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The clinicopathological features of cervical fractures in 56 dogs were reviewed. “Hit by car”
(HBC) was the most common inciting cause, and the axis and atlas were the vertebrae most
frequently affected. Surgical treatment was associated with high (36%) perioperative mortality.
However, all dogs that survived the perioperative period achieved functional recovery.
Functional recovery was achieved in 25 (89%) of 28 nonsurgically treated dogs with adequate
follow-up. Overall, severity of neurological deficits (nonambulatory status) and prolonged
interval (five days or longer) from trauma to referral were associated with poorer outcome.
Nonsurgical treatment is a viable therapeutic approach for many dogs with cervical fractures.
Early neck immobilization and prompt referral are recommended, because delay in referral
decreases the likelihood of functional recovery. J Am Anim Hosp Assoc 1999;35:135–46.

RS

Introduction
In dogs, cervical vertebral fractures occur less frequently than fractures of
the thoracolumbar spine. Thoracolumbar fractures are well characterized
with respect to epidemiology, anatomic distribution, and prognosis after
surgical or nonsurgical treatment.1–3 In contrast, cervical vertebral frac-
tures of dogs are poorly characterized. The largest reported case series,4

published nearly 20 years ago, provided information on 12 dogs and
reviewed 15 previously reported cases.5–10 Since then, seven reports have
contributed data on an additional 21 cases.11–17 The paucity of published
information on cervical fractures in dogs, in particular the factors that
influence functional outcome after nonsurgical treatment, prompted the
authors to conduct this retrospective study.

The specific aims of this study were: 1) to characterize the clinico-
pathological features of 56 dogs with cervical vertebral fractures, and 2)
to identify factors that were predictive of successful outcome in 46 dogs
with adequate follow-up, including the subset of 28 dogs that underwent
nonsurgical treatment. The results indicate that functional recovery often
can be achieved with nonsurgical treatment. Surgical management of
cervical vertebral fractures is associated with high perioperative mortal-
ity. Nonambulatory status and delayed referral are associated with de-
creased likelihood for a functional recovery.

Materials and Methods
Case Selection
Dogs with cervical vertebral fractures admitted to the Veterinary Teach-
ing Hospitals of Purdue University and the University of Minnesota (1969
through 1992) were studied. Medical records were reviewed, and cases
were selected for study if cervical radiographs, neurological examination
findings, and treatment information were available. Fifty-six dogs satis-
fied these inclusion criteria. In all cases, diagnosis of cervical vertebral
fracture was based upon radiographs, necropsy findings, or both. The
following data was obtained from the medical record: signalment, inciting
cause of fracture, onset and severity of neurological signs, concurrent
injuries, and radiographic interpretation. The time interval from trauma to
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presentation to the referral institution was recorded. Spe-
cific location of each fracture, treatment (surgical versus
nonsurgical), and follow-up information also were re-
corded. Follow-up data was obtained from medical
records or telephone questionnaires from the pet owner
or referring veterinarian.

Analysis of Possible Prognostic Factors
Data from 46 dogs with adequate follow-up was ana-
lyzed to determine if particular factors were associated
with functional recovery. Ten dogs that were lost to
follow-up after nonsurgical treatment were excluded
from this analysis. A separate analysis was performed to
identify factors predictive of outcome in the subset of 28
dogs that underwent nonsurgical treatment. Functional
recovery was defined as pain-free ambulation with uri-
nary and fecal continence. The following potential prog-
nostic factors were evaluated: inciting cause (HBC versus
other); level of affected vertebra (first cervical [C1] and
second cervical [C2] versus other); multiplicity (single
versus multiple vertebrae); time interval from trauma to
presentation to referral institution (less than five days
versus five or more days); severity of neurological defi-
cits on presentation (nonambulatory versus ambulatory);
concurrent head trauma; and surgical versus nonsurgical
treatment. Two by two tables were constructed, and chi-
square (? 2) or Fisher’s exact tests were used to determine
the association between these factors and functional re-
covery. Whenever possible, odds ratio (OR) and 95%
confidence intervals were calculated.18 Odds ratio pro-
vides an estimate of the relative risk that a patient with a

particular characteristic will have a certain outcome (e.g.,
functional recovery in this study). Odds ratios were con-
sidered statistically significant if the 95% confidence
interval did not include 1.0.

Results
Signalment and Inciting Cause
The clinicopathological features of 56 dogs with cervical
fractures are summarized in Table 1. Median age was
two years (range, 4 mos to 14 yrs), and there was an
equal sex distribution. Median body weight was 18 kg
(range, 1 to 50 kg). Twenty-six (46%) of 56 dogs with
cervical fractures were HBC. Other inciting causes in-
cluded a big dog/little dog fight (n=8); collision/rough
play (n=6); a door slam (n=4); a gunshot injury (n=2); a
fall into a hole or down stairs (n=3); blunt trauma (n=1);
a leash injury (n=1); and a tumor-associated pathological
fracture (n=1). In four cases, there was no history of
trauma.

Concurrent Injuries
Concurrent injuries were noted in 27 (48%) of 56 dogs.
Hit by car was the inciting cause of vertebral fracture in
17 (63%) of 27 dogs that had concurrent injuries. These
included fractures of long bones (n=3), mandible (n=2),
scapula (n=2), rib (n=1), occiput (n=2), and thoracolum-
bar vertebrae (n=2). Soft-tissue wounds, usually associ-
ated with gunshot injuries or animal bites, were found in
eight dogs. Three dogs had thoracic trauma (e.g., pneu-
mothorax, lung contusions). Clinical signs of head trauma
(e.g., hemorrhage from the nose or mouth, seizures, loss
of consciousness) were reported in nine dogs.

Severity and Progression of Neurological Deficits
Severity of neurological deficits upon presentation to the
referral institution was variable [Table 1]. Thirty-two
(57%) of 56 dogs were nonambulatory. However, loss of
voluntary motor function (i.e., tetraplegia) was noted in
only four dogs, and none of these dogs had complete
sensorimotor loss. Eight (14%) of 56 dogs had cervical
pain as the only abnormality on neurological examination.

In many cases, diagnosis of cervical vertebral fracture
was not made immediately, and a decline in neurological
status noted days to weeks after the traumatic event
prompted reevaluation. Median interval from trauma to
presentation at the referral institution was five days
(range, 2 hrs to 2 mos). Deterioration in neurological
status was documented in 13 (48%) of 27 dogs for which
detailed histories were available.

