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Introduction

Medial patellar luxation is a frequent cause of pelvic limb
lameness in small breed dogs.1–5 Dogs affected by medial

patellar luxation have an increased risk of developing cranial
cruciate ligament disease, with 13 to 25% of dogs diagnosed
with medial patellar luxation having concomitant cranial
cruciate ligament rupture.4,6 Surgical treatment of
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Abstract Objective The main aim of this study was to determine the effective magnitude of
proximal tibial segment medialization achievable during tibial plateau levelling and
medialization osteotomy (TPLO-M) with Fixin 1.9-2.5mm pre-contoured T plates with
three different offsets.
Methods In this in vitro study, 36 tibia bone models reconstructed using stereo-
lithography from hindlimb CT scans of a 5 kg dog and a 10 kg dog without orthopaedic
disease were used. TPLO-Mwas performed using plates with three different offsets (2, 4
and 6mm). Post-osteotomy radiographic and bone models measurements were
performed.
Results Regardless of patient weight, the þ4mm offset plates provided a translation
of 2.93mm (� 0.51) while theþ6mmoffset plates provided a translation of 5.03mm (�
0.47). In the 5kg dog bonemodel group limited bone contact at the osteotomy site was
documented when using the þ6mm offset plate.
Conclusion The þ4mm and þ6mm offset Fixin plates may be considered for TPLO-M
in dogs weighing between 5 and 10 kg. The þ6mm offset plate should be used
cautiously in dogs weighing less than 10 kg since this plate may result in insufficient
postoperative bone apposition at the osteotomy site.
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concomitant cranial cruciate ligament rupture and medial
patellar luxation has previously been achieved with a variety
of surgical techniques including tibialwedge osteotomy,mod-
ified tibial plateau levelling osteotomy (TPLO-M), or modified
tibial tuberosity advancement either alone or in combination
with other procedures such as tibial tuberosity transposition,
trochleoplasty, retinacular release and retinacular imbrica-
tion.5–9 Recently Flesher and colleagues reported on a modi-
fied TPLOwhich is referred to as ‘TPLO-M’ that simultaneously
levels andmedializes the tibial plateau using a standard radial
osteotomy in the proximal tibia.10 This TPLO-M technique is
designed tonegate cranial tibial thrust and improve alignment
of the quadriceps mechanism.10 In Flesher’s study, overall
complication rates identified were similar to complications
reported after traditional medial patellar luxation surgical
correction techniques and no differences in patient outcome
were identified between the patient group treated with TPLO
and the patient group treated with TPLO-M.10

Plate contouring to fit the medial aspect of the proximal
tibia after TPLO-M is complex and increases the surgical
time.10 Recently, 1.9 to 2.5mm pre-contoured T plates (Intra-
uma S.p.A.,Turin, Italy) designed for TPLO-M in dogs weighing
between5 and 10kgwith 3 different offsets (2, 4 and 6mm) to
overcome the difficulties related to plate contouring became
available (►Fig. 1). Plate offset, measured in mm, refers to the
distance between the axes of the proximal and distal portions
of the plate in the frontal plane. The 2mm offset plate was
designed for standard TPLO in small dogs without medial
patellar luxation. The 4 and 6mm offset plates were designed
to allow medialization of the proximal tibial segment during
TPLO. The Fixin system ‘mini-implant series’ are applied using
1.9 or 2.5mm diameter screws and are indicated for the
treatment of fractures in cats and dogs up to 10kg.

The objective of this studywas to determine themagnitude
ofproximal tibial segmentmedializationachievablewith Fixin
1.9 to 2.5mm pre-contoured T plates with three different
offsets (2, 4 and 6mm) in two different tibial model sizes.

We hypothesized that different magnitudes of medializa-
tion would be achieved using a plate with the same offset in
tibial models from a 5 versus a 10 kg dog (hypothesis 1). We
also hypothesized that the magnitude of medialization
would not affect the degree of tibial plateau levelling in

the sagittal plane and the alignment of the tibia in the frontal
plane (hypothesis 2).

