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Introduction

Patellar luxation is one of the most commonly diagnosed
orthopaedic diseases in dogs.1,2 It has been reported that
patellofemoral joint congruencymay alter the femoral troch-
lear groove depth during the skeletal development of dogs.3

Quite often, a shallow femoral trochlear groove is secondary
to patellar maltracking and patellar luxation.3 However,

more rarely a shallow femoral trochlear groove may be
primarily associated with a recurrent patellar luxation.4

Restoring normal hindlimb alignment is often required to
treat patellar luxation in dogs.5–10 Trochleoplasty is a com-
mon procedure that aims to improve the accommodation of
the patella within the femoral trochlear groove.8,11 Compli-
cations, such as osteochondral wedge dislodgment or frac-
ture of the trochlear ridge, have been described.9,12–15
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Abstract Objectives To describe the implant characteristics and surgical application of a
custom-made trochlear ridge prosthesis (TRP) and to report clinical outcomes in
dogs affected by patellar luxation treated with TRP.
Study design Dogs affected by patellar luxation underwent computed tomography.
A specific canine bone anatomical replica, a cutting guide, and a TRP were designed and
provided for surgery. Surgical records, clinical and radiographic reassessments,
complications, pre- and postoperative lameness, type and degree of patellar luxation,
and TRP and patellar position after surgery were reviewed. Clinical outcomes were
defined as full, acceptable, or unacceptable function.
Results The TRP was implanted in 60 femoral trochleae: 48 unilateral and 12 bilateral.
Successful correction of patellar luxation was achieved in 59/60 cases. TRP was applied
with other surgical techniques in 36/60 of the cases and as the only surgical procedure
in 24/60 cases. Overall, three complications were observed: two minor and one major
(patellar luxation recurrence). Neither implant loosening nor infection was observed.
The mean radiographic follow-up was 3.8 months. At the time of the final follow-up,
57/60 cases were scored as fully functional.
Conclusion The TRP application either alone or in combination with other surgical
techniques allowed for correction of patellar luxation and improvement in preoperative
lameness with nominal complications. TRP could represent a potentially reliable
alternative to trochleoplasty.
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Other surgical procedure such as patellar groove replace-
ment (PGR; Kyon, Zurich, Switzerland) and Ridgestop
(Orthomed, Huddersfield, United Kingdom) have been pro-
posed in dogs16,17 and cats18,19 to reshape thewhole femoral
trochlea or the femoral trochlear ridge, respectively. Ridge-
stop consists of a polyethylene ridge, which is held in place
with cortical screws. Clinical data of Ridgestop are currently
very limited as only one case series (four cats) was
published.19

The authors of the present study reported recently as a
short communication20 a patient-specific custom-made im-
plant that aims at improving the accommodation of the
patellawithin the femoral trochlear groove via augmentation
of the buttress support of the femoral trochlear ridges.
Trochlear ridge prosthesis (TRP) is a titanium implant devel-
oped from three-dimensional (3D)-reconstructed computed
tomographic (CT) images of the femoral trochlea and pro-
duced by direct metal laser sintering technology (►Fig. 1).

To date, we are unaware of studies reporting the use of a
custom-made implant designed to augment the height and
reshape the profile of the femoral trochlear ridges. Therefore,
the purpose of this study is to (1) describe the key features of
the TRP and the surgical technique and (2) report clinical
outcomes and complication rates following the implantation
of TRP in dogs affected by patellar luxation. The success for
correction of patellar luxation was defined based on postop-
erative clinical and radiographic outcomes.

Materials and Methods

CT Examination
A CT was the first step to manufacture TRP. For each dog,
contiguous CT images (Toshiba Asteion S4, Toshiba Medical
Systems Europe, Amsterdam) were obtained and a DICOM
software (Osirix version 2.7, Pixmeo SARL, Geneva,
Switzerland)wasused to analyze the femoral trochlear groove.

The femoral trochlear morphology was evaluated and the
femoral trochlear groove depth and patellar craniocaudal
thickness were quantified using a described methodology.21

Once the femoral trochlear measurements were finalized, a
stereolithographic (STL) file was created for further imaging
processing.

