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Anatomy

n C1- Atlas
n C2 – Axis
n Dens – articular extension of 

C2 onto C1
n Decrease in length from 

C2→C7
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Anatomy – articular process (facet) joints
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Anatomy - facet joints
n Paired synovial articulations

n Flat, oval shaped
n Allow flexion extension and lateral bending

n Minimal axial rotation

outlines of the left and right vertebral notches were closely aligned
(e and f, Fig 6b). Cranial to the dorsal vertebral lamina the
superimposed axial margins of the cranial articular processes were
visualised as a discrete radiopaque contour coursing cranio-
ventrally (d, Fig 6b).

Superimposition of the axial margins of the caudal articular
processes was observed as a discrete radiopaque contour coursing
dorso-caudally from the caudal vertebral notch. A region of
relative radiolucency was identified between the contours of the
axial margins of the cranial and caudal articular processes. In some
specimens a distinctive crescent shaped radiolucent region was
observed overlapping the caudal articular process (c, Fig 6b).
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Direct comparison between radiographs of the hemivertebrae to
the boiled out specimens revealed that this radiolucent region was
consistent with a groove on the axial border of the caudal articular
process, which extended dorsocaudally from the caudal vertebral
notch (Fig 6c).

On radiographs of the intact vertebrae the abaxial margins of
the articular processes were difficult to identify without the aid of
radiopaque wires. Small radiopaque markers highlighted the
cranial and caudal extremities of the articular processes; however,
on plain radiographs only the superimposed cranial extremities of
the cranial articular processes and the caudal extremities of the
caudal articular processes could clearly be appreciated.

Fig 6: a) Lateral-lateral radiograph of a 10-year-old Thoroughbred gelding. The radiograph is centred on the C4/5 articulation. Cranial is to the left. b)
Line diagram of the C4/5 articulation shown in the radiograph in Fig 6a. The radiographic contours are labelled: Dorsal lamina of C4 (A), and C5 (B).
Cranial tubercle of C5 transverse process (C). Abaxial margins of caudal articular process of C4 (a) and C5 (b). The crescent shaped radiolucent region
is marked xxx, its dorsal contour (c) and ventral contour (b). Cranial vertebral notch of C5 (e). Caudal vertebral notch C4 (f). c) Photograph of the axial
surface of boiled out osseous specimen of C5-C6 that has been sectioned on the sagittal midline. Cranial is to the left. The distinctive groove extending
along the axial surface of the caudal articular process of C5 corresponds to c in the line diagram.
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c)

b)
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Anatomy – facet joints

were performed controlling for horse or location. All statistical
analysis was performed in SPSS7.

Results

Radiographically, no gross abnormalities were found in any of the
6 cervical vertebral columns. Growth plates were still visible in all
of the vertebrae, in accordance with the age of the subjects.

Subjectively, the anatomical appearance for left and right APJs
and APJs at the same location was consistent between the 6 horses.

General shape of the APJ

The outline of theAPJ was found to be oval when viewed dorsally or
ventrally, rounded dorsocaudally and wedge-shaped craniventrally.
The joint extended between the cranial and caudal articular
processes; however, the shaving foam was unable to infiltrate into
this space due to the direct apposition of the articular cartilage, hence
the appearance of a hole in the centre of the APJ (Fig 2).

There was an outpouching of the joint extending laterally and
dorsolaterally from the lateral gap between the cranial and caudal
articular processes of adjacent vertebrae (Figs 1, 2). The mean !
s.d. dorsolateral outpouch was 3.7 ! 0.7 mm (range 2.1–5.3 mm)
over all 60 joints.

There was another outpouching of the joint extending cranially,
following the curve of the lateral surface of the body of the cranial
vertebra, from its caudal articular process, and sloping from the
cranial articular process, to the body of the cranial vertebra,
creating a wedge shape (Figs 1, 2). There was small recess just
below the tip of the cranial articular process, which corresponds to
the gap between the cranial and caudal processes (Figs 1, 2). The
cranial outpouch was 11.3 ! 1.9 mm (range 6.1–15.7 mm).

