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OBJECTIVE
To describe the dome trochleoplasty procedure and report the short-term outcomes and complications associated
with a novel technique to correct patellar luxation and patella alta.

ANIMALS
13 dogs (16 stifle joints) diagnosed with medial patellar luxation with concurrent patella alta in dogs > 20 kg.

CLINICAL PRESENTATION

Medical records of dogs weighing > 20 kg that underwent a dome trochleoplasty for correction of a medial luxating
patella were prospectively evaluated. The procedure described involves an osteotomy of the femoral trochlea, which
is then translated and/or rotated to correct patellar luxation. Clinical results were assessed using subjective lame-
ness scoring, radiographic evaluation, and the Canine Brief Pain Inventory (CBPI) tool.

RESULTS

16 stifle joints were included in this study. The overall complication rate was 50%. Major complications occurred in
43.8% of stifle joints due to pin migration and recurrent luxation of the patella. One dog experienced a catastrophic
complication 4 months postoperatively. Uncomplicated osteotomy healing was present in 94% of dogs. The median
initial lameness score was 2 (mean, 1.81; range, 0 to 4) and at the final recheck was 0 (mean, 0.31; range, 0 to 2).
The CBPI scores were available for 50% of stifle joints. The median initial CBPI score was 45.5 (mean, 48.8; range, 32
to 74) and at the final recheck was 17.5 (mean, 20.5; range, 0 to 43).

CLINICAL RELEVANCE

The dome trochleoplasty procedure offers an alternative technique for surgical correction of patellar luxation sec-
ondary to patella alta in large-breed dogs, but due to its higher complication and reluxation rates, it should be used
cautiously and probably in combination with other corrective procedures, such as tibial tuberosity transposition,
soft tissue imbrication, and/or soft tissue release rather than as a stand-alone procedure.
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Patellar luxation is a commonly diagnosed orthopedic
condition in dogs.r Dogs can present with varying
signs ranging from mild instability of the patella within
the trochlear groove with no clinical signs to constant
luxation with skeletal deformity, gait abnormalities,
and pain. This condition can also be accompanied by
proximal displacement of the patella in the trochlear
groove, known as patella alta, which may be associated
with development of medial patellar luxation (MPL).2
Higher grades of patellar luxation are associated
with greater anatomical abnormality and severity of
lamenessin large-breed dogs.3 In cases of high-grade
luxation, severe skeletal deformation and lameness

can occur, and surgical treatment is warranted. The
goal of corrective surgery is the realignment of the
stifle extensor apparatus using both soft tissue and/
or bone reconstructive techniques, including various
types of trochleoplasty techniques to deepen the
trochlear groove.4® While deepening the trochlear
groove would allow the normally located patella to
sit in a deeper groove, dogs with patella alta have a
patella that sits proximal to the femoral trochlea and
can luxate due to the absence of the trochlear ridges
limiting medial or lateral displacement.

Reported complications following surgical cor-
rection of MPL include delayed union of osteotomy
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sites, fixation failure, recurrence of patellar luxation,
and lameness, with complication rates of 18.5% to
37%.36-9 In comparison with small-breed dogs, large-
breed dogs can pose greater surgical challenges, as
they have increased risk of postoperative complica-
tions and may require more extensive combinations
of corrective procedures.3

The objectives of this study were to describe the
dome trochleoplasty procedure and to report short-
term outcomes and complications associated with a
novel surgical technique to correct MPL secondary to
patellar alta in larger-breed dogs. We hypothesized
that the procedure would have a favorable outcome
in correcting patellar luxation secondary to patella
alta with minimal major complications compared
with previous reports using other techniques.

Methods

Client-owned large-breed dogs weighing 20 kg
or more were prospectively enrolled in this study
based on a history of lameness and clinical diagno-
sis of patellar luxation secondary to patella alta via
orthopedic and physical examinations and standard
mediolateral and craniocaudal radiographic projec-
tions. Patella alta was diagnosed using a patellar
ligament length-to-patellar length ratio of > 1.97
as previously described.? All owners were informed
of this novel technique and were required to read
and sign an informed consent agreement for dogs
enrolled in the study. The breed, sex, neuter status,
age, and body weight of each dog was recorded.
Dogs were excluded from the study if they had con-
current orthopedic and/or neurologic disease at the
time of initial diagnosis. The aim was to perform the
procedure on a total of 20 stifle joints before closing
enrollment; 4 stifle joints were excluded due to lack
of patella alta as the cause for MPL.

