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Abstract Sway and postural instability have drawn atten-
tion as a risk factor for osteoporotic fracture, in addition to
low bone mineral density (BMD) and poor bone quality. In
view of the fracture-reducing effect of alfacalcidol and
active absorbable algal calcium (AAA Ca) not readily
explained by rather mild increases of BMD, attempts were
made to evaluate postural stabilizing effect of alfacalcidol,
AAA Ca, and calcium carbonate (CaCO3) by computerized
posturography. Track of the gravity center was analyzed to
calculate parameters related to tract length, track range,
and track density to express the degree of sway before and
after supplementation in 126 subjects ranging in age be-
tween 20 and 81 years randomly divided into four groups.
Supplementation with AAA Ca containing 900mg elemen-
tal Ca (group A), no calcium (group B), CaCO3 also con-
taining 900mg elemental Ca (group C), or alfacalcidol
(group D) continued daily for 12 months. For each param-
eter, the ratio closed eye value/open eye value (Romberg
ratio) was calculated to detect aggravation of sway by eye
closure. Age, parameters of Ca and P, and proportions of
subjects with fracture and those with low BMD showed
no marked deviation among the groups. With eyes open,
significant decreases of a track range parameter (REC)
from group B was noted in groups A (P = 0.0397) and D (P
= 0.0296), but not in group C according to multiple compari-
son by Scheffe, indicating superior postural stabilizing
effect of A and D over C. In the first 2 months, a significant
fall was already evident in REC from group B in group D
(P = 0.0120) with eyes open. Paired comparison of sway

parameters before and after supplementation revealed a
significant increase of track density parameter (LNGA),
indicating sway control efficiency and a significant decrease
of REC in groups A and D compared to group B with eyes
open. With eyes closed, only group A showed a significant
improvement from group B (P = 0.0456; Fig. 1), with a
significant shortening on paired After/Before comparison
(P = 0.0142; Fig. 2). Computerized posturography appears
to be useful in analyzing sway phenomena especially as to
the effects of vitamin D and various Ca preparations.

Key Words sway · alfacalcidol · active absorbable algal
calcium (AAA Ca) · calcium carbonate · computerized
posturography

Introduction

Osteoporotic fracture, a result of complex sequences of
events, cannot be completely explained by skeletal factors
such as bone mineral density (BMD) or bone quality alone.
Among nonskeletal factors possibly influencing osteo-
porotic fracture, sway and postural instability, occasionally
prompting a fall, were also pointed out as one of the risk
factors [1,2].

In addition to the important role in intestinal Ca absorp-
tion and bone development, vitamin D is required for the
maintenance of muscle metabolism and function, so that its
deficiency may cause muscle weakness, sway, and falls [3].
Vitamin D, especially the hydroxylated active form, was
shown to reduce the fracture incidence apparently better
than the level expected from a moderate increase of BMD
[4]. Calcium was also reported to exert a positive effect on
BMD and reduce fracture [5,6]. Active absorbable algal
calcium (AAA Ca) with a higher bioavailability than
CaCO3 was more effective in increasing BMD and reducing
occurrence of new fractures than other Ca compounds such
as CaCO3 [7–13]. The effect of AAA Ca on BMD was
suggested to be favorably compared with that of alfacalcidol
[11]. Because the main action of vitamin D is to increase the
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bioavailability of Ca by stimulating its absoption from the
intestine, the actions of Ca and vitamin D on osteoporosis is
often grouped together. The effects of these two agents,
nevertheless, may not necessarily be identical, suggesting a
need for a separate analysis of their mechanisms of actions.

Computerized posturography provides a new approach
in the analysis of the phenomenon of sway. Effect of age on
body sway was reported by the authors for the first time
using computerized posturography [14]. In the present
study, the effects of alfacalcidol, active absorbable algal Ca
(AAA Ca), and CaCO3 on the length, range, and density
parameters of the track of the center of gravity were com-
pared by computerized posturography using a Gravicorder
produced by Anima (Tokyo, Japan).

Subjects and methods

Subjects and supplementation

This study was conducted on 126 subjects between 21 and
80 years of age without specific neurological, metabolic,
or skeletal diseases. They were randomly divided into four
groups according to the time sequence of enrollment on the
study and given active absorbable Ca (AAA Ca) containing
900 mg elemental Ca (group A), no Ca (group B), CaCO3

containing 900mg elemental Ca (group C), or 1µg
alfacalcidol (group D) daily. The supplementation was
continued for 12 months.

