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Abstract  
 
Cranial cruciate ligament disease in dogs is one of the most common orthopaedics issues in veterinary practice. 
Different surgical techniques are described over the years to solve this pathology. The aim of this study is to describe a 
new extra-articular surgical technique using a modified lateral retinacular imbrication in 34 stifles over a period of 13 
years (2005-2018). Seventeen dogs were evaluated from 1 to 4 months postoperatively and three dogs with a phone 
interview of the owner from 6 up to 12 months after surgery. The employment of this lateral retinacular imbrication of 
the stifle joint in association with Lembert suture pattern had shown no evidence of intraoperative or postoperative 
complications. Clinical postoperative findings were satisfactory: three-four months after surgery no lameness was 
evident, stifle preserved an adequate stability even if cranial tibial thrust and drawer sign were slightly positive. The 
lateral retinacular imbrication in association with a Lembert-like suture pattern represents a viable alternative to 
traditional extra-articular techniques performed during cranial cruciate ligament disease. 
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INTRODUCTION  
 
Cranial cruciate ligament (CrCL) represents an 
essential means of knee joint stability: it 
contrasts the forces that are generated during 
the articular load, opposing to cranio-caudal 
tibial translation, excessive internal tibial 
rotation and preventing hyperextension 
(Arnoczky and Marshall, 1977). The 
pathogenesis of CrCL rupture include both 
traumas and the progressive degeneration of the 
ligament, due to a great variety of factors: 
genetics, conformation, environment, immune-
mediated and inflammatory causes (Griffon, 
2010).  
CrCL disease is identified with the most 
common and frequent cause of hind limb 
lameness in dogs, which could be lead or 
associated to osteoarthritis (OA) progression 
(Comerford and Hayashi, 2011).  
In most adult dogs, CrCL rupture occurs in 
normal stifle joint loading, due to a pre-existing 
and progressive degeneration of that structure. 
These changes occur within the core region of 
CrCL and the epilegamentous region: the loss 
of fibroblasts, the loss of the ultra-structure of 

collagen fibers and the chondroid metaplasia 
(De Rooster et al., 2006; Hayashi et al., 2003). 
Dogs with high body condition score, middle-
aged (between 4 and 7 years-old) and old 
individuals (over 7 years old) are more likely to 
present CrCL rupture: adaptive and 
degenerative changes of the ligaments are 
higher in adult and old dogs in which normal 
activity can lead to CrCL rupture, if compared 
to the youngest ones (Duval et al., 1999; 
Adams et al., 2011; Hayashi et al., 2004). 
CrCL disease occurs in both large and toy 
breed dogs according to their hind limb 
conformation: hyperextended stifle, tight 
intercondylar notch, excessive tibial plateau 
angle, medial patellar luxation, tibial internal 
rotation and genu varum can lead to 
overstressing phenomena of the anterior crucial 
ligament (Comerford et al., 2006). 
Moreover, a genetic transmission had been 
demonstrated in New found lands and Labrador 
Retrievers (Wilke et al., 2009; Baker et al., 
2017). 
Medical and conservative approach is aimed at 
reducing articular pain and inflammation, but it 
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always leads to OA progression, as a 
consequence of cranio-caudal stifle instability. 
Surgical approach is considered the best 
approach to reduce cranial tibial thrust, even if 
no surgical treatments can completely arrest 
OA progression (DeCamp et al., 2016). 
Surgical techniques can be divided into three 
different classes: intracapsular and 
extracapsular techniques and corrective 
osteotomies.  
The intracapsular techniques provide a 
replacement of the CrCL using autografts, 
allografts, xenografts and synthetic prosthesis 
to reach articular stability according to an 
anatomic reconstruction (Paatsama Technique, 
Over-the-Top Technique, Under-and-Over 
Technique) (Martini, 2006). 
In order to gain a better joint stability, tibial 
osteotomies had been developed: a 
modification of the plateau tibial angle (PTA) 
is able to reduce drastically the shear forces 
that develop in the CrCL deficient stifle joint 
(Kim et al., 2008). These techniques have 
gained popularity in the last years but their 
long-term success is comparable to extra-
articular techniques (Christopher et al., 2013). 
Extracapsular techniques provide joint stability 
using different types of biologic stifle tissues 
and synthetic sutures which replace the CrCL 
restraint action: they do not guarantee good 
long-term results by leakage of the prosthesis, 
but the development of periarticular and 
capsular fibrosis can ensure the long-term 
proper functioning of stifle joint (Martini, 
2006; Brown and Bertocci, 2017).  
These procedures have been used since the 
1960s, producing good outcomes, according to 
their safety and efficacy (Muir, 2010). 
Two categories of extra-articular stabilization 
have been described over the years: techniques 
that use synthetic materials and the biological 
ones that employ transposed autogenous 
structures (Tonks et al., 2011). 
As far as concerned the use of synthetic 
implants in extra-articular stabilization, they 
are generally placed on the lateral and/or 
medial aspect of the stifle joint. Many different 
techniques have been proposed over the years. 
Lateral fabello-tibial suture was developed: it 
provides stifle stability placing non-absorbable 
sutures around the lateral fabella and anchoring 
it to the distal part of the patellar ligament 

