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vertebral scale system to measure canine heart
size in radiographs

James W. Buchanan, DVM, M Med Sci, and JOrg Bucheler, Dr Med Ver

Summary: A method for measunng canine heart size
in radiographs was det'eloped on the basis that tltere is
a good correlation between heart size and body length
regardless of the conJormation of tLte thorax. The
lengths oJ the long and short axes of the heart oJ 100
clinically normal dogs were determined with calipers,
and the dimensions were scaled against the tengih of
vertebrae dorsal to the heart beginning with T4. The
sum oJ the long and short axes of the heart expressed
as vertebral heart size was 9.7 + 0.5 yertebrae. The
dilferences between dogs with a wide or deep thorax,
males and Jemales, and nght or leJtlateral recumbency
were not significant. The caudal vena cdyq was 0.75
vertebrae + 0.13 in compaison to the length of the
yertebra oyer the tracheal bifurcation.

f\ ifferences in conformarion of the thorax
lzf among dog breeds have limited the use of
measurement to ascertain cardiac enlargement.
Studies using planimetry and various cardiothora-
cic ratios have been reported. but these methods
have not proved suitable for general clinical use.l-7
A guideline of 2.5 to 3.5 inrercosral spaces for dogs
with a deep or wide thorax, respectively, was in-
troduced in 1968" and stil1 is used by many radi-
ologists and cardiologisrs as an indicaior of normal
heart size in lateral radiographic views.B'e Limira-
tions of this method include variations in the axrs
of the heart, conformation of the thorax. phase of
respirat ion,  super imposir ion o[  r ibs.  and imprecise
measurement polnts.

To overcome these limitations, various arter-
native heart:skeletal ratios have been explored in
recent years to identify a method that would be
anatomically justiflable, reasonably precise, and
simple to use and explain. Emphasis was placed on
comparisons of heart size and vertebral length, be-
cause both are measureable in thoracic radiographs,
and good correlations are known to exist between
heart weight and body length.ro

From the Section of Cardiology, School of Veterinary Med-
icine, University ol Pennsylvania, 3850 Spruce St, Phitadelphia,
PA 19104. Dr. Bucheler's present address is Cardiopet, 56 At-
lantrc Ave. Floral Park. NY 11002.

Supported by the Bernard and Muriel Freeman Heart Re-
search Fund.

In the study reported here, we compared car-
diac dimensions to the length of midthoracic ver-
tebrae and sternebrae in 100 dogs with normal
hearts and various thoracic conformations. Our ob-
jectives were to: (l) evaluate and standardize the
method for cardiac mensuration; (2) determine val-
ues for relative heart size in 100 clinically normal
dogs by use of this method; (3) determine the in-
fluences of conformation of the thorax, sex, body
size, and right vs left lateral positioning on the
measurement system; and, (4) compare radiogra-
phy and M-mode echocardiography for assessing
progressive cardiomegaly.

Materials and Methods
Lateral and ventrodorsal (ro) or dorsoventral

(ov) radiographic views of 100 dogs with no clin-
ical evidence of cardiac or pulmonary disease were
selected from current case material. included were
vo radiographic views of 79 dogs and pv radio-
graphic views of 21 dogs. All dogs were marure and
ranged in weight from 2 to 75 kg. There were 43
maies, 52 females, and 5 dogs of unknown sex.
Radiographs of no more than 4 dogs of any I breed
were included. Plain fi1m radiographs were exam-
ined by radiologlsts and cardiologists on clinical
service duty. Heart sizes were subjectively consid-
ered normal. Only radiographs in which there was
no evidence of rotation of the body were used.
Right and left lateral radiographic views were avail-
able from 20 dogs, and were used to assess the
influence of right vs left recumbency on heart size/
vertebra correlations. Dorsoventral and vo radio-
graphs of 17 Basenjis were measured to assess
differences between ov and vo views in the same
animals. Lateral and ov radiographic views of only
4 of these dogs were included in the l0O-dog anal-
ysis to avoid biasing the data with an excessive
number of dogs of I breed.