Methods of sway measurement

The following sway parameters were measured by comput-
erized posturography using a Gravicorder (model GS-2000;
Anima), consisting of a triangular stand with a pressure
sensor buried at each corner. This apparatus meets the re-
quirement as a stabilometer by the Japanese Industrial
Standard (JIS T 1990). A test weight weighing 50 ± 0.5kg is
placed at the center of the body weight sensor plate. In
response to a vertical load, the sensor is activated. Based on
the vibration pattern visualized on an oscilloscope, cycle
frequency greater than 20Hz is utilized to locate the center
of gravity.

The length of the track of the center of the gravity was
assessed by measuring the total track length (LNG), a track
length parameter, the track length per unit area (LNGA), a
track density parameter, and the range of the area covered
by the track of center of gravity assessed by measuring the
rectangular area (REC), a track range parameter. Closed
eye/open eye value of each parameter (Romberg ratio) was
calculated to evaluate aggravation by eye closure. Although
LGN and REC tend to be proportional to the degree of
sway, LNGA appears to be inversely proportional to the
degree of sway, expressing the efficiency of postural control.

To evaluate the precision of the measurement, coeffi-
cient of variation was calculated on data in consecutive
measurements in a single subject. As shown in Table 1,
coefficient of variation ranged from 9.30% for LNG to

26.10% for REC with eyes open, and from 14.40% for
LNGA to 26.50% for RMS with eyes closed.

Statistical analysis and informed consent

Using Statview 5.0 (SAS Institute), analysis of variance was
carried out to assess the difference between each of the four
groups. When analysis of variance suggested significant dif-
ference among some of the groups, multiple comparison
was conducted by post hoc analysis using Scheffe’s method
for all four groups. To compare the intraindividual before-
-after changes of sway parameters, the paired t test was also
conducted in each individual.

Informed consent was obtained from each test subject.
The study was approved by the Institutional Review Board
of Katsuragi Hospital.

Results

The precision of computerized posturography for 10 con-
secutive measurements in a single subject is shown in Table
1. Table 2 summarizes background factors for each group of
test subjects. The absence of a statistically significant differ-
ence by analysis of variance among the four groups on
serum Ca and P, Ca/Cr ratio in random urine samples, and
proportions of subjects with fracture and those with low
bone mineral density indicating osteoporosis suggests the
unlikelihood of a marked deviation from each other.

Table 3 shows distributions of basal sway parameters
among the four groups. According to multiple comparison
by Scheffe, no significant difference was noted among the
four groups except between C and D in LNG, LNGA, and
REC with eyes open, and in LNGA with eyes closed;

Table 1. Precision of computerized posturography in 10 consecutive
measurements in a single subject

Eyes open

Parameter LNG LNGT LNGA REC ENV RMS
(cm) (cm/s) (1/cm) (cm2) (cm2) (cm2)

Mean 63.87 1.06 25.40 6.23 2.58 1.39
SD 6.00 0.10 4.65 1.63 0.49 0.36
SE 1.89 0.03 1.47 0.51 0.15 0.11
CV 9.30 9.40 18.30 26.10 18.90 25.80

Eyes closed

Parameter LNG LNGT LNGA REC ENV RMS
(cm) (cm/s) (1/cm) (cm2) (cm2) (cm2)

Mean 91.51 1.52 26.16 8.04 3.56 1.58
SD 14.68 0.24 3.79 1.73 0.80 0.42
SE 4.64 0.07 1.19 0.55 0.25 0.13
CV 16.00 15.70 14.40 21.50 22.40 26.50

CV, coefficient of variation = SD/mean; LNG, total track length;
LNGT, track length in unit time; LNGA, track length per unit area;
REC, rectangular track area; ENV, enveloped track area; RMS, root
mean square track area
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between C and B in LNGA with eyes closed; and in the
Romberg ratio on REC.

Analysis of variance of data obtained after treatment in
groups A, B, C, and D indicated a significant difference
among the four groups. As shown in Fig. 1, multiple com-
parison by Scheffe’s method revealed significant decrease
of the track range parameter (REC) from the level with-
out supplementation on supplementation with either
alfacalcidol (P = 0.0296) (group D) or AAA Ca (P = 0.0397)
(group A) throughout the test period of 12 mouths, whereas
a significant fall was seen only on alfacalcidol supplementa-
tion (P = 0.0120) (group D) during the first 2-month period.
On eye closure, on the other hand, a significant fall of track
length parameter was noted in the early 2-month period
only on AAA Ca supplementation (group A). Supplemen-
tation with CaCO3 appeared ineffective on all sway param-
eters tested. Significant fall of Romberg ratio on LNgA
suggesting an increase of sway control efficiency was noted
only in group D.