Implant Design and Manufacture
Three software programs (Mimics 20.0 and Magics 23.01,
Materialise NV, Leuven Belgium; Geomagic 2019.1.67-3D,
Systems, Inc., United States) were used for the design and
manufacture of (1) an anatomic replica of the femoral
trochlea of the affected limb, (2) a cutting guide, and (3)
the TRP.

The luxated patella was moved within the femoral troch-
lear groove via software manipulation (►Fig. 2A, B). The
femoral trochlear ridges were replaced (►Fig. 2C) with TRP.
From the sagittal view, the height of the TRP was designed to
cover 40% of the patellar craniocaudal thickness (►Fig. 2D).

Fig. 1 Lateral (A) and caudal views (B) of the trochlear ridge prosthesis. The lateral view shows the extraosseous component and the
intraosseous component. Computerized design of the trochlear ridge prosthesis (C, D). The patella is positioned into the trochlear groove using
computer software manipulation, and the extraosseous component is designed to cover 40% of the patellar thickness in the sagittal plane (C).
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TRP has an extraosseous component, which augments the
trochlear ridge, and an intraosseous component, which has a
rectangular press-fit design to promote osteointegration
(►Figs. 1 and 3).22 The articular surface of the extraosseous

component is curved and smooth which allows the sur-
rounding soft tissues to slide over it. Mirror finishing is
employed on the extraosseous surface of TRP. The bone
surface of the extraosseous portion of the TRP is concave
to fit the contour of the femur (►Fig. 1).

The intraosseous component is a rough rectangular plate
perforated with several small holes each with a diameter of
0.7mm (►Fig. 1), which facilitates osteointegration.17–19 The
thicknessof theplate isbasedondog sizeandranges from0.5 to
1mm. The TRP plates are parallel to each other and perpendic-
ular to the femur in the frontal plane. Furthermore, thedepthof
theplate is designed toavoid contactwith theendosteal surface
of the caudal cortex of the distal femur (►Fig. 3).

The femoral trochlear anatomic replica and the cutting
guides are alsomanufactured (►Fig. 4). TRP is designed to be
complementary to the profile of the trochlear ridge; thus,
TRPmust be applied in a specific site of the femoral trochlea.
The cutting guide was designed to accurately match the
cranial surface of the distal femoral epiphysis and to be
positioned in the most prominent aspect of the femoral
trochlear ridges. The cutting guide ends proximally with
two wings that wrap around the distal femoral metaphysis.
There are two slots in the guide that allow for executing
parallel osteotomies, perpendicular to the femur in the
frontal plane (►Fig. 4). The cutting guide slots are designed
to be 0.5mm wider than the saw blade thickness.

Fig. 2 Software manipulation to design the height of the trochlear
ridge prosthesis (TRP): transverse view of the three-dimensional
femoral trochlea reconstruction with the patella medially luxated (A).
Transverse view of the three-dimensional femoral trochlea recon-
struction with the patella repositioned with the femoral trochlear
groove after software manipulation (B). Transverse view of the three-
dimensional femoral trochlea reconstruction after replacement of the
native femoral trochlear ridge with TRP (C). Assessment of the TRP
height in the sagittal plane. The dashed red line indicates the TRP
profile. Segment “a” must be 60% of the patellar craniocaudal
thickness in the sagittal plane. The TRP must cover 40% of the patellar
thickness in the sagittal plane (segment “b”) (D).

Fig. 3 Image showing the trochlear ridge prosthesis. The femur is
transparent to show that the intraosseous component (perforated
rectangular plate) of the implant does not touch the endosteal
surface of the distal femoral caudal cortex.

Fig. 4 Images of the cutting guide in frontal (A), sagittal (B), and
transverse planes (C, D). TRP in image (D) is transparent to indicate
where the two linear cuts are made in the cranial surface of the distal
femur. The osteotomies are performed at the top of the femoral
trochlear ridges, parallel to each other and perpendicular to the
femur.

Veterinary and Comparative Orthopaedics and Traumatology Vol. 37 No. 2/2024 © 2023. The Author(s).