(DeAngelis and Lau, 1970). Flo (1975) 
introduced a new approach using a suture on 
both lateral and medial fabella, which was 
anchored in a hole drilled in the tibial 
tuberosity; another suture is placed between the 
lateral fabella and the retinaculum to prevent to 
joint instability. Gambardella et al. (1981) 
proposed a circum-fabellar technique in 
association with two sutures placed through the 
lateral collateral ligament; all the three sutures 
are anchored on the patellar tendon. An 
improvement in extra-articular stabilization is 
the introduction of suture anchors, as the lateral 
suture anchor technique or the most recent tight 
rope procedure and transchondylar toggle 
system (Cook et al., 2010; Kunkel et al., 2009). 
Sutures are anchored in specific and isometric 
regions of the stifle joint to reduce 
biomechanical changes as internal rotation, 
hyper-extension and to determine an elevated 
joint stability (Muir, 2010). 
The biological techniques pursue the aim to 
guarantee joint stability using the shifting or 
transposition of local tissues of the stifle: 
fascial strips using the sartorious muscle, 
popliteal tendon and biceps tendon, with or 
without imbrication procedures were the first 
extra-capsular stabilizations described (Muir, 
2010; Childers, 1966b; Pearson et al., 1971).  
A first imbrication technique using lateral and 
medial Lembert sutures on the joint capsule 
was proposed in the 1960s (Childers, 1966a). 
and a modified retinacular imbrication 
technique was reported later (Dieterich, 1974). 
McCurnin proposed a hybrid technique which 
employs both lateral mattress sutures and 
Lembert sutures placed laterally and medially 
on the stifle joint (McCurnin and Sceli, 1975).  
The major risks factors in extra-articular 
stabilization include strength, stiffness, creep, 
knot security and biocompatibility of the 
materials: generally multiple filament braided 
materials have superior technical properties, 
while monofilament materials have higher 
biological properties (Muir, 2010). 
The aim of this study is to introduce a new 
extra-articular technique, derived by a lateral 
retinacular imbrication of the stifle joint in 
association with a modified Lembert suture 
pattern. 
 
 

 
MATERIALS AND METHODS  
 
In this study were included owned dogs 
referred at the Veterinary Teaching Hospital of 
Perugia from 2005 to 2018. Thirty-four stifles 
(32 dogs), in which CrCL rupture was 
diagnosed, were treated with a modified lateral 
imbrication technique. CrCL deficiency was 
detected following a specific diagnostic 
scheme. Each dog underwent to a general 
examination to assess its physical condition and 
anamnesis was taken into consideration. 
The specific orthopaedic examination of the 
enrolled dogs was based both on clinical and 
radiological findings. Gait analysis, lameness 
evaluation, inspection and palpation of the 
pelvic limbs in standing position were the first 
steps to identify CrCL rupture. Dogs presented 
a II, III or IV degree of lameness at walk and 
trot. Sit test was performed and was positive in 
all dogs, showing an abduction of the hind limb 
involved.  
Joint warmth and effusion, along with the 
thickening of the medial aspect of the joint 
capsule was detected as well: both stifles were 
evaluated in order to compare these findings. 
Cranial drawer test and cranial tibial thrust test 
were performed in lateral recumbency (before 
and after sedation) to evaluate joint stability.  
Three of the 32 dogs included in the study 
showed a bilateral CrCL rupture, both stifles 
were positive at the clinical evaluation.  
The last part of the orthopaedic exam included 
a clinical and radiological evaluation of the 
stifle under deep sedation: cranial drawer test 
and cranial tibial thrust were repeated in order 
to avoid false negative results.  
Medio-lateral and caudo-cranial radiographs of 
the stifle joint were performed: synovitis, fat 
pad sign and joint capsule enlargement were 
detected in acute CrCL injuries (eight stifles of 
34); meanwhile osteoarthritis signs like 
subchondral sclerosis, osteophytes, thickening 
of the patellar ligament, altered morphology of 
the femoral condyles and tibial plateau were 
noticeable in chronic lesions. 
Dogs with tibial angle plateau ≥ 26° were 
excluded by the study. These dogs underwent 
tibial plateau levelling osteotomy surgery. 
Twenty-six of 34 stifles examined had been 
presenting hind limb lameness from 1 up to 3 
months.  

