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Introduction

Surgical management of osteochondrosis dissecans (OCD)
lesions is multifaceted, aiming for pain relief, restoration of
joint surface integrity, as well as prevention of secondary
osteoarthritis. Previously employed surgical techniques in

canine stifle OCD include debridement and induction of
fibrocartilage scar formation,1,2 osteochondral allo- and
autograft transplantation,3–7 and synthetic osteochondral
resurfacing (SOR).8,9 Debridement up to the point of sub-
chondral bleeding is considered standard care for OCD
lesions in canines.1,2,10 However, the resultant fibrous
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Abstract Synthetic anatomical reconstruction of extensive, oval osteochondrosis dissecans
(OCD) defects remains a challenge due to the ‘one shape fits all’ design of commercial
round implants. This is further complicated by the inherent inaccuracy of free-hand
implant positioning procedures. A 6-month-old German Shepherd presented with a
15� 7.8�4.3mm OCD defect at the lateral femoral condyle. A synthetic patient-
specific implant (PSI) was designed, using the contralateral unaffected condyle as a
template. Reaming of the implant bed was fully guided using a set of three-
dimensional-printed drill guides. The implant, consisting of a titanium base and a
polycarbonate urethane bearing surface, was press-fit into place. Temporary meniscal
release of the cranial meniscal horn was repaired, followed by routine closure and
postoperative care. The combination of PSI and matching drill guides resulted in an
accurate restoration of the normal joint surface at the former defect area. At 6-week
and 18-month follow-ups, mild joint effusion, unexpected soft tissue mineralization
and a small joint mouse were present. No other complications were encountered, and
the dog was clinically lameness-free. At 6 weeks and 6 months, computerized gait
analysis documented increased loading of the affected limb from 36% preoperatively to
42 and 40%, on follow-up, respectively. Body weight distribution between both
hindlimbs was nearly equal at the 6-month control with 1% difference in loading.
Osteochondral resurfacing using a PSI appears to be a promising treatment option for
large stifle OCD lesions in which other treatment modalities may not be eligible.
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cartilage lacks the strength of hyaline cartilage necessary to
restore normal pressure distribution,11 preventing the de-
velopment of secondary ‘kissing lesions’ on the opposing
joint surface,12 or rim stress concentration around the
primary defect.13 This lack of structural strength and persis-
tent joint incongruity leads to mixed functional results and
the progression of osteoarthritis, especially with large
defects.1,2 Advanced resurfacing techniques, such as osteo-
chondral autograft transplantation (OAT) and SOR, could
potentially overcome the aforesaid shortcomings of standard
OCD treatment,4,5,7–9,14 but some limitations must be con-
sidered. Osteochondral autograft transplantation is restrict-
ed by donor site availability, donor site morbidity and
unimpeded biological integration of the transplant.4,5,7,14

Synthetic osteochondral resurfacing is limited by the size
and shape of commercially available implants, which do not
exactly match the narrow axial–abaxial dimension and
curvature of the lateral femoral condyle. In case of a biphasic
designwith a metallic base and a polymer gliding surface, an
overlapped implant configuration is not possible, limiting
the use of SOR to predominantly round defects. A patient-

specific SOR implant would overcome those limitations. The
aim of this case report is to describe the surgical procedure,
complications and functional outcome in a dog treated with
a patient-specific SOR, in combination with intraoperative
navigation, for an extended focal OCD defect at the lateral
femoral condyle.

Case Description

Preoperative Assessment
A 6-month-old, 27 kg, intact female German Shepherd pre-
sented with a grade II/V left hindlimb (LHL) lameness. Pain
was elicited upon extension and flexion of the left stifle with
marked joint effusion on palpation. Orthogonal radiographs
of both stifles showed a marked subchondral bone defect
with flattening of the lateral femoral condyle on the left
stifle, consistent with an OCD lesion (►Fig. 1A). Subsequent
axial computed tomography (Somatom Emotion 6, Siemens
Healthcare GmbH, Erlangen, Germany) confirmed the diag-
nosis of a large OCD lesion measuring 15.0�7.8�4.3mm
(L�W�H) (►Fig. 2).