In iateral radiographic views, the long axis of
the heart was measured from the ventral border of
the left main stem bronchus to the most disranr
ventral conrour of the cardiac apex (Fig 1). This
dimension reflects the combined size of the left
atrium and left ventricle (Flg 2). The measuremenr
was made using an adjustable caliper, which was
then repositioned over thoracic vertebrae beginning
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Fiwre l-Diagram of lateral view of the thorax of a dog
tlllus tr atins th e" v e r teb r al h e ar t size me dsur ement me tho d.
The lons"axis (D and short axis (5) heart dimensions are
transooied onto the vertebral column and recorded as the
,u^bu of vertebrae beginningwith the cranial edge of T4.
These vaiues are then Zaaealo obtain the vertebral heart
size. (T : trachea).

with the cranial edge of T4. The distance to the

caudal caliper point was estimated to the nearest

0.1 vertebra (v). fhe caliper was then placed on a

metric ruler and the interval recorded to the nearest
milhmeter to obtain more precise measurements for

statistical analysis.
The maximal short axis of the heart in the cen-

tral third region, perpendicular to the long axis' was

recorded ir the same manner stafiing at T4. The

short and long axis dimensions were then added to

yreld a vertebra/heart sum as an expression o{ heart

iize in relation to a vertebral indicator of body
Iength. The overall size of the heart was thus ex-
prelsed as total units of vertebral length to the near-

est 0.Iv and termed the vertebral heart size (ltrs). A

l0-vertebrae-long index of body length was estl-

mated by doubling the length of 5 vertebrae from

the cranial edge of T4 to the caudal edge of T8.
ln vo and ov radiographic views, the maximal

long and short axes of the heart were determined
with calioers i.n similar fashion and measured
against vertebrae in the lateral radiographic I'rew
beginning with T4 (Fig 3). The maximal diameter
of ihe caudal vena cava (cvc) was measured in lat-

eral radiographic views and compared to the length
of the sinslo vertebra dorsal to the tracheal bifur-
catlon (usually r)r.

Separate measurements of the lengths of 3 and

4 stemebrae also were recorded. The sternal meas-
urements extended from the cranial edge of the sec-
ond stemebra to the caudal edge of the fourth and
fifth sternebrae. The manubrium was purposeiy ex-
cluded because of its variable size. The stemal
measurements were compared to cardiac and ver-

tebral dimensions to determine whether stemal

length might be more reliable than vertebral length
as an index correlate for heart size.

Depth:width ratios of the thorax were deter-
mined in all dogs to obtain an expression of breed
conformation differences. The depth of the thorax
was measured in lateral radiographic views trom

the cranial edge of the xiphoid process to the ven-

tral border of the vertebral column along a line per-

oendicular to the vertebrai column. Thoracic width
was measured in vp or ov radiographs as the dis-
tance between the medial borders of the eighth ribs

at their most lateral curvatures. Dogs with depth:
width ratios of > |.25 were considered to have a
deep thorax (n : f l). Those with depth:width ra-

tios of < 0.75 were considered to have a broad tho-
rax (n :  1 l ) .

S tatis ti c al an aly si s- All st atistical calcula tions
were done using metric measurements. Data are ex-
pressed as mean + sp. Regression and correlation
inalyses were used to determine whether depth:
width ratios influenced the relationship between
r.us and the lOv reference iength, and to assess the
relationship of the stemal and vertebral measure-
ments to those of the short and long axes of the
heart lndividually and summed. Probability of P <

0.05 was considered significant.
Radiographic and echocardiographlc measure-

ments were made to compare the efficacy of the 2
procedures in characterizing progressive cardio-
megaly in the same dog. Seven sets of sequential
echocardiograms and thoracic radiographs were
made over 3.5 years of a dog with chronic valve
disease, mitral regurgitation, and progressive car-
diomegaly. Echocardiographic measurements were
made it end diastole from two-dimensional guided
M-mode echocardiograms. Radiographs obtained
the same day as the echocardiograms were meas-

ured by the vHS method described.