Another outpouch extended caudally from the tip of the cranial
articular process along the dorsal surface of the body of the caudal
vertebra (Fig 2). The caudal outpouch was 7.8 ! 2.1 mm (range
3.5–13.0 mm).

Another outpouch extended from the medial gap between
the articular processes of adjacent vertebrae, which is located
dorsolaterally in the vertebral canal, in a ventromedial direction
(Figs 2, 3). The medial outpouch was 2.7 ! 0.6 mm (range
1.2–3.9 mm).

Variations in orientation

The angle of the APJs, relative to the floor of the vertebral foramen,
in the craniocaudal direction becomes steeper. This corresponds to

the angle of the articular processes at these levels (Fig 4). This was
observed in all of the specimens.

Left and right APJs

The mean ! s.d. of the volume of the left and right APJ was 3008
! 788 mm3 and 2903 ! 826 mm3, respectively and the maximum
protrusion of the joint into the vertebral canal on the left side and
the right side was 2.8 ! 0.6 mm and 2.7 ! 0.6 mm, respectively.
There was no significant difference between the left and the right
APJ for volume (P = 0.656) or for maximum protrusion (P = 0.518)
of the joint into the vertebral canal.

Volume of APJ

The mean ! s.d. of the volumes of the APJ for each horse are
shown in Table 1. No significant difference was found in mean joint
volume between horses (P = 0.118).

The of the volumes of the APJ for each location are shown
in Table 2. There was a significant variation of volume between
location (P<0.0001), with Bonferroni post hoc tests showing that
the APJ at C2C3 was significantly different from C5C6 and C6C7;
C3C4 was significantly different from C5C6 and C6C7; C4C5 was
significantly different from C6C7; C5C6 was significantly different
from C2C3 and C3C4; and C6C7 was significantly different from
C2C3, C3C4 and C4C5.

A strong positive correlation was found between volume and
vertebral site (from cranial to caudal) (r = 0.781, P<0.0001).

Joint outpouch measurements

The mean ! s.d. of the outpouches of the APJ for each horse are
shown in Table 1. The outpouches of the joints did not significantly
differ between horses; cranial (P = 0.16), caudal (P = 0.247), lateral
(P = 0.408) and medial (P = 0.05).

The of the outpouches of the APJ for each location are shown
in Table 2. There was a significant variation in the lateral
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Fig 3: Example of a 3D reconstruction of the left and right articular process
joints (APJs) between C4 and C5 (a) caudocranial view of C4 (b)
craniocaudal view of C5. (blue = C4, purple = C5, yellow = left and right
APJs, L = left, R = right, M = medial outpouch of the APJ).
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Fig 4: Example of a transverse CT section of the left and right articular
process joints (APJs) between C4 and C5. (yellow = APJs, green = spinal
cord, L = left, R = right, T = top [dorsal], B = bottom [ventral]). The
spinal cord can be appreciated in the centre of the vertebral canal.
The radiolucent areas represent air (post mortem artefact).
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n Compression of spinal cord 
can occur via:
n Joint effusion
n Hypertrophy of the joint capsule
n Ligament flavum
n Dorsal lamina
n Bony proliferation
n Synovial cysts
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Evaluation of cervical arthropathies

n Ipsilateral muscle wastage
n Wearing of toe
n Lameness
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Evaluation of cervical arthropathies -
Orthopaedic examination

n Standard lameness 
examination

n No localising signs in 
the limbs

n Often worse on the soft 
surface

n Fails to improve with 
nerve blocks
n Takes time!

7

Differentiation of lameness versus 
ataxia

n Presented for poor performance

8

Evaluation of cervical arthropathies –
n Differentiation of ataxic and orthopaedic

gait abnormalities

Cervical vertebral instability/malformation 

9
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Evaluation of cervical arthropathies

n Assess neck mobility
n Assess ability to sustain flexion

n Laterally, dorsally and 
ventrally

n Ideally avoiding head rotation
n A subjective assessment

10

Diagnostic imaging of the cervical spine

n Radiography
n Including oblique 

projections
n Ultrasonography
n CT

n +/- Myelogram
n Gamma scintigraphy
n (MRI)

