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surgery are sparse, but they appear to be
very promising (30). So far, controlled stu-
dies comparing the results of treatment af-
ter arthroscopic versus conventional sur-
gery do not exist in the current literature.
Therefore, it was the aim of the study, pre-
sented herein, to compare the results of
both treatment methods in a large number
of patients in a standardised manner with
regard to the development of lameness and
arthrosis, and also to compare these results
to other studies in the literature.

Material and methods
Dogs
Four hundred twenty-one dogs, with a total
of 518 joints affected by FCP (n = 443) or
FCP and OCD (n = 75), which were treated
within a period of eight years at the Clinic
of Small Animals, School of Veterinary Me-
dicine Hannover, Germany, were included
in the study. All of the dogs showed la-
meness of the front limb of a varying de-
gree, which was located in the elbow joint.
The tentative diagnosis of FCP was based
on clinical signs, physical and radiographi-
cal examinations and was confirmed during
subsequent surgery (arthrotomy/arthroscopy).

A total of 37 breeds were included 
(Table 1). The Bernese Mountain dog was
the breed most commonly treated, fol-
lowed by the Rottweiler, German She-
pherd, Labrador Retriever and Golden 
Retriever. In all but seven dogs, the weight
exceeded 20 kg. The dogs weighing less
than 20 kg were two Border Collies and
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Introduction
Fragmented medial coronoid process of

the ulna (FCP) is a frequent cause of la-
meness of the front limbs in medium and
large size dog breeds (10, 24). It can occur
on its own or simultaneously with
osteochondritis dissecans (OCD) of the
medial aspect of the humeral condyle or
ununited anconeal process (UAP) in the sa-
me joint (22, 34). For treatment of FCP, sur-
gical therapy is most often recommended
in the literature (2, 9, 13, 20, 21, 25, 29). In
spite of surgical treatment, arthrosis still
progresses pace (5, 9, 14, 21, 27). The pro-
gnosis concerning the improvement of la-
meness depends upon when surgery is per-
formed and the degree of pre-existing arth-
rosis. It is considered to be “good” if sur-
gery is performed at an early stage, i.e.
when arthrosis has not yet set in or is at a
low level (1, 5, 24). However, it is unfortu-
nately difficult to make an early diagnosis,
because the fragment itself can rarely be
identified radiographically (24). Therefore,
some authors recommend a diagnostic ar-
throtomy in predisposed dog breeds with
persistent lameness and pain in the elbow
joint, even if changes are not visible or are
only minor on the radiographs (8, 18). Ar-
throscopy is recommended as an alterna-
tive method for the early diagnosis of FCP
(3, 17, 32). This minimal invasive method is
clearly superior to other screening proce-
dures (radiography, computed tomogra-
phy) in these circumstances (20, 32). In re-
cent years, arthroscopy has not only been
used as a diagnostic measure but also for
surgical removal of FCP (3, 30). Studies
evaluating the results of the arthroscopic