Materials and Methods

Specimen Selection
Hindlimb computed tomography (CT) scans were performed
on both a 5 kg Yorkshire Terrier and a 10 kg Miniature
Pinscher. Body condition score of dogs was 4 and 5 in the
9-point scale body condition score system.11

Both dogs had a normal orthopaedic examination and
underwent full body CT scan for non-orthopaedic reasons.
Informed owner consent was obtained for the use of the CT
data to create tibial bonemodels for this study. The right tibia
of each patient was reconstructed as a three-dimensional
(3D) model using commercially available software (Rhinoc-
eros 3D, Robert McNeel & Associates, Seattle, Washington,
United States, and Magic 3D Print Suite, Materialise NV,
Leuven, Belgium) and 18 solid foam polylactic acid bone
models were printed of each tibia, resulting in a total of 36
tibial models (3D Printers: Delta Wasp 2040-2070).

Tibial bonemodelswere divided into two groups based on
body weight of the model patient and then each weight
group was subdivided into three additional groups based on
plate offset to be applied for a total of six groups, with each
group containing six tibial models. The groups were desig-
nated: K5O2, K5O4, K5O6; K10O2, K10O4, K10O6 (K: Kg of
the model patient, O: Plate offset). The two groups treated
with the standard TPLO plate (2mm offset plate) were
defined as ‘control groups’ since the 2mm offset plates are
designed for standard TPLO in small dogs without proximal
tibial segment medialization. The remaining four groups
were termed ‘treated.’

Pre- and Post-Osteotomy Radiographs
Orthogonal radiographic views were obtained of each tibial
bone model pre- and post-osteotomy. The osteotomy was
planned by placing a TPLO saw blade template of appropriate
size on the scaled tibial image so that the blade was centred
overapointdividing the intercondylar tubercles. The following
three reference points were recorded: D1, the distance from
the perpendicular cranial straight edge of the tibial crest
originating at the most cranioproximal point of the tibial
tuberosity to the intended osteotomy; D2, the distance from
the most cranioproximal point of the tibial tuberosity and
extending to the point where the intended tibial osteotomy
transected the cranial tibial subchondral bone; and D3, the
distance fromthesubchondral bone at themost caudalmargin
of the tibial plateau to the point where the intended tibial
osteotomy transected the caudal tibial cortex.

To standardize the radiographic views of each bone,
custom-made positioners were fashioned for each model
type from commercially available floral foam bricks (Desert
FoamÆ Dry Floral Foam bricks: FloraCraftÆ, Ludington,
Michigan, United States). A radiopaque lotion made of pure
petroleum jelly mixed with barium powder, (Bario Solfato
puro A.C.E.F. Spa Fiorenzuola d’Arda, Piacenza, ITA) was
applied to the tibial plateau, to the medial tibial cortex of

Fig. 1 Fixin 1.9-2.5mm pre-contoured T plates with three different
offsets (2, 4 and 6mm) for modified tibial plateau levelling osteotomy
in patients weighing between 5 and 10 kg.
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the bone models and in the middle of the astragalus trochlea
to outline those portions of the models and facilitate radio-
graphic measurements and positioning. Digital radiographic
views (craniocaudal and mediolateral) were obtained for
each model and each view included a magnification correc-
tion marker.

Osteotomy Procedure on Bone Models
A jig assisted TPLO was performed on all bone models as
described by Slocum and Slocum.12 In the ‘treated groups’ the
Slocum TPLO technique was modified as described in the
subsequent paragraph. The TPLO was performed with a
12mm blade on the 5kg tibia models and a 15mm blade on
the 10kg tibial models. Screw diameters of 1.9 and 2.5mm
wereused in the5kg and 10kg tibia bonemodels respectively.
A 1.0mmKirschner wire was used for temporary reduction of
the tibial segments and 1.5mm Kirschner wires were used to
attach the jig to the tibia. Pin stoppers were applied using
1.5mm Kirschner wires and 2.0mm Steinmann pins in the 5
and 10kg tibia bone models respectively.