A Retrospective Study in a Cohort of Dogs Nicetto, Longo100



With regard to implant printing, the femoral anatomical
replica and the cutting guide were made of polyamide and
printed with a 3D printing machine (Jet Fusion 3D 4200, HP,
Palo Alto, California, United States), whereas the TRP was
made of titanium (alpha-beta titanium-alloy, Grade 5) and
was printed using a 3D metallic printer (Truprint 2000,
Trumpf, Ditzingen, Germany).

Medical Records and Inclusion Criteria
This study was approved by a local ethical and deontological
committee. Informed consent was submitted to the owner
before TRP surgery.

Surgical records of dogs affected by patellar luxation that
underwent TRP surgery were retrieved from 2016 to 2022
in the computerized database of a veterinary clinic (Diag-
nostica Piccoli Animali, Clinica Veterinaria Pedrani, Vicenza,
Italy).

Data were reviewed to record signalment, history, and
findings of the orthopaedic examination. A pre- and post-
operative lameness evaluationwas performedwhile the dog
was walking and trotting and scored using a visual scale of 5
grades.23 The direction (medial or lateral) and degree (Put-
nam scale) of patellar luxation,24 femoral and tibial align-
ment, surgical techniques performed to treat patellar
luxation, and complications were also recorded.

Hindlimb alignment was evaluated preoperatively with
either orthogonal radiographic projections or with CT using
literature reference values.25–31 Postoperatively, hindlimb
alignment was assessed exclusively with an orthogonal
radiographic study.

The inclusion criteria for the study were (1) the use of a
TRP in dogs with patellar luxation, (2) a CT study for the
measurements, (3) a clinical and radiographic follow-up of at
least 2 months, and absence of chondral erosions of the
femoral trochlear groove.

The comprehensiveness of the follow-up was assessed
according to the literature guidelines.23 Briefly, a periopera-
tive follow-up was defined within 3 months, a short-term
follow-up between 3 and 6 months, a mid-term follow-up
between 6 and 12 months, and a long-term follow-up after
12 months.23

Complications were defined as intraoperative and post-
operative as well as minor, major, and catastrophic.23

Surgery
A parapatellar lateral or medial surgical approach was per-
formed depending on if and which additional surgical pro-
cedure was performed with TRP.32

Once the cranial articular surface of the distal femur was
exposed, the soft tissues were dissected from the cranial
surface of the distal femoral metaphysis to allow the place-
ment of the cutting guide (►Fig. 4). The guidewaskept stable
by sliding thewings over the femur. Proper positioning of the
cutting guide was assessed intraoperatively by applying the
cutting guide onto the femoral anatomic replica. The dis-
tance from the guide to the proximal aspect of the femoral
intercondylar notch was measured on the femoral anatomic
replica (►Fig. 5B and 6). The same distance was used to

evaluate proper positioning of the cutting guide onto the
femur (►Fig. 5C).

Additionally, the depth of each osteotomywas assessed in
the femoral anatomic replica. A graduated saw or a depth-
stop was used to measure the maximal depth of the osteot-
omies (►Fig. 5). The two osteotomies were performedwith a
motorized oscillating saw (DePuy Synthes, Oberdof,
Switzerland). The thickness of each osteotomy was slightly
less than that of the plate.

The cutting guide was removed, and a number 11 scalpel
blade was inserted in each osteotomy to remove small
remnants of subchondral bone to facilitate the insertion of
the TRP intraosseous component.

Final TRP insertion was achieved by applying gentle
pressure on the implant with a Teflon hammer (Securos,
Fiskdale, Massachusetts, United States). The hammer is soft
and does not scratch or dent the prosthesis surface
(►Fig. 6). The patella was positioned within the femoral
trochlear groove, and patellar tracking was assessed by
executing stifle flexion and extension with concurrent
inward and outward rotation of the pes while the joint
capsule was still open.

Fascia release or imbrication and femoral and/or tibial
corrective osteotomieswere additionally performed, if need-
ed, to correct hindlimb malalignment.