Summary
In a retrospective trial over eight years 518 joints
from 421 dogs with fragmented medial coronoid 
process of the ulna (FCP) were included. Seventy-five
joints had an additional osteochondrosis dissecans of
the medial aspect of the humeral condyle. Forty-six
point eight percent of the dogs (197/421) were 
younger than one year. Two hundred and forty-seven
joints were treated by conventional arthrotomy and
271 joints were treated by arthroscopy. Two hundred
and thirty-eight cases (103 treated by arthrotomy 
and 135 by arthroscopy) were re-evaluated clinically
and radiographically and 191 cases (88 treated by 
arthrotomy and 103 by arthroscopy) by means of a
questionnaire at an average of 23 and 21 months 
after the operations, respectively. Forty-two point four
percent (81/191) of the cases treated by arthrotomy
did not show any lameness, 29.3% (56/191) 
showed temporary lameness after rest or heavy 
exercise, and 28.3% (54/191) showed constant 
lameness. The signs of which had, however, been 
reduced by surgery in 14 of these cases. Sixty point
one percent (143/238) of the cases treated by 
arthroscopy did not show any lameness, 29.4%
(70/238) showed temporary lameness after rest or
heavy exercise and 10.5% (25/238) showed con-
stant lameness, out of which four cases had improved
after surgery. In the cases treated by arthroscopy, the
period of convalescence was shorter. Differences bet-
ween these methods were not observed with respect
to the development of subsequent arthrosis. The re-
sults of the study show that arthroscopy, with its mini-
mal invasive character, gives better functional results
than conventional arthrotomy. However, the develop-
ment of secondary arthrosis cannot be avoided by 
either method.
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one each of the Australian Shepherd Dog,
Irish Terrier, Chow-Chow, Eurasian and 
mixed breed Hunting Terrier. The average
weight was 35 kg, the heaviest dog being 
70 kg (New-foundland Dog) and the ligh-
test 14 kg (mixed breed Hunting Terrier).
Male patients were affected more frequent-
ly with 67.7% (285/421) than female pati-
ents with 32.3% (136/421). The age of the
dogs ranged from five months to eleven
years, with an average of 22.5 months.
197 dogs (46.8%) were younger than one
year on presentation (Table 2).

Radiographic examination
The affected and the contralateral elbow
joint were examined radiographically in
mediolateral extended and hyperflexed
views, and in the craniolateral-caudomedi-
al-oblique view. Besides diagnosing signs of
elbow dysplasia, the radiographs were inve-
stigated for existing arthrosis. A classifica-
tion into different degrees of arthrosis was
made according to the guidelines of the In-
ternational Elbow Working Group (16):

● Degree 0: lack of formation of osteo-
phytes, sclerosis of the ulna caudal to the
coronoid process possible

● Degree 1: formation of osteophytes in
one/several locations less than 2 mm in
size

● Degree 2: formation of osteophytes in
one/several locations between 2-5 mm
in size

● Degree 3: formation of osteophytes in
one/several locations of more than 5 mm
in size

All of the joints showed a, more or less, sig-
nificant sclerosis of the ulna caudal to the
coronoid process on radiographs. Except
for sclerosis, 109 joints did not show forma-
tion of osteophytes. The majority of joints
(n = 409) showed additional arthrosis of
varying degrees (Table 3).An incongruency
of the elbow joint on the mediolateral ex-
tended view was observed in 52 joints, mea-
ning that there was a “step” formation bet-
ween radius and ulna in which the distal
surface of the ulnar trochlear notch is more
prominent than the articular surface of the
radius (23). In 17 elbow joints this intra-ar-
ticular step was more than 2 mm, and in 35
joints (17 joints of the arthrotomy group; 18
joints of the arthroscopy group) it was less
than 2 mm.

Surgical treatment

Arthrotomy
For the conventional removal of the FCP, a
medial approach to the elbow joint bet-
ween the pronator teres and flexor carpi ra-
dialis muscles was chosen (8). After ope-
ning the joint capsule and inner rotation of
the lower front limb, the medial coronoid
process was removed with the help of a
sharp spoon or with an osteotome. If an ad-
ditional OCD was present, the flap was re-
moved and the cartilage bed was curetted.
After rinsing the joint with sterile lactated
Ringer’s solution, the wound was sutured in
a routine manner. After surgery the elbow
joint was bandaged for one to two days.
This conventional surgery was carried out
in a total of 247 joints. In cases of a “step”
of more than 2 mm (n = 7), a proximal

Table 1 Breed distribution of 421 dogs with FCP or FCP/OCD undergoing arthrotomy or arthroscopy (percentages in
brackets)
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osteotomy of the ulna was performed ad-
ditionally.

Arthroscopy

Arthroscopic surgery was carried out from
the medial side of the joint (32). An arth-
roscope with a diameter of 2.4 mm and a
25° cranial-oblique view angle was useda.
Arthroscopic findings were documented
with a colour image printerb.