To determine feasibility of the technique before
use in clinical patients, the dome trochleoplasty pro-
cedure was first performed on canine saw bones.
Following successful application of the technique to
saw bones, it was performed on canine cadavers be-
fore being offered to client-owned dogs. Each dog
was anesthetized using various balanced anesthetic
protocols, was aseptically prepared for surgery, and
received either an epidural or femoral-sciatic nerve
block using 0.25% bupivacaine. A standard lateral
approach to the stifle was performed?? followed by
visual evaluation of the stifle joint, femoral trochlea
conformation, and position of the patella. A biradial
saw blade was sized to ensure that the entire femoral
trochlea, including the trochlear ridges, was excised
parallel to the long axis of the femur. The osteotomy
was started just proximal to the origin of the long
digital extensor tendon into the distal femur and
continued proximally up the cranial aspect of the fe-
mur until the trochlea was removed (Figure 1).

The trochlea was then translated proximally un-
til 75% of the patella sat within the trochlear groove
to correct patella alta (Figure 2). Additionally, the
trochlea could be translated medially or laterally or
rotated 180° to ensure sufficient medial or lateral
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Figure 1—Osteotomy proximal to the origin of the long
digital extensor tendon to remove trochlea.

<

Figure 2—Translation of the trochlea proximally to cor-
rect patella alta.

trochlear wall height to prevent patellar luxation if
necessary (Figure 3).

The trochlea was secured in its new position us-
ing 2 divergent Kirschner wires (0.045 to 0.094 inches)
placed just lateral to the trochlear ridges in a cranial-to-
caudal direction (Figure 4) and advanced until they en-
gaged the caudal femoral cortex. The Kirschner wires
were then cut and countersunk below the articular car-
tilage. Each dog received standard protocol pain man-
agement, consisting of a single injection of carprofen
(2.2 mg/kg, SC) postoperatively and hydromorphone
(0.2 mg/kg, IV, g 6 h) or methadone (0.2 mg/kg, IV, g
6 h) for 24 hours. Dogs were monitored in the hospi-
tal for 24 hours postoperatively until discharge. Home
care included cage rest, leash walking exercise for 8
weeks, and pain management consisting of tramadol
(5 mg/kg, PO, g 12 h) for 10 days and carprofen (2.2
mg/kg, PO, g 12 h) for 30 days.

Postoperative clinical results were assessed us-
ing subjective lameness scoring, radiographic heal-
ing, and the Canine Brief Pain Inventory (CBPI) tool.

—

Figure 3—Translation of the trochlea medially or later-
ally to correct patellar luxation.



Figure 4—Kirschner
wire placement se-
curing the trochlear
segment in its new
position.  A—Cra-
nial-to-caudal pin
placement. B—Lat-
eral pin placement.

Catastrophic, major, and minor complications were
recorded; catastrophic complications were defined
as those leading to permanent unacceptable func-
tion, major complications were defined as those re-
quiring additional surgical intervention, and minor
complications were defined as those that were medi-
cally managed or resolved without therapy.

Orthopedic examinations were performed and
lameness scores were assigned by the attending sur-
geon using a modified lameness scale of 0 to 5 (grade
0 = no lameness, 1 = intermittent weight bearing, 2 =
consistent weight-bearing lameness, 3 = intermittent
non-weight-bearing lameness, 4 = non-weight-bear-
ing lameness, 5 = nonambulatory) before surgery, at 2
weeks postoperatively, and at the final recheck.1! Ra-
diographs were taken immediately postoperatively to
ensure proper placement of implants and at 8 weeks
postoperatively to assess bone healing and identify
any complications; the osteotomy was considered
healed when the osteotomy line was no longer vis-
ible and callus formation was present. Owners were
asked to fill out the CBPI survey tool before surgery,
at 2 weeks postoperatively, and at the final 8-week
recheck examination.12

Data were analyzed using IBM SPSS Statistics for
Windows, version 28 (IBM Corp). For each surgery,
the median lameness score preoperatively was com-
pared with the median lameness score 2 weeks post-
operatively as well as the median lameness score at
a final follow-up. Additionally, for each surgery, the
median pain levels preoperatively were compared
with median pain levels 2 weeks postoperatively and
during a final follow-up. The nonparametric related-
samples Wilcoxon signed rank test (2 tailed) was

used to make the comparisons, and the significance
value for all analyses was set at a = 0.05.