To assess the changes of sway parameter by supplemen-
tation to emphasize the course of sway change during the
course of supplementation, the paired t test was conducted
on each sway parameter between before and after supple-
mentation values (Fig. 2). With eyes open, significant in-

crease of track density parameter (LNGA) (P = 0.0177) and
decrease of track range parameter (REC) (P = 0.0010) was
noted in group D, whereas only a significant decrease of
track range parameter (REC) (P = 0.0448) was found in
group A. An increase of track length parameter was noted
only in group B (P = 0.0043) with no change of other
parameters. With eyes closed, a decrease of track length
parameter in group A was the only significant change
(P = 0.0142).

As shown in the examples in Fig. 3, sway parameters
changed over the course of supplementation, showing vari-
ous trends depending on the kind of supplementation, such
as a downward trend for LNG and REC on AAA Ca.

Discussion

The four supplementation groups (A, B, C, and D) in Table
2 appear to be homogeneous as to the background param-
eters on mineral metabolism and bone states in view of the
absence of significant difference according to analysis of
variance. As shown in Table 3, however, background sway
parameters showed several pairs with a significant differ-

Table 2. Background factors in each group

Group Supplement Numbers Age Serum Serum P Urinary Fracture (+) Osteoporosis (+)
of subject (in years) Ca (mg/dl) (mg/dl) Ca/Cr (%) (LBMD < 0.780) (%)

A 900 mg/day 34 61.8 ± 1.7 9.3 ± 0.12 3.7 ± 0.08 0.21 ± 0.02 23.0 23.0
Ca as AAA Ca

B No Ca 30 58.4 ± 4.0 9.3 ± 0.13 3.8 ± 0.14 0.20 ± 0.02 21.4 19.0
C 900 mg/day 31 59.6 ± 2.9 9.2 ± 0.14 3.7 ± 0.17 0.21 ± 0.03 32.0 12.0

Ca as CaCO3

D 1 µg/day 31 62.3 ± 3.0 9.4 ± 0.13 3.6 ± 0.13 0.21 ± 0.02 31.5 26.3
alfacalcidol

P in ANOVA 0.8210 0.1775 0.1213 0.9731 0.6884 0.5243

Data are mean ± SEM
Group A was supplemented with 900mg Ca/day as active absorbable algal calcium (AAA Ca); group B with no Ca, Group C with 900mg Ca/day
as CaCO3; and group D with 1 µg alfacalcidol/day
LBMD, lumber bone mineral density

Table 3. Basal sway parameters before supplementation in each group

Parameters

State of subjects Group Track length Track density Track range
(LNG) (LNGA) (REC)

Eyes open A 80.6 ± 5.0 25.8 ± 1.2 9.4 ± 1.3
B 86.8 ± 6.7 27.3 ± 2.2 8.9 ± 1.2
C 72.8 ± 3.7* 31.3 ± 2.2** 6.7 ± 0.7***
D 100.0 ± 6.7* 23.8 ± 1.5** 11.4 ± 1.3***

Eyes closed A 117.9 ± 10.4 28.4 ± 1.7 10.8 ± 1.3
B 141.4 ± 13.6 22.8 ± 1.1† 17.0 ± 2.1
C 101.4 ± 5.8 33.4 ± 1.9†† 10.3 ± 2.6
D 136.4 ± 15.8 25.4 ± 1.6††† 16.3 ± 2.6

Closed/open (Romberg ratio) A 1.44 ± 0.05 1.09 ± 0.04 1.38 ± 0.11
B 1.55 ± 0.07 1.08 ± 0.05 1.92 ± 0.17
C 1.40 ± 0.05 1.16 ± 0.06 1.41 ± 0.11
D 1.33 ± 0.08 1.10 ± 0.05 1.42 ± 0.16

Data are mean ± SEM
Significant differences: *–* P = 0.0098, **–**P = 0.0481, ***–*** P = 0.0483, †–†† P = 0.0005, ††–††† P = 0.0137
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Fig. 1. Significance changes of
sway parameters in response to
calcium and alfacalcidol according
to Scheffe’s method of multiple
comparison are shown as % After/
Before supplementation (mean ±
SEM) and compared collectively
between groups. Overall changes
(1–12 months) are shown on
the left and early changes (1–2
months) on the right. Track range
parameter (REC) significantly fell
from the level in group B given no
calcium in group A supplemented
with AAA Ca (P = 0.0397) and
group D supplemented with
alfacalcidol in overall change and
only in group D (P = 0.0120) in the
early change, with the eyes open.
With eyes closed, group A showed
a significant decrease from group
B (P = 0.456)