An initial osteotomy was performed to disconnect the
proximal fibula from the lateral aspect of the proximal tibia
to allow caudal rotation and medialization of the proximal
tibial segment. Control groups underwent a standard TPLO
procedure, without proximal tibial segment medialization.
In the ‘treated groups,’ the tibial plateau was initially rotated
to level the TPA and the proximal segment was temporarily
stabilized with the temporary reduction Kirschner wire. The
TPLO plate was positioned such that the top of the plate was
centred in the proximal to the distal centre of the proximal
segment while holding the distal part of the plate parallel to
the caudal cortex of the tibial diaphysis.12 Temporary plate
fixation was achieved using pin stoppers in the most distal
and cranioproximal screw holes.

The plate was secured by inserting the two distal screws to
the distal tibial segment (the distal pin stopper was removed to
allowscrew insertion). The temporary reductionKirschnerwire
was then removed. The distal set screw in the jig was loosened
andmedial translation of the proximal tibial bone segment was
obtained by sliding the distal tibia laterally.When the proximal
tibial segmentwas in contactwith the plate, the distal set screw
in the jig was tightened again and the proximal screws were
inserted in the plate. At the end of the procedure, the jig and
associated Kirschner wires were removed.

Study Measurements
Measurements were performed by two investigators, differ-
ent from the investigator who performed the TPLO proce-
dures on the bone models. Digital radiographic software
(Horos Project Medical Imaging Viewer version 2.1.1 for
Mac Os X) was used for all radiographic measurements
and an electronic caliper (FERVI SPA, Vignola, Modena, ITA)
was utilized for all measurements performed directly on the
bone models.

Electronic caliper measurements included: tibial diaphy-
seal width (mm) at the level of the osteotomy (WIDTH), plate
to bone distance on the proximal (PBDp) and distal (PBDd)
tibial segments, plate to joint distance (PJD; ►Fig. 2).

Digital radiographic measurements included: tibial pla-
teau angle (TPA), mechanical medial proximal tibial angle
(mMPTA) and magnitude of proximal tibial segment medi-
alization (mm) measured at the level of the osteotomy line
(MED; ►Fig. 3).13,14

Using values obtained from caliper and radiographic
measurements, two additional values were calculated. These
values were: medialization index (MI), calculated as
MED/WIDTH, and bone apposition at the level of the osteot-
omy (APP): calculated as 1–MI.

Statistical Analysis
A statistical software package (GraphPad Prism 7, GraphPad
Software, San Diego, California, United States) was used for
all statistical calculations. Descriptive statistics including
mean and standard deviation were calculated for each mea-
surement value in each group included in this study. A
‘Paired sample t test’ was used to evaluate for differences
in mMPTA and TPA between control and treated groups. An
‘Unpaired t test with Welch’s correction’ was used to assess
for the presence of a significant difference in MED between
groups. A ‘Spearman test’ (p-value<0.05 was considered
significant with a confidence interval of 95%) was used to
correlate MED with plate offset, PBDp, PBDd and PJD.

Results

Pre-osteotomy Measurements and Planning
The TPA of the tibia from the 5 kg patient was 25degrees
while themMPTAwas 91.1 degrees. For the 10 kg patient, the

Fig. 2 Cranial aspect of the proximal tibia (A) and medial aspect of
the proximal tibia (B) with the distances measured using an electronic
caliper delineated. Measurements performed included: WIDTH (tibial
diaphysis width, red dotted line), PBDp (plate to bone distance on the
proximal tibial segment, white double arrow line), PBDd (plate to
bone distance on the distal tibial segment, yellow double arrow line),
and PJD (plate to joint distance, green double arrow line).
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TPA was 30degrees and mMPTA was 92 degrees. Pre-opera-
tive TPLO planning was performed using the method de-
scribed by Slocum and Slocum.12 The proximal tibial
segments were rotated 4.1mm in the tibia models from
the 5 kg dog while the proximal tibial segments were rotated
6.4mm in the tibia models from the 10 kg dog.

