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Abstract
Background A ruptured cranial cruciate ligament results in an unstable joint and secondary
inflammation which, over time, often leads to the development of progressive osteoarthritis. The
aim of this report is to describe the surgical technique and the clinical outcome in dogs treated with
a synthetic graft in the replacement of a ruptured cranial cruciate ligament.
Methods An arthroscopic technique was used with the aim of placing the graft in an anatomically
correct position to restore cranial cruciate ligament function. A retrospective collection of data was
performed from the first 30 dogs treated with this technique. The clinical evaluation included stifle
stability, range of motion, lameness, as well as an independent radiographic evaluation of osteoarthritis.
Results Twenty-one of the dogs were followed for 12 months after surgery and all of these were
stable with negative cranial instability and pivot shift tests. Despite the promising clinical outcome,
the radiographic evaluation at the final follow-up visit revealed that the pre-operative level of
osteoarthritis had increased in 75% of the dogs during the first year after surgery. The complications
reported were related to the use of an oversized fixation staple.
Conclusion The initial clinical results with the use of a synthetic graft for stabilization and
reconstruction of a ruptured cranial cruciate ligament are promising although the fixation technique
needs to be further improved.

Introduction
Rupture of the cranial cruciate ligament (CCL) is
the most common cause of stifle joint lameness
in dogs. 1,2 A ruptured CCL results in an unstable
joint and secondary inflammation which, over
time, often leads to the development of
progressive osteoarthritis (OA). 3,4
Numerous conventional and surgical techniques
have been developed for treatment of a ruptured
CCL ligament.3,5-7 Surgical replacement of a
ruptured CCL ligament was advocated in the
early 1950s, when an intra-articular technique
using an autograft was presented.8 The technique
was never widely accepted due to the
challenging surgical protocol, involving the
drilling of femoral and tibial bone tunnels,
together with problems related to donor site
morbidity and graft necrosis.5 Extra-articular
suture techniques, as well as different osteoplasty
procedures, have also been developed to address
the stifle instability after a CCL rupture.7,9-12 One
of the most frequently used osteotomies to
stabilise the stifle is the tibial plateau-levelling
osteotomy (TPLO). 7,13,14
Besides the original technique introduced by
Paatsama in 1952, the surgical techniques de-
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scribed above focus on treating the symptoms of
CCL deficiency rather than restoring its function.
Today there are no evidence-based data available
to suggest one treatment over another.14,15
A synthetic graft manufactured from a biocompatible, degradable polyurethaneurea (Artelon ®)
has previously been utilized in CCL reconstruction in rabbits and mini-pigs.16 The animals
were followed for up to 24 months after surgery.
The study concluded that the graft successfully
restored stifle function and a histological
evaluation confirmed biocompatibility of the
material as well as tissue ingrowth between the
fibres.16
®

In the present data collection the Artelon
material was used as a single-bundle CCL graft
in the replacement of a ruptured CCL in clinical
dogs. The graft was implanted using an intraarticular technique. However, instead of conventional open surgery, the grafts were placed
using a minimally invasive arthroscopic surgical
technique. The aim of this report is to describe
the surgical technique and the clinical outcome
for the first 30 dogs treated.
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Methods
Cases
Thirty dogs received an Artelon® graft in
replacement of a ruptured CCL. Surgical
treatment was performed by a single clinician in
a private practice setting in year 2008. The dogs
were of mixed breeds with a mean weight of 33.5
kg (range 9 – 64) and a mean age of 56 months
(range 8 – 131) at surgery (Table 1). Prior to
surgery all dog owners were informed about the
above treatment, as well as available alternative
surgical treatments. The final decision regarding
treatment was made by the dog owner and

clinician together to ensure that each dog
received the best possible care.

Data collection
Clinical and radiographic data were collected
retrospectively for this report from pre-treatment
and follow-up visits. The clinical data were in
accordance with the clinic’s routines for CCL
replacement, and all evaluations had been made
by the treating clinician. Prior to data collection,
all dog owners gave their consent to the review
of their dog’s medical records.