According to these clinical orthopaedic and 
radiological findings, the patients included in 
the study represent a heterogeneous population 
in which 13 were mixed-breed and 19 breed 
dogs (Épagneul Breton, Miniature Poodle, 
English Setter, Pug, Pinscher, Labrador 
Retriever, Spinone Italiano, Yorkshire, Segugio 
Italiano, Boxer, Italian Mastiff, Bichon 
Avanese, Maltese). Dogs had a body weight 
ranging between 3 and 40 kg, aged between 4 
months and 11 years old. Of the 32 dogs 
evaluated, 18 were females and 14 were male. 
Moreover, in 9 of 34 stifles a medial patellar 
luxation (MPL) coexisted with CrCL rupture: 
transposition of the tibial tuberosity alone or in 
association with trochlear sulcoplasty or 
patellopexy was performed along with the 
retinacular imbrication. 
All surgical procedures were performed by the 
same surgeon. Dogs were premedicated and 
general anaesthesia was induced; legs were 
clipped from the hock to the hip joint and the 
foot was coated with elastic tape including the 
tarsus; the patient was positioned in dorsal 
recumbency on the operating table, the leg 
suspended and prepared for aseptic surgery.  
The skin incision was performed on the medial 
aspect of the stifle while the arthrotomic access 
was made on the lateral site. The lateral fascia, 
retinaculum and joint capsule were gently and 
carefully dissected. Before opening the joint, an 
arthrocentesis was performed in order to collect 
synovial fluid for bacteriological examination. 
Incision of the retinaculum and capsule was 
performed by a N. 10 scalpel blade. The length 
of incision was performed along the lateral side 
from the proximal part of the patella (1-2 cm 
aside) to the proximal part of the cranial crest 
of the tibia. Patella was luxated medially and a 
debridement of CrCL fragments was started; 
menisci were carefully inspected to assess 
potential damages. Three of the 34 stifles 
included in this study presented a medial 
meniscus lesion and the surgeon performed a 
partial meniscectomy. 
In the following images, the main steps of the 
surgical technique are briefly illustrated on a 
specimen cadaver (Figures 1-6). 
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Figure 1. Incision of the fascia, articular retinaculum and 
capsule, along the lateral side of the joint in a slight 

oblique direction (FL: Fascia Lata; LR: Lateral 
Retinaculum; JC: Joint Capsule; T: Trochlea) 

 
 

 
 

Figure 2. The apex of the patella is taken as point of 
reference for the first “45◦ suture” in respect of the 

patellar ligament axis and consists of an “out-in” and “in-
out” interrupted pattern. Retinaculum, capsule and fascia 
are included in the suture and knots are hardly tighten on 
the lateral aspect of the joint. The number of the sutures 

applied is related to the room available and to the 
negative cranial drawer sign achievement. (1) First “out-
in” passage; (2) First “in-out” passage; (3) Second “out-

in” passage; (4) Second “in-out” passage 

 
 

Figure 3. The last sutures (arrow), applied on the 
proximal part of the incision, consist of an “out-in” and 
“in-out” pattern, perpendicular to the patellar ligament 

axis 
 
 

 

 
 

Figure 4. The “Lembert-like” suture is performed 
starting from the proximal part of the incision. In the first 
stitch the needle is directed 45° in relation to the patellar 

ligament axis (arrow) 
 
 

 

 
 

Figure 5. The second stitch is parallel and on the same 
edge of the incision line (arrow) 

 
 

 
 

Figure 6. Typical pattern of a complete modified lateral 
retinacular imbrication 

 
The Lembert-like suture pattern is illustrated in 
the subsequent schematic drawing (Figure 7). 
The sutures employed were Polyglactine 
(Vicryl® or Polysorb®) 1 USP in dogs < 10 kg 
of weight, 2 USP in dogs with weight 10 ≤ kg ≤ 
20, 2 USP with a double thread (Polysorb GS-
26 loop®) in dogs over 20 kg. Dogs were 
generally hospitalized overnight for clinical 
evaluation and pain management.  
 

