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Ekesten, B.: Biological variability and measurement error variability in ocular biome
try in samoyed dogs. Acta vet. scancl.1994, 35, 427-433. - A-scan ultrasonography was 
performed in 40 healthy Samoyeds aged 2-5 years. Mydriasis and cycloplegia were in
duced in all dogs and 25 of the dogs were also sedated prior to the ultrasound examina
tion. Five consecutive A-scans were taken on each eye and the intrasubject variance 
(measurement error) and true intersubject variance (true biological variation) were 
computed. The true biological variation was found to be of the same magnitude in both 
sedated and unsedated dogs, whereas the measurement errors were considerably larger 
in the group of unsedated dogs compared to the sedated ones. Magnitudes of the meas
urement errors for the anterior chamber depth and length of the vitreous body in the 
unsedated group were unacceptable. The sizes of the measurement errors in the se
dated dogs were all within an acceptable range. 
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Introduction 
Ocular biometry using A-scan ultrasonogra
phy has been performed in several studies in 
veterinary ophthalmology (Schiffer et al. 
1982, Neumann 1988, Cottrill et al. 1989, 
Gaiddon et al. 1991, Ekesten 1992, Ekesten 
1993). The purpose of performing ocular bi
ometry in dogs has mainly been to either de
termine the axial length for calculation of the 
power of artificial intraocular lenses or to 
measure the sagittal size of intraocular struc
tures in canine glaucoma. Further, ocular bi
ometry is now in frequent use at certain vete
rinary clinics. Both A-scan and B-scan 
ultrasonography has been used for ocular bi
ometry in euthanised dogs and it was found 
that the results were similar (Cottrill et al. 
1989). However, it has been stated that A-scan 
is more accurate than B-scan for measuring 
intraocular distances (Coleman 1979). Seda-

tion or anaesthesia of the canine patient is of
ten used during ocular biometry, but it has 
been proposed that ocular biometry can be 
performed without anaesthesia or sedation 
( Gaiddon et al. 1991, Gelatt 1991 ). 
The accuracy of a method for measuring bio
logical parameters is dependent on the pos
sibility of obtaining unbiased measurements 
with acceptable precision. Unbiasedness is de
fined as the tendency to arrive at the true 
value, whereas precision denotes the degree 
of spread in a series of measurements (Colton 
1974). The bias of ocular biometry using A
scan has been studied in a number of investi
gations (Jansson 1963, Schiffer et al. 1982, 
Cottrill et al. 1989). Thus, correction for bias 
caused by different velocities of ultrasound in 
different parts of the eye can be performed, 
since the true distances have been determined 
with other methods, and constants of conver-
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sion are known (Jansson 1963, Schiffer et al. 
1982). Imprecise measurements can certainly 
be more difficult to handle. Incorrect align
ment of the probe along the optical axis of the 
eye and compression of the globe are for in
stance obvious sources of errors (Coleman 
1979). Means of repeated measurements can 
sometimes be used to approach the true value, 
assuming that the number of repetitions is suf
ficient and that the distance is not altered by 
the procedure. 
A measuring method is usually influenced by 
different sources of variation. Attention is of
ten paid to 2 of the major sources of variation: 
true biological variability and measurement 
error variability. It is of great importance in all 
methods to establish that the measurement 
error is considerably smaller than the true bi
ological variation within the sample. In the 
opposite case, the variation in results between 
different subjects is predominantly caused by 
an inaccurate method employed in the study. 
A useful and easily performed technique for 
determining and discriminating these vari
abilities is analysis of replicate measurements 
(Colton 1974). Ultrasonographic measure
ments repeated twice on eyes of anaesthetised 
cynomolgus monkeys have been shown to 
have high repeatability (Leary et al. 1969). 
However, estimates of measurement errors 
and biological variation in a clinical situation 
has, at least to the author's knowledge, not 
been determined for A-scan ultrasonography 
of the canine eye. 
The aim of this study was to investigate the size 
and importance of the measurement errors in 
ocular biometry using A-scan ultrasonography 
in sedated and unsedated Samoyeds. 