Table 1. Breed, sex, weight and age at surgery
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
18
20
21
22
23
24
25
26
27
28
29
30
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Breed
German Shepherd
Rottweiler
Mongrel
Newfoundland
Cairn Terrier
Welsh Springer Spaniel
Finnish Lapphund
Riesenschnauzer
Swedish Lapphund
Chow Chow
Chow Chow
Cairn Terrier
Doberman Pincher
Weimaraner
Labrador Retriever
Briard
Mongrel
American Staffordshire Terrier
Rottweiler
Mongrel
Mongrel
Mongrel
Midschnauzer
American Bulldog
Rhodesian Ridgeback
Chow Chow
Doberman Pincher
Boxer
Golden Retriever
Labrador Retriever

Sex
Female
Male
Female
Female
Female
Male
Female
Male
Female
Male
Male
Male
Female
Male
Female
Male
Female
Female
Female
Female
Male
Male
Female
Male
Male
Male
Female
Female
Female
Male

Weight
(kg)
32.4
41.2
26.0
60.0
9.1
20.9
18.7
30.5
20.7
21.5
29.3
10.7
33.0
39.0
34.0
63.5
34.0
25.0
45.6
42.5
48.0
48.6
19.5
40.0
43.5
30.0
32.0
24.5
42.0
34.7

Age
(years, months)
4y 4m
2y 0m
8y 11m
6y 4m
7y 0m
3y 11m
6y 10m
8y 0m
7y 0m
4y 3m
5y 0m
7y 0m
1y 3m
4y 7m
1y 10m
5y 9m
5y 3m
3y 3m
1y 9m
1y 2m
3y 3m
8y 10m
10y 11m
2y 2m
8y 7m
1y 3m
1y 8m
3y 10m
4y 5m
6y 7m
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Clinical evaluation

Surgical procedure

The clinical data included an evaluation of stifle
stability, as well as an estimation of the stifle
range of motion. Stability assessments were
performed while the dogs were sedated. The
cranial instability of the stifle was assessed with
the dog in lateral recumbency and the stifle in
30° of flexion. The test was performed by
attempting to move the tibia in a cranial direction
while keeping the femur in a fixed position
(similar to cranial drawer). A positive test, i.e.
detection of cranial movement of the tibia, was
indicative of a ruptured CCL. The rotational
stability of the stifle was assessed using the pivot
shift test. An insufficient or ruptured CCL would
result in a positive test that was characterised by
abnormal internal rotation of the tibia with
lateralisation of the hock, resulting in a
spontaneous lateral change in direction of the
stifle joint. 14,17 The stifle range of motion was
assessed subjectively using the contra-lateral
stifle as reference. A clinical evaluation of
lameness was also performed. Any complications
related to the treatment of the ruptured CCL were
documented.

The dogs were given a standard pre-anaesthetic
drug combination consisting of 0.01-0.03 mg/kg
medetomidine (Domitor vet, Orion Pharma AB,
Animal Health, Sollentuna, Sweden) and 0.1-0.2
mg/kg butorphanol tartate (Dolorex vet,
Intervet/Schering-Plough
Animal
Health,
Sollentuna, Sweden) injected intra-muscularly
approximately 30 minutes prior to being
anesthetised with 2-3 mg/kg propofol (PropoVet,
Orion Pharma AB, Animal Health, Sollentuna,
Sweden). After endotracheal intubation the dogs
were maintained with sevoflurane in a standard
mixture of nitrous oxide and oxygen. An S/5
ADU Carestation® anaesthesia delivery system
(GE Healthcare, Madison, Wisconsin, USA) with
controlled ventilation and complete surveillance
was used during surgery.

Radiographic evaluation
The radiographic level of OA in the treated joint
was evaluated from images taken before
treatment and 12 months after surgery. The
evaluation was performed by an independent and
experienced radiologist using standard lateral
stifle projections as described by Brunnberg et al
(Table 2). 18

Arthroscopic surgical technique
With the leg in extension, the parapatellar craniolateral and craniomedial arthroscopic portal
positions were identified at the joint line adjacent
to the lateral and medial patella tendon margins.
The joint was distended by a steady flow of
sterile saline (0.9% NaCl) at 40-120 mmHg. An
arthroscope (Olympus Europa Holding GmbH,
Hamburg, Germany) with a 30oblique viewing
angle was introduced and the native CCL tibial
footprint identified. Remnants of the torn CCL
were debrided, any osteophytes at risk to
interfere with the graft once positioned were