Anatomic Distribution
The axis (C2) was the most commonly affected vertebra
[Figure 1]. Twenty-nine (52%) of 56 dogs had C2 frac-
tures, which accounted for 29 (36%) of 81 fractures.
Twenty-five percent of dogs had C1 fractures. Nineteen
(34%) of 56 dogs had multiple cervical vertebrae af-

Figure 1—Lateral radiograph of a six-month-old chow chow with
a second cervical (C2) vertebral fracture (arrows) in the area of
the synostosis of the dens and the body of the axis. There is
dorsal displacement of the main portion of C2 relative to the
fractured fragment. The axis is the most common vertebra
affected in dogs with cervical fracture.



March/April 1999, Vol. 35 Cervical Vertebral Fractures 137

Ta
bl

e 
1

S
um

m
ar

y 
of

 C
lin

ic
op

at
ho

lo
gi

ca
l F

ea
tu

re
s 

of
 5

6 
D

og
s 

W
ith

 C
er

vi
ca

l F
ra

ct
ur

es

Tr
au

m
a 

to
N

eu
ro

lo
gi

ca
l

 C
as

e
A

ge
W

ei
gh

t
R

ef
er

ra
l

Fi
nd

in
gs

 a
nd

 N
o.

B
re

ed
(y

rs
)

(k
g)

S
ite

*
C

au
se

†
In

te
rv

al
D

ia
gn

os
tic

s
‡

Tr
ea

tm
en

t¶
O

th
er

 In
ju

rie
s

#
O

ut
co

m
e

**

1
S

he
ph

er
d

0.
5

14
C

3
B

D
LD

<1
 d

ay
N

A
T

Tr
ac

he
os

to
m

y
D

ys
pn

ea
, t

ra
ch

ea
l

A
rr

es
te

d 
af

te
r p

re
se

nt
a-

te
ar

tio
n;

 n
ec

ro
ps

y 
(h

em
ot

ho
-

ra
x,

 lu
ng

 c
on

tu
si

on
s)

2
B

ea
gl

e
5

22
C

2, 
C

6
H

B
C

5 
da

ys
N

A
T;

 c
er

vi
ca

l
N

on
e

B
ila

te
ra

l m
an

di
bu

la
r

E
ut

ha
ni

ze
d;

 n
o 

ne
cr

op
sy

pa
in

fx
3

N
ew

fo
un

d-
7

50
C

2, 
C

3
H

B
C

12
 d

ay
s

C
P

 d
ef

ic
its

 (L
F,

N
on

e
R

ib
, f

em
or

al
 fx

;
E

ut
ha

ni
ze

d;
 n

o 
ne

cr
op

sy
la

nd
R

F)
; n

on
w

ei
gh

t-
pa

rti
al

 b
ra

ch
ia

l
be

ar
in

g
pl

ex
us

 a
vu

ls
io

n
la

m
en

es
s 

(R
H

)
4

La
br

ad
or

8
34

C
7

U
nk

no
w

n
2 

m
os

N
A

T;
 p

ro
gr

es
si

ve
N

on
e

N
on

e
E

ut
ha

ni
ze

d;
 n

ec
ro

ps
y

re
tri

ev
er

at
ax

ia
; m

ye
lo

gr
am

,
(o

st
eo

sa
rc

om
a,

 n
o

C
7 p

at
ho

lo
gi

c 
fx

ev
id

en
ce

 o
f m

et
as

ta
si

s)
w

ith
 c

om
pr

es
si

on
5

D
ob

er
m

an
9

41
C

4, 
C

6
N

o 
kn

ow
n

2 
da

ys
N

A
T;

 w
ea

k 
V

M
N

on
e

N
on

e
E

ut
ha

ni
ze

d;
 n

ec
ro

ps
y

pi
ns

ch
er

tra
um

a
(a

ll 
lim

bs
); 

ce
rv

ic
al

(fo
ca

l a
xo

na
l c

om
pr

es
-

pa
in

; m
ye

lo
gr

am
,

si
on

 C
4-

C
7)

C
5-

C
6 c

om
pr

es
si

on
6

C
oc

ke
r

3
8

C
2

Fe
ll 

(b
at

h)
<1

 d
ay

N
A

T;
 to

rti
co

lli
s;

N
on

e
N

on
e

E
ut

ha
ni

ze
d;

 n
ec

ro
ps

y
sp

an
ie

l
in

ta
ct

 d
ee

p 
pa

in
;

(fx
 d

en
s,

 m
en

in
gi

tis
,

m
ye

lo
gr

am
m

al
ac

ia
 C

1-
C

2)
7

G
er

m
an

0.
5

40
C

1, 
C

3,
H

B
C

1 
da

y
N

A
T;

 c
er

vi
ca

l p
ai

n
N

on
e

E
pi

st
ax

is
A

rr
es

te
d;

 n
ec

ro
ps

y
sh

ep
he

rd
C

4, 
C

5
(e

pi
du

ra
l h

em
or

rh
ag

e)
do

g
8

C
ho

w
 c

ho
w

0.
5

9
C

2
D

oo
r s

la
m

6 
da

ys
N

A
T;

 c
er

vi
ca

l p
ai

n
D

or
sa

l s
ut

ur
e

N
on

e
7 

da
ys

: a
m

bu
la

to
ry

;
st

ab
ili

za
tio

n,
5 

yr
s:

 n
or

m
al

po
st

op
 s

pl
in

t;
4 

da
ys

 p
os

to
p,

su
tu

re
 b

ro
ke

;
w

ire
 s

ta
bi

liz
at

io
n

9
M

in
ia

tu
re

1.
5

N
A

§
C

2
H

B
C

8 
da

ys
N

A
T;

 e
xt

re
m

e
D

or
sa

l w
ire

S
ku

ll 
fra

ct
ur

e
4 

da
ys

: d
ie

d;
 n

ec
ro

ps
y

pi
ns

ch
er

ce
rv

ic
al

 p
ai

n;
 s

pa
st

ic
st

ab
ili

za
tio

n;
 3

(c
er

eb
ra

l n
ec

ro
si

s,
ce

rv
ic

al
 m

us
cu

la
tu

re
da

ys
 p

os
to

p,
ce

rv
ic

al
 c

or
d

se
iz

ur
es

de
m

ye
lin

at
io

n)
10

M
ix

ed
-

1
3.

