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Elbow dysplasia is a major cause of front limb lameness in medium to large dog breeds. 
In the majority of cases, it starts in, or is limited to, the medial compartment, with fragmentation 
of the medial coronoid process (FCP) and/or osteochondritis dissecans of the medial humeral 
condyle (OCD), usually associated with different degrees of joint incongruity.  

Elbow dysplasia and its underlying cause are most often diagnosed when forelimb 
lameness is persistent and not controlled by anti-inflammatory drugs. Conventional surgical 
treatment with joint debridement and removal of loose osteo-cartilaginous bodies is not 
rewarding if joint incongruity persists; the result is overloading and subchondral bone exposure 
with erosion of the cartilage of the medial humeral condyle and medial coronoid area of the ulna. 
Medial collapse of the joint attributable to friction and resultant loss of the osteocartilaginous 
layer is intensified leading to a vicious circle. Consequently, the paw moves medially during 
weight bearing, which increases the load on the medial compartment.  
 
Rationale for PAUL osteotomy 

A number of different osteotomies have been proposed and implemented for the 
treatment of medial compartment syndrome, mostly based on the assessment of incongruities 
within the joint, or more recently, on the forces exerted by the muscles proximal to the joint. 
Consideration of the overall loading of the limb offers another viewpoint and may identify the 
actual cause of the condition and thus generate a more rational treatment approach. 

As a rule, when a dog is walking, the paws should be under the shoulders, but the ground 
reaction vector runs medial to the elbow in the frontal plane. In medial compartment syndrome 
with collapse of the medial joint space, a larger medial offset will generate a larger moment in 
the frontal plane. The unavoidable consequence of this is further compression of the medial 
compartment and tension in the lateral collateral ligament. Muscle forces play a minor role in 
this balance once the paw hits the ground. Consideration of elbow incongruity alone, which is 
typically described as a short or long ulna compared with the 
radius, may lead to inappropriate intervention because the end 
result is a medial shift. Ingo Pfeil and Slobodan Tepic in 2010 
suggested proximal osteotomy of the ulna fixed by a special plate 
as well as shifting, abducting and incidentally rotating the ulna, 
which would lead to lateralization of the paw and thus to 
unloading of the medial compartment. The biomechanics of 
proximal abducting ulnar osteotomy (PAUL) are similar to high 
tibial osteotomy for treatment of varus deformity of the knee and 
medial compartment syndrome in humans as an alternative to 
unicompartmental knee joint replacement, which may be carried 
out later on in cases with progressive OA. The procedure in 
people consists of medial open wedge osteotomy of the tibial 
plateau and elevation of the tibial plateau medially to allow the 
distal limb to move laterally. This loads the lateral knee 
compartment and unloads the medial compartment. The PAUL plate is a straight plate with a 
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step of 2 to 3 mm and is applied to the lateral surface of the proximal ulna. This raises the ulna 
on the medial humeral condyle and results in a lateral shift of the distal limb with increased load 
on the lateral compartment and decreased load on the medial compartment. The amount of 
achieved abduction is about 4° with the 2mm step plate and 
6° with the 3mm plate, plus 4° to 5° attributable to the 
natural curvature of the ulna, which is straightened by the 
plate. The final lateral shift is about 8° with the 2mm step 
plate and 11° with the 3mm step plate. 
 
Case Selection for PAUL 

Dogs aged 9 months to 9 years with medial compartment disease and OA, whithout 
significant pathology in the lateral compartment, which was confirmed by arthroscopy, and a 
lack of response to conservative management were included. Arthroscopic confirmation was 
done immediately before PAUL surgery or at a previous operation when conventional joint 
debridement was carried out. PAUL was offered to dog owners as a palliative treatment. In 
younger dogs, dynamic ulnar osteotomy was carried out distally in dogs up to 6 months of age 
and proximally in dogs that were 7 to 8 months of age. Dogs were excluded from the study when 
arthroscopy showed fragmented coronoid process without significant involvement of the 
remaining medial compartment or there was ununited anconeal process or narrowing of the 
lateral compartment in addition to advanced terminal OA.  
 
Surgical planning for PAUL 

The cranio-caudal radiographic view was used to evaluate 
the mechanical medial elbow angle (mMEA), which has a normal 
range of 81.5° ± 2.5° (Pfeil 2010). In cases with an mMEA ≤ 80°, 
a 3 mm step PAUL plate was used, and in cases with an mMEA > 
to 80°, a 2 mm step PAUL plate was used. 

The degree of adduction of the paw was assessed using still 
frames from video recordings taken while the dog was walking 
toward the camera. The goal of the operation was to create a 4° to 
5° lateral abduction of the paw. In older dogs with severe OA, a 2 
mm step plate was used because stiffening of the interosseus 
ligament was expected. Advanced Locking Plate System (ALPS) 
PAUL plates are available in 4 different sizes: #8 for small dogs, 
#9 for medium dogs, #10 for large dogs and #11 for giant dogs.  
 