Post-osteotomy Measurements
Mean and standard deviation values are summarized
in ►Table 1 for each group.

Post-osteotomy TPAvalues did not differ significantly (p�
0.115) between control and treated groups. Post-osteotomy
mMPTA values did not differ between control and treated
groups (p� 0.0887), except in the K5O6 treated groupwhere

mMPTA was increased as compared to the K5O2 control
group (p¼0.0204).

The amount of medialization achievedwith the and 6mm
plate offsets did not vary based on patient weight (p-value �
0.232) but the amount of medialization achieved increased
in both body weight groups when the mm of plate offset
increased from 4 to 6mm (p-value<0.0001). The correlation
between mm of plate offset and MED was positive with a p-
value less than 0.0001 (Graph 1). No correlation was identi-
fied between MED and PJD (p � 0.150). An inverse relation-
ship between MED and PBDp (p¼0.001) and a direct
relationship between the MED and DBDd values
(p<0.0001) were found. Medialization index and APP values
for each groupwere calculated and are reported in►Table 1.
The maximum MI value was 67% (APP¼33%) identified in
two cases in group K5O6 while the minimum MI value was
�5%, identified in group K5O2.

Magnitude of Proximal Tibial Segment Medialization
Based on the absence of a significant difference in MED
values between tibial models from different size dogs
when using the same plate offset, MED values from both
tibia sizes were pooled into 3 groups based on plate offset (2,
4 or 6mm) for ease of comparison.

Theþ2mm offset plate (control group) resulted in proxi-
mal segment medialization of 0.07�0.34mm, with

Fig. 3 Craniocaudal radiographic view with the MED (proximal tibial
segment medialization) measurement at the level of the tibial
osteotomy delineated by the red double arrow line. Note that radi-
opaque lotion has been applied to the tibial plateau and to the medial
cortex of the tibia to outline these portions of the tibia clearly.

Table 1 Values are reported as mean� standard deviation (SD)

Group TPA mMPTA MED PBDp PBDd PJD MI APP

K5O2 5.9� 1.9 88.4� 2.7 �0.1� 0.3 2.5� 0.8 1.8�0.3 3.8� 1.3 �1�3 98�2

K5O4 3.7� 1.4 91.6� 2.8 2.8� 0.4 1.6� 0.4 3.7�0.3 4.6� 0.5 33� 4 67�4

K5O6 3.4� 1.9 93.3� 3.0 5.2� 0.2 1.6� 0.4 5.8�0.3 4.9� 0.4 61� 6 39�6

K10O2 4.2� 1.1 90.5� 1.8 0.3� 0.3 2.6� 0.4 2.9�0.2 5.9� 0.4 3� 3 97�3

K10O4 5.0� 1.2 93.6� 2.6 3.1� 0.6 2.1� 0.6 5.4�0.5 6.6� 0.6 33� 7 67�7

K10O6 5.2� 3.1 93.2� 2.8 4.9� 0.6 2.1� 0.3 6.8�0.5 6.7� 0.4 49� 7 51�7

Units are mm for TPA (tibial plateau angle), mMPTA (mechanical medial proximal tibial angle), MED (proximal tibial segment medialization), WIDTH
(tibial diaphysis width), PBDp (plate to bone distance on the proximal tibial segment), and PBDd (plate to bone distance on the distal tibial segment).
Units are % for MI (medialization index) and APP (bone apposition at the level of the osteotomy).