Results

A total of 16 stifle joints (13 dogs) were included
in the current study. All stifle joints were diagnosed
with MPL with concurrent patella alta. The median
patellar ligament length-to-patellar length ratio was
2.05 (mean, 2.1; range, 2.0 to 2.3). The left stifle
was affected in 9 dogs (56.3%), and 7 dogs (43.8%)
had the right stifle affected. Two stifle joints (12.5%)
were diagnosed as grade 2 MPL, and 14 (87.5%) stifle
joints were diagnosed as grade 3 MPL. Of the dogs
included in the study, 43.8% were spayed females
and 37.5% were neutered males. Ages ranged from
1 to 3 years old at the time of surgery (median, 1;
mean, 1.37 years). The median body weight was 27.5
kg (mean, 30.1 kg; range, 20 to 65 kg).

Following arthrotomy, all dogs were found to
have intact cranial and caudal cruciate ligaments and
intact medial and lateral menisci. On evaluation of
the femoral trochlea, 8 of the 16 stifles (50%) showed
wearing at the proximal aspect of the medial troch-
lear ridge. Following the trochlear osteotomy, the
trochlear segment was translated proximally in all 16
stifle joints. Additionally, the trochlear segment was
translated medially in 4 stifle joints (25%), rotated
180° and translated medially in 5 stifle joints (31.3%),
and rotated 180° alone in 1 stifle, and no rotation or
medial translation occurred in 6 stifle joints (37.5%).
The 6 stifle joints that did not have a rotation or me-
dial or lateral translation of the osteotomized seg-
ment required a proximal advancement of the seg-
ment only. All stifle joints had proximal translation of
the osteotomized segment. Concurrently performed
procedures were tibial tuberosity transposition in 5
stifle joints and lateral fascial imbrication in all 16
stifle joints. No dogs in this study were identified as
having femoral varus. If femoral varus was present,
the dome trochleoplasty would not have been used,
and a patient would have been treated with a distal
femoral osteotomy instead.

Eight of 16 stifle joints (50%) had reported com-
plications, which were diagnosed 42 to 224 days post-
operatively (mean, 101.7 days). Major complications
occurred in 7 stifle joints (43.8%) due to pin migra-
tion with subsequent removal (n = 4) and reluxation
(3). The course of treatment for the 4 stifle joints in
which pin migration occurred included pin removal
under sedation followed by empirical treatment of
cephalexin (22 mg/kg, PO, q 12 h) for 7 days. Of
the 9 remaining stifle joints where the Kirshner wires
remained in place, 8 of the osteotomized segments
went on to heal without complication. One dog expe-
rienced a catastrophic complication 4 months post-
operatively in which the dog had progressive, severe
bone resorption of the osteotomized trochlear ridge
noted on radiographs (Figure 5). The dog was subse-
quently treated with a patellar groove replacement as
previously described?® and recovered.

Lameness scores were available for all stifle
joints in this study, with a median final recheck time
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of 87.5 days (mean, 101.7 days; range, 42 to 224
days). The median initial, 2-week, and final recheck
lameness scores were 2 (mean, 1.81 days; range, 0 to
4 days), 2 (mean, 2.63 days; range, 1 to 4 days), and
0 (mean, 0.31 days; range, 0 to 2 days). When com-
paring preoperative lameness scores to lameness
scores taken 2 weeks postoperatively, there were 9
instances of lameness scores increasing, 5 instances
of lameness scores remaining unchanged, and 2 in-
stances of lameness scores decreasing. When com-
paring preoperative lameness scores to those taken
during a final follow-up, there were 0 instances of
lameness scores increasing, 2 instances of lameness
scores remaining unchanged, and 14 instances of
lameness scores decreasing.

Wilcoxon signed rank tests revealed that the me-
dian difference in lameness scores from preoperative
levels to postoperative levels was significant. Spe-
cifically, lameness scores 2 weeks postoperatively
(mean, 1.81; median, 2; SD, 1.22) were higher than
preoperative lameness scores (mean, 2.62; median,
2;SD, 1.09; P =.046), but lameness scores at the final
follow-up were significantly lower (mean, 0.31; me-
dian, 0; SD, 0.60) than preoperative levels (P < .001).