Radiographic Outcomes
Femoral and tibial postoperative radiographs were obtained
immediately after surgery to assess patellar and TRP posi-
tioning and evaluate hindlimb alignment (►Fig. 7).25 When-
ever femoral torsionwas corrected, the geometrical biplanar
techniquewas used to evaluate postoperative torsion correc-
tion.31 Tibial tuberosity position relative to the pes was
evaluated in a straight tibial caudocranial if tibial torsion
correction was performed.30

Follow-up radiographs were scheduled at 4 weeks after
surgery and then monthly thereafter until radiographic bone
healing was achieved if corrective osteotomies were
performed.33

Radiographic signs such as implant dislodgement, peri-
implant radiolucency, osteolysis, periosteal reaction, and
soft tissue radiopacity were evaluated to assess the presence
of implant loosening or infection.

Clinical Outcomes
Every dog was assessed preoperatively, before discharge, and
during the clinical reassessments scheduled at suture re-
moval and at 1 and 2 months postoperatively. During each
clinical reassessment, lameness evaluation was first per-
formed followed by physical palpation to detect the presence
of fluid discharge, soft tissue swelling, pain elicited during
stifle range of motion, and patellar position. Patellar position
was assessed in both the standing position and lateral
recumbency during static and dynamic conditions. Postop-
erative clinical outcomes were classified as full function,
acceptable function, and unacceptable function depending
on the grade of postoperative lameness, patellar position,
and complications observed.23
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Fig. 6 Image (A) shows the technique to evaluate proper positioning of the cutting guide by measuring the distance from the guide to the
proximal aspect of the femoral intercondylar notch on the femoral anatomical replica. Image (B) shows the method for assessing the depth of the
osteotomy using a graduated sagittal saw blade.

Fig. 5 Intraoperative images showing a shallow femoral trochlear groove (A), the assessment of the distance from the cutting guide to the
femoral intercondylar notch at each point of each trochlear ridge (B), positioning of the cutting guide on the femoral trochlear groove (C),
presence of two osteotomies on the femoral trochlear ridges (D), TRP impaction via Teflon hammer (E), and TRP final positioning (F). TRP,
trochlear ridge prosthesis.

Veterinary and Comparative Orthopaedics and Traumatology Vol. 37 No. 2/2024 © 2023. The Author(s).

A Retrospective Study in a Cohort of Dogs Nicetto, Longo102



Results

Study Population
Forty-eight dogs met the inclusion criteria. The signalment,
body weight, direction, and degree of patellar luxation are
summarized in ►Appendix Table 1 (available in the online
version). Eighteen dogs were males, and 30 were females.
The age ranged from 9 to 108 months (mean: 36.6 months;
standard deviation [SD]:�26.5). Body weight ranged from
1.3 to 23 kg (mean: 5.6 kg; SD:�4.1). The most represented
breeds were mixed breed (n¼15) and toy Poodle (n¼8).

Preoperative Clinical Findings and Measurements
Sixty stifles received TRP. Medial patellar luxationwas found
in 55 stifles: grade 2 (n¼4), grade 3 (n¼43), and grade 4
(n¼8). Lateral patellar luxation was diagnosed in the
remaining 5 stifles: grade 3 (n¼1) and grade 4 (n¼4)
(►Appendix Table 1 [available in the online version]). All
48 dogs were lame before surgery (score range: 3–5). In

detail, 5/60 cases had a score of 3, 47/60 cases had a score of
4, and 8/60 cases had a score of 5 for preoperative lameness
(►Appendix Table 1 [available in the online version]). Among
the 60 stifles treated, 3/60 did not show any hindlimb
deformities, 18/60 had tibial torsion, 4/60 femoral varus,
8/60 femoral torsion, 3/60 tibial torsion with femoral varus,
14/60 tibial torsion with femoral torsion, 1/60 femoral varus
with femoral torsion, and 9/60 tibial torsion with both
femoral varus and torsion.

Surgery
Twenty-four out of 60 stifles were treated only with TRP. In
36/60 stifles, other surgical techniques were performed in
addition to TRP (►Appendix Table 2 [available in the online
version]). Within the group where TRP was the only surgical
procedure, no hindlimb deformities (n¼1), femoral defor-
mities (n¼6), tibial deformities (n¼12), or concurrent fem-
oral and tibial deformities (n¼5) were observed.