Fig. 2. Changes of sway param-
eters before and after supple-
mentation in individual patients
assessed by paired t test between
before and after supplementation
in groups A (AAA Ca), B (No
Calcium), C (CaCO3), and D
(αD3). Bars indicate mean and
SEM before and after supplemen-
tation but do not necessarily
indicate the significance of the
difference, which is based on each
individual before–after differ-
ence. Significant difference was
noted in track length parameter
in group B, track density param-
eter in group D, and track range
parameter in groups A and D
with eyes opened. With eyes
closed, only track length para-
meter in group A showed a
significant decrease
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ence. Especially, rather consistently wider sway and less
efficient postural control with eyes open in group D than
in C among otherwise homogeneous pairs is difficult to
explain.

As to the changes in response to supplementation,
alfacalcidol and AAA Ca significantly reduced track range
parameters, whereas CaCO3 was ineffective, on multiple
comparison by Scheffer’s method (see Fig. 1). Such a dis-
tinct difference between AAA Ca and alfacalcidol on one
hand and CaCO3 on the other may be explained by an
outstanding potentiating action of alfacalcidol on intestinal
Ca absorption and distinctly better absorbability of AAA
Ca compared to CaCO3. AAA Ca is better absorbed than
CaCO3 [7–12] because of the better solubility of AAA Ca
and also by augmentation of absorption by a component of
AAA Ca, HAI (heated algal ingredient) [13].

With eyes open, alfacalcidol showed some advantage
over AAA Ca in view of the significant fall of REC in the
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first 2 months of supplementation, limited to group D and
not seen in group A (see Fig. 1; right upper panel). Paired
comparison of sway parameters before and after supple-
mentation (see Fig. 2) revealed significant increase of the
track density parameter (LNGA), indicating an improve-
ment of postural control mechanism only in group D.
The track range parameter (REC) improved in both groups
A and D.

With eyes closed, on the other hand, a distinct advantage
of AAA Ca over alfacalcidol was noted, in view of a signifi-
cant decrease of the track length parameter (LNG) in the
first 2 months (see Fig. 1; right middle panel) and on paired
before/after comparison (see Fig. 2; lower panel) only on
supplementation with AAA Ca. Its beneficial effect was
even more pronounced with eyes closed, to be distinguished
from that of alfacalcidol with no improvement on eye
closure. The mechanism for such difference in the postural
control between these two agents remains to be elucidated.

Fig. 3. Examples of time course
changes of sway parameters on
supplementation with AAA Ca in a
43-year-old woman (—•—), CaCO3

in a 65-year-old woman (—�—),
and αD3 in a 67 year old female
(—�—). Track length parameter
(LNG) is shown on the upper panel,
track density parameter (LNGA) in
the middle panel, and track range
parameter (REC) in the lower panel.
State with eyes open is shown on the
left side and that with eyes closed on
the right side
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The significant increase of LNG on no Ca supplementa-
tion (group B) with eyes open also remains to be explained.
It may indicate aggravation of sway, possibly because of
overconsciousness in the second but not in the first testing.
Rather consistent difference in the background sway
parameters (see Table 2) between groups C and D might
influence a direct comparison between groups C and D but
probably not other pairs.

Elimination of the interference of postural control by
psychological disturbance arising from visual stimulation on
eye closure may represent one of the posssible mechanisms
for the difference in postural control mechanism between
the open eye and closed eye states. Emotional stability and
mental concentration may also be achieved by eye closure,
helped by a rise of ionized calcium in the blood in response
to AAA Ca supplementation and decreased in response to
emotional stress and hyperventilation [15, 16, 17–18]. In
contrast to vitamin D derivatives mainly acting on muscle,
AAA Ca may preferentially act on the nervous system to
achieve the postural stabilizing effect.

Computerized posturography appears to be promising in
analysis of the sway phenomenon and the effect of postural
stabilizing agents, in view of the results of the present study,
which indicated a possibility of dissecting the difference in
the mechanism of action of hydroxylated vitamin D and
AAA Ca. Although both alfacalcidol and AAA Ca seem to
have a postural stabilizing effect, the mechanisms of action
of these two agents may be different, especially with refer-
ence to the participation of the visual component.
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