Materials and methods 
A total of 40 pure-bred Samoyeds, aged 2 to 5 
years, without evidence of intraocular or 
systemic disease were used in this study. The 
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dogs were randomised into 2 groups, A and B. 
Group A included 25 dogs (9 males and 16 fe
males) with a mean age of 3.4±1.0 years 
(mean age± one standard deviation), whereas 
group B contained 15 dogs ( 4 males and 11 fe
males with the mean age 3.1±0.9 years. After 
a general clinical examination, indirect oph
thalmoscopy, slit-lamp biomicroscopy and to
nometry (Oculab Tono-Pen™, Bio-Rad, 
Santa Ana, California) were performed on 
both eyes of all dogs in the order mentioned. 
One or 2 drops of a topical anaesthetic, tetra
caine hydrochloride (Tetracain, Alcon Uni
versal Ltd., Fort Worth, Texas), were instilled 
before performing tonometry. The dogs in 
group A were tranquillised using an intramus
cular injection of 0.01 mg/kg of medetomidine 
hydrochloride (Domitor vet.: Laakefarmos, 
Abo, Finland), whereas the dogs in group B 
were unsedated. One drop of a topical cyclo
plegic, cyclopentolate ( Cyclogyl 1 % , Alcon 
Universal Ltd., Fort Worth, Texas), was then 
instilled in both eyes of all dogs. Ultrasono
graphic biometry was performed 60-90 min. 
after instillation of cyclopentolate. In order to 
obtain accurate topical anaesthesia and con
tact between the ultrasound probe and cor
nea, 1-2 drops of a tetracaine hydrochloride 
solution and 1-2 drops of a 1 % methyl cellu
lose ophthalmic solution (Metylcellulosa 1 % : 
Apoteksbolaget, Stockholm, Sweden) were 
used immediately before biometry. The ultra
sonographic examinations were performed 
between 10.00 a.m. and 1.00 p.m. in all dogs. 
The ultrasonographic equipment used in this 
study included a 10 MHz focused biometry 
probe with a built-in water bath (Storz Omega 
Compu-Scan: Storz Instrument Company, St. 
Louis, Missouri). A-scans were stored until 5 
accepted scans of each eye were obtained 
(Schiffer et al. 1982, Ekesten 1993). The ex
amination was always performed on the left 
eye first. The A-scans were then reviewed and 
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Figure 1. Display of the ultrasonographic equipment used in this study shows a characteristic A-scan tracing 
of the canine eye. The 4 easily discernible peaks are from left to right: anterior corneal surface, anterior lens 
surface, posterior lens surface and retina. The tracing is an automatically derived average of 512 A-scans and 
the standard deviation of these scans is shown on the display (STD) together with the compression of the soft 
probe tip (PRCOM). 

measured by means of a built-in ruler function 
with 0.05 mm accuracy (Fig. 1 ). The biometric 
measurements shown in this paper are means 
of 5 accepted scans with correction for the tis
sue velocities that have been established for 
the canine eye (aqueous and vitreous 1526 
mis, lens 1710 m/s) (Schiffer et al. 1982). The 
distances measured were anterior chamber 
depth, lens thickness, length of the vitreous 
body and axial length. The depth of the ante
rior chamber was measured from the corneal 
epithelium to the anterior lens surface, thus 
including the thickness of the cornea. 
The intrasubject variation (the variation 
within the subject) was calculated as the vari
ance of the 5 consecutive measurements per
formed on each eye of the patient. Thus, the 

mean intrasubject variation was the sum of 
the intrasubject variance for all subjects di
vided by the number of subjects. The mean 
intrasubject variance is accordingly an esti
mate of the variation caused by measurement 
errors (Colton 1974). The true mean intersub
ject variation (the variation between the sub
jects) was calculated as the difference be
tween the variance of the 5 consecutive 
measurements (the mean intersubject varia
tion) and the mean intrasubject variance. The 
true mean intersubject variance is therefore 
an estimate of the true biological variation be
tween the subjects. 
In order to avoid statistical dependence the 
results from left and right eyes were analysed 
separately. Values obtained for the right and 
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Table 1. The mean intrasubject variances, true mean intersubject variances and ratios between the afore
mentioned measures for anterior chamber depth (AC), lens thickness (L), vitreous body (VB) and axial length 
(Ax) in group A (sedated Samoyeds) and group B (unsedated Samoyeds). Values obtained for the right and left 
eye are characterised by the subscript »r« and »l« respectively. 

Intersubject variance/ 
Intrasubject variance (mm2) Intersubject variance (mm2) Intrasubject variance 

Group AC L VB Ax AC L VB Ax AC L VB Ax 

A1 0.0083 0.0065 0.0054 0.0126 0.0557 0.0915 0.0571 0.2519 6.7 14.1 10.6 20.0 
Ar 0.0073 0.0048 0.0047 0.0088 0.0508 0.0881 0.0592 0.3021 7.0 18.4 12.7 34.4 
B1 0.0157 0.0118 0.0239 0.0177 0.0819 0.0990 0.0472 0.2771 5.2 8.4 2.0 15.7 
Br 0.0214 0.0171 0.0155 0.0216 0.0394 0.1266 0.0680 0.3574 1.8 7.4 4.4 16.6 

Table 2 The mean values for ocular distances measured by A-scan ultrasonography in this study; anterior 
chamber depth (AC), lens thickness (L), vitreous body (VB) and axial length (Ax). The results are subdivided 
into group A (sedated Samoyeds) and group B (unsedated Samoyeds). Values obtained for the right and left 
eye are characterised by the subscript »r« and»!« respectively. Mean values are given± one standard deviation. 

