably to the immaturity of their central nervous system, the influence of gender at early ages is unclear 
(Bagust et al., 2013). 
� In a previous study, we showed that VVS was attracted to the side of bar presentation and this effect varied 
with age and sex (Toupet et al., Otol Neurotol,2014). This phenomenon is probably related to short-term visual 
memory and similar to visual dependency at rod-and-frame test. 
� We defined the effect as visual attraction, and showed that it was higher in children, teenagers and senior 
patients in comparison to middle-aged adults. We also observed a higher attraction in females versus males. 
However, the relatively low number of children did not allow to analyze the possible influence of gender at 
early ages. 

INTRODUCTION

MATERIAL AND METHODS

OBJECTIVE

� The aim of this study was to evaluate, in a large number of pediatric patients, the effect of sex on the 
visual attraction phenomenon in children before and after the age of puberty.

Visual Attraction

Effect of  Age

Figure 2- Subjective Visual Vertical (VVS) 
measurements as a function of iteration. VVS was 
measured by presenting the bar alternatively to the 
left and the right 12 times. Negative values 
represent deviations to the left and positive to the 
right. SVV was tilted to the side of the bar 
presentation (p<0.001, paired t-test for right versus 
left presentation, n=601).
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On average, SVV at each iteration was tilted to the 
side of the rod presentation (Fig. 1).

This effect persisted up to 12 iterations and the 
cumulative SVV tilt progressed linearly with iterations 
in all age groups and in both sexes suggesting that 
the effect does not fade with iteration. The linear 
progression was faster in younger children in 
comparison to teenagers (Fig. 2). The highest VAI 
was observed in the 4-7 years group and decreased 
progressively with age (25 ± 2.2 degrees in 4-7 years 
group,  n=109; 16 ± 1.6 in 8-10 years, n=126; 9 ± 1.5 in 
11-14 years, n=159 and 5 ± 1.4  in 15-19 years, n=204, 
p<0.001, one-way ANOVA) . 

Figure 3- Cumulative SVV tilt as a function of iteration 
in 4 age groups. Cumulative SVV tilt increased 
linearly in all 4 groups: y=2.3x + 1.0 , n=109 for 4-7 
years, y = 1.4x + 0.7, n=126 for 8-10 years, y=0.7x –
0.7, n=161 for 11-14 years; and y=0.4x + 0.6, n=204 
for 15-19 years, R=0.99 for all regression lines. The 
progression of cumulative tilt with iteration was faster 
in younger children (p<0.001, F test for comparison 
of slopes). 
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Etiology

categories

N (%) Sex ratio Age VAI

Normal 73 (15%) 1.43 12±4.4 11±23.6

Migraine 115 (23%) 0.62 12±3.7 12±19.7

Hearing loss 52 (10%) 0.73 10±3.5 25±25.1

Unilateral 33 (7%) 0.94 11±4.7 14±16.9

Effects of Etiology 

� Etiology of vestibular disorders did not seem to 
influence the VAI(data not shown).

� This retrospective study included 601 consecutive children and teenagers (age ranging between 
4 to 19 years) admitted to a tertiary referral center for dizziness or for a balance test before job 
application between 2005 and 2015. The population comprised 317 boys and 284 girls. The mean 
age was 12 ± 4.3 years.  All patients underwent a thorough clinical examination including 
audiometry, postural control and positional testing, caloric and rotatory tests, and oculomotor
function evaluation (gaze, saccades, pursuit). Diagnostic categories were based on patient’s 
history and the above tests. 

MATERIAL AND METHODS

Population

� The SVV tilt measurements consisted of presenting a red phosphroscent bar 
measuring 1 m placed 2 meters in front of a seated patient in complete darkness. The 
patient’s head was not supported and he or she was instructed to keep the head 
straight. The rod was presented with a 45° deviation from the vertical, alternatively on 
the left and the right 12 times, beginning on the left. The patient was asked to place 
the rod at the vertical each time using a remote control. The remote was held by the 
patient and there was no alignment between the interface and the rod. The angle 
precision of the control was 0.1°. The subject remained in the dark between iterations. 
The 12 measures were completed in less than 5 minutes. Deviations of the rod from the 
vertical to the right were considered as positive, and those to the left as negative. The 
cumulative SVV tilt was defined as the algebraic sum of tilts between 2 consecutive 
SVV tilt measurements (in degrees) and calculated by:

where n represents the iteration. The visual attraction index (VAI) was defined as the 
cumulative SVV tilt after 12 measures. A positive index indicates an average attraction 
toward the side of the initial presentation (left) and a negative value an inverted 
effect.

Subjective Visual Vertical Measurements

RESULTS

SVV measurements and population characteristics

�SVV measures were within the normal limits 
described for adults (±2.8° including 3 
standard deviations, Van Nechel et al., 
2001). 
�SVV values did not vary with age in 
children considered as normal: 
0.3±1.6°(n=14) for 4-7 years-old, -0.3 ± 1.2 
(n=12) for 8-10 years-old; -0.3 ± 1.3 (n=25) 
for 11-14 years-old; and 0.1 ± 1.2 (n=22) for 
15-19 years-old (not significant, ANOVA). 
This normality was observed in all etiology 
categories except for unilateral weakness 
where SVV was tilted to the side of the 
weakness as expected (table 1).
�SVV measures did not differ between boys 
and girls regardless of etiology (0.1 ± 1.56, 
n=317 versus -0.13 ± 1.71, n=284 
respectively, not significant, unpaired t-
test).