Immediate postoperative radiographs showed
that proper implant placement was present in all
dogs and that uncomplicated osteotomy healing was
present in 15 of the 16 (94%) stifle joints at 8-week
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Figure 5—Me-
diolateral and
craniocaudal
radiographs
taken of the
left stifle joint
preoperatively
(A), immedi-
ately postop-
eratively  (B),
and 4 months
postoperative-
ly (C) demon-
strating troch-
lear segment
resorption
follow  dome
trochleoplasty
in the patient
suffering a cat-
astrophic com-
plication. This
patient  went
on to have a
patellar groove
replacement
and recovered
without further
complications.

recheck radiographs. The CBPI scores were available
for 8 of the 16 stifle joints (50%) with a median final
recheck time of 112 days (mean, 112.8; range, 42 to
224 days). The initial 2-week and final mean CBPI
scores were 45.5 (mean, 48.9; range, 32 to 74), 48
(mean, 47.4; range, 33 to 67), and 17.5 (mean, 20.5;
range, 0 to 43). When comparing preoperative pain
levels to pain levels taken 2 weeks postoperatively,
there were 3 instances of pain levels increasing, 0 in-
stances of pain levels remaining unchanged, and 5
instances of pain levels decreasing. When comparing
preoperative pain levels to those taken during the fi-
nal follow-up, there were no instances of pain levels
increasing, no instances of pain levels remaining un-
changed, and 8 instances of pain levels decreasing.

Wilcoxon signed rank tests revealed that pain
scores were not different between preoperative
levels (mean, 48.88; median, 45.50; SD, 12.90) and
those recorded 2 weeks postoperatively (mean,
47.38; median, 48.00; SD, 12.32; P = .48), but pain
levels during the final follow-up were significantly
lower (mean, 20.50; median, 17.50; SD, 16.36) than
they were preoperatively (P =.01.)

Discussion

The results of this study showed that the dome
trochleoplasty procedure can be effective for cor-



recting patellar luxation associated with patella alta
in dogs weighing greater than 20 kg, demonstrated
by the improved median lameness and CBPI survey
scores during the study period. However, for reliable
results, the procedure should be performed in con-
junction with other corrective procedures, such as
tibial tuberosity transposition, soft tissue imbrication,
and/or soft tissue release to minimize the risk of re-
luxation, and surgeons should consider that implant
removal may also be required following bone healing.

The advantages of the procedure are its simplic-
ity; its versatility in correcting a variety of patellar
abnormalities, including patella alta; and the preser-
vation of the entire articular cartilage surface area. A
biradial saw blade was used to allow for the osteoto-
mized segment to move proximally to correct patella
alta but also to allow for medial or lateral rotation to
increase the medial or lateral trochlear ridge height
in cases of trochlear hypoplasia, which can be seenin
many cases of patella luxation. The size of saw blade
was chosen at the discretion of each surgeon to al-
low for an osteotomy of the entire femoral trochlea.
In cases of MPL, hypoplasia of the medial trochlear
ridge allows for unimpeded luxation over the shorter
trochlear ridge. The dome trochleoplasty allows for
either rotation of the segment medially to increase
the medial trochlear ridge height or to rotate the
segment 180° to use the lateral trochlear ridge to
achieve appropriate medial stability. While there
would be concern that decreasing the lateral trochle-
ar ridge height would predispose the dogs to lateral
patella luxation, this was not seen in our study popu-
lation. While distal tibial tuberosity transposition and
tibial tuberosity advancement do exist to correct
patella alta, they do not allow for the simultaneous
correction of multiple abnormalities associated with
patella luxation.1*1> The dome trochleoplasty tech-
nique can correct the issues with trochlear depth and
malalignment of the quadriceps mechanism contrib-
uting to patella luxation and patella alta pathology
simultaneously, potentially decreasing surgery and
anesthesia time. Additionally soft tissue imbrica-
tion or releasing incisions may also be required to
further prevent relaxation, but these can be done as
part of incision closure and should not significantly
increase surgery or anesthesia times. Further study
is warranted using objective assessment measures,
such as force plate gait analysis, and assessment of
long-term outcomes, which is beyond the scope of
this study.