Table 2. Stifle osteoarthritis (OA) score as described by Brunnberg et al.18
Grade

Description

0

No OA changes

1

Mild OA; osteophytes in the distal patella, sclerosis and osteophytes of the trochlear ridge

2

Moderate OA; osteophytes in the distal and proximal patella, sclerosis and osteophytes of the
trochlear ridge, osteophytes in the area of fabella and sclerosis of the tibial plateau

3

Severe OA; the same signs as in grade 2 but of greater extent plus osteophytes in the caudal tibial
plateau and sulcus of m. extensor digitorum longus
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removed with a shaver, and any concomitant
meniscal tears were treated by partial meniscectomy.
A drill guide (ACUFEX™ Director Comprehensive Endoscopic Drill Guide System,
Smith & Nephew Inc., Memphis, Tennessee,
USA) was used to direct a 2.0 mm Kirschner
wire at the centre of the tibial CCL footprint
(Fig. 1). The drill tunnel exit was as perpendicular to the footprint surface as possible.
Aiming at the tibial footprint, the tunnel entrance
was positioned < 1 cm medial to the distal extent
of the tibial tuberosity. The tibial tunnel was
performed by overdrilling the wire with a 4.0
mm cannulated drill (Smith & Nephew Inc.,
Memphis, Tennessee, USA). For large dogs the
tunnel was enlarged further using 6.0 and/or 7.0
mm cannulated drills.
With the joint fully flexed, a 2.0 mm guide wire
was inserted through a separate craniomedial
skin incision just below the apex of the patella at
the medial joint line and positioned at the centre
of the femoral CCL footprint. The guide wire
was then aimed at an extrasynovial exit point
located at the transition zone between the
condyle and femoral shaft. If this exit point could
not be reached, the guide wire was driven
through the supra-patellar pouch and joint. At all
times during drilling a margin was maintained to
the gastrocnemius sesamoid bone to avoid
interference. The femoral tunnel was completed
by overdrilling the guide wire with a 4.0 mm
cannulated drill. Similar to the tibial tunnel, the
femoral tunnel was enlarged to 6.0 or 7.0 mm as
necessary. To avoid impingement of the graft a
burr (Dyonics Acromionizer, Smith & Nephew
Inc., Memphis, Tennessee, USA) was used to
bevel the edges of the tunnels and, if needed, to
perform a notchplasty to remove any osteophytes
on the lateral aspect of the notch. The
notchplasty was kept as small as possible.
Excessive flushing was avoided prior to graft
insertion to enable immediate blood soaking of
the graft at insertion
Graft preparation and fixation
®
The Artelon
Tissue Reinforcement patch
(Artimplant AB, Västra Frölunda, Sweden) was
soaked in sterile saline for at least five minutes
before use. The patch was then rolled up into a
circular tube as a single-bundle graft with a
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diameter of 4, 6 or 7 mm for small, large and
very large breed dogs respectively (Fig. 2a). A
graft sizing tube (ACUFEX™ Director Comprehensive Endoscopic Drill Guide System,
Smith & Nephew Inc., Memphis, Tennessee,
USA) was used to ensure that the desired
diameter was achieved. Both ends of the graft
were secured with sutures (Fig. 2b). The graft
was then inserted and pulled back and forth
through the bone tunnels to soak the graft in
blood marrow. The graft was pulled through the
femoral tunnel exit point and fixed proximally
using a cobalt-chrome fixation staple (Smith &
Nephew Inc., Memphis, Tennessee, USA). In
very hard bone it was sometimes necessary to
pre-drill holes for the staple prongs. With the
graft fixed to the femur, it was stretched using a
hand-held hanging scale (Kern & Sohn GmbH,
Balingen, Germany). The joint was fully flexed
and extended a couple of times to eliminate graft
slack and the stretch load was set at 6, 8 or 9 kg
for 4, 6 and 7 mm diameter grafts respectively.
With the stifle in full extension, the graft was
fixed distally to the tibial tunnel exit with a
second fixation staple (Fig. 3). In small dogs it
was sometimes necessary to trim the excess
staple prong. Finally, the ends of the graft were
trimmed and sutured to the surrounding
periosteum to minimize mechanical irritation.
The portal incision wounds were closed in
separate layers using a resorbable 3-0 polyglactin
suture (Vicryl, Ethicon Inc., Somerville, NJ,
USA).