Results
Lateral radiographs-The sum of the long and

short axes of the heart, or vHS, in 100 clinically
normal dogs was 9.7v + 0.5v (so). The range of

8.5 to 10.6v had a normal distribution (Fig 4). The
lons and short axis dimensions each correlated well

witi the lOv reference length (r : 0.92 and r :

0.94, respectively; P < 0.0001); but the sum had

a higher correlation coefflcient (r : 0.98; P <

0.0001; Fig 5).
Good correlations also were detected between

heart size and the length of 3 or 4 stemebrae (r :

0.94 and r : 0.95, respectlvely; P < 0'0001). The

cvc diameter correlated moderately with the max-
imal length of the fifth or sixth thoracic vertebra
(r : 0.78). The mean cvc:v ratio was 0.75v +

0.13. Three dogs had a cvc diameter essentlaliy
equal to T5 or T6, whereas the cvc was smaller
than either of these venebrae in the 97 other dogs.

Thoracic size and depth:width ratios had no
influence on the correlation between heart size and
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Figure 3-Dorsoyentral diagram illustrating the short (S)
and long (L) axis dimensionsbf thc heart thalwere measured
in v entrodorsal and dorsoy entral r adiogr aphs.

Figure 2-Lateral angtocardiographic views oJ a clinicalLy
normal 6-year-old Collie. ln thd dixtrophase (l), notice that
the short axis dimension (S) includes- Ieft and nght heart
cham-bers in lhe region oJ the toronary groove. {ni : nght
atnal appendage; nv : ight ventricle).ln the levophase (H,
notice that the long axis m(asurement L) Jrom the left main
stem bronchus toThe cardiac apex repreients the combined
size of the leJt atnum (ti and'Ieft vdntncle (w).

vertebral length. The relationship between rtrs and
the l0 vertebrae reference length was linear and
essentially identical in dogs with a deep, interme-
diate, or broad thorax. Eleven dogs with a deep
thorax in which the depth was > 1.25 times the
widlh had a large long ixis and a small short axis,
but the sum of the two (9.54v -f 0.34) was nor
different from that in dogs with a wide thorax in
which the \'ns was 9.76v -r 0.33. Dogs with in-
termediate depth:width rarios from 1.25 to 0.75
(n : 78) had a mean r,rrs of 9.64v + 0.54.

Sex and right vs left lateral recumbency did not
significantly influence measurements. When right
and left lateral radiographic views were compared
for 20 dogs, heart sizes were essentially equal in 6
dogs. In 10 dogs, \..'Fis in the right lareral view was
0.2 to 0.5v larger than in the left view. In 4 dogs,
wts in the left lateral view was 0.4v larser than the

8,6-a,3 A.9-9.2 0,3-9.6 0.7-10,0 10.1-10,4 tO.5-10.6 10.6

VERTEBRAL HEART SIZES

Figure 4-Distibution of vertebral heart sizes in 100 clini-
cally normal dogs.

right. The lengths of 5 vertebrae (T4 to T8) meas-
ured in right and left lateral views of 20 dogs were
essenrially equal (+ 1o7o;.

V entrodor sal and dorsoy entr al r adiographic yiew-
Dimensions of the heart in r,o or ov radiographic
views were more variable than in lateral radio,
graphic views. In 79 ro views, the mean vHS was
10.2v (+ 0.83). In 21 ov views, rhe mean vHS was
10.2v (+ 1.45). The mean long axis dimension in
vD or DV views was 1l9o/o (t 13.8) ionger than
in lateral views. The mean short axis dimension was
slightly, but not significantly, narrower than in lat-
eral view (0.7o/o + 8.6). There were noticeable dif-
ferences between measurements of r,io and ov
radiographic views of the same animals. Compari-
son of measurements in 17 dogs in which r,o and
DV views were available revealed that hearts in the
vD view were 7.2ok (+ 4.5) wider and 5.3ok (+
3.2) longer than in DV view. Because of the varia-
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bility in vp and ov dimensions, and the fact that
most radiographs available for analysis in this study
were vD views, detailed correlation analysis of body
length vs vD or DV heart size was not performed.