Group AC L VB Ax 
(mm) (mm) (mm) (mm) 

Ai 4.50±0.25 7.54±0.31 10.04±0.25 22.08±0.51 
Ar 4.49±0.24 7.52±0.30 10.05±0.25 22.06±0.56 
B1 4.20±0.31 7.62±0.33 9.99±0.27 21.81±0.54 
Br 4.18±0.25 7.63±0.38 9.96±0.29 21.77±0.62 

left eye of the ocular distance measured is 
characterised by the subscript "r" and "l" re
spectively. The comparisons of the intraocular 
distances between the groups were performed 
as a two-tailed Student's t-test for indepen
dent samples. Mean values of intraocular dis
tances are given ± one standard deviation 
(SD). 

Results 
A general impression was that the A-scan ex
aminations were performed both faster and 
easier on the sedated dogs in group A than on 
unsedated dogs in group B. Although the ma
jority of the dogs in the unsedated group 
could be held in lateral recumbency on the ex
amination table without problems, rapid 
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movements of the head and the globe made it 
difficult for the examiner to position the 
probe properly and avoid episodes of exces
sive compression of the tip of the probe and 
the eye. Furthermore, a sufficient number of 
accepted scans could not be obtained on the 
second (right) eye of a Samoyed bitch in 
group B due to the uncooperativeness of this 
patient. This eye has been excluded from the 
study. 
The intrasubject variance and the true inter
subject variance for group A and B are shown 
in Table 1. The mean ratios between true 
intersubject and intrasubject variance for 
both eyes for anterior chamber depth, lens 
thickness, length of vitreous body and axial 
length were 6.8, 16.3, 11.6 and 27.2 respec-
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tively in group A. Corresponding values in 
group B were 3.5, 7.9, 3.2 and 16.1. The ratios 
of the corresponding distances were of the 
same size for both eyes in group A, whereas 
considerable differences were observed be
tween the eyes in group B. Furthermore, it 
should be observed that the ratios were as low 
as approximately 2 for anterior chamber of 
the right eye and vitreous body of the left eye 
in group B. The intrasubject variances were 
1.4 (axial length, left eyes) to 4.4 (vitreous 
body, left eye) times greater for group B than 
the corresponding value in group A, whereas 
the ratio of true intersubject variances be
tween the groups were less than 1.5 for the 
distances measured. 
The mean values of the ocular distances meas
ured in this study are presented in Table 2. 
When the intraocular distances for each eye 
were compared between the groups, it was 
found that the anterior chamber depth was 
significantly different (p1=0.002 and Pr <0.001 ). 
The anterior chamber was more shallow for 
both eyes in unsedated Samoyeds (group B) 
compared to the results from group A. Statis
tically significant differences could not be 
demonstrated either in lens thickness (p1=0.45 
and Pr=0.36), length of the vitreous body 
(p1=0.56 and Pr=0.35) or in axial length 
(p1=0.17 and Pr=0.11). 

Discussion 
Clinical determinations of the size of anatom
ical structures are prone to several sources of 
variation. True biological variation, measure
ment error and temporal variation are prob
ably the most important ones (Colton 1974). 
Factors causing temporal variation are diffi
cult to control in dogs, but in order to dimin
ish errors caused by circadian rhythms, most 
of the examinations were performed in the 
middle of the morning. In order to avoid dif
ferences in intraocular distances caused by the 

