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Abstract : Wii® balance board (WBB) is a device that can measure and record body sway. This study was conducted
to evaluate the reliability of WBB in small sized dog as inexpensive, portable and convenient tool. The center of
pressure path length (CPPL) and 95% confidence ellipse area (Area 95) were evaluated with only two plates of WBB.
The parameters were evaluated between no load (0 kg) and mass group (0.25-4 kg on each one plate). 23 dogs (2.3-
7.3 kg) were evaluated for with hindlimb standing for 10 seconds. The mass group showed a significant value in
comparison to the no load during the measurement. And intra-class correlation coefficients (ICCs) between CPPL and
Area 95 revealed very high both mass and dog group. In the evaluation of medial patellar luxation (MPL) as a diagnostic
tool, 80 dogs with MPL and 23 non-affected dogs were used. In studies of CPPL and Area 95, significant differences
were found between non-affected and MPL groups for 10 and 30 seconds, respectively. The WBB can be used as
a valid tool for evaluating hind limb standing balance and can be useful as an objective tool to present clinical results
in small sized dog with MPL.
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Introduction

Body sway is defined as constant compensatory move-
ments. The continuous movement of the body’s center of
mass can be measured through detecting fluctuations of the
center of pressure (COP) (2,13). The center of pressure path
length (CPPL) is a sum of distance in the location where all
the vertical force acts (16). Area 95 means 95% confidence
ellipse area (3). CPPL and Area 95 have been shown to be
effective parameters to monitor body sway (10). Static stand-
ing COP measures may be used as a good reliability and
validity for assessment of static standing balance and weight-
bearing asymmetry in human adults for the analysis of pos-
tural control sway (4,5).

The WBB has generated the significant interest in the
human neurorehabilitation research domain and the system is
relatively inexpensive, easy to access and portable (8). A few
studies have used custom software to interface a computer to
the WBB to measure CPPL and Area 95 (5,16).

It has been reported that medial patellar luxation (MPL)
increases the stress on the musculoskeletal system, predispos-
ing the structure to deformity of stifle joint and cranial cruci-
ate ligament rupture. Secondary osteoarthritis (OA) is a
common result of MPL (1,15).

Since there is not enough information on the benefits of
the reliability and validity of parameters using WBB in the
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application of small animals, it is necessary to evaluate the
suitability of the device for measuring the body sway.

The purpose of this study was to provide the basic data for
static loads provided with calibrated data to allow researchers
to evaluate CPPL and Area 95. And this study is to verify that
WBB can be used as a valid tool for diagnosing MPL.

Materials and Methods

Study design

For testing WBB, no load (0 kg) and 16 separate masses
ranging of 0.25-40 kg were tested. It was assessed by adding
0.25 kg from 0 g to 4 kg. Each mass was centered and data
were collected from only two plate channels via the custom-
ized software (Balancia® v2.0, Minto systems, Korea) at 100
Hz three times for 10 seconds.

A total of 23 intact dogs were included (2.3-7.3 kg) with
quiet hindlimb standing. The dogs were positioned with an
angle of 30-40 degrees. The angle was determined by the
horizontal plane and the line joining the dorsal aspect of
scapular spine and greater trochanter. Dogs were performed
three repetitions in hindlimb standing on the WBB for 10
seconds.

A total of 103 dogs were examined. 80 dogs with MPL
were diagnosed in animal hospital after orthopedic and radio-
logical examinations. 23 dogs were non-affected. Some of
the patients were asymptomatic, and some had various degrees
of unilateral or bilateral lameness, sometimes difficulty and
reluctance to walk, jump and go upstairs. If the dog with
bilateral MPL had the same grade, only one side as same
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grade was included in this study. If the dog with MPL had
different grade, the only higher grade was included.