5
C

5, 
C

7
B

D
LD

6 
da

ys
N

A
T;

 a
bs

en
t V

M
D

or
sa

l l
am

in
ec

-
P

un
ct

ur
e 

w
ou

nd
s;

P
er

io
pe

ra
tiv

e 
ar

re
st

;
br

ee
d 

do
g

(fo
re

lim
bs

)
to

m
y/

fa
ce

t w
iri

ng
T 13

-L
1 d

is
k 

he
rn

ia
tio

n
ne

cr
op

sy
 (d

em
ye

lin
at

io
n

(C
6-

 C
7)

; h
em

i-
of

 c
er

vi
ca

l s
pi

ne
)

la
m

in
ec

to
m

y 
(T

13
-L

1)
(C

on
tin

ue
d 

on
 n

ex
t p

ag
e)



138 JOURNAL of the American Animal Hospital Association March/April 1999, Vol. 35
Ta

bl
e 

1 
(C

on
t’

d)

Tr
au

m
a 

to
N

eu
ro

lo
gi

ca
l

C
as

e
A

ge
W

ei
gh

t
R

ef
er

ra
l

Fi
nd

in
gs

 a
nd

 N
o.

B
re

ed
(y

rs
)

(k
g)

S
ite

*
C

au
se

†
In

te
rv

al
D

ia
gn

os
tic

s
‡

Tr
ea

tm
en

t¶
O

th
er

 In
ju

rie
s

#
O

ut
co

m
e

**

11
A

m
er

ic
an

1
9

C
1, 

C
2

H
B

C
5 

da
ys

S
ev

er
e 

ce
rv

ic
al

 p
ai

n;
D

or
sa

l w
iri

ng
N

on
e

2 
w

ks
: a

m
bu

la
to

ry
es

ki
m

o
m

in
im

al
 a

m
bu

la
tio

n;
an

d 
ne

ck
 b

ra
ce

hy
po

re
fle

xi
a

(fo
re

lim
bs

)
12

La
br

ad
or

1
27

C
2

Fe
ll 

(1
0-

5 
da

ys
N

A
T;

 in
ta

ct
 d

ee
p 

pa
in

D
or

sa
l s

ut
ur

e
N

on
e

6 
w

ks
: a

m
bu

la
tin

g,
 a

ta
xi

c;
re

tri
ev

er
fo

ot
 d

ee
p

(a
ll 

lim
bs

); 
ab

se
nt

st
ab

ili
za

tio
n;

14
 m

os
: n

or
m

al
ho

le
)

V
M

 in
 fo

re
lim

bs
w

hi
rlp

oo
l

13
M

ix
ed

-
6

14
C

2
H

B
C

8 
da

ys
N

A
T;

 in
ta

ct
 V

M
 a

nd
D

or
sa

l
N

on
e

P
er

io
pe

ra
tiv

e 
ar

re
st

;
br

ee
d 

do
g

C
P

 d
ef

ic
its

 (a
ll

st
ab

ili
za

tio
n

ne
cr

op
sy

 (c
on

tu
si

on
/

lim
bs

);
w

ith
 w

ire
 o

f C
1-

C
2;

la
ce

ra
tio

n 
of

 d
ur

a/
sp

in
al

op
is

th
ot

on
os

de
co

m
pr

es
si

on
co

rd
 b

en
ea

th
 w

ire
s

of
 c

au
da

l a
sp

ec
t

ar
ou

nd
 a

tla
s,

 fo
ca

l
of

 s
ku

ll
m

al
ac

ia
 o

f b
ra

in
 s

te
m

)
14

S
he

tla
nd

0.
5

11
C

1
H

B
C

9 
da

ys
N

A
T;

 h
yp

or
ef

le
xi

a
D

or
sa

l
S

ca
pu

la
r a

nd
24

 h
rs

 p
os

to
p:

 a
rr

es
te

d;
sh

ee
pd

og
(L

H
, L

F)
; C

P
 d

ef
ic

its
la

m
in

ec
to

m
y

oc
ci

pi
ta

l c
on

dy
la

r f
x

ne
cr

op
sy

 (m
ye

lo
m

al
ac

ia
(a

ll 
lim

bs
); 

ce
rv

ic
al

of
 C

1
at

 b
as

e 
of

 c
er

eb
el

lu
m

)
pa

in
; c

ra
ni

al
 n

er
ve

de
fic

its
15

C
hi

hu
ah

ua
6

2.
5

C
5, 

C
6

B
D

LD
<1

 d
ay

N
A

T;
 h

yp
er

re
fle

xi
a

D
or

sa
l

H
or

ne
r’

s 
sy

nd
ro

m
e

10
 m

os
: C

P
 d

ef
ic

it 
(R

F)
(a

ll 
lim

bs
)

la
m

in
ec

to
m

y
C

4-
C

7

16
S

am
oy

ed
1.

5
15

C
2

H
B

C
<1

 d
ay

C
er

vi
ca

l p
ai

n;
S

cr
ew

s/
m

et
hy

l-
N

on
e

5 
da

ys
: m

ild
 a

ta
xi

a;
de

cr
ea

se
d 

V
M

m
et

ha
cr

yl
at

e;
22

 m
os

: n
or

m
al

(fo
re

lim
bs

); 
C

P
ne

ck
 c

as
t

de
fic

its
 (a

ll 
lim

bs
)

17
P

it 
bu

ll
1.

5
20

C
2

C
ol

lis
io

n
1 

da
y

N
A

T;
 c

er
vi

ca
l p

ai
n;

R
ed

uc
tio

n/
N

on
e

8 
da

ys
: m

ild
 a

ta
xi

a
(tr

uc
k 

be
d)

ab
se

nt
 V

M
 (a

ll 
lim

bs
);

st
ab

ili
za

tio
n;

su
pe

rfi
ci

al
 p

ai
n

m
et

hy
lm

et
h-

pr
es

en
t

ac
ry

la
te

 im
pl

an
t

ar
ou

nd
 3

 b
on

e
sc

re
w

s
18

M
in

ia
tu

re
1

10
C

2
H

B
C

1 
da

y
N

A
T;

 in
ta

ct
 V

M
P

ar
tia

l l
ef

t
N

on
e

3 
w

ks
: n

or
m

al
sc

hn
au

ze
r

he
m

ila
m

in
ec

to
m

y;
lu

br
a 

pl
at

e;
 n

ec
k

br
ac

e



March/April 1999, Vol. 35 Cervical Vertebral Fractures 139

Ta
bl

e 
1 

(C
on

t’
d)

Tr
au

m
a 

to
N

eu
ro

lo
gi

ca
l

C
as

e
A

ge
W

ei
gh

t
R

ef
er

ra
l

Fi
nd

in
gs

 a
nd

 N
o.