The overall complication rate for the dome
trochleoplasty procedure was 50%, which was signifi-
cantly higher compared with previously reported pa-
tellar luxation procedures.>6-9 Major complications
occurred in 43.8% of stifle joints (7/16 stifle joints),
and catastrophic complications occurred in 1 stifle.
Of the 7 stifle joints with major complications, 4 were
due to pin migration from the dome trochleoplasty
site, and the associated lameness resolved after pin
removal. While considered a major complication, pin
removal is a routine, straightforward procedure and
can often be performed under sedation rather than
general anesthesia. To limit pin migration, the use

of threaded Kirschner wires or bioabsorbable pins
could be employed, but additional studies would be
necessary to evaluate the efficacy of these implants
in preventing such migration. One dog had a cata-
strophic complication at 16 weeks postoperatively
and was treated with a patellar groove replacement.
In that case, it was suspected that vigorous activity
early in the postoperative period may have led to
disruption of the osteotomy blood supply and heal-
ing that resulted in significant, progressive bone re-
sorption. This complication reinforced the directive
for postoperative convalescence and activity restric-
tion. Alternatively, excessive heating of the bone
could have occurred during the osteotomy, leading
to thermal injury and necrosis of the bone. Thermal
injury can be mitigated by lavage during the oste-
otomy to cool the tissues.

Recurrence of patellar luxation postoperatively
occurred in 19% of stifle joints (3/16 stifle joints) and
required a second surgery to achieve proper reduc-
tion. Our reported reluxation rate was significantly
higher than recent reportsé® of 6% to 6.4% involving
small- to large-breed dogs. In each of these 3 cases,
only the dome trochleoplasty was performed to cor-
rect the patellar luxation and patella alta. Each case
of recurrent reluxation was treated with tibial tuber-
osity transposition, medial retinacular release, and
lateral imbrication, which led to correction of the
luxation. A 2007 study by Arthurs et al'6 found that
dogs > 20 kg had a significantly higher risk for com-
plications and reluxation but also found that dogs
undergoing both trochleoplasty and tibial tuberosity
transposition were less likely to encounter complica-
tions and reluxation. Given the findings of that study
and our results, we would recommend that soft tis-
sue procedures, such as soft tissue imbrication and
soft tissue release, and tibial tuberosity transposi-
tion be performed in addition to the dome trochleo-
plasty, especially in dogs with higher-grade patellar
luxation, to minimize the risk of recurrent luxation.

While simple to perform, the dome trochleoplasty
procedure does have some limitations. First, the sur-
geon must ensure that the entire trochlea is excised
with enough bone to prevent fracture of the exposed
trochlear ridge. Second, there is the need for a bi-
radial saw blade and specialized training to use this
equipment. Finally, given that there are no set mea-
surement protocols, the outcome of this procedure is
dependent on the surgeon’s ability to judge appro-
priate positioning of the resected trochlear segment.
Further research may produce such necessary mea-
surement protocols. The major limitations to the cur-
rent study include a small sample size and the large
percentage of patients lost to follow-up. Additionally,
the subjective nature of the postoperative outcome
evaluation by owners and veterinarians may lead to
overestimation of clinical effect. The follow-up period
was also relatively brief, with maximum follow-up be-
ing 6 months postoperatively. Long-term follow-up
would be valuable for evaluating patient outcome and
progression of osteoarthritis.

The findings of this study led us to reject our
hypothesis and instead to suggest that when used
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alone, the dome trochleoplasty would not be rec-
ommended for surgical correction of patellar luxa-
tion and patella alta in large-breed dogs due to its
higher complication and reluxation rates than those
of previously reported procedures. Dome trochleo-
plasty may possibly be used, cautiously, in combi-
nation with other corrective procedures rather than
as a stand-alone procedure. While the major com-
plication rate was higher than in previous studies,
the majority of complications were due to pin mi-
gration. Subsequent removal, which is a simple pro-
cedure and can be done under sedation, resulted in
favorable outcomes. Further studies are warranted
to investigate strategies to minimize pin migration,
to investigate the potential use of dome trochleo-
plasty in smaller-breed dogs, and to better assess
long-term clinical outcomes.
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