Statistical analysis

All statistical analyses were conducted using the Statistical
Package for the Social Sciences (SPSS Inc. Version 19.0,
Chicago, IL, USA). The three repetitions of each testing con-
dition were used to describe relative reliability. Data was pre-
sented as means = SD. Differences were seemed to be
statistically significant when p <0.05. An intraclass correla-
tion coefficient (ICC) between 0.75 and 1 was considered
high, 0.4-0.74 modest and less than 0.39 low (Clark et al.,
2010).

Results

The each average of CPPL and Area 95 was 13.4 £ 0.77 m,
22.6+7.55 cm? in no load. A statistical significance in CPPL
and Area 95 was found between no load and mass group
(» <0.01) (Table 1). ICC (=0.91) value was shown to be
consistently excellent between CPPL and Area 95 from scat-
ter plots (Fig 1A). The each average of CPPL and Area 95
was 2.9+ 0.81 m, 2.0+ 0.71 cm® ICC value (=0.86) were
found to be statistically significant in 23 intact small sized
dogs (Fig 1B).

A total of 103 small sized dogs were used in this study. 80
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Table 1. Comparison of CPPL and Area 95 between no load and
mass groups

Mass Number CPPL (m) Area 95 (cm?)
0g 3 13.4+0.77 22.6+7.60
250 g 3 8.1+1.06" 13.6£10.39™
500 g 3 5.5+0.18" 4.0+0.12"
750 g 3 42+0.12" 24+0.14"
1000 g 3 2.5+0.12" 0.9+0.10"
1250 g 3 2.3+0.04" 0.8+0.19"
1500 g 3 2.1+£0.01" 0.6 +0.02"
1750 g 3 1.9+£0.04™ 0.5+0.04"
2000 g 3 1.8£0.02" 0.4+0.02"
2250 g 3 1.5+0.01" 0.3+0.01"
2500 g 3 1.3+£0.04™ 0.3+0.01"
2750 g 3 1.3+0.05™ 0.2+ 0.00”
3000 g 3 1.1£0.04" 0.2+0.00"
3250 g 3 1.1+0.03" 0.2+ 0.00"
3500 g 3 1.1+£0.08" 0.2+0.00”
3750 g 3 1.0£0.03" 0.1+0.00"
4000 g 3 0.9+0.01" 0.1+0.00"

Variable: Mean + SD, **: p <0.01.

with MPL and 23 non-affected dogs were included in the
proposed protocol. The each average CPPL and Area 95
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Fig 1. Scatter plot illustrating the relationship between CPPL and Area 95. (A) The reliability of outcome measure was shown very
high in no load and mass group. (B) The reliability of outcome measure was shown very high in dogs group.
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Fig 2. Comparison of the CPPL and Area 95 between non-affected stifle and MPL group for 10 seconds. (A) The graph was shown
significant results on grade IV in the CPPL. (B) The graph was shown significant on grade III and IV. ** p <0.01.
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Fig 3. Comparison of the CPPL and Area 95 between non-affected stifle and MPL group for 30 seconds. (A) The graph was shown
significant results on grade III, IV in the CPPL. (B) The graph was shown significant on grade II, IIl and IV. * p <0.05, ** p <0.01.

during 10 seconds were 2.9+ 0.81 m, 2.06+0.77 cm? in
non-affected dogs. CPPL was 3.4 £ 0.86 m in grade I group,
34+£0.50m in grade II group, 3.8+ 1.20m in grade III
group, and 3.6+ 0.63 m in grade IV group. The difference
between non-affected group and grade IIT group was highly
significant in CPPL (p <0.01) (Fig 2A). The Area 95 in
grade I was 2.8+ 0.90 cm?, 2.7 + 0.70 cm? in grade II group,
6.1 £4.26 cm? in grade I1I group, and 7.3 +2.34 cm? in grade
IV group. The differences among non-affected group and
grade III, IV groups were highly significant in Area 95 (p <
0.01) (Fig 2B).