Surgical technique of PAUL 

A caudolateral approach to the ulna was used to expose the 
lateral side of the ulna, where the plate was to be fixed. The medial 
side was exposed for a distance of only 1-2 cm in the location for 
the osteotomy; preservation of muscle attachments and periosteum 
is of paramount importance to promote bone healing. The ulnar 
osteotomy line was marked and measured 4 cm from the radial 
head, which was easily palpated. Before the osteotomy, the plate 
was placed on the ulna to ensure that there was adequate space for 
its fixation. Ulnar osteotomy was carried out perpendicular to the bone with a straight thin saw 
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blade, from lateral to medial, after protecting the medial muscles with wet sponges and the radius 
cranially with a thin periosteal elevator. After temporary fixation of the PAUL plate with 
reduction forceps and ensuring that the plate was centred with its step distal to the osteotomy, it 
was fixed with temporary compression screws then replaced by definitive locking screws 
according to the plate manufacturer’s recommendations. Before final fixation, the proximal ulnar 
segment was shifted 1-2 mm caudally to eliminate contact with the tip of the diseased coronoid 
process. The gap created by the osteotomy was filled with osteoconductive/osteoinductive 
material to promote bone healing. The surgery was completed by suturing the antebrachial 
fascia, the subcutis and the skin. A soft padded bandage was applied for 2-3 day to help prevent 
seroma formation.  
 
Outcome of PAUL 

In this preliminary study, PAUL was carried out in 32 elbows of 29 dogs (3 dogs had staged 
operations in two different times). The dogs ranged in age from 9 months to 9 years and weighed 
26 kg to 48 kg. Of the 29 dogs, 53% were ≤ 2 years old, 18% were 3 to 5 years old, another 18% 
were 6 to 8 years old and 1% were 9 years old. Breeds included Labrador Retriever (18), Golden 
Retriever (5), German Shepherd dogs (5), Rottweiler (2), Bernese mountain dog (1) and 
Staffordshire terrier (1). A 2 mm step was used in 54% of the cases and a 3 mm step in the 
remaining 46%. Follow-up physical and radiographic evaluations were carried out in all dogs 2 
months after surgery. Sixty-four percent underwent a follow-up examination 6 months after 
surgery and 52% one or more years postoperatively. Bone healing of the osteotomy was 
complete from 3 to 4 months after surgery, except two cases requiring 6 months. All the owners 
were contacted by phone by an independent interviewer for a final evaluation of the outcome a 
minimum of 6 months postoperatively. The outcome based on the owner interview was classified 
as: 

1. Great improvement: When the owner stated that the dog was more active without 
tiring and no longer required an NSAID. 

2. Moderate improvement: When the owner stated that the dog was more active, but 
required intermittent medication with an NSAID, but considerably less often than 
before surgery.  

3. No improvement: When the owner stated that there was no observable improvement 
in the dog’s activity level and the dose and frequency of NSAID administration had 
not changed compared with before surgery. 

4. Worse: When the owner stated that the dog showed worsening of the clinical signs 
and required a more frequent dose of an NSAID. 

The majority of the dogs (78%) improved (great or moderate improvement) postoperatively, 
while 19% did not improve and one case deteriorated (8-year-old Labrador retriever with very 
severe OA and plate breakage two months after surgery).  
 
Complications of PAUL 

Nine (28%) cases had minor complications that did not require surgical revision: one case 
had broken screws, three cases had delayed union (more than four months required for union) 
and five cases had seroma formation. Complications requiring surgical revision occurred in four 
(12.5%) dogs and included two broken plates (the prototype plate was weaker than the final 
PAUL plate), which were replaced with new plates, and in two dogs, the plate was removed after 
bone healing. After the introduction of the new PAUL plate, no plate loosening or breakage was 
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observed. The complications, even those requiring surgical revision, did not result in severe 
morbidity, and only mild lameness was observed, even after a plate broke.  
 
Discussion on PAUL 

Although operated dogs had been unresponsive to conventional treatment for advanced 
OA, improvement was seen in 78%, which is encouraging for a preliminary study of PAUL. The 
dogs in this study had been unresponsive to conventional treatment via arthroscopy or to 
conservative management before PAUL. Therefore, the improvement seen after the procedure 
can be attributed to a shifting of weight bearing laterally after abduction of the lower limb via 
ulnar osteotomy. In dogs with chronic OA of the elbow, client satisfaction after PAUL is 
considered to be a meaningful parameter because radiography cannot show changes indicative of 
improvement, whereas behaviour of the dog can. This procedure is a palliative treatment with 
improvement expected in approximately two thirds of cases. Owners should be informed that OA 
and degenerative joint disease are not affected by PAUL, although the procedure may limit their 
progression. The risk of complications after PAUL in terms of severity and frequency of surgical 
revision was small. The surgical technique was straightforward, quick and with quite limited 
post-operative morbidity.  A limitation of this study is the lack of a second arthroscopy look to 
evaluate the joint surface. However, Pfeil observed the formation of fibrocartilage in the medial 
compartment one month after PAUL in a Rottweiler and 7 months after PAUL in a Bernese 
Mountain Dog, were full erosion was present before surgery. The follow-up period in the present 
study was only two years. Therefore, further longer term evaluations are needed to determine 
whether lateral compartment overload attributable to abduction of the lower limb has detrimental 
effects. Similar to the situation in people in relation to varus knee corrective osteotomy, PAUL 
does not stand in the way of total elbow replacement should this become necessary. 
 