Postoperative care
The dogs were released from the clinic on the
day of surgery. An intramuscular dose of
analgesics, 0.33 mg/kg Methadone (Metadon
Recip, Recip AB, Sollentuna, Sweden), was
administered immediately postoperatively. A
non-steroid, anti-inflammatory drug (NSAID)
was recommended to reduce postoperative pain
at home. An oral prophylactic antibiotic, 25-30
mg/kg Cefalexin (Kefavet, Orion Pharma AB,
Animal Health, Sollentuna, Sweden ) was
prescribed twice daily for 10 to 15 days. No
mobility restrictions were utilized. The owners
were instructed to avoid walks for the first three
days and to use a leash during walks for the first
four to six weeks.
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Figure 1. The centre of the tibial footprint (A) can be reached by aiming at its caudal edge. The tunnel
should exit perpendicularly to the footprint surface. The tunnel entrance (B) should be positioned < 1
cm medial to the distal extent of the tibial tuberosity.

Figure 2. The synthetic CCL patch was rolled into a circular tube and both ends were secured with
baseball stitches using USP #0 absorbable sutures (A). USP #2 hold sutures were attached at each
end and a double stitch was made at one end according to the figure (B).
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Figure 3. Femoral and tibial tunnel placements and orientation of the fixation staples.

Results
All dogs were lame and clinically unstable prior
to surgery. Two dogs had undergone previous
surgery with replacement of the ruptured CCL
with allografts although both repairs had failed.
The dogs were scheduled for an initial follow-up
visit at two months after surgery. Clinical data
were available from 24 dogs (80%) that attended
the visit. One dog had a slightly positive pivot
shift and another two dogs presented with
positive cranial instability tests. The remaining
stifles were stable. The majority of dogs (n = 22)
had the same range of motion as the contralateral
stifle. All but three dogs were clinically lame.
One year after surgery 21 dogs (70%) attended
their scheduled follow-up visit. Five dogs failed
to attend the visit due to poor owner compliance
and four dogs were euthanized prior to the visit
for reasons unrelated to the CCL replacement.
All dogs attending the visit were stable with
negative cranial instability and pivot shift tests.
A 10% decrease in range of motion was reported
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in four dogs and a 20% decrease in five dogs.
Seven of these nine dogs had meniscal damage
prior to treatment. In 16 dogs (76%) the lameness had completely resolved at the 12-month
visit.
The radiographic evaluation revealed that the
majority of dogs (70%) had already developed
some degree of OA in the affected joint prior to
surgery. A total of four dogs were classified with
OA grade I, eight dogs were classified with OA
grade II and two dogs were classified with OA
grade III. At the final follow-up the level of OA
in the treated joints had increased in 15 dogs and
remained unchanged in 5 dogs (Fig. 4).
Over time, it became apparent that the fixation
staples were interfering with the surrounding soft
tissue, causing mechanical irritation, crepitus
and/or pain in 12 of the 30 treated dogs. During a
second surgery (open procedure) at the 12-month
visit the staples causing irritation were either
removed (n = 9) or the prongs were shortened
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flush to the bone (n = 3) with the use of a pin
cutter (Super Bite Pin Cutter, Smith & Nephew
Inc., Memphis, Tennessee, USA). After the
staples had either been removed or shortened, the
owners reported their dogs to be free of pain and
any crepitus or lameness had been resolved.
Although no longer clinically lame, two of the
dogs suffered from temporary periods of stiffness
following vigorous exercise. The owners reported that the stiffness resolved with rest and a
low dose of over-the-counter NSAIDs.