Etiology

categories

N (%) Sex ratio Age VVS tilt

Normal 73 

(15%)

1.43 12±4.4 -0.1±1.30

Migraine 115 

(23%)

0.62 12±3.7 0.1±1.66

Hearing loss 52 

(10%)

0.73 10±3.5 0.0±1.60

Caloric weakness 33 (7%) 0.94 11±4.7 Right : 1.2±2.12 (10)

Left : -3.1±2.45 (11)

Bilat : 0.1±0.94 (4)

Cured BPPV 30 (6%) 1.31 12±4.4 0.0±1.26

Idiopathic 30 (6%) 1.5 12±4.4 0.0±1.73

Fainting 28 (6%) 0.56 15±2.4 0.4±1.34

BPVC* 27 (6%) 0.69 8±2.4 0.0±1.95

Ménière 25 (5%) 2.12 14±3.5 Right : 0.8±0.71 (10)

Left : 0.2±1.11 (8)

Ongoing BPPV 18 (4%) 0.5 15±3.3 Right : -0.5±1.69 (4)

Left : -0.2±1.35 (8)

Head trauma 14 (3%) 0.55 11±3.6 -0.3±2.38

Stress 13 (3%) 0.62 14±4.5 -0.3±1.49

Otolithic synd. 12 (2%) 2.00 12±4.6 0.7±2.93

Miscellaneous 22 (4%) 0.47 11±5.6 0.5±1.74

Total 492 0.87 12±4.3 -0.02±1.64

Effect of sex

In the 2 younger groups (4-7 and 8-10 years), VAI was 
similar between the 2 genders (26 ± 3.8 degrees, n=48 for 
girls versus 26 ± 3.1, n=61 for boys between 4 and 7 years; 
and 14 ± 2.2, n=65 for girls versus 18 ± 2.4, n=61 for boys in 
the 8-10 years group, not significant, unpaired t-test). But 
in older children and teenagers, VAI was higher in girls 
than in boys (11 ± 2.0 degrees, n=99 for girls versus 4 ± 1.9, 
n=60 for boys in the 11-14 group and 8 ± 2.5, n=104 in girls 
versus 2 ± 1.2° n=100 in boys, p<0.05, unpaired t-test). In 
should be pointed out, that the linear regression lines in 
the 8-10 years group seem to be different (p<0.01, F test, 
Fig 2) even if the VAI and the cumulative tilt values do 
not differ (not significant, unpaired t-test). This suggests a 
tendency for the boys to have higher tilt values. 

Unilateral 

weakness

33 (7%) 0.94 11±4.7 14±16.9

Cured BPPV 30 (6%) 1.31 12±4.4 5±29.4

Idiopathic 30 (6%) 1.5 12±4.4 15±20.9

Fainting 28 (6%) 0.56 15±2.4 7±13.4

BPVC* 27 (6%) 0.69 8±2.4 17±22.3

Ménière 25 (5%) 2.12 14±3.5 2±9.2

Ongoing BPPV 18 (4%) 0.5 15±3.3 8±17.0

Head trauma 14 (3%) 0.55 11±3.6 15±18.7

Stress 13 (3%) 0.62 14±4.5 17±21.7

Otolithic 

syndrome

12 (2%) 2.00 12±4.6 10±18.7

Miscellaneous 22 (4%) 0.47 11±5.6 15±26.9

Total 492 0.87 12±4.3 12±21.3
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BPVC : Benign paroxysmal vertigo of childhood
BPPV: Benign positional paroxysmal vertigo
VAI: Visual attraction index

Figure 4- Cumulative SVV tilt as a function of gender in 
the 4 age groups. Cumulative SVV tilt progressed 
equally in both sexes in 4-7 age group (Y=2.3X+1.4, R= 
0.99, n=62 for boys and Y=2.3 + 0.3 R=0.99, n=48 for girls, 
not significant for comparison of slopes, F test). It 
progressed faster in boys than in girls in the 8-10 years 
age group (Y=1.6X+1.0, R=0.99, n=61 for boys and 
Y=1.2X+0.5 R=0.99, n=65 for girls, p<0.0001, F test for 
comparison of slopes). For older age groups, the 
opposite occurred and cumulative SVV increased 
faster in girls than in boys (for 11-14 years, Y=0.3X + 0.7, 
R= 0.98, n=61 for boys and Y=0.9 X+0.8, R=0.99, n=100 
for girls, p<0.0001, F test for comparison of slopes, and 
for 15-19 years, Y=0.2X+0.5, R=0.99, n=100 for boys and 
Y=0.7+0.7, R=0.99, n=104 for girls, p<0.0001, F test for 
comparison of slopes).

� SVV estimation was largely influenced by the side of bar presentation.
� This influence did not decrease with 12 iterations. 
� This effect was predominant in young children between 4 and 7 years and 
decreases with age. 
� The etiology of dizziness did not seem to interfere with this phenomenon. 
� There was a significant difference between boys and girls in terms of visual 
attraction. While, in young children there was no influence of gender on the 
visual attraction, in teenagers this effect became prominent in girls.

CONCLUSIONS
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Figure 1- VVS measurement