Comparison of 7 sets of radiographs and ech-
ocardiograms in a dog with mitral regurgitation and
progressive cardiomegaly revealed that the r,trs in-
creased steadily over a 3.5-year period from 10.9 to
13.2v (2lo/o increase; Fig 6). In echocardiograms, the
left atrial dimension increased from 2.5 to 3.3 cm
(28"k), whereas the aortic dimensron decreased
slightly. Consequently, the standard lefr arrium:aorra

Figure S-Correlation
between the sum of
Iong and short c-xis
heart dimensions and
the l0 vertebrae reJer-
ence length in 100 clin-
ically normal dogs oJ
vdrlous Dody types.
Small dogs' wit'h' a
broad thoiax are indi-
cated by open squarcs.
Large dogs with a deep,
thora.x are indicated
with diamond-shaped
symbols. The straight
line represents the line
of idenhty behpeat heart
size and the l0 verte-
brae reJerence length.

Figure 6-Echocardio-
gr aphic and r adtog aphic
aLmffslons ol the h(at't
in a dr4 wtth mitral re-
gargtation and progres-
sitte cardiomegaly Jrom
age 4.5 to B years. The
progressite increase in
heart size wds more dp-
parerLt in radiographic
measurements using the
veftebralheaft sue meth-
od than M-mode echo-
c ar dio gr aphic me asur e -
ments of individual car-
diac chambers. vns :
vertebral heart siTe; LW
: Ieft ventiailar charn-
ber indLatole; t+: leJt
atial dimension; LVs :
leJt vatticular chamber
in sJstole; V : verlebra;
and Cu : cenhmeters.

ratio had the greatest change over the 3.5-year pe-
riod, increasing from I.5 to 2.2 (47ok). Echocardi-
ographic left ventricular dimensions did not increase
over the final 2.5 years, whereas the r,'us increased
from 11.4 to 13.2v (160lo) during rhe same period.

Discussion
Cardiac mensuration is helpful for inexpen-

enced observers as a starting polnt in evaiuating
heart size. It is less important for experienced view-
ers who can usually recognize cardiomegaiy empir-
ically. But, even in this instance, measurement may

14

12

VHS 1y1

LVD (cm)

l* {snl

10

o
4 5 6 7 8

Age (y)
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ers who can usually recognize cardiomegaly empir-
ically. But, even in this lnstance, measurement may
be useful in questionable cases. Most notable has
been the assessment of heart size in clinically nor-
mal dogs with a wide thorax. In laterai radiographlc
views of such dogs, the heart occupies more of tho-
racic depth than usual and the trachea appears el-
evated. However, vHS measurement conslstently
reveals a normal value for heart size in lateral vrews
and, typically, the heart appears normal in ov or
vo views. Many animals with this thoracic confor-
mation and no heart disease have been referred for
cardiac evaluation because of misdiagnosed cardi-
omegaly.

The vHs was < 10.5v in 98% of the dogs in
this study, and this value is suggested as a clinically
useful upper limit for normai heart size in most
breeds. Exceptions may exist in dogs with a short
thorax, such as the Miniature Schnauzer, where a
vHs up to llv rs probably normal. Conversely, an
upper limit of 9.5v may be more appropriate rn
dogs with a long thorax, such as Dachshunds.
Studres with larger numbers of dogs of each breed
wiil be required to determine more precise values
for individual breeds and changes that may develop
with growth or aging.