For the extirpation of the FCP and the
OCD various grasping forcepsa,c,d, a retro-
grade scalpel and a motor driven shaver
with different burrsd were used. The instru-
mental portal was located 1-1.5 cm cranial
to the arthroscope. They were inserted
straight into the joint without the use of a
trocar sleeve. After removal of the FCP or
OCD flap, the underlying bone was curet-
ted gently with the shaver. Then the joint
was thoroughly flushed again and the skin
incisions were closed. Usually a dressing
was not applied after the operation.This ar-
throscopic surgery was carried out in 271
joints. In cases of a “step” of more than 2
mm (n = 10), a proximal osteotomy of the
ulna was performed additionally without
opening the joint. In cases with osteotomy
of the ulna a bandage was applied for one
to two days.

Evaluation of treatment results
The results of the therapy were analysed
using a questionnaire, containing questions
regarding: the improvement of lameness,
the extent of the remaining complaints, any
complications, the duration of the healing
process and the need for follow-up treat-
ment. In addition, the patients` owners we-
re asked to return their dogs for a clinical
and radiographic follow-up examination.
This follow-up examination was carried out

more than six months after surgery. After
inspection and determination of the degree
of lameness present, a radiographic exami-
nation of both elbow joints for the assess-
ment of the degree of arthrosis was carried
out in the same manner as the initial exami-
nation. Radiographs taken during the initi-
al examination and the follow-up examina-
tion were analysed and compared with 
regard to existing arthrosis.

Analysis of the therapeutic results was
based on examination of the patients pre-
sented to the clinic, as well as the results of
the questionnaire filled in by the owners.

The following classifications were made:
● “Good”: The dog was not lame, even 

after heavy exercise.
● “Satisfactory”: The dog showed tempor-

ary lameness after rest or exercise, but
predominantly was not lame.

● “Unsatisfactory”: A permanent la-
meness of a varying degree existed.

A comparison of the results of both surgical
methods was carried out using the �2 con-
tingency table test. The statistical evaluati-
on of clinical and radiographic examinati-
ons was carried out using the Student t-test
for paired random samples, and the Wilco-
xon-test for independent random samples.
A value of p < 0.05 was considered to be
significant (19).

a Fa. Wolf, Knittlingen, Germany
b Mavigraph UP-1800 EPM, Fa. Sony, Hannover,

Germany
c Fa. Storz, Tuttlingen, Germany; Fa. Wolf,

Knittlingen, Germany 
d Linvatec Inc., Florida, USA

Table 2 Age distribution of 421 dogs with FCP or FCP/OCD undergoing arthrotomy or arthroscopy at the time of diagno-
sis (percentages in brackets)

Table 3 Degree of arthrosis in the elbow joint (n = 518) showing either FCP or FPC/OCD undergoing arthrotomy or arth-
roscopy at the time of diagnosis (percentages in brackets)

Degree 0 = lack of osteophytosis, sclerosis of the ulna caudal to the coronoid process possible;
Degree 1 = osteophytosis in one or more locations under 2 mm; Degree 2 = osteophytosis in one
or more locations between 2-5 mm; Degree 3 = osteophytosis in one or more locations over 5mm;
1) = five dogs with “step” formation regardless of the height, 2) = twenty-one dogs with “step” for-
mation regardless of the height, 3) = fourteen dogs with “step” formation regardless of the height,
4) twelve dogs with “step” formation regardless of the height D
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Results

Out of the 518 joints which had been sub-
jected to surgery a total of 429 joints
(82.8%) were re-evaluated. In 238 joints
(45.9%) the follow-up examination was
carried out after an average of 22 months
through clinical and radiographic examina-
tion. Forty-one point seven percent of these
cases (103/247) were treated by arthrotomy
and 49.8% by arthroscopy (135/271).

In a further 191 cases (36.9%) the re-
sults were analysed after an average of 24

months with the help of a questionnaire.
Thirty-five point six percent of these joints
were treated by arthrotomy (88/247) and
38.0% of the joints by arthroscopy
(103/271).