B
re

ed
(y

rs
)

(k
g)

S
ite

*
C

au
se

†
In

te
rv

al
D

ia
gn

os
tic

s
‡

Tr
ea

tm
en

t¶
O

th
er

 In
ju

rie
s

#
O

ut
co

m
e

**

19
G

ol
de

n
7

36
C

2
C

ol
lis

io
n

5 
da

ys
N

A
T;

 n
o 

de
ep

 p
ai

n
N

ec
k 

ca
st

N
on

e
6 

da
ys

: a
rr

es
te

d 
w

hi
le

re
tri

ev
er

(s
id

e 
of

fo
llo

w
in

g 
ca

st
in

g
ro

lli
ng

 o
ve

r; 
no

 n
ec

ro
ps

y
ca

r)
20

G
ol

de
n

0.
5

27
C

2
H

B
C

5 
da

ys
N

A
T;

 a
bs

en
t V

M
C

ag
e 

re
st

N
on

e
3 

m
os

: e
ut

ha
ni

ze
d 

du
e 

to
re

tri
ev

er
(L

H
, R

H
)

re
si

du
al

 p
ar

es
is

 (R
H

, L
H

)
21

S
t. 

B
er

na
rd

2
48

C
3, 

C
4

H
B

C
5 

da
ys

N
A

T;
 d

ee
p 

pa
in

C
ag

e 
re

st
T 2 f

ra
ct

ur
e

2 
w

ks
: e

ut
ha

ni
ze

d 
du

e 
to

ab
se

nt
 (L

F)
; E

M
G

 -
no

 im
pr

ov
em

en
t;

le
ft 

m
ed

ia
n 

ne
rv

e
ne

cr
op

sy
 (e

pi
du

ra
l

le
si

on
he

m
or

rh
ag

e 
C

2-
T 3)

22
G

re
at

 D
an

e
2

55
C

2, 
C

3
H

B
C

2 
da

ys
C

P
 d

ef
ic

its
 (a

ll 
lim

bs
)

N
ec

k 
ca

st
H

em
or

rh
ag

e 
fro

m
5 

w
ks

: s
lig

ht
 C

P
 d

ef
ic

its
no

se
/e

ar
s

(L
F,

 L
H

); 
4 

m
os

: n
or

m
al

23
D

ob
er

m
an

1.
5

32
C

2
P

la
yi

ng
1 

da
y

S
ev

er
e 

ce
rv

ic
al

 p
ai

n;
N

ec
k 

br
ac

e
N

on
e

2 
m

os
: n

o 
ce

rv
ic

al
 p

ai
n

pi
ns

ch
er

hy
pe

rr
ef

le
xi

a 
(a

ll 
lim

bs
)

24
M

ix
ed

-b
re

ed
0.

5
18

C
2

C
ha

in
6 

da
ys

N
A

T;
 C

P
 d

ef
ic

its
 a

nd
N

ec
k 

 b
ra

ce
N

on
e

4 
w

ks
: n

or
m

al
do

g
hy

pe
rr

ef
le

xi
a 

(a
ll

lim
bs

); 
ce

rv
ic

al
 p

ai
n

25
M

ix
ed

-b
re

ed
0.

5
14

C
2

H
B

C
10

 d
ay

s
C

er
vi

ca
l p

ai
n;

 C
P

P
la

st
er

 n
ec

k
M

an
di

bu
la

r f
x

5 
w

ks
: n

or
m

al
do

g
de

fic
its

 (L
H

, R
H

)
br

ac
e

26
M

ix
ed

-b
re

ed
2

21
C

3
G

un
sh

ot
2 

da
ys

A
ta

xi
a;

 C
P

 d
ef

ic
its

C
ar

db
oa

rd
 n

ec
k

B
ul

le
t w

ou
nd

2 
w

ks
: C

P
 d

ef
ic

its
 (L

H
,

do
g

(R
F,

 L
H

, R
H

)
br

ac
e

R
H

)
27

La
br

ad
or

5
32

C
1

H
B

C
10

 d
ay

s
C

er
vi

ca
l p

ai
n

N
ec

k 
br

ac
e

Te
m

po
ra

l m
us

cl
e

5 
m

os
: n

or
m

al
re

tri
ev

er
at

ro
ph

y
28

Y
or

ks
hi

re
1

1.
5

C
1

D
oo

r s
la

m
2 

da
ys

N
A

T;
 C

P
 d

ef
ic

its
N

ec
k 

br
ac

e
N

on
e

3 
w

ks
: n

or
m

al
te

rr
ie

r
(a

ll 
lim

bs
);

hy
pe

rr
ef

le
xi

a 
(L

H
)

29
M

ix
ed

-b
re

ed
2

6
C

2
P

la
yi

ng
-

1 
m

on
th

M
us

cl
e 

tre
m

or
s 

(R
F/

N
ec

k 
br

ac
e

N
on

e
4 

w
ks

: m
ild

 a
ta

xi
a

do
g

do
gs

ne
ck

); 
m

ye
lo

gr
am

(n
or

m
al

)
30

A
us

tra
lia

n
5

16
C

1
H

B
C

1 
da

y
S

ei
zu

re
s;

 b
lin

dn
es

s;
N

ec
k 

ba
nd

ag
e

P
ne

um
ot

ho
ra

x,
6 

w
ks

: n
or

m
al

 e
xc

ep
t

sh
ep

he
rd

at
ax

ia
sc

le
ra

l h
em

or
rh

ag
e

bl
in

d 
in

 ri
gh

t e
ye

31
M

ix
ed

-
N

A
3.