Graph 1 Graphic illustration of the positive correlation between mm
of plate offset and MED (proximal tibial segment medialization).
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maximum and minimum MED values of 0.65 and �0.50mm
respectively. The þ4mm offset plate resulted in proximal
segment medialization of 2.93�0.51mm with maximum
and minimumMED values of 3.70 and 2.35mm respectively.
Theþ6mm offset plate resulted in proximal segment medi-
alization of 5.03�0.47mm with maximum and minimum
MED values of 5.75 and 4.25mm respectively.

Discussion

In this study, the TPLO-Mprocedure performedwith the aid of
pre-contoured locking plates on bonemodels allowed concur-
rent levelling of the tibial plateau and medialization of the
proximal tibial segment. In the previous clinical study by
Flesher and colleagues, T style TPLO plates were manually
contoured to fit the step in the proximal tibia after proximal
segment medialization because the pre-contoured plate uti-
lized in our study had not yet been developed.10 Manual
contouring of TPLO plates to fit the proximal tibia after
TPLO-M is somewhat complex and tends to result in an
increased in plate to bone distance, which may result in
weakening of the bone-plate construct and an increase in
surgical time. The pre-contoured implants used in this study
allowed subjectively easy plate application to the proximal
tibia after TPLO-M without the need for plate contouring.
Another difference in the surgical technique utilized in this
study as compared to the technique in Flesher’s study is that
the TPLO procedure in this study was performed with jig
assistance.10 We found that use of the jig allowed medializa-
tion of the proximal tibial segment while maintaining tibial
angular alignment in the front plane and tibial torsional
alignment in the axial plane.

In this study, the magnitude of proximal segment medi-
alization increased as the plate offset increased from 4 to
6mm. We did not identify any differences in the amount of
medialization achievablewith a specific plate offset based on
body weight of the patient from which the tibial model was
obtained. Based on these findings, we rejected the first part
of our hypothesis (that patient body weight would affect the
amount of medialization achieved with a specific plate
offset). Based on our findings, regardless of patient weight
the þ4mm offset plates allowed a mean translation of
2.93mm, while the þ6mm offset plates allowed a transla-
tion of 5.03mm. These values may be useful to keep in mind
during the plate selection portion of preoperative surgical
planning for TPLO-M.

Platetojointdistancewasnotcorrelatedwith theamountof
proximal segment medialization in this study. Since the prox-
imal tibia in the frontal plane is triangular in shape, it stands to
reason that the more distally the plate is positioned on the
proximal segment, the greater the amount of medialization
that should be achievable. In this study, our efforts to stan-
dardize plate position on the proximal segment alongwith the
small number of specimens in each group may have hidden
anyeffect that platepositioningon theproximal tibial segment
may have on amount of medialization achievable.

Plate to bone distance distal to the osteotomy increases as
themagnitude of proximal segmentmedialization increases.

Excessive distance between the bone and the plate together
with a decrease in bone segment apposition at the osteotomy
site could result in osteotomy instability and delayed bone
union. Further clinical studies should be performed to assess
any effect these pre-contoured bone plates may have on
osteotomy healing time after TPLO-M.

Medialization of the proximal tibial segment results in a
direct reduction in bone apposition at the level of the
osteotomy site (APP). Based on general orthopaedic princi-
ples, the maximum acceptable bone segment translation
should leave at least 50% bone segment apposition at the
level of the osteotomy line in the frontal plane to facilitate
acceptable bone healing.15 The mean APP value in groups
K5O4, K10O4 and K10O6 was higher than 50%, while mean
APP in group K5O6 was 39%. The less than 50% apposition
documented in group K5O6 represents excessive translation
of the proximal segment which might compromise bone
healing in a clinical patient. When the þ6mm offset plate is
selected for use in a patient weighing less than 10 kg, the
maximum acceptable proximal segment medialization value
should be calculated preoperatively by measuring the width
of the tibia on the craniocaudal radiographic viewat the level
of the planned osteotomy and dividing this width in half. It is
recommended that this calculated medialization value not
be exceeded during surgery.