In 89 cases (17.2%) follow-up examina-
tion was not possible. Twenty-two point 
seven percent of the joints were treated by
arthrotomy (56/247) and 12.2% of the
joints by arthroscopy (33/271).

Arthrotomy
Out of 247 joints which were treated by ar-
throtomy a total of 191 (77.3%) were re-
evaluated after an average of 23 months
(six-66 months). The results are shown in
Table 4 and are broken down by the type of
disease (FCP, FCP/OCD) and the type of
follow-up examination.

In 42.4% (81/191) of the cases the re-
sults were “good” and “satisfactory” in
29.3% (56/191). Twenty-eight point three
percent (54/191) of the cases showed “unsa-
tisfactory” results, as a permanent lameness
persisted which had, however, improved af-
ter surgery in 14 of the 54 joints.

General improvement of the pre-opera-
tive lameness was observed in 79.1% (n =
151). In 15.7% (n = 30), the lameness did
not improve and got worse in 5.2% (n = 10)
of the cases.

In dogs with “good” results after surgery
the lameness of the treated limb disappea-
red after an average of eight weeks.

Arthroscopy
Out of 271 joints treated arthroscopically, a
total of 238 (87.8%) were re-evaluated 
after an average of 21 months (6 - 59
months). The results are shown in Table 4,
broken down by the type of disease (FCP,
FCP/OCD) and the type of follow-up ex-
amination.

In 60.1% (143/238) of the cases the re-
sult was “good” and “satisfactory” in 29.4%
(70/238). Ten point five percent (25/238) of
the cases showed “unsatisfactory” results,
as a permanent lameness persisted which
had, however, improved in four of the 
25 joints after surgery.

Among the patients classified as “unsa-
tisfactory”, one was found to be suffering
from a malignant lymphoma in the elbow
area; after initial improvement of the la-
meness a relapse occurred, and the patient
was euthanatized at the owner’s request.

An improvement of the pre-operative
lameness was observed in 91.2% (n = 217).
In 5.9% (n = 14) lameness was not impro-
ved and got worse in 2.9% (n = 7) of the ca-
ses. The number of patients in which an im-
provement of lameness was achieved was

Table 4 Results of therapy re-evaluated after arthrotomy (191 joints with FCP or FCP/OCD) and after arthroscopy (238
joints with FCP or FCP/OCD) broken down according to examination of patients in the clinic and results from questionnaire
filled in by owner (percentages in brackets)

Table 5 Degree of arthrosis of the elbow joints with FCP or FCP/OCD subjected to surgery at the time of the follow-up ex-
amination broken down according to arthrotomy (n = 103) and arthroscopy (n = 135) (percentages in brackets)
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significantly different (p = 0.023) in the
group treated by arthroscopy when compa-
red to the group which underwent arthro-
tomy. In the dogs without lameness follow-
ing surgery the lameness of the treated 
limb disappeared after an average of four
weeks.

Development of arthrosis after 
arthrotomy or arthroscopy

The development of arthrosis could be eva-
luated in 103 joints treated by arthrotomy
and 135 joints treated by arthroscopy. Ex-
cept for three joints treated arthroscopical-
ly and two joints treated by arthrotomy, all
of the joints of both groups showed secon-
dary arthrosis during follow-up examinati-
on (Table 5). Forty-seven of the joints
(45.6%) treated by arthrotomy showed an
increase of arthrosis by one degree, 21
(20.4%) by two degrees and six (5.8%) by
three degrees. In 28.2% of the cases
(29/103) arthrosis did not change (Table 6).
In the cases treated arthroscopically, an in-
crease in arthrosis was observed in 59 joints
(43.7%) by one degree, in 27 joints (20.0%)
by two degrees and in six joints (4.4%) by
three degrees (Table 6). Thirty-one point
nine percent of the cases (43/135) did not
show any change compared to pre-surgical
arthrosis. Comparing the development of
pre- and post-surgical arthrosis, a signifi-
cant difference between the two methods
was not observed (p = 0.687).