5
C

1
U

nk
no

w
n

1 
da

y
N

A
T;

 C
P

 d
ef

ic
its

N
ec

k 
sp

lin
t

N
on

e
2 

w
ks

: w
ea

k 
in

 L
R

br
ee

d 
do

g
(L

H
, L

F)
32

M
in

ia
tu

re
2

9
C

5
H

B
C

2 
da

ys
N

A
T;

 a
bs

en
t V

M
N

ec
k 

br
ac

e
H

er
ni

at
ed

 d
is

k
34

 m
os

: s
lig

ht
 L

F
po

od
le

(R
F)

; c
er

vi
ca

l p
ai

n;
C

5-
 C

6
w

ea
kn

es
s

m
ye

lo
gr

am
 (d

is
k

he
rn

ia
tio

n 
C

5-
 C

6)
(C

on
tin

ue
d 

on
 n

ex
t p

ag
e)



140 JOURNAL of the American Animal Hospital Association March/April 1999, Vol. 35
Ta

bl
e 

1 
(C

on
t’

d)

Tr
au

m
a 

to
N

eu
ro

lo
gi

ca
l

C
as

e
A

ge
W

ei
gh

t
R

ef
er

ra
l

Fi
nd

in
gs

 a
nd

 N
o.

B
re

ed
(y

rs
)

(k
g)

S
ite

*
C

au
se

†
In

te
rv

al
D

ia
gn

os
tic

s
‡

Tr
ea

tm
en

t¶
O

th
er

 In
ju

rie
s

#
O

ut
co

m
e

**

33
Fl

at
-c

oa
te

d
1.

5
23

C
2

H
B

C
1 

da
y

N
A

T;
 C

P
 d

ef
ic

its
N

ec
k 

ca
st

;  
bo

ne
R

ad
iu

s/
ul

na
 fx

3 
da

ys
: s

ta
nd

in
g;

 3
 y

rs
:

re
tri

ev
er

(R
H

, R
F)

; t
or

tic
ol

lis
pl

at
e 

(le
ft 

ra
di

us
)

no
rm

al
; l

ow
 h

ea
d 

ca
rr

ia
ge

34
To

y 
po

od
le

0.
5

2
C

6
Fe

ll 
do

w
n

1 
da

y
A

ta
xi

a;
 C

P
 d

ef
ic

its
N

ec
k 

br
ac

e
N

on
e

2 
w

ks
: a

ta
xi

c;
 4

 y
rs

: m
ild

st
ai

rs
(R

F,
 L

F)
ga

it 
ab

no
rm

al
ity

35
C

hi
hu

ah
ua

4
1.

5
C

3
H

it 
by

 d
oo

r
<1

 d
ay

C
er

vi
ca

l p
ai

n;
 a

ta
xi

a
N

ec
k 

sp
lin

t
N

on
e

10
 d

ay
s:

 m
ild

 a
ta

xi
a

36
D

al
m

at
ia

n
1

19
C

2, 
C

3
U

nk
no

w
n

14
 d

ay
s

C
er

vi
ca

l p
ai

n
N

ec
k 

ca
st

N
on

e
4 

w
ks

: n
or

m
al

(e
pi

so
di

c,
 3

x/
da

y)
37

C
oc

ke
r

13
N

A
C

1
B

D
LD

1 
da

y
N

A
T;

 m
in

im
al

 V
M

N
ec

k 
ba

nd
ag

e
N

on
e

3 
m

os
: a

m
bu

la
to

ry
, w

ea
k

sp
an

ie
l/

(L
F,

 L
H

)
(L

H
); 

2 
yr

s:
 n

or
m

al
po

od
le

38
D

ob
er

m
an

3
28

C
1, 

C
2

B
lu

nt
1 

da
y

C
er

vi
ca

l p
ai

n
N

ec
k 

ca
st

N
on

e
7 

w
ks

: n
or

m
al

pi
ns

ch
er

ob
je

ct
 to

he
ad

39
G

er
m

an
0.

5
27

C
2

H
B

C
7 

da
ys

N
A

T
N

ec
k 

ca
st

N
on

e
3 

da
ys

: a
ss

is
te

d
sh

ep
he

rd
am

bu
la

tio
n;

 6
 w

ks
:

do
g

m
in

im
al

 a
ta

xi
a

40
To

y 
po

od
le

3
3

C
2, 

C
5,

B
D

LD
3 

da
ys

N
A

T
N

ec
k 

sp
lin

t
N

on
e

1 
yr

: L
F 

w
ea

kn
es

s
C

6

41
P

oo
dl

e 
m

ix
5

18
C

4, 
C

5
H

B
C

<1
 d

ay
N

A
T;

 c
er

vi
ca

l p
ai

n
N

ec
k 

ca
st

N
on

e
5 

w
ks

: C
P

 d
ef

ic
its

 (L
F)

42
W

hi
pp

et
5

17
C

6
C

ol
lis

io
n

<1
 d

ay
A

m
bu

la
to

ry
 te

tra
-

N
ec

k 
ca

st
N

on
e

6 
w

ks
: n

or
m

al
 e

xc
ep

t
(r

ac
in

g)
pa

re
si

s;
 c

er
vi

ca
l p

ai
n

hy
pe

rr
ef

le
xi

a 
(L

H
, R

H
)

43
B

ru
ss

el
3

3.
5

C
2

B
D

LD
<1

 d
ay

N
A

T
N

ec
k 

sp
lin

t
P

un
ct

ur
e 

w
ou

nd
s

2 
w

ks
: a

ss
is

te
d

G
rif

fin
am

bu
la

tio
n;

 1
 y

r: 
no

rm
al

44
G

er
m

an
0.

5
23

C
1

H
B

C
<1

 d
ay

V
es

tib
ul

ar
 s

ig
ns

;
C

ag
e 

re
st

E
pi

st
ax

is
5 

da
ys

: n
or

m
al

sh
ep

he
rd

ny
st

ag
m

us
; a

ta
xi

a;
do

g
sh

oc
k

45
M

ix
ed

-
0.

