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In Vitro Comparison of Tibial Plateau Leveling Osteotomy with and
Without Use of a Tibial Plateau Leveling Jig

KAY INGO SCHMERBACH, pr Med vet, CHRISTIAN KONRAD MATTHIAS BOELTZIG, Med Vet,
ULLRICH REIF, pvM, Diplomate ACVS & ECvs, JAN CARSTEN WIESER, Med vet, THOMAS KELLER, Dr Rer Nat,

and VERA GREVEL, Dr Med Vet, Diplomate ECVS

Objective—To evaluate the influence of a tibial plateau leveling jig on osteotomy orientation,
fragment reduction, and postoperative tibial plateau angle (TPA) during tibial plateau leveling
osteotomy (TPLO).

Study Design—In vitro experimental study.

Animals—Large-breed canine cadavers (n = 20).

Methods—TPLO was performed on 40 hindlimbs using 4 methods. Group 1: Jig; dogs in dorsal
recumbency with the osteotomy parallel to the distal jig pin. Groups 2—4: No jig; dogs in lateral
recumbency with the osteotomy in a vertical orientation (group 2: tibia parallel to the table top;
group 3: controlled superimposition of the femoral condyles; group 4: internal rotation of the tibia).
Postoperative TPA, fragment reduction, and osteotomy orientation relative to the tibial plateau were
compared. Positive or negative values denoted deviation from parallel relative to the tibial plateau.
Results—Postoperative TPA, fragment reduction, and proximodistal osteotomy orientation were
not significantly different between groups. Craniocaudal osteotomy orientation was significantly
different (P <.005) from the tibial plateau. Median deviations were —4.0° (group 1), 11.8° (group 2),
11.2° (group 3), and 0.2° (group 4). Group 1 was not significantly different from group 4.
Conclusions—A jig is not essential for osteotomy orientation, tibial plateau rotation, or fragment
reduction. Comparable results were achieved performing a vertical osteotomy with the tibia slightly
internally rotated (10°-15°) and parallel to the table surface.

Clinical Relevance—TPLO without use of a jig reduces surgical trauma, is less time consuming, and

reduces cost.

© Copyright 2007 by The American College of Veterinary Surgeons

INTRODUCTION

RANIAL CRUCIATE ligament (CCL) rupture, a

common disease of the canine stifle joint'~ causes
hind limb lameness and progressive secondary osteoar-
thritis.*® A healthy CCL counteracts a biomechanical
force called cranial tibial thrust (CTT). In the CCL-de-
ficient stifle, CTT leads to a cranial translation movement
of the tibia during weight bearing.”'' Tibial plateau

leveling osteotomy (TPLO) converts CTT into caudal
tibial thrust, and prevents cranial tibial translation during
weight bearing.'>'* During TPLO, after semicircular os-
teotomy at the level of the proximal aspect of the tibia,
the tibial plateau is rotated to achieve an angle of 5° and
secured with a bone plate."*'> A parallel craniocaudal
and proximodistal orientation of the osteotomy relative
to the tibial joint surface is critical to prevent limb malalign-
ment. Fragment reduction is also necessary for maximal
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stability and to prevent limb malalignment.'®!” Use of
a jig (Tibial Plateau Leveling Jig, Slocum Enterprises
Inc., Eugene, OR) developed for osteotomy orientation,
connection of the fragments during tibial plateau rota-
tion, and correction of tibial deformities is recommended
during TPLO."”

Jig use lengthens surgical time. The jig is secured in
position by two 3 mm threaded pins which traumatize the
tibia, and a second incision wound is needed for distal
pin insertion. The pin stabilizing the jig to the proximal
fragment can interfere with the pins necessary for tibial
plateau rotation and temporary fixation of the fragments,
and with the bone screws. Instrument cost is also a
disadvantage. To our knowledge, the benefit of using a jig
during TPLO has not been shown.

We evaluated the influence of jig use on postoperative
tibial anatomy. Osteotomy orientation, fragment reduc-
tion, and postoperative tibial plateau angle (TPA) were
determined on hindlimbs without stifle pathology or tib-
ial deformity. Initially, we hypothesized that use of the jig
would not improve osteotomy orientation, fragment re-
duction, and postoperative TPA, and that use of fluo-
roscopy to ensure femoral condyle superimposition
would result in more accurate osteotomy orientation. In
a second study, we investigated the influence of internal
tibial rotation on the accuracy of osteotomy orientation.
We hypothesized that internal tibial rotation during os-
teotomy would yield comparable results to use of the jig
during TPLO.

MATERIAL AND METHODS

Dogs (n=20; weight, >23kg) euthanatized for reasons
unrelated to the study were used. Mediolateral and caudo-
cranial radiographic projections of the tibia, centered on the
stifle joint, were taken and TPA was measured by the method
of Slocum and Devine.'® There were no radiographic signs of
osteoarthritis or tibial deformity. TPLO (described below) was
performed on each limb by one person (K.S.) who had ex-
perience with > 50 TPLO’s before this study.

PART I
Surgical Technique

Initially, 3 methods of positioning for TPLO were stud-
ied. Each group had 10 limbs (5 left, 5 right). Method was
assigned randomly to a group of limbs by drawing lots.