11

Radiography of the cervical spine -
Laterolateral

n kV/mAs must increase 
further caudally

n Grid beneficial caudally
n 3 lead markers enhances 

orientation
n Look for:

n Enlargement
n Indistinct articular margin
n Periarticular new bone
n Remodelling

of an elasticated cord placed through the vertebral canal.
Radiolucent adhesive felt7 was placed between the vertebral bodies
to replicate the intercentral joint space and radiopaque spherical
markers of known diameter were placed on the cranial tubercle of
the transverse process of C6 on each side of the vertebra to
highlight the effect of radiographic magnification (Moore et al.
1994). Lateral-lateral radiographs were obtained from both sides.

Cineradiographic C-arm study

The 6 intact boiled out specimens were used to study the
radiographic appearance of the cervical process joints in oblique
radiographic projections and to determine the optimal x-ray beam
angle for obtaining oblique radiographs. The optimal radiographic
angle was defined as the angle of the x-ray beam from the
horizontal plane, which permitted both the left and right APJ to be
evaluated simultaneously on the same radiograph and allowed the
axial aspect of the joints to be visualised. The vertebrae were
suspended in anatomical alignment as previously described
(Supplementary info; Fig o2). The Ziehm Vario 3D C-arm was
centred independently for each region of interest (C4-5, C5-6 and
C6-7) and positioning was confirmed using fluoroscopy. An
isocentric scan was performed using a fully automated elliptical

898 Radiographic anatomy of the articular process joints

C-arm path, which maintained a fixed object-image intensifier
distance of 20 cm. The region of interest remained at the centre of
the image during the entire isocentric image acquisition cycle,
which comprised 110 fluoroscopic images acquired over a range
of 0–135° starting from the lateral position (0°). Each image series
was stored digitally and could be reviewed as continuous cine-
loop or replayed frame by frame. For each individual frame the
angle of the x-ray beam from the lateral position was
automatically displayed. 

Live standing horses

The horses were sedated and positioned with the thoracic limbs
placed just behind the vertical plane; the neck was extended in 
the sagittal plane and the head rested on a stand at shoulder level
(Fig 3a). Lateral-lateral radiographs were centred independently
for the C4-5, C5-6 and C6-7 APJ using standard radiographic
technique (Butler et al. 2008). Left-ventral to right-dorsal and
right-ventral to left-dorsal (lateral oblique) radiographs of the
caudal cervical region were centred at the level of the transverse
process of the more cranial vertebra (C4, C5, C6) of the joint to be
examined; the transverse processes were palpable in all cases. The
cassette was supported against the crest of the neck in the gantry-
mounted holder so that it was positioned perpendicular to the x-ray
beam (Fig 3b). The cassette holder was linked to the x-ray tube via
an overhead gantry ensuring that they were aligned in a cranio-
caudal direction and the patient was observed from in front to
achieve correct dorso-ventral positioning of the cassette (Fig 3c).
Increased collimation of the x-ray beam was achieved using a lead
sheet placed on the upper margin of the light beam diaphragm. 
The exposure factors varied from 75–95 kV and 10–25 mAs,
depending on the size of the horse and the cervical muscle mass.
Identical exposure variables were used for both the lateral and
oblique projections.

Results

Examination of the boiled out cervical vertebrae revealed minor
morphological variations between specimens; however, in the
articular processes joints included in the study, gross pathological
changes were not identified. Mild asymmetry was observed
between the left and right articular processes in some individual
vertebrae and mild modelling of the articular process margins was
considered to be present in most specimens. These findings were
not discernable radiographically.

Four of the 12 specimens demonstrated normal variation in the
anatomy of C6. In 3 specimens the ventral lamina of the transverse
process of C6 was transposed onto C7 on one side (Fig 4) and in
one specimen the ventral laminae of both transverse processes of
C6 were absent.

The contours of the articular processes were clearly
highlighted in radiographs of hemivertebrae and intact vertebrae
by wire markers; these images were compared to radiographs of
the intact vertebra without markers (Fig 5). The wire markers
clearly demonstrated the radiographic superimposition of the
articular processes of intact vertebrae and the radiopaque markers
placed on each transverse process illustrated the difference in size
between each side due to the effect of radiographic magnification
(mean difference of 11%).