 
 

Figure 7. Lembert-like suture pattern 
 
After the surgery, a modified Robert-Jones 
bandage was applied and kept for at least 2-3 
weeks according to the ability and compliance 
of the owner in managing dog’s attitude and 
activity. The bandage was changed once a 
week. Antibiotics and NSAIDs were prescribed 
and administered by the owner. 
 
RESULTS AND DISCUSSIONS  
 
The use of this lateral retinacular imbrication of 
the stifle joint in association with a modified 
Lembert suture pattern has shown no evidence 
of intraoperative or postoperative compli-
cations. Bacteriological examination of the 
synovial fluid was negative, thus reducing the 
possibility of surgical prosthesis failure. 
Twenty stifles were evaluated in clinical 
follow-up from 1 up to 3 months after surgery 
and the clinical results obtained were plenty 
satisfactory.  
Only in two dogs at the 1st month follow-up 
lameness got worse (II-III degree). While, at 
the 3rd month follow-up, after strict 
confinement, no lameness was detectable. One 
of the main problems to solve was convincing 
the owners to properly manage the exuberant 
attitude of their dogs. The bandage, applied to 
reduce the excessive movement of the knee, 
was maintained for 2-3 weeks after surgery. 
Moreover, the respect of the forced resting was 
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satisfactory.  
Only in two dogs at the 1st month follow-up 
lameness got worse (II-III degree). While, at 
the 3rd month follow-up, after strict 
confinement, no lameness was detectable. One 
of the main problems to solve was convincing 
the owners to properly manage the exuberant 
attitude of their dogs. The bandage, applied to 
reduce the excessive movement of the knee, 
was maintained for 2-3 weeks after surgery. 
Moreover, the respect of the forced resting was 
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suggested by the surgeon in the first post-op 
period (up to 1 month after surgery). 
In this study dogs, properly managed by the 
owners, had shown a moderate lameness (I 
degree) up to the 1st month post-operative; 
follow-up obtained in the same dogs at 3 or 4 
months after surgery had shown no lameness or 
it was occasionally evident at trot (I degree in 
three of 20 dogs) or as a cold lameness (I 
degree in three of 20 dogs). Six dogs over 20 
kg were treated with the lateral imbrication 
technique. Five of them were evaluated up to 
the 3rd month post-operative showing a I degree 
lameness in the 1st month follow-up and no 
lameness at the 3rd month.  
As mentioned above, in 9 of the 34 stifles 
treated, MPL coexisted with CrCL rupture and 
these pathologies were surgically corrected at 
the same time. Dogs were represented by small 
breed (Yorkshire, Pinscher) and small mixed-
breed dogs.  
Four stifles were evaluated in the follow-up: 
patellas were stable and luxation was not 
detectable, thanks to the transposition of tibial 
crest and trochlear sulcoplasty together with the 
tension exerted by the lateral imbrication and 
the Lembert-like suture. Cranial tibial thrust, 
drawer test and sit test were slightly positive in 
all dogs at the 3rd/4th month follow-up, but 
stifles conserved good joint stability, thus no 
lameness was noticeable at gait analysis. 
Due to the impossibility of carrying out a direct 
clinical evaluation, a phone interview to the 
owner was made in three recent cases (2018) to 
assess dog’s orthopaedic condition: in two dogs 
at 6-months and in one at 12-months post-
surgery. Owners were satisfied with recovery 
and physical activity of their dogs: lameness 
was not visible, discomfort or pain during or 
after activity such as walk, run, jump and 
playing was not noticeable. 
One significant limit of this study was the lack 
of radiological evaluation in the follow-up. Due 
to the unavailability of the owners to reach our 
Hospital, it was not possible to obtain a long-
term radiological evaluation to confirm or deny 
OA progression.  
Comparing the numerous techniques described 
for CrCL deficiency, none of them has shown 
the benefit of one over the other (Cook et al., 
2010) and all of them are associated with a 
slightly post-operative morbidity: as reported in 