alternatives available today, to achieve pain
relief, restore stifle function and stability, and
minimise the progression of OA. A dog
undergoing TPLO surgery or any other
osteotomy is subjected to major trauma and as
such the postoperative pain management is a
substantial part of the rehabilitation process. In
addition, any osteotomy is associated with a
strict rehabilitation period during recovery,
allowing for the bone to heal. The dog needs to
be hospitalised for two to five days and the
return to function is not expected until 10 to 12
weeks after surgery.23,24 An arthroscopic
technique minimises the surgical trauma
compared to conventional open arthrotomy. By
using an arthroscopic technique in CCL repair or
replacement the dog can return to function within
four to six weeks.25 The present treatment was
performed on an out-patient basis, where the dog
was allowed to return home on the day of
surgery. The initial dose of methadone for
immediate postoperative pain management was
replaced by oral NSAIDs administered at the
owner’s discretion when the dog returned home.

Discussion
The described treatment for CCL replacement
combines anatomical placement of a synthetic
graft using a minimally invasive arthroscopic
surgical technique. The signalment of the 30
dogs treated was similar to what has been
previously described in the literature for dogs
treated for CCL rupture with regard to breed,
weight, age, gender and presence of preoperative OA.3,19 -24 The aim of the described
treatment was, as with other surgical treatment

Figure 4. The change in grade of radiographic osteoarthritis during the first year after surgery.
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All but three dogs with CCL reconstruction using
a synthetic graft achieved complete rotational
and translational stability in their affected stifle
immediately after surgery. The three initially
unstable dogs achieved complete stability within
six months after surgery. It might be argued that
the stabilization in these cases resulted from
postoperative periarticular fibrosis. However,
stabilization by periarticular fibrosis have
previously been reported in association with
decreased range of motion. 26 When finally
stabilized, the dogs treated with the present
surgical technique did not show any signs of
limited range of motion of the stifle.
One of the goals when stabilising the joint is to
minimize or slow the radiographic progression of
OA. 27 The evaluation of the radiographs from
treated dogs was made using a classification
system that was straightforward, but still
provided sufficient details to identify changes
over time.18 The diversity of radiographic
classification and scoring systems used today
makes it difficult to compare the progression of
OA in different studies.18,21 In addition, the above
systems are based on the assessment of
periarticular osteophyte formation and since
osteophytes are routinely removed at surgery,
this will inevitably have an impact on
postoperative assessments.
Although stabilisation of the joint was
successfully achieved in all cases at the 12month visit, the radiographic evaluation revealed
an increase of the OA grade in the majority of
dogs (75%). This is in accordance with previous
reports of other frequently used surgical treatments, i.e. TPLO and different types of
extracapsular techniques. 21,28-30 In recent years a
combination of biomechanical and biologic
factors has been suggested to cause CCL
deficiency, subsequent ligament rupture and
development of OA.1,4 This could to some extent
explain the progression of OA seen in
radiographs of the dogs that have been surgically
stabilized and have clinically functional stifle
joints. This lack of relationship between the
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radiographic and clinical outcome after CCL
reconstruction has been previously reported. 3,31
Complication rates between 12% and 28% have
been reported in studies related to osteotomies
and extracapsular techniques.19,20,22,23,29 Frequently occurring complications include tibial
tuberosity fractures or avulsions, patellar
tendonitis, meniscal injuries, and infections or
problems related to the implants used. Although
the complication rate in this retrospective
evaluation was 40%, the complications reported
were all related to the fixation staples. In some
cases the prongs of the staples penetrated the
femoral and/or tibial bones resulting in
interference with the surrounding soft tissue,
causing mechanical irritation, crepitus and
subsequent lameness. In three dogs the staple
prongs were shortened and in nine dogs the
staples were removed during a second surgical
session in conjunction with the 12-month
postoperative visit. After the second surgery the
lameness was resolved in all dogs. In the future,
a second surgery might be avoided by using a
different fixation technique.
The presented data were retrospectively collected
from a rather small number of dogs. Also, the
clinical evaluations were subjective and made by
the treating clinician. This should be considered
when interpreting the results. Nevertheless, the
experience from the first 30 dogs treated with a
synthetic graft in replacement of a ruptured CCL
has been encouraging. Although the fixation
technique needs to be further improved, the
lameness had resolved and the joint was stable in
all dogs followed for one year after surgical
treatment.
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