Discussion
Studies directly comparing surgical treat-
ment of FCP by arthrotomy or arthroscopy
are not evident in available literature. The-
refore, in our study the results of both of
these methods of therapy were compared
using unified assessment criteria. Conside-
ring the functional results of the arthro-
tomy cases, a total of 42.4% (81/191) were
not lame. In the literature, both better and
worse results are described after arthro-
tomy. Worse results were achieved by Read
et al.(27) and Tobias et al. (29), who repor-

ted only 35% and 32.4% of their patients to
be sound, respectively. In comparison, bet-
ter results were achieved by Groendalen
(11), Mason et al. (20), Winhart (35), Mey-
er-Lindenberg et al. (21), Brunnberg and
Allgoewer (7) or Gutbrod and Festl (12)
with, respectively, 48.3%, 65.8%, 55.0%,
56.1%, 60% and 60.2% of their cases which
were not lame. The reason for these diffe-
rent results remains unclear. The probable
reason is that the studies were based on dif-
ferent conditions, investigations and assess-
ment criteria: breed, group size, surgical 
access, age at surgery, severity of arthrosis
present before surgery, number and the ex-
perience of the operating surgeons, time
and nature of follow-up examination, etc.
These details are not always mentioned in
the individual studies above. Therefore, di-
rect comparison of the results is difficult or
even impossible, a fact that is also criticised
by Morgan et al. (23). Moreover, the de-
scription of results, in the studies mentio-
ned, varies greatly. For example some of the
authors do not mention “free of lameness”
in their results but rather describe a “chan-
ge in pre-operative lameness” (6, 15, 29).
Viewed from this angle Huibregtse et al.
(15) achieved an improvement in the pre-
viously existing lameness of 77.3% in 13 pa-
tients which underwent arthrotomy. Under
the same criteria, Tobias et al. (29) and
Bouck et al.(6) achieved improvement of
70.6% and 70% of the cases, respectively.
Comparatively, the results of this study ba-
sed on the same criteria showed that im-
provement of lameness was achieved
through arthrotomy in 79.1% of the cases.

Results after arthroscopic treatment of
FCP or OCD are presented in literature
only in the study of van Bree and van Rys-
sen in 175 elbow joints (30). The treatment

result appears to be better after arthrosco-
pic treatment than after conventional sur-
gery. In 90% of 120 cases presented during
follow-up examination a lack of, or only
temporary, lameness was observed (30). In
the present study the results after arthros-
copic treatment were rated similarly as
“good” or “satisfactory” in 89.5% of the ca-
ses. Unfortunately, it is not possible to gat-
her the real number of dogs that were not
lame from the study of van Bree and van
Ryssen or in how many dogs an improve-
ment of lameness was actually seen (30).

Comparing the two surgical methods of
the study presented herein, it is noticeable
that the result of arthroscopic surgery of
60.1% of cases rated “not lame” was signifi-
cantly better than the conventional surgical
method (42.4% of cases without lameness).
Even when taking into account those dogs
that were affected by temporary lameness,
the result after arthroscopic surgery
(89.5% of the cases classified as “good” and
“satisfactory”) is clearly superior to the re-
sult of cases treated with conventional sur-
gery (71.7% of the cases being “good” and
“satisfactory”). If only the improvement of
lameness is considered, the group treated
by arthroscopy (91.2% improvement) is al-
so better than the group treated by arthro-
tomy (79.1% improvement). This shows
that arthroscopy, with its minimal invasive
character, is clearly superior to arthrotomy;
even when viewing functional results from
different angles. But it is uncertain whether
the reduced soft-tissue trauma during arth-
roscopy is the only reason for these better
results. The manipulation of cartilage and
bone is the same in both measures. It is pro-
bably due to the fact that arthroscopy 
allows a better overview and examination
of the joint than it could be achieved

Table 6 Comparison of post-surgical development of arthrosis after conventional surgery (n = 103) and arthroscopic
(n=135) treatment of a FCP or FCP/OCD (percentages in brackets)
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through arthrotomy. Therefore, some chan-
ges in the joint could be better visualised
and treated more precisely and this could
explain the better arthroscopic treatment
results.