Fig. 1 Pre- and postoperative stifle radiographs. (A) Note the subchondral defect and surrounding sclerosis at the lateral femoral condyle in the
preoperative image; (B) immediate postoperative image, documenting proper seating of the patient-specific implant (PSI); (C) 6 weeks
postoperative, with evidence of moderate joint effusion and a small bony fragment in the caudal joint pouch. PSI position unchanged, but a small
halo appears around the base plate, indicating delayed bony incorporation. The halo around the polycarbonate urethane (PCU) cup is a
normal finding, because PCU never bonds to bone; (D) 18-month follow-up: PSI position unchanged and bone-to-metal contact at the bottom of
the socket. Persistent joint effusion and significant proliferation of the fragment in the caudal joint pouch. In addition, bone metaplasia is
visible laterally and craniolaterally (confirmed by computed tomography).
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Patient-Specific Implant and Surgical Templates
The custom-made implant comprised a titanium base and a
polycarbonate urethane (PCU) bearing cup, similar to com-
mercially available implants.9 Three-dimensional (3D)
modelling of the implant was based on the axial CT images
of both stifles using dedicated software (Mimics Innovation
Suite, Materialise, Leuven, Belgium) and the unaffected right
lateral femur as a template (►Fig. 3). To promote bone
ingrowth as well as firm bonding between the PCU and the
base, latticeswere added to themetallic base, whichwas cast
in medical-grade titanium (DOR-A-MATIC, Schütz Dental
GmbH, Rosbach, Germany). The bearing cup was over-
moulded onto the titanium base with PCU (Carbothane
AC-4085A, The Lubrizol Corporation, Wilmington, Massa-
chusetts, United States).

Additionally, two sets of drill and reaming templates/
guides and trial implants were 3D-printed, allowing for
full guidance during the in vivo procedure. Additionally,
3D models of the affected distal femur with the OCD defect
and sham implants were provided to allow for dry-lab
practice.

Surgery
The dog was positioned in dorsal recumbency and
stabilized with a vacuum bag to allow unrestricted
movement/flexion of the affected limb. An extended lateral
parapatellar approach was used. Access to the most caudal
extent of the defect necessitated temporary release of the
cranial horn of the lateral meniscus, by transection of the
intermeniscal and cranial meniscotibial ligament. Subse-
quently, using the provided 3D-printed three-hole drill
guide (►Fig. 4A), three 2.4mm guide pins were placed
until the caudal cortex of the condyle was reached.
With the proximal pin reintroduced, serving as a guide
for a 6mm cannulated counterbore reamer (Cannulated
Headed Reamer, Arthrex VetSystem, Munich, Germany),
reaming was executed to the precalculated depth, con-
trolled using the laser marks on the reamer. The reaming
process was repeated for the central and distal holes,
using an 8mm counterbore reamer. Correct reaming
depth was verified using a trial implant (►Fig. 4B, C).
The only PSI was inserted with a tamp to its final position
(►Fig. 4D). The meniscal release was repaired with 3-0
polydioxanone using a locking-loop suture both for the
intermeniscal and meniscotibial ligaments. Routine closure
of the surgical site was performed. Recorded surgery time
was 135minutes.

Postoperative Management and Clinical Follow-Up
The dog was discharged the day after surgery, with carprofen
and gabapentin, for 2 and 4 weeks, respectively, showing a
grade IV/V lameness. Cage rest and short leash-only walks
were advised for a period of 6 weeks.

Wound healing was uneventful, and no clinical compli-
cations were reported.

Fig. 2 Computed tomography three-dimensional rendering of distal
left femur. Note the extent of the osteochondrosis dissecans
lesions covering almost the entire condylar surface, measuring over
15mm in length and 8mm in width.

Fig. 3 In-silico planning of patient-specific implant (PSI) and extraction of PSI geometry. (A) Lesion fully covered using overlapping cylinders of
various diameters; (B) trajectory of virtual reamers (cylinders) checked to ensure unrestricted access during in vivo reaming (avoiding potential
conflict with tibial plateau) and position not perfectly orthogonal to the joint surface, compared to osteochondral transplantation; (C)
situation following virtual reaming of implant bed; (D) PSI geometry extracted frommatching contralateral condyle (pink) using virtual reamers.
Note that the rim of the PSI gliding surface is not flush with the surrounding joint surface at the narrowing, as this would disrupt the
geometrical continuity of the condylar PSI curvatures.
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After 6 weeks, the dog exhibited a grade II/V lameness,
and was comfortable upon manipulation of the stifle. At
6 months, no lameness was visible.

At 18 months, a slightly reduced range of motion, moder-
ate periarticular fibrosis and mild discomfort during hyper-
flexion were elicited. Arthrocentesis for cytology and
bacterial culture was performed. The cytological examina-
tion was consistent with mild osteoarthritis. The bacterial
culture was negative.