In the clinical study by Flesher and colleagues,10 dogs
with grades I, II and III medial patellar luxation were treated
with a mean proximal segment medialization (MI) of 20%
meaning 80% apposition was retained at the osteotomy site
on average.10 Magnitude of proximal tibial segment medi-
alization in Flesher’s study10 was subjectively determined
during surgery, similar to the subjective assessment of how
much to move the tibial tuberosity during tibial tuberosity
transposition.5 In most clinical dogs with low to moderate
grades of medial patellar luxation, the need for more than
50% medialization of the proximal segment is unlikely, and
in the more severe cases of grade IV medial patellar luxa-
tion, a corrective osteotomy of the femur is typically
recommended.16,17 Maintaining the centre of the radial
osteotomy blade over the centre of the stifle joint to result
in a relatively proximally positioned osteotomy may also be
useful to help maintain a higher APP after proximal segment
medialization, as the tibial width in the frontal plane
increases proximally.

Tibial plateau levelling and medialization osteotomy
resulted in levelling of the tibial plateau in both control
and treated groups without evidence of significant differ-
ences infinal TPA between groups. Hence,wepartially accept
the second portion of our hypothesis and conclude that
magnitude of proximal segment medialization did not affect
final TPA in this bone model study.

Medialization of the tibial plateau resulted in a small but not
significant change inmMPTAvalues inmost of the study groups.
However, a significant increase in mMPTAwas identified in the
K5O6 group as compared to the control (K5O2) group (mMPTA
control group: 88.9degrees and mMPTA K5O6: 93.3degrees).
Thus, we partially reject the second portion of our second
hypothesis as TPLO-M resulted in an alteration ofmMPTAwhich
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was significant in some groups. Medial translation of the proxi-
mal tibial segment during the TPLO-M procedure results in a
slight medial deviation of the proximal origin of the tibial
mechanical tibial axis in the frontal plane and thus tends to
increase mMPTA. Given the same amount of proximal tibial
segmentmedialization, the shorter the overall length of the tibia,
the greater mechanical tibial axis deviation that will result. This
rationale likelyexplainswhygiven thesameamountofMEDwith
the þ6mm offset plate, a significant change in the mMPTA was
identified only in the smaller (5kg) and not in the larger (10kg)
patient tibia model. A small shift in mMPTA associated with
TPLO-M was previously reported by Flesher and colleagues in a
series of clinical dogs treated with TPLO-M.10 It is important to
differentiate between values that are significant and values that
are clinically relevant.While in this studyanalteration inmMPTA
of approximately 4.5degrees was identified as being significant,
the clinical relevance of small shifts in mMPTA has not been
determined.Theauthors’observationhasbeenthatsmall shifts in
mMPTA of the magnitude typically observed in associationwith
TPLO-M have no detectable effect on limb function in clinical
dogs. Additional studies are needed to determine what effect, if
any, small shifts in mMPTA have on joint function in dogs.

This study has several limitations. This study was per-
formed on 3D printed bonemodels that lackedmany anatom-
ical features including muscles, tendons, ligaments and other
periarticular structures. Given this limitation, the results of
this study should be extrapolatedwith caution to clinical dogs.
We chose to perform this study on bone models to allow
sample size optimization and to decrease sample variability
(multiple copies of the same tibia). Our results for proximal
segment medialization may differ from what other surgeons
might achieve, as different surgeons may have different profi-
ciency levels inperforming TPLO-Mandmayposition theplate
differently on the proximal tibial segment as compared to
where the plates were positioned in this study.

In conclusion, theþ4mmandþ6mmoffset pre-contoured
locking plates should be considered as a reasonable option
for stabilization of TPLO-M in dogs weighing between 5 and
10 kg. The þ6mm offset plate should be used cautiously in
dogs weighing less than 10 kg since it may allow excessive
proximal tibial segmentmedialization leading to insufficient
postoperative bone apposition at the osteotomy site.
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