In patients not showing any lameness 
after arthroscopic surgery, the lameness
disappeared after an average of only four
weeks, which is significantly earlier than in
those patients which underwent arthro-
tomy (average of eight weeks). This is most 
probably due to significantly less tissue
trauma caused by arthroscopy.

The disadvantage of any surgical treat-
ment of a joint is the more or less signifi-
cant development of arthrosis. Besides the
type of tissue trauma, the cause and durati-
on of the disease are important to be consi-
dered (28).Although, apart from the extent
of the treatment, all other circumstances
such as breed, weight and age distribution,
were almost the same in each group within
the present study; a significant difference
was expected regarding the formation of
arthrosis. However, the surprising result of
this study was that, regarding the formation
of arthrosis, a difference in either method
of therapy was not established. After both
arthroscopy and arthrotomy, arthrosis con-
tinued to develop in the majority of cases
(68.1% and 71.8%, respectively). This is an
observation that was also made by other
authors both after arthrotomy (4, 11, 15, 21,
24, 26, 29, 35) and after arthroscopy (30).
Therefore, in this respect, an advantage is
not observed in the minimally invasive me-
thod of arthroscopy when compared to
conventional arthrotomy. This is probably
due to the fact that manipulation of cartila-
ge and bone in the joint is similar in both
methods. Only soft-tissue trauma is redu-
ced in arthroscopy.

In this study, the simultaneous existence
of FCP and OCD did not have a negative
effect upon the results of the treatment by
conventional arthrotomy. In 23 joints with
both conditions, the results were “good”
and “satisfactory” in 16 cases (69.6%) com-
pared to 72.0% (121/168) of the joints with
FCP having only “good” and “satisfactory”
results. In other studies, too, significant dif-
ferences after a simultaneous treatment of
both conditions were not observed (21, 35).
Denny and Gibbs (8), Bennett et al. (4) and

Lewis et al. (18), however, give a signifi-
cantly poorer prognosis when both diseases
occur simultaneously. According to the stu-
dy of Mason et al. (20), the healing process
of the joints with FCP/OCD is surprisingly
better (90.9% of cases not being lame,
10/11 joints) than of those joints with FCP
only (65.8% of cases not being lame, 25/38
joints). However, in this study a “reversed
result” emerged after arthroscopic therapy.
Joints with FCP only showed significantly
better results (92.5% rated “good” or “sa-
tisfactory”, 185/200 joints) than those with
both conditions (73.7% being “good” or
“satisfactory”, 28/38 joints). However, con-
sidered in total, the small number of cases
with both FCP and OCD in this study, as in
the other studies as well, has to be taken in-
to account.

In conclusion, it was possible in this stu-
dy to demonstrate that in a large number of
patients with FCP, considering various as-
pects using the same assessment criteria, ar-
throscopy is superior to arthrotomy. After
arthroscopic surgery, considerably more
dogs showed a regression of their lameness
and recuperated very quickly after surgery.
However, both methods have the disadvan-
tage that arthrosis continues to progress.
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As an exercise in diagnosis, V.C.O.T. intermittently 
publishes a radiograph or image “puzzle”. The diagnosis
and a short description is published on page 222.
The author of this section is: H. Dobson, BVM & S, DVSc,
MRCVS, Cert EO, DACVR. Radiologist – Ontario Vete-
rinary College, University of Guelph.

What is it?

Number 45 – Question
History and signalment: A seven year old
intact male Shetland Sheepdog was 
admitted with a history of bilateral plan-
tar-grade stance. There was some evi-
dence of crepitus in association with the
tarsus on physical examination. Figs. 1a
and 1b represent lateral and dorsoplantar
projections of the left tarsus.

Fig. 1

a) b)
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