On ‘true’ lateral radiographs of intact vertebrae the dorsal
lamina had a discrete radiopaque contour (A and B, Fig 6b) and the

a)

b)

c)

Fig 5: Lateral radiograph of boiled out osseous specimens C5–C7, centred
on the C5/6 articulation. Cranial is to the left. a) Sagittal sections of
vertebrae with wire markers. b) Intact vertebrae with wire markers. 
c) Intact vertebrae. Dorsal spinous process of C7 (white arrow). In (b) and
(c) identical spherical markers of a known diameter have been placed on
either side of the neck at the cranial aspect of the transverse processes of
C6. These markers highlight the effect of magnification between the left
and right sides. In (c) the dorsal spinous process of C7 is highlighted (white
arrow). This should not be misinterpreted as enlargement of the APJ.
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Radiography of the cervical spine -
Oblique views

n Optimal range of angles 
n 50–55° for C4-5 
n 45–55° for C5-6
n 45–55° for C6-7

900 Radiographic anatomy of the articular process joints

In all specimens the seventh cervical vertebra had a dorsal
spinous process, which varied in morphology. On radiographs, the
dorsal spinous process had a variable radiopacity and was
observed superimposed over the caudal aspect of the articular
process joint (arrow, Fig 5c). 

Oblique radiographs and C-arm study

In this study oblique radiographs of the caudal cervical vertebrae
were obtained from left-ventral to right-dorsal or from right-
ventral to left-dorsal. On the projection shown in Figure 7 (left-
ventral to right-dorsal) the articular process joint of the side closer
to the x-ray machine was projected dorsally (left joint) and the
articular process joint of the side further from the x-ray machine
was projected ventrally (right joint), where it was superimposed
over the vertebral bodies and intercentral joint of the adjacent
vertebrae. Wires were useful in identifying the radiographic
contours of the articular processes on oblique projections. The
‘iso-loop’ conveyed a 3D-like image impression of the vertebrae
and provided an easy and reliable way to identify overlap of the
radiographic contours of the APJ on projections of varying
obliquity (online supplementary information: cineloops C5-6.mov
and C6-7.mov. See www.evj.co.uk/suppinfo). Using this
technique both APJ were most clearly visualised using projections
of 50–55°(C4-C5); 45–55° (C5-C6) and 45–55° (C6-7) from the
horizontal plane. 

Live horse study

In the live horse both APJ were clearly visualised on lateral oblique
radiographs. Images obtained were comparable to those from the
cadaver study; however, radiographic contours were less clearly

Fig 7: Left-(50°)ventral to right-dorsal radiograph of boiled out osseous
specimen of C4–C7 centred on the C5/6 articulation. Cranial is to the left.
a) Osseous specimens with wires placed as shown in Figure 2. b) Osseous
specimens without wires. Identical spherical markers were placed on the
cranial aspect of the transverse processes on either side of the C6 vertebra.
The left articular process joint and transverse process are projected dorsally
(side closer to the x-ray tube). The right articular process joint and
transverse process are projected ventrally (side further from the x-ray tube). 

a)

b)

Fig 8: a) Left- 50°ventral to right-dorsal oblique view of the caudal cervical region in an 8-year-old Thoroughbred gelding. The radiograph is centred on
the C5/6 articulation and cranial is to the left. b) Line diagram demonstrating the radiographic contours identified in (a). The radiographic contours are
labelled: Cranial tubercle of right (A) and left (B) transverse process of C6. Caudal tubercle of left (C) and right (D) transverse process of C5. Right caudal
articular process of C5 (E) and cranial articular process of C6 (F). Left cranial articular process of C6 (G) with its axial (G’) and its abaxial (G’’) margins.
Left caudal articular process of C5 (H) with its axial (H’) and its abaxial (H’’) margins. Cranial vertebral notch of C6 (I). Caudal vertebral notch of C5
(J). Junction between left and right caudal articular processes of C5 (K).