initial, rapid growth of the eye, the age range 
of the dogs was chosen as 2-5 years. Age is 
certainly an important source of biological 
variation and what is called true biological 
variation in this study is probably caused to a 
fairly small extent by age-related changes in 
intraocular distances. 
Ideally, biometry should have been per
formed on the same dogs without and with se
dation, but since all Samoyeds were out-pa
tients, practical considerations made this 
impossible. However, the true biological vari
ation (true intersubject variation) was of the 
same magnitude in both groups. Random al
location of the dogs to the groups and equal 
biological variation suggest that the Samoy
eds in both groups could be considered to rep
resent similar populations and the problem of 
using different dogs in group A and B could 
thus be neglected in this study. Furthermore, 
light sedation with medetomidine hydrochlo
ride does not obviously alter the true biologi
cal variation. 
The measurement errors (intrasubject varia
tion) and the differences in intrasubject varia
tion between the eyes were considerably 
smaller in group A compared to group B. 
These differences between the groups show 
clearly that light sedation considerably in
creases precision in ocular biometry. The ra
tios between true biological variation and 
measurement errors are acceptable in group 
A. Ratios close to 2 for two distances in group 
B show that the precision in this group is noth
ing else but insufficient. The parameter with 
the smallest mean ratio in group A is the ax
ial anterior chamber depth and this parameter 
has a very small mean ratio in group B too. 
Further, the anterior chamber depth was also 
significantly smaller in group B than in group 
A. This is explained by the fact that the depth 
of the anterior chamber is the ocular distance 
most sensitive to the force applied to the eye 
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during examination. This is supported by the 
subjective impression of the examiner that a 
considerably greater force was applied to the 
eyes by the probe and by the fingers in keep
ing open the eyelids of the dogs in group B 
compared to Samoyeds in group A. The 
shorter axial length of dogs in group B com
pared to Samoyeds in group A, although not 
statistically significant, is most likely an effect 
of a compressed, more shallow anterior cham
ber. The small ratio between true biological 
variation and measurement error for the vit
reous body in group B cannot mainly be 
caused by compression, since there is no sig
nificant difference in its length compared to 
the value in group A. Thus, the cause of error 
is likely to be a tendency for incorrect align
ment of the probe along the optic axis due to 
eye and head movements, causing a large er
ror of measurement. A similar difference was 
observed in the precision of measurements of 
lens thickness between the groups. 
Sedation of the patients was also favoured by 
the examiner and without any doubt also by at 
least some of the patients and their owners. 
The subjective opinion of the examiner is that 
the biometric measurements were obtained 
with considerable greater ease on sedated Sa
moyeds compared to unsedated dogs and the 
time required for the examination was gener
ally shorter. Stress and discomfort were also 
reduced, both for anxious Samoyeds and wor
ried owners. Furthermore, it must be stressed 
that only light sedation is advantageous. The 
experience of the examiner is that ocular bi
ometry of heavily sedated dogs is accompa
nied by several disadvantages. The globe is 
usually rotated downwards-nasally and the 
nictating membrane is protruded in heavily 
sedated dogs. This implies that the globe has 
to be manipulated to make it possible to posi
tion the probe correctly, which interferes with 
the examination. 
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The conclusion is that A-scan ultrasonography 
is an accurate method in determining intraoc
ular distances in the canine eye in vivo if cer
tain measures are taken to obtain unbiased, 
precise values. The velocity of ultrasound is al
tered by the tissues in the eye and the meas
urements obtained then have to be corrected 
for the differences in tissue velocities to 
achieve unbiased values (Jansson 1963, Schif
fer et al. 1982). Furthermore, this study has 
shown that the precision is acceptable if biom
etry is performed on lightly sedated Samoyeds 
in which cycloplegia and mydriasis have been 
induced. It should be noticed that the anterior 
chamber depth, a distance of major impor
tance in glaucoma dogs, is obviously altered 
when measurements are performed on unse
dated dogs. Also other ocular distances, for in
stance the axial length which is used for the 
calculation of power of intraocular lens im
plants, may be changed in unsedated dogs. Se
dation of the patient also enhances the exam
ination procedure in A-scan ultrasonography 
and relieves the stress and discomfort of some 
of the patients. 
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Sammanfattning 
Biologisk variation och miitfel vid okuliir ultraljuds
biometri av samojedhundar. 

Ultraljudsundersokning av ogat med hjalp av A-scan 
utrustning genomfordes pa 40 friska samojedhundar 
i aldern 2-5 ar. Mydriasis och cykloplegi inducerades 
hos samtliga hundar och 25 av dessa hundar sede
rades aven med medetomidin fore undersokningen. 
Fem pa varandra foljande ultraljudsmatningar 
genomfordes pa varje oga och variationen inom 
varje oga (matfelet) och variationen mellan ogonen 
i respektive grupp (biologisk variation) beraknades. 
Den biologiska variationen var av samma storleks
ordning hos bade sederade och osederade hundar, 
medan matfelen var patagligt hogre i gruppen med 
osederade samojeder jamfort med de sederade. 
Matfelen for framre ogonkammarens djup och 
glaskroppens langd i den osederade gruppen var av 
icke acceptabel storleksordning, medan matfelen for 
samtliga avstand var inom godtagbara granser for 
hundarna i den sederade gruppen. 
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