Good correlations also were detected between
heart size and the length of 3 or 4 sternebrae, how-
ever, these values were slightly less than vertebral
correlations and yleld no advantage over vertebral
correlations except in dogs with hemlvertebrae or
other vertebral abnormalities. The cvc diameter
was equal  to or smal ler  than the length o[  T5 or
T6 in all of the dogs, thus, the length of the ver-
tebra over the tracheai bifurcatlon is orooosed as a
clinically useful upper normal limrt foi the diameter
of the cvc.

ln addition to lnitial assessment of heart size,
the r.rrs method also is useful in monitorins the
progression of heart enlargement over time rn ln-
dividuals. Recording the heart srze in vertebral scale
encourages objectivity and is a convenient way of
recording changes in heart stze in response to treat-
ment or progression of cardiomegaly. The examples
of radiographic and echocardiographic measure-
ments in a dog with progressive cardiomegaly (Fig
6) reveal that absolute M-mode echocardlographic
measurements did not reflect the extent of the heart
size increase as well as the vHS method over the
final 2.5-year period. This is because the echocar-
diographic measuremenls represenI only a s ingle
dimension (mainly short axis), whereas the vHs
method reflects change in 2 dimensions.

The major uses of the vHs method are in help-
ing determine whether cardiomegaly exists in dogs
with minimal radiographic changes and quantifi-
catlon of the progression of cardiomegaly over time
in a glven dog. Because the short axis measurement
includes right and left heart chambers, it is rn-
creased with either right- or left-sided heart en-
Iargement and does not help distinguish between

diseases affecting the right and left sides. Such dls-
tinction usually can be made by analysis of chamber
contours in lateral and lo or ov radiographic views.

Dorsoventral radiographic views are preferred
over vD views for evaluation of heart size because
cardiac contours are more consistent in ov view,
and there is magnif icat  ion in vo v iews caused by
increased distance between the heart and the cas-
sette. In 17 dogs in which vo and ov radiographic
views were measured, hearts in the r,o view were
7.2ok wtder and 5.3ok lonser than in the ov vrew.
ln 

. l00 
dogs. the mean long axis dimension in vo

or ov radiographic views was 11.9olo larger than in
lateral views. In addition to magnification, the tn-
creased length also may reflect the fact that the lo
or DV long axis exlends lhrough the r ight  at  r ium
and left ventricle, whereas it only includes the left
atrium and left ventricle in the lateral view.

The simi lar i lv  of  I  O vertebrae re[erence lenprhs
in right and left lateral radiographic views of 20
dogs was expected and reveals the advantage of us-
ing central vertebrae instead of intercostal spacing
as a reference structure for comparison with heart
size as weli as other orsan dimensions. The simi-
lar i ty of  heart  s izes in i ighr vs lefr  projecr ions in
most dogs indicated that one projection has no ad-
vantage over the other. It is recommended, how-
ever, that one radiographic view or the other be
used consistently in a given animal so that subtle
changes can be detected. The minor differences that
were noticed in some of the doss can be attributed
to different phases of the cardrac cyclell and res-
piratory cycle. l2

It is important to realize that normal heart size
does not rule out heart disease, because substantial
hypertrophy may exist without an increase in ex,
ternal heart size. The cardiac silhouette always must
be examined for subtle changes in contour that may
develop in dogs with concentric hypertrophy with-
out dilatation. These dogs also may have other ra-
diographic changes such as a prominent aorLic
arch. large or small main pulmon ry afiery srze,
and altered pulmonary vascularity.

The concept of using cardiac:skeletal ratios to
assess heart size is not new. Cardiothoracic ratios
(width of heart vs width of thorax) in human be-
ings were relied on extensively before the advent of
echocardiography and other more sophisticated di-
agnostic methods. In dogs, however, differences rn
conformation of the thorax between breeds make
standard human-type cardiothoracic ratios of little
value. Even in the same animal, standard ratios are
unreliable io assess sequential change in heart size.
As an example, comparisons of pre- and postop-
erative radlographs of dogs with patent ductus ar-
ler iosus and larpe hearts consistent lv reveals' -  b '

obvious reduction in heart size after surgery. but
the width and depth of the thorax also decreases
because of decreased respiratory effort. In additron,
the mldpolnt of the cardiac silhouette, where stan-
dard ratios are determined, is displaced cranlally
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