5
10

C
6, 

C
7

H
B

C
<1

 d
ay

C
er

vi
ca

l p
ai

n;
 R

F
C

ag
e 

re
st

S
ca

pu
la

r f
x

10
 m

os
: n

or
m

al
br

ee
d 

do
g

la
m

en
es

s
46

K
ee

sh
on

d
3

18
C

4, 
C

5
H

B
C

5 
da

ys
N

A
T;

 a
bs

en
t V

M
/

C
ag

e 
re

st
;

Fe
m

or
al

/T
1 f

x,
18

 m
os

: n
or

m
al

de
cr

ea
se

d 
sc

ia
tic

ex
te

rn
al

 fi
xa

tio
n

ep
is

ta
xi

s
re

fle
x 

(L
H

)
of

 fe
m

or
al

 fx
47

M
ix

ed
-

1
18

C
5, 

C
6

H
B

C
4 

da
ys

N
A

T;
 C

P
 d

ef
ic

its
N

ec
k 

br
ac

e
P

ne
um

ot
ho

ra
x,

N
o 

fo
llo

w
-u

p
br

ee
d 

do
g

an
d 

hy
pe

rr
ef

le
xi

a
co

nt
us

io
ns

,
(a

ll 
lim

bs
); 

m
ye

lo
gr

am
co

nc
us

si
on

(n
o 

co
m

pr
es

si
on

)



March/April 1999, Vol. 35 Cervical Vertebral Fractures 141

Ta
bl

e 
1 

(C
on

t’
d)

Tr
au

m
a 

to
N

eu
ro

lo
gi

ca
l

C
as

e
A

ge
W

ei
gh

t
R

ef
er

ra
l

Fi
nd

in
gs

 a
nd

 N
o.

B
re

ed
(y

rs
)

(k
g)

S
ite

*
C

au
se

†
In

te
rv

al
D

ia
gn

os
tic

s
‡

Tr
ea

tm
en

t¶
O

th
er

 In
ju

rie
s

#
O

ut
co

m
e

**

48
D

ob
er

m
an

2
30

C
2

C
ol

lis
io

n
5 

da
ys

C
er

vi
ca

l p
ai

n
C

ar
db

oa
rd

 n
ec

k
N

on
e

N
o 

fo
llo

w
-u

p
pi

ns
ch

er
br

ac
e

49
C

hi
hu

ah
ua

14
9

C
2, 

C
3,

B
D

LD
2 

da
ys

A
ta

xi
a;

 c
er

vi
ca

l p
ai

n
N

ec
k 

ca
st

; w
ou

nd
B

ite
 w

ou
nd

s
N

o 
fo

llo
w

-u
p

m
ix

C
4, 

C
5

m
an

ag
em

en
t

50
G

er
m

an
1

18
C

2
H

B
C

18
 d

ay
s

C
er

vi
ca

l p
ai

n
A

ct
iv

ity
 re

st
ric

tio
n

N
on

e
N

o 
fo

llo
w

-u
p

sh
ep

he
rd

do
g

51
G

er
m

an
1

N
A

C
2, 

C
3

U
nk

no
w

n
6 

w
ks

Le
ft 

he
m

ip
ar

es
is

A
ct

iv
ity

 re
st

ric
tio

n
N

on
e

N
o 

fo
llo

w
-u

p
sh

ep
he

rd
(e

sp
ec

ia
lly

 L
H

)
do

g
52

B
as

se
t

2
30

C
4

H
B

C
9 

da
ys

N
A

T;
 m

in
im

al
 V

M
C

ag
e 

re
st

N
on

e
N

o 
fo

llo
w

-u
p

ho
un

d
(R

F,
 L

F)
53

La
br

ad
or

3
27

C
1

G
un

sh
ot

<1
 d

ay
N

on
am

bu
la

to
ry

 le
ft

C
ag

e 
re

st
P

un
ct

ur
e 

w
ou

nd
N

o 
fo

llo
w

-u
p

re
tri

ev
er

he
m

ip
le

gi
a;

 e
xt

en
so

r
(n

ec
k)

rig
id

ity
 (L

H
)

54
B

ea
gl

e
0.

5
N

A
C

1
H

B
C

<1
 d

ay
C

om
at

os
e/

co
nc

us
-

S
ho

ck
 th

er
ap

y;
S

ho
ck

N
o 

fo
llo

w
-u

p
si

on
; t

he
n

ca
ge

 re
st

am
bu

la
to

ry
te

tra
pa

re
si

s
55

C
hi

hu
ah

ua
8

3
C

1
B

D
LD

5 
da

ys
N

A
T;

 m
ye

lo
gr

am
N

on
e

P
un

ct
ur

e 
in

ju
ry

N
o 

fo
llo

w
-u

p
(n

or
m

al
)

56
D

ob
er

m
an

4
38

C
2, 

C
3,

H
it 

by
 g

at
e

<1
 d

ay
N

o 
ne

ur
ol

og
ic

al
N

on
e

N
ec

k 
la

ce
ra

tio
n

N
o 

fo
llo

w
-u

p
pi

ns
ch

er
C

4
de

fic
its

*
C

1=
fir

st
 c

er
vi

ca
l v

er
te

br
a;

 C
2=

se
co

nd
 c

er
vi

ca
l v

er
te

br
a;

 C
3=

th
ird

 c
er

vi
ca

l v
er

te
br

a;
 C

4=
fo

ur
th

 c
er

vi
ca

l v
er

te
br

a;
 C

5=
fif

th
 c

er
vi

ca
l v

er
te

br
a;

 C
6=

si
xt

h 
ce

rv
ic

al
ve

rte
br

a;
 C

7=
se

ve
nt

h 
ce

rv
ic

al
 v

er
te

br
a

†
B

D
LD

=b
ig

 d
og

/li
ttl

e 
do

g 
fig

ht
; H

B
C

=h
it 

by
 c

ar
‡

N
A

T=
no

na
m

bu
la

to
ry

 te
tra

pa
re

si
s;

 C
P

=c
on

sc
io

us
 p

ro
pr

io
ce

pt
io

n;
 L

F=
le

ft 
fo

re
lim

b;
 R

F=
rig

ht
 fo

re
lim

b;
 R

H
=r

ig
ht

 h
in

d 
lim

b;
 fx

=f
ra

ct
ur

e;
 V

M
=v

ol
un

ta
ry

 m
ot

or
; L

H
=l

ef
t

hi
nd

 li
m

b;
 E

M
G

=e
le

ct
ro

m
yo

gr
am

§
N

A
=n

ot
 a

va
ila

bl
e

¶
T 13

=t
hi

rte
en

th
 th

or
ac

ic
 v

er
te

br
a;

 L
1=

fir
st

 lu
m

ba
r v

er
te

br
a

#
T 2=

se
co

nd
 th

or
ac

ic
 v

er
te

br
a;

 T
1=

fir
st

 th
or

ac
ic

 v
er

te
br

a
**

T 3=
th

ird
 th

or
ac

ic
 v

er
te

br
a



142 JOURNAL of the American Animal Hospital Association March/April 1999, Vol. 35

fected. When the third cervical, fourth cervical, or fifth
cervical vertebra was fractured, a single vertebra was
affected in only 15% of the cases. A big dog/little dog
fight and unknown trauma were the only subgroups in
which fractures of the third through the seventh cervical
vertebrae outnumbered fractures of C1 and C2.