an evidence-based medicine study, long-term 
success, normal return to function of the stifle 
joint cannot be ensured and OA changes 
progress even after surgery (Aragon and 
Budsberg, 2010; Au et al., 2010). 
As reported by Toks et al. (2013), who split 
extra-articular techniques into two different 
groups, the lateral imbrication adopted in this 
study can be considered a hybrid approach to 
CrCL disease surgical treatment: it provides for 
transposition of autogenous structures by 
exploiting synthetic materials. 
 
CONCLUSIONS 
 
The obtained results are satisfactory in terms of 
feasibility of the proposed technique, low rate 
of complications, rapid recovery, good 
performances of the dogs enrolled and owners’ 
satisfaction.  
Thus, the lateral retinacular imbrication of the 
stifle joint in association with a Lembert-like 
suture pattern represents a viable alternative to 
traditional extra-articular techniques performed 
during cranial cruciate ligament disease. 
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suggested by the surgeon in the first post-op 
period (up to 1 month after surgery). 
In this study dogs, properly managed by the 
owners, had shown a moderate lameness (I 
degree) up to the 1st month post-operative; 
follow-up obtained in the same dogs at 3 or 4 
months after surgery had shown no lameness or 
it was occasionally evident at trot (I degree in 
three of 20 dogs) or as a cold lameness (I 
degree in three of 20 dogs). Six dogs over 20 
kg were treated with the lateral imbrication 
technique. Five of them were evaluated up to 
the 3rd month post-operative showing a I degree 
lameness in the 1st month follow-up and no 
lameness at the 3rd month.  
As mentioned above, in 9 of the 34 stifles 
treated, MPL coexisted with CrCL rupture and 
these pathologies were surgically corrected at 
the same time. Dogs were represented by small 
breed (Yorkshire, Pinscher) and small mixed-
breed dogs.  
Four stifles were evaluated in the follow-up: 
patellas were stable and luxation was not 
detectable, thanks to the transposition of tibial 
crest and trochlear sulcoplasty together with the 
tension exerted by the lateral imbrication and 
the Lembert-like suture. Cranial tibial thrust, 
drawer test and sit test were slightly positive in 
all dogs at the 3rd/4th month follow-up, but 
stifles conserved good joint stability, thus no 
lameness was noticeable at gait analysis. 
Due to the impossibility of carrying out a direct 
clinical evaluation, a phone interview to the 
owner was made in three recent cases (2018) to 
assess dog’s orthopaedic condition: in two dogs 
at 6-months and in one at 12-months post-
surgery. Owners were satisfied with recovery 
and physical activity of their dogs: lameness 
was not visible, discomfort or pain during or 
after activity such as walk, run, jump and 
playing was not noticeable. 
One significant limit of this study was the lack 
of radiological evaluation in the follow-up. Due 
to the unavailability of the owners to reach our 
Hospital, it was not possible to obtain a long-
term radiological evaluation to confirm or deny 
OA progression.  
Comparing the numerous techniques described 
for CrCL deficiency, none of them has shown 
the benefit of one over the other (Cook et al., 
2010) and all of them are associated with a 
slightly post-operative morbidity: as reported in 

an evidence-based medicine study, long-term 
success, normal return to function of the stifle 
joint cannot be ensured and OA changes 
progress even after surgery (Aragon and 
Budsberg, 2010; Au et al., 2010). 
As reported by Toks et al. (2013), who split 
extra-articular techniques into two different 
groups, the lateral imbrication adopted in this 
study can be considered a hybrid approach to 
CrCL disease surgical treatment: it provides for 
transposition of autogenous structures by 
exploiting synthetic materials. 
 
CONCLUSIONS 
 
The obtained results are satisfactory in terms of 
feasibility of the proposed technique, low rate 
of complications, rapid recovery, good 
performances of the dogs enrolled and owners’ 
satisfaction.  
Thus, the lateral retinacular imbrication of the 
stifle joint in association with a Lembert-like 
suture pattern represents a viable alternative to 
traditional extra-articular techniques performed 
during cranial cruciate ligament disease. 
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