The average CPPL and Area 95 during 30 seconds were
8.8+£2.34m, 2.6+0.76 cm® in non-affected dogs, respec-
tively. CPPL was 8.4 =3.02 m in grade I group, 8.3 +2.20 m
in grade I group, 10.3£2.12m in grade III group, and
11.3£1.97m in grade IV group. The differences among
non-affected and grade III, IV group were significant (p <
0.05 and p <0.01, respectively) (Fig 3A). Area 95 was 3.3 £
1.16 cm? in grade I, 4.0+ 0.84 cm? in grade II group, 8.2+
2.99 cm? in grade III group, and 11.8 +2.86 cm? in grade IV
group. The differences among non-affected group and grade
I, Il and IV groups were highly significant in Area 95
(» <0.05, p<0.01 and p <0.01, respectively) (Fig 3B).

Discussion

In dogs with hindlimb OA, bathroom scale can be used as
reliable, objective method by measuring of symmetry of the
static weight bearing (11). With this similarity in WBB, the
CPPL and Area 95 can also be deviated as a trajectory
according to its displacement during hindlimb standing. Using
WBB was able to measure the distance and area of weight
shift and sample them conveniently rather than using a scale.

The center of mass in dog is closer to the forelimbs during
standing. For this reason, the center of mass contributes to
this imbalance in hindlimb to forelimb weight distribution
when standing (7,14). This study was carried out by select-
ing two of the four plates on the WBB to load weight on the
forelimb or hindlimb in small animals. In order to clarify the
orthopedic problems of quadruped animals, this study was
designed to allow the load to be concentrated in the only two

hindlimbs. Considering this is the actual load proportional to
the weight bearing of the dog affecting the critical results,
only two load cells are used in this study.

Stairs had significant difference with peak vertical force,
impulse in method of physiotherapeutic evaluation as out-
come measures of stifle functionality in dogs (12). The dog’s
forelimbs were picked up on the table slightly and made
standing position as dog climbing the stairs to gain more
information on the abnormal body way. The position was
made the dog as much weight loading on his hindlimb as
possible. In clinical experience, using four plates (each limb
on the WBB) was in practice difficult and non-rewarding.
Because there are so many distracted dogs, they could not be
controlled on the WBB. Nevertheless, two plates that mea-
sure only the difference between less-affected and affected
stifles were specific enough to recognize static weight shift,
and it could be reliably used as an outcome measure.

In previous study, use of bathroom scales in measuring
asymmetry of hindlimb static weight bearing in dogs with
OA in at least one stifle joint, with or without hip joint OA
showed reliability and objectivity (11). This study also showed
that static evaluation of hindlimb might be differentiated
from problematic limb. This study showed significance due
to the instability of the joint with extended stifle joint, which
the patellar tendon is deflected medially and the proximal
tibia is changed biomechanically. WBB can provide data for
static standing using computerized posturography in this
study. The trajectory of COP in static weight shift between
the hindlimbs can be evaluated visually to higher MPL grade
especially.

While many big sized dogs with grade I MPL group
encounter clinical symptoms, small dogs are never affected
(9). In this study, the CPPL and Area 95 in gradel was no
significant difference despite the increase in evaluation time.
This means that grade I MPL group is not enough to affect
the body sway on the WBB in small sized dog.

Previous study using medical infrared imaging in the ther-
mal pattern of the paw print in the lame hindlimb compared
to a non-lame hindlimb concluded that asymmetry index
analysis revealed 5% in the healthy group and 36.2% in the
lame group in a standing position for 30 seconds (6). In this
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study, grade III and IV groups were significantly different
from grade I and II groups, suggesting that distance of trajec-
tory point was significantly increased for 30 seconds. Area
95 were greater in grade II, III and IV groups as observed in
this study, which sway area is greater and this may be any
possible compensation to avoid mechanical stress by shifting
one sided weight loading towards less-affected side.

In conclusion, the portable and economical WBB demon-
strated to have good validity and reliability. This study showed
that evaluation for 30 seconds with static hindlimb standing
is an objective, diagnostic tool in small sized dog with high
grade MPL.
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