Fig. 7 Pre-, immediate postoperative orthogonal radiographic projections (A, B) and postoperative mediolateral radiographic view (2 months
postoperatively, C) of one case (case 41) treated exclusively using TRP. Pre-, immediate postoperative orthogonal radiographic projections (D, E)
and postoperative mediolateral radiographic view (10 months postoperatively, F) of a case treated using a TRP with distal femoral osteotomy.
TRP, trochlear ridge prosthesis.
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TRP was appliedwith tibial tuberosity transposition (TTT;
n¼13), proximal tibial osteotomy (PTO; n¼1), a modified
tibial plateau leveling osteotomy (m-TPLO) (n¼1), distal
femoral osteotomy (DFO; n¼12), DFO and TTT (n¼2), and
DFO with PTO (n¼7). A total of 30 corrective osteotomies
were performed: DFO (n¼21) and PTO (n¼9). Retinaculum
imbrication was performed in 52 stifles (lateral, n¼47:
medial, n¼5), while retinaculum release was performed in
33 stifles (lateral, n¼5: medial, n¼27).

Postoperative Radiographic and Clinical Outcome
The radiographic follow-up was classified as perioperative
(n¼44 stifles), short-term (n¼8 stifles), mid-term (n¼4
stifles), and long-term radiographic (n¼4 stifles) follow-up
(►Appendix Table 2 [available in the online version]). The
radiographic follow-up ranged from 2 to 23 months (mean:
3.8 months; SD:�4). At the 2-month radiographic reassess-
ment, TRP was found in all 60 stifles in the proper position
with no radiographic signs of implant loosening or implant
infection. The patellawas found in a central position in 59/60
stifles. Soft tissue periarticular swelling was detected in 7/60
stifles. Whenever a corrective osteotomy was performed
(n¼30), the radiographic bone union ranged from 1.5 to
3.3 months (mean: 2.1 months; SD:�0.3). All the femoral
closing wedge ostectomies (n¼21) restored the physiologi-
cal frontal femoral alignment (►Appendix Table 3 [available
in the online version]). The radiographic axial tibial align-
ment was deemed physiological in 9/9 PTO (►Appendix

Table 3 [available in the online version]).
The postoperative clinical outcomes included full func-

tion in 57/60 of treated stifles, acceptable function in 2/60,
and unacceptable function in 1/60 (►Appendix Table 2

[available in the online version]). At the 2-month follow-
up, all dogs improvedwith lameness scores ranging from 0 to
3. Specifically, 57/60 stifles did not show residual lameness,
whereas 3 dogs showed persistent lameness but with a lower
score than noted before surgery. In two dogs, the lameness
score improved from grade 4 to grade 1, but the physical
examination of the stifle elicited moderate pain.

Complications
Overall, we observed complications in 3/60 cases, including 2
minor complications and 1 one major complications.

The two minor complications included the presence of
grade 1 lameness lasting until 4 months after surgery in one
case and until 2 months in another case. The supposed cause
was the presence of periarticular fibrosis and soft tissue
tension around the TRP and patella.

The major complication was medial patellar luxation
recurrence 4 months after surgery. The preoperative evalua-
tion showed abnormal external tibial and femoral torsion.
The dog received a TRP in combinationwith TTT, whereas the
femoral deformities were not corrected.

Discussion

This study describes a custom-made implant designed to
augment the femoral trochlear ridges and reports the clinical

outcomes and complication rate after applying TRP in 48
dogs (60 canine stifles) affected by patellar luxation.

In this study, TRP allowed for the correction of patellar
luxation in 59/60 dogs, improving also the preoperative
lameness in almost all cases, with 45/48 of dogs returning
to normal function. A low complication rate was observed.

The TRP design and application technique offer some
advantages compared to trochleoplasty.6,8,34 The goal of
trochleoplasty is to create a wide and deep osteochondral
graft so that at least 40 to 50% of the patella is heldwithin the
femoral trochlear groove.35 To achieve this purpose, at least
two osteotomies are performed in the femoral trochlear
groove cartilage. With TRP, the femoral trochlear groove
cartilage is spared because the height of the femoral troch-
lear ridges is augmented instead of deepening the groove.
Similar to trochleoplasty, two intraarticular osteotomies are
required but they are performed at the top of the femoral
trochlear ridges, where noweight-bearing is expected. It has
been reported that techniques that better preserve cartilage
result in faster return to function and reduced osteoarthritis
progression.6,9,36

Although trochleoplasty is a popular surgical technique in
human37–40 and veterinary orthopaedics,8,14 it may be as-
sociated with complications that include long-term osteoar-
thritis development,12,22 migration of the osteochondral
graft,13 and fracture of the femoral trochlear ridges.12 Troch-
leoplasty is a free-hand procedure, while the osteotomies for
TRP application are performed with a cutting guide which
ensures an accurate execution of the osteotomies in the ridge
area where the most bone purchase is present.