Early treatment of developing elbow dysplasia (FCP-OCD) with DUO 

In 4 to 6 month-old puppies with FCP that have joint incongruity, subchondral bone 
sclerosis of the subtrochlear notch with or without lameness and no osteophytes, treatment 
consists of distal dynamic ulnar ostectomy (DUO). This intervention releases the pressure on the 
medial coronoid process. The procedure is performed subperiosteally by removing 4 to 5 
millimetres of ulna with a rongeur, bite by bite, approximately 2 to 3 centimetres proximal to the 
distal ulnar physis, withour removing the periostium. The operated puppies are re-checked 
clinically and radiographically 3 to 4 weeks later 
to assess joint congruity and clinical signs. In 
cases with persistent clinical signs and worsening 
radiographic lesions with osteophyte formation, 
which indicates fragmenting of the coronoid 
process, conventional joint inspection and FCP or 
OCD treatment are carried out with arthroscopy or 
mini-arthrotomy. In more advanced cases with 
more severe radiographic signs of OA that suggest 
fragmentation of the coronoid process or OCD, 
joint inspection and treatment with arthroscopy or 
with mini-arthrotomy is perfomed in conjunction 
with distal ulnar ostectomy in puppies up to 6 
months of age. After that age, thickening and hardening of the interosseous ligament between the 
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radius and ulna inhibits the dynamic effect of distal ulnar ostectomy and a proximal dynamica 
ulna osteotomy is required. Between 7 and 9 months of age, when joint inspection shows a 
diffuse medial compartment involvement, a dynamic proximal bi-oblique osteotomy as described 
by Noel Fitzpatrick can be performed in adjunct to joint treatment, achieving an improvement of 
joint congruity. In older dogs the PAUL procedure may be carried out. 
Discussion on early diagnosis and treatment of elbow dysplasia (FCP, OCD) with DUO 

In the Author’s experience, in a number of puppies with radiographic signs of elbow 
dysplasia at 4 to 5 months of age, follow-up evaluation after conservative treatment revealed that 
OA continued to progress to a varying degree. In contrast, in puppies with the same early 
radiographic signs and treated very early with dynamic ulnar ostectomy, elbow dysplasia did not 
persist and there was no or very mild progression of OA. Early treatment of FCP is more 
controversial because it has been argued that initial joint incongruity could improve 
spontaneously during the remaining growth period, thereby eliminating the development of OA. 
However, in our experience, this occurs very rarely. Because of this and the low morbidity 
associated with distal ulnar ostectomy, we feel that it is a clinically relevant procedure that is 
justified for early treatment of FCP. Distal ulnar ostectomy is well tolerated by patients and has 
no side effects when performed properly. This procedure entails a minimally invasive 
subperiosteal approach and the avoidance of injury to the radial periosteum and the interosseous 
vessels; damage may result in synostosis between the radius and ulna during the healing process. 
The efficacy of distal ulnar ostectomy to correct or improve joint incongruity caused is 
proportional to the age of the puppy. In younger puppies, the interosseous ligament is more 
adaptable to sliding forces, which lower the ulna and raise the radial head or vice versa so that 
there is better uniform contact with the humeral condyle. In young growing puppies, the joint 
surfaces have moulding properties that allow them to adapt to one another when they are in 
intimate contact. Thus, if joint congruity is restored early enough, the joint surfaces of the radial 
head, ulnar trochlea and humeral condyle will match and adapt properly. These moulding 
properties are gradually lost in older puppies, the interosseous ligament becomes stronger, which 
reduces or inhibits improvement in joint congruity after dynamic ulnar osteotomy. In older 
puppies, between 7 and 8 months of age, with medial compartment disease, proximal dynamic 
ulnar osteotomy can still improve joint congruity; however, to reduce the morbidity and 
prolonged healing time associated to the proximal ulnar osteotomy, a maximal obliquity of the 
osteotomy is executed in the proximal midshaft of the bone. The feasibility of an objective 
evaluation of joint incongruity using radiographs is controversial. However, we found that the 
correlation of various findings, such as incongruity in the neutral mediolateral and 
anteroposterior views and subtrochlear bone sclerosis, was consistent in puppies with early signs 
of elbow dysplasia. In contrast, the evaluation of joint congruity alone was inconsistent. Joint 
incongruity without signs of subchondral bone sclerosis is usually artefactual due to traction and 
positioning during radiography. Subtrochlear bone sclerosis is a consistent and direct sign of 
overloading of the corresponding joint surface, due to joint incongruity or malformation; it 
represents a very early and distinct sign of elbow dysplasia. In conclusion, we found that early 
diagnosis and treatment of elbow dysplastic conditions with medial compartment disease was 
useful for preventing or at least limiting the progression of OA. 
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