a) b)
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Radiography of the cervical spine -
Oblique views

n Subchondral 
bone thickening

n Periarticular 
remodelling

n Narrowing of 
intervertebral 
foramen
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Ultrasound of the cervical spine

15
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Ultrasound of the cervical spine -
facet joints

16

Ultrasound of the cervical spine -
facet joints
n Joint effusion

17

Ultrasound of the cervical 
spine – facet joints
n Ventral side – blood vessels

18
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Ultrasound of the cervical spine – longitudinal 
view of facet joints 

n ‘In line’ with 
joint

19

Ultrasound of the cervical spine –
longitudinal view of facet joints

n ‘In line’ with 
joint

20

CT of the cervical spine -
Acquisition of images

21
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CT of the cervical spine - facet joints

Abaxial
osteophytes

Sclerosis 
of AP Axial 

osteophytes

Narrowing of 
joint space

Osseous cyst-
like lesion?

22

Cervical facet joint injections

n Indications
n Neck stiffness
n Forelimb lameness caused by 

radiculopathy
n Ataxia caused by axial enlargement of 

the joints & spinal cord pressure
n ?‘Sweeney’
n (Poor performance)

23

Equipment

n High frequency transducer, curvilinear or 
microconvex

n 3.5” 18G spinal needles
n 5-9mg triamcinolone acetonide per joint
n Sterile saline
n Sterile couplant gel (or spirit)
n Sedation, clippers, prep kit, local anaesthetic

& gloves
n Head rest

24
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Determining the site for injection

n Palpation
n The most prominent palpable 

surfaces are the transverse 
process

n The sites for injection are dorsal 
to these

n Ultrasonography
n Radiography

25

n Orientate the transducer vertically
n In most horses, the most caudal 

joint that can be imaged 
ultrasonographically is C6/7

n But in some cases, this joint is 
C7/T1

n If in doubt, use radiographic 
markers

Determining the site of injection

26

Intra-articular injection of the articular 
process joints

Matoon et al. Veterinary Radiology & Ultrasound 2004

n Horizontal orientated transducer

27
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Intra-articular injection of the articular 
process joints – preferred technique

n Vertical orientated transducer

28

Technique

n Before clipping, identify the joints to be treated with 
the ultrasound probe

n Clip
n Rescan to make sure
n Scrub
n Inject 1-2ml of local anaesthetic at needle entry site
n Scrub again
n Cover probe in sterile sleeve
n Prepare 2ml syringes with medication (5-9mg 

triamcinolone) (and for aspiration)

29

Technique (cont.)

n Locate the joint and then angle the probe by 
dropping the hand to improve visualisation
of the needle through the muscle

n In most cases a change in resistance 
indicates successful entry

n If bone is encountered, consider ‘walking’ 
the needle into the joint, guided by the US

n Avoid pushing the needle in too far as it is 
possible, in theory, to enter the vertebral 
canal

30
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Technique (cont.)

n Synovial fluid is usually aspirated 
n Consider limiting the number of attempts 

made before injecting if you are confident 
about the needle’s position

31

Post injection recommendations

n ?Treat C5/6 & C6/7 on both sides even if only one 
joint is affected

n ?NSAIDs post treatment
n Recommend physiotherapy commencing 2-3 weeks 

after treatment
n Feed from a height after treatment

32

Complications

n Haemorrhage
n Iatrogenic damage to cartilage or 

nerves
n Infection
n Laminitis
n Neurological if local anaesthetic used

n Do not block these joints!
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Surgical optionss
n Basket surgery
n Fragment removal
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An unusual example of cervical arthropathy
Yearling presenting 
with 6 month history 
of a stiff neck and 
stilted gait at the walk
- not neurological
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Radiography
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CT 3D reconstruction
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Use of intra-operative ultrasonography to 
optimise cut down
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Fragment in situ
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Post-operatively

n Good improvement in neck mobility
n Head carriage at the walk normal
n 6 weeks post-operatively

n Found cast in the box
n Ataxic 
n Euthanased

n Post mortem
n Facet joints grossly abnormal
n Surgery resolved neck pain which removed 

muscular ‘splinting’
n Instability resulted in spinal cord compression
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Thank you
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