Treatment and Outcome
Fifty-six dogs with cervical fractures were subdivided
into three groups based upon treatment/outcome: 1) dogs
that died or were euthanized within 24 hours of referral;
2) dogs that received surgical treatment; and 3) dogs that
received nonsurgical treatment [Figure 2].

Seven dogs died or were euthanized within 24 hours
of referral. Two of these seven dogs suffered cardiopul-
monary arrest, and two dogs were euthanized within
hours after presentation due to the severity of systemic
injuries. Three dogs were euthanized after myelography
due to the severity of injuries or anesthetic complications.

Eleven dogs received surgical treatment for their cer-
vical vertebral fractures. Nine of 11 dogs had C1 or C2
lesions. Preoperative neurological status in nine of 11
dogs was nonambulatory tetraparesis. Surgical manage-
ment consisted of dorsal suturing/wiring with or without
dorsal laminectomy (n=5), dorsal laminectomy alone
(n=2), screw fixation/stabilization using methylmeth-
acrylate via a ventral approach (n=2), or hemilaminec-
tomy with plastic dorsal spinous process plating (n=1).
Surgical treatment was associated with high periopera-
tive mortality; four (36%) of 11 surgically treated dogs
died. Cardiopulmonary arrest occurred in three dogs
within 24 hours after surgery, while the fourth dog had

cardiopulmonary arrest on the fourth postoperative day.
All dogs that survived the perioperative period achieved
functional recovery.

Thirty-eight dogs received nonsurgical treatment con-
sisting of a neck brace/splint with activity restriction
(n=26) or activity restriction alone (n=12). Follow-up
data was available for 28 dogs that underwent nonsurgi-
cal treatment. Twenty (71%) of these 28 dogs had C1 or
C2 lesions, and 14 were nonambulatory at the time of
referral. In contrast to surgically treated patients, only
three (11%) of 28 dogs died or were euthanized. One dog
was euthanized after respiratory arrest and resuscitation
two days after neck cast application. Two dogs that were
treated with activity restriction were euthanized because
of residual deficits at two weeks and three months, re-
spectively. Twenty-five (89%) of the 28 nonsurgically
treated dogs achieved functional recovery. Four of 25
dogs that achieved functional recovery had mild residual
neurological deficits (median follow-up, 3.5 wks).

Predictors of Functional Recovery
Follow-up (median, 1.5 mos; range, 0.5 to 77 mos) out-
come data was available from the medical records or
telephone questionnaires for 46 dogs [Table 1]. Func-
tional recovery (i.e., pain-free ambulation, urinary and
fecal continence) was achieved in 32 (70%) of 46 dogs.
Overall, severe neurological deficits (OR, 13.00; 95%
confidence interval, 1.52 to 111.47) and delayed interval
from trauma to referral (OR, 5.50; 95% confidence inter-
val, 1.38 to 21.85) were associated with a decreased
likelihood for functional recovery [Table 2]. Thus, dogs
with nonambulatory tetraparesis were 13 times less likely

Figure 2—Subclassification of 56 dogs with cervical fractures based upon treatment, follow-up data, and outcome.

*
*

*

* Data from these 46 dogs was used in the overall analysis of prognostic factors



March/April 1999, Vol. 35 Cervical Vertebral Fractures 143

to have functional recovery compared to ambulatory
dogs, whereas dogs with a trauma to referral interval of
five days or longer were 5.5 times less likely to recover
than dogs with a trauma to referral interval of less than
five days. Analysis of prognostic factors for 28 non-
surgically treated dogs showed that delayed presentation
to the referral institution (i.e., five days or longer) was
significantly associated with a decreased likelihood for
functional recovery when compared to dogs with a trauma
to referral interval of less than five days (p=0.04) [Table
3]. No other factors were significantly associated with
outcome.

Discussion
In contrast to thoracolumbar fractures, the clinicopatho-
logical features of cervical fractures in dogs have been
poorly characterized. Previously reported data on func-

tional outcome after surgical or nonsurgical treatment is
limited to 33 and 12 dogs, respectively.4–17 Importantly,
no previous reports have evaluated prognostic factors
that might predict functional outcome. The lack of infor-
mation regarding patient outcome, in particular for those
dogs that underwent nonsurgical treatment, prompted
this study. The authors’ results indicate that nonsurgical
treatment (i.e., neck immobilization and activity restric-
tion) can be used successfully in many dogs with cervi-
cal fractures. Furthermore, this study provides the first
information that certain factors may predict the likeli-
hood of functional recovery in dogs with cervical fractures.

Surgical treatment of cervical fractures was associ-
ated with high perioperative mortality. The 36% periop-
erative mortality rate is consistent with a previous report4

in which 37% of surgically treated dogs with cervical
fractures did not survive the perioperative period [Table

Table 2
Predictors of Functional Recovery (FR) in 46 Dogs With Cervical Fractures*

No. With No. Without
Predictor FR FR Odds Ratio† 95% CI‡

Inciting cause
Hit by car 15 8 0.66 0.15–2.78
Other 17 6 1.00

Level of affected vertebrae
C1 - C2 21 6 2.19 0.52–9.23
Other 8 5 1.00

Single versus multiple vertebra
Single 23 8 1.92 0.52–7.10
Multiple 9 6 1.00

Trauma to referral interval
<5 days 22 4 5.50 1.38–21.85
>5 days 10 10 1.00

Severity of neurological deficits
Ambulatory 16 1 13.00 1.52–111.47
Nonambulatory 16 13 1.00

Clinical signs of head trauma
Absent 28 11 0.52 0.10–2.73
Present 4 3 1.00

Surgical versus nonsurgical treatment
Nonsurgical 25 10 0.70 0.17–2.93
Surgical 7 4 1.00

* Ten of 56 dogs with cervical fractures were lost to follow-up after nonsurgical treatment; these dogs were excluded
from this analysis.