Follow-Up Imaging
Immediate postoperative radiographs revealed appropriate
implant placement (►Fig. 1B). At 6 weeks, the implant
position remained unchanged, with mild peri-implant scle-
rosis and thin halo around the titanium base, suspicious for
unsuccessful bony on- and ingrowth (►Fig. 1C). Alternative-
ly, anÜberschwinger artefact cannot be ruled out completely.
Additionally, a 3�1.5mm bony fragment in the caudal joint
pouch was visible on the lateral view. No osteoarthritic
changes were noted but mild joint effusion was present.
After 18 months, radiographs showed mild osteophyte for-
mation, suggestive of beginning gonarthrosis. The implant
base appeared to be fully integrated, without the previously
seen halo. Peri-implant sclerosis remained unchanged, as
well as joint effusion. The bony fragment in the caudal joint
pouch had proliferated. Additionally, heterotopic bone for-
mations in the cranial compartment were present. These
findings were further evaluated by computed tomography.
Stable implant position and bony integration were con-
firmed. The bony proliferations in the cranial and cranio-
lateral compartment were most likely located within
the joint capsule, measuring 7�2.5�4mm (cranial) and
16�3�4mm (lateral). The bony fragment within the caudal
joint pouch, measuring 10�3�10mm, could not be attrib-
uted to any definite origin.

Gait Analysis

Five days before surgery, 6 weeks and 6 months postopera-
tively, computerized gait analysis was performed with a
pressure-sensitive treadmill specifically designed for dogs
(CanidGait; zebris Medical GmbH, Isny, Germany). The sys-
tem consists of a treadmill equipped with a calibrated
pressure sensor matrix and two synchronized cameras.

The matrix dimensions are 163�41 cm, equipped with
9,216 high precision, individually calibrated, capacitive pres-
sure sensors with a scanning rate of 100Hz. During data
acquisition, speedwas set to 4 km/h. Parameters evaluated in
all four limbs included peak pressure/force distribution,
expressed as a percentage of body weight and body load
distribution (centre of pressure).

Preoperatively, the affected LHL was loaded the least (36%
body weight versus 39% on the right hindlimb (RHL) and 66
versus 64% for the left (LFL) and right forelimb (RFL) respec-
tively. Going from pre- to 6 weeks postoperatively the
pressure distribution decreased in the forelimbs and in-
creased in the rear limbs (LHL 42% vs. RHL 45%; LFL 65%
vs. RFL 63%), with the left hindlimb not fully loaded. At
6 months there was a further symmetrical decrease in
forelimb loading (LFL 64 vs. RFL 62%), while hindlimb loading
was now greater in the affected left limb (LHL 40 vs. RHL
39%). Preoperatively and 6 weeks postoperatively, the centre
of pressure was shifted to the RHL. At 6months, the centre of
pressure was centred, indicating a balanced, symmetrical
gait. No computerized gait analysis was performed at the
18 months follow-up, as the owner did not consent.

Discussion

This is the first report describing fully guided resurfacing of a
large stifle OCD lesionwith a synthetic PSI in dogs. Lameness
became clinically undetectable at 6 months, which was also
verified by computerized gait analysis. Feedback from the
owner was positive as the dog regained a normal level of
physical activity, without any signs of lameness or discom-
fort, even after strenuous exercise. No minor or major
complications were encountered. Whether the bony prolif-
erations documented at the 18-month follow-up are of
clinical significance shall be monitored closely.

As large condylar lesions are oval, the shelf round
implants hardly ever match the lesion, which results in
fibrocartilaginous repair in the surface areas uncovered by
the implant.9 Mediolateral oversizing aiming for as much
coverage along the longitudinal axis as possible would not
have been an option in the current case as the mediolateral
dimension of the condyle only measured 14mm; hence, the
application of a Ø15mm resurfacing implant would not have
been feasible. Placing two smaller implants immediately

Fig. 4 Intraoperative images of the key steps of navigated patient-specific implant (PSI). (A) Surgical template applied for placement of three
2.4mm guide pins; (B) prepared implant bed, using guide pins for precise guidance of cannulated 6 and 8mm reamers; (C) template used
to verify correct reaming depth; (D) PSI press-fit into position. Note the restoration of physiological joint contours as well as flush seating of the
polycarbonate urethane gliding surface with respect to the surrounding joint cartilage.
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adjacent to each other would not be a safe solution either,
because the SOR implants need a discrete osseous bridge for
bone integration all around. As mentioned earlier, overlap-
ping two or more SOR implants, which is a standard surgical
techniquewithOAT,4,7,14 is not possible either because of the
titanium base. Lastly, both OAT and available SOR cannot
accurately fit the curvature of the condyle, stimulating joint
degeneration as well as accelerated implant wear.