To mention TRP pitfalls, additional diagnostics (CT),
manufacturing time (usually 1 week), and superior costs
represent the main disadvantages compared to trochleo-
plasty. Implant-related complications are also potential lim-
itations. However, in this study, neither implant loosening
nor infections were observed.

The TRP was applied either in combination with other
surgical techniques or as themain surgical procedure to treat
patellar luxation. Although we cannot draw definitive con-
clusions on TRP efficacy, we can extrapolate from our data
that TRP contributed to restoring patellar luxation in the
short term at the cost of minimal complications.

The TRP was successfully applied with DFO, PTO, and TTT.
The reason for combining TRPwith corrective osteotomies or
traditional techniques wasmainly ascribable to the presence
of a hindlimb deformity. Among the cases where TRP was
applied with other techniques, only one case failed due to
recurrence of medial patellar luxation. This failure was
attributed to the lack of correction of the femoral deformity.

In patellar luxation cases, it is occasionally possible to
encounter hindlimb deformities that are deemed mildly
abnormal. Under these circumstances, it is possible to treat
patellar luxation without addressing these deformities but
using traditional techniques (i.e., TTT or trochleoplasty). The
TRP was applied in 24 stifles as the only surgical procedure.

Concerning the main features of TRP, although their
profile is generally the same, slight modifications ensure
proper implant fit for each dog. The TRP prototyping is
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designed to minimize the area of interface between the
extraosseous component of the implant and the trochlear
ridge. As a result, the presence of sharp or bulky components
is reduced, thus ensuring better prosthesis fitting. In con-
trast, providing the proper fit for each dogmay be difficult to
achieve using implants with standardized dimensions, po-
tentially leading to an under- or oversized implant that may
eventually cause recurrent patellar luxation or patellar
impingement.

The use of a titanium rectangular perforated plate as an
intraosseous-fixation method allows for an optimal press-fit
impaction and promotes osteointegration. Titanium was
chosen given its reported biocompatibility and osteointegra-
tion properties.22,41

The above-mentionedaspects arebenefits of TRP compared
to the Ridgestop. The titanium intraosseous plate is less
cumbersome than the use of screws. Additionally, screw
insertion can be challenging particularly in a small and curved
articular surface and screws may be affected by loosening. In
theRidgestopcaseseries, 1/4 caseshadscrewloosening. In this
study, no implant loosening was observed in 60 cases.

This study has some limitations. The main limitation was
its retrospective nature given that some of the surgery
records and postoperative outcome assessment may not be
complete. The follow-up is relatively short-term and there-
fore we cannot comment neither on potential development
of osteoarthritis after TRP implantation nor cartilage injury.
Additionally, postoperative objective measurement out-
comes, such as goniometry and force plate analysis, were
not performed.

Second, apart from the postoperative radiographic follow-
up, we did not perform additional diagnostics to assess the
postoperative development of osteoarthritis. It would be
possible that chondral lesions on the patellar abaxial and
articular surfaces may have increased the odds for postoper-
ative osteoarthritis development.

In conclusion, TRP represents a surgical option to improve
patellar accommodationwithin the femoral trochlear groove
in dogs affected by patellar luxation. Surgical indications
include dogs affected by patellar luxation associated with
trochlear dysplasia, hypoplasia of the femoral trochlear
ridges, with no or minimal cartilage lesions of the femoral
trochlear groove.

The restoration of physiologic patellar tracking with the
benefit of nominal damage to the femoral trochlear cartilage
is the main advantage of TRP. Additionally, the TRP was not
developed as an end-stage procedure and therefore provides
the opportunity for other surgeries should patellar maltrack-
ing recur.

Note
Dr. Tommaso Nicetto holds the patent for TRP (nr.
102019000024472).
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