† Odds ratio estimates the likelihood that an outcome is associated with a particular factor. For example, ambulatory
dogs are 13 times more likely to achieve functional recovery than nonambulatory dogs. The aim of this study was to
identify negative prognostic factors. Based upon this analysis, nonambulatory status is considered a significant
predictor of poor outcome. The broad 95% confidence interval suggests that the “true” risk for poor outcome
associated with nonambulatory tetraparesis is somewhere between 1.5 times and 111 times the risk for poor outcome
associated with an ambulatory status.

‡ 95% CI=95% confidence interval. Odds ratios were considered statistically significant if 95% CI did not include 1.0.
For example, dogs with single fractures are 1.92 times more likely to have functional recovery than dogs with multiple
fractures. However, because the 95% CI of 0.52–7.10 includes 1.0, the risk for poorer outcome in dogs with multiple
fractures is not considered significant.
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4]. However, the prognosis for functional recovery in
perioperative survivors is excellent; 100% of dogs in the
authors’ series that survived the perioperative period had
functional recovery. Collectively, 36 (97%) of 37 dogs
in the authors’ series and the literature that survived the
perioperative period achieved functional recovery.4–17

An explanation for the high perioperative mortality in
dogs with cervical fractures is not apparent, but this
observation is consistent with previous reports of com-
plications associated with cervical spinal surgery.19–21

Nonsurgical treatment resulted in functional recovery
in 89% of dogs in the authors’ series [Table 5]. The three

Table 3
Predictors of Functional Recovery (FR) in 28 Nonsurgically Treated Dogs With Cervical Fractures

p value
No. With No. Without (Fisher’s

Predictor FR FR Odds Ratio* 95% CI Exact Test)

Inciting cause
Hit by car 10 2 0.33 0.1–5.82 p=0.56
Other 15 1 1.00

Level of affected vertebrae
C1 - C2 18 2 0.93 0.05–31.19 p=1.00
Other 7 1 1.00

Single versus multiple vertebra
Single 18 2 1.29 0.10–16.54 p=1.00
Multiple 7 1 1.00

Trauma to referral interval
<5 days 18 0 NA† NA p=0.04
>5 days 7 3

Severity of neurological deficits
Ambulatory 14 0 NA NA p=0.09
Nonambulatory 11 3

Clinical signs of head trauma
Absent 21 3 NA NA p=1.00
Present 4 0

* Odds ratio estimates the likelihood that an outcome is associated with a particular factor. For example, dogs with
single vertebral fractures are 1.29 times more likely to achieve functional recovery than dogs with multiple vertebral
fractures. Odds ratios were considered statistically significant if 95% confidence interval (95% CI) did not include 1.0.
Because the 95% CI of 0.10–16.54 includes 1.0, the risk for poorer outcome in dogs with multiple fractures is not
considered significant.

† NA=not applicable

Table 4
Likelihood of Functional Recovery (FR) in Surgically Treated Dogs

With Cervical Fractures

Dogs That Survived
All Dogs Perioperative Period

No. of Dogs % FR No. of Dogs % FR

Stone, et al. 19794 8  63 5 100
Reviewed in reference 4 12 92 12 92
Veterinary literature (1980–1997)11–17 13 100 13 100
This series 11 64 7 100

Total 44 82 37 97
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dogs that did not achieve functional recovery died or
were euthanized because of neurological deficits six days
to three months after referral. Collectively, in the au-
thors’ series and the literature, functional recovery after
nonsurgical treatment was seen in 37 (93%) of 40
cases.4–10 The authors conclude that many cervical frac-
tures are amenable to nonsurgical treatment because this
approach offers a high likelihood of success.

Definitive criteria for selection of dogs with cervical
fractures that would benefit from surgical treatment (in-
stead of nonsurgical treatment) have not been estab-
lished. General indications for surgical treatment have
been proposed, including vertebral displacement or com-
minution, deteriorating neurological status amidst
conservative management, or persistent pain.4,13 A retro-
spective case review cannot provide definitive conclu-
sions regarding the superiority (or inferiority) of surgical
treatment compared to nonsurgical treatment of cervical
fractures. Instead, the authors sought to identify a subset
of cervical fractures that was associated with a poor
outcome after nonsurgical treatment. If identified, these
cases would have provided valuable insight into fracture
characteristics that might render cases unsuitable for
nonsurgical management. However, almost 90% of
nonsurgically treated cases had functional recovery. As a
result, particular types of cervical fractures that would
mandate surgical treatment were not identified.

Several possible predictors (i.e., inciting cause, level
of affected vertebra, multiplicity, time interval from
trauma to referral, severity of neurological deficits on
presentation, concurrent head trauma) of functional out-
come were evaluated. Overall, nonambulatory dogs were
l3 times less likely to have functional recovery than
ambulatory dogs. However, severity of neurological defi-
cits was not predictive of functional recovery in
nonsurgically treated dogs. This may reflect that
nonambulatory dogs in this series were more likely to be
euthanized prior to treatment (perhaps due to concurrent
non-neurological injury). Nonambulatory dogs may also
have been more likely to undergo surgical treatment

which was associated with high perioperative mortality.
Importantly, the results indicate that nonambulatory dogs
with cervical fractures do not have a grave prognosis. In
fact, once the decision was made to pursue nonsurgical
treatment, there was no difference in prognosis for
nonambulatory and ambulatory dogs.

A prolonged interval from trauma to referral was a
consistent negative predictor of functional recovery.
Overall, dogs with a trauma to referral interval of five
days or more were 5.5 times less likely to achieve func-
tional recovery than dogs referred less than five days
after trauma. The strong negative association between
trauma to referral interval and functional recovery also
was seen in the 28 nonsurgically treated dogs. One pos-
sible explanation is that dogs with delayed referral may
have an unstable vertebral fracture which results in pro-
gressive spinal cord damage. This instability may be
related to the nature of the fracture or may reflect inad-
equate spinal stabilization during the post-traumatic pe-
riod. Alternatively, it may reflect diminished owner
enthusiasm to pursue treatment; lack of owner commit-
ment ultimately leads to a less favorable outcome.

Conclusion
Dogs that undergo nonsurgical treatment of their cervi-
cal fractures have a high likelihood of functional recov-
ery. Due to the high perioperative mortality associated
with cervical spinal surgery, it is imperative that specific
criteria be defined that justify surgical intervention. De-
lay in presentation to the referral institution decreases
the likelihood of functional recovery. Accordingly, early
neck immobilization, prompt referral, or both are recom-
mended to increase the likelihood of successful outcome
in dogs with cervical fractures.
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