The advantages of using a PSI in combinationwith patient-
specific guides were deemed to be manifold: firstly, an
accurate replica of the joint surface could be developed;
secondly, preoperative planning and the production of pa-
tient-specific drill guides would allow for a fully navigated
procedure and therefore reduce the risk of mal-angulation
and related joint incongruence; thirdly, virtual planning
could be rehearsed on a 1:1 model and replicated 1:1 in
surgery. The decision to use a PCU surface layer was based on
previous studies showing that PCU is resistant to surface
degradation and fissuring and has excellent wear and bear-
ing properties when used in a unipolar configuration,9,15–17

as well as causing minimal damage to the opposing articu-
lating normal hyaline cartilage in a typical OCD setting.8,9,17

This is of particular importance, since contact mechanics of
PCU against a rough surface, such as an arthritic joint surface,
both exhibit and induce accelerated wear.18

Navigated resurfacing has already been described with
positive outcomes in humans and laboratory animals.19–22

Comparisons between several studies showed that surgical
guides improved the surgical outcome and decreased sur-
gery time.23As in our case, the use of surgical guides resulted
in a straightforward procedure and exact implant placement.
In addition, we believe that the dry-lab session prior to the
procedure using bone models, drill guides and implants
contributed significantly to the positive outcome.

The large volume of osseous metaplasia found at the last
follow-up in the craniolateral and lateral compartments
might be a consequence of meniscal trauma, resulting
from temporary release. Probably more important is the
potential impairment of meniscal function associated with
temporary release. Loss of lateral meniscal function may
alter lateral compartmental contact mechanics to a much
greater degree than an untreated OCD defect,24 potentially
reversing the benefits of PSI resurfacing. Although the liga-
mentous attachments were reanastomosed and meniscal
fixation appeared stable on palpation, there is a risk of suture
strength loss and overall impairment of lateral meniscal
function. Future applications should investigate transoss-
eous suture fixation, bone anchors or bone plug fixation,
which seems to be the most efficient fixation method.25,26

At the 18-month radiographic follow-up, stablefixation of
the PSI with evidence of bony incorporation was present.
Previous studies in a sheep model using similar implants
showed bone-to-implant contact already at 6 months.27

However, delayed osseous integration of up to 2 years due
to some degree of persistent (micro)instability was docu-
mented in a human study after customized resurfacing.28

In our case, the large surface area of the PSI probably
exposes the implant to increased shear forces during articu-

lation. Subsequently, the risk of mechanical loosening and
delayed integration increases. To counteract those risks, the
implant was designed to be seated more deeply in the host
bone (13mm) compared to the SynACART implants (8mm).9

Additionally, a peg, enhancing resistance against pivoting
moments, was added.

To further eliminate the risks of delayed osseointegration
and (micro-)instability, the following should be considered
in the future: optimization of the ‘open-pore’ design for the
base of the implant as well as core reamers with a flat tip
allowing for close contact between the base and the host
bone immediately following implantation.

As with most single case reports, conclusions should be
drawn with caution. Especially regarding the long-term
performance of the PSI, the follow-up period of 18 months
is certainly too short to observe every complication typically
associated with synthetic implants, such as wear, overall
mechanical failure of the implant or septic/aseptic loosening.
When dealing with unipolar resurfacing, as in the present
case, implant-related cartilage degeneration at the opposing
joint surface ought to be added to the list. The observed
persistent joint effusion could be a sign of detritic synovitis
related to PCU wear debris or implant-induced meniscal
and/or cartilage damage at the tibial plateau.8,29 Because
absence of visible PCU debris on cytology does not rule out
such debris formation, further studies are needed to clarify
this point. Nevertheless, synovitis could also be attributed to
some mechanical irritation arising from the osseous
proliferations.

Despite these limitations, this report describes a novel
method for the successful correction of a large OCD lesion
using a double-layer PSI. Although progression of osteoar-
thritis has been observed, in cases where OAT and standard
SOR are not deemed feasible, patient-specific synthetic
resurfacing allows for precise repair of complex OCD defects,
thus dispensing with concerns over donor site availability
and morbidity. The procedure itself is technically straight-
forward, allows early return to function and costs can be
maintained at a comparable level of standard SOR implants.
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