Group 1: TPLO Using a Jig

Dogs were positioned in dorsal recumbency and the
hair was clipped from the tarsal joint to the proximal
femur. The unclipped distal limb was wrapped and the
dog was draped from the mid-femur. A medial approach

to the proximal tibia was performed. A TPL-jig (Tibial
Plateau Leveling Jig , Standard Size, Slocum Enterprises
Inc., Eugene, OR) was placed on the tibia and TPLO was
completed according to instructions provided in the
TPLO course using a 24mm TPLO-sawblade (TPLO
Biradial Sawblade", Slocum Enterprises Inc.).!” During
osteotomy, the blade was held parallel to the distal jig pin
under bi-directional guidance by the surgeon (proximo-
distal) and the assistant (craniocaudal).

Group 2: TPLO without Jig Use or Control of Femoral
Condyle Superimposition

Dogs were prepared as described for group 1, then
positioned in lateral recumbency with the procedure limb
resting on the table top; the contralateral hind limb was
fixed cranially. The sagittal plane of the tibia was pos-
itioned parallel to the table top with correct positioning
estimated by the surgeon and assistant. The TPL-jig was
not applied. Assuming parallel orientation of the sagittal
plane of the tibia to the table top, the osteotomy was
performed vertically under bi-directional guidance by the
surgeon (proximodistal) and the assistant (craniocaudal).
Temporary fixation and plate application was performed
as described by Slocum and Devine.'”

Group 3: TPLO without Jig Use but with Controlled
Superimposition of the Femoral Condyles

Positioning and draping of the dogs was performed as
for group 2. Immediately before performing the osteot-
omy, superimposition of the femoral condyles was con-
trolled by use of a c-arm (BV 300, Philips Medical
Systems, Eindhoven, the Netherlands) with the X-ray
beam-oriented perpendicular to the table top and cen-
tered on the stifle joint. Patient positioning was adjusted
by placing towels under the hip, stifle, or tarsal joint until
femoral condyle superimposition was achieved. TPLO
was performed as described for group 2.

Measurements

Postoperatively, mediolateral radiographic projections
were taken and TPA measured using the method of
Slocum.'® Tibiae were dissected from the hind limbs and
all soft tissues removed. Gaps between the proximal and
the distal fragment were measured with a caliper at their
largest width on the medial and lateral aspect (Fig 1A, B).
The bone plate was removed.

Measurements were made on the proximal tibial frag-
ment using a protractor. Two reference lines on the tibial
plateau were established.
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Fig 1.

(A) Measurement of a medial gap between the proximal and the distal fragment. A calliper is used to measure the gap at its

largest width. A gap of 0.4 mm is present. (B) Measurement of a lateral gap between the proximal and the distal fragment. A caliper
is used to measure the gap at its largest width. A gap of 2.0 mm is present.

Reference line 1 (RLI): The connection of the caudal
margin of the lateral and medial tibial plateau repre-
sented the reference line for measurements in the
craniocaudal direction (Fig 2).

Reference line 2 (RL2): The tangential connection of
the most distal points of the lateral and medial tibial
plateau represented the reference line for measure-
ments in the proximodistal direction (Fig 3).

Parallel orientation of the osteotomy to the reference
line (RL1 or RL2) was defined as 0°. Open angles to the
lateral aspect were reported as positive, and open angles
to the medial aspect as negative values.

(a) Craniocaudal orientation of the osteotomy in relation
to the tibial plateau: The caudal margin of the medial
and lateral tibial plateau (representing RL1) was
placed on the base of the protractor. The protractor
arch was aligned with the cranioproximal border of
the osteotomy (Fig 2).

(b) Proximodistal orientation of the osteotomy in rela-
tion to the tibial plateau: The caudodistal end of the
osteotomy zone was placed on the base of the pro-
tractor, and the protractor arch was oriented parallel
to RL2 (Fig 3).

(¢) In group 1, additional measurements were taken. The
proximal TPL-jigpin was reinserted in its original
hole in the proximal tibia and aligned with the pro-
tractor base. The orientation of the pin in relation to
RL1 and RL2 was measured as described for the
measurement of the osteotomies. The proximodistal

and craniocaudal orientation of the pin in relation to
the osteotomy was also determined.

Tibiae were number coded. All measurements were
repeated in 3 independent measurement cycles by 2 in-
vestigators (K.S., C.B.) blinded to the number codes.
Means of these 6 measurements were analyzed.

PART II

TPLO was performed on both stifles of 5 additional
dogs (group 4) with a modified positioning technique
based on results obtained from analysis of groups 1-3.

Surgical Technique in Group 4

Dogs were prepared and positioned as described for
group 2. With the hock manually held against the table
top, the toes were elevated using a 3-cm pad. Using this
position, the tibial length axis was still parallel to the
table top but internally rotated by 10°-15°. The osteot-
omy was performed vertically as described for groups 2
and 3. This modified positioning technique changed
craniocaudal but not proximodistal osteotomy orienta-
tion with respect to the tibial plateau.

Measurements in Group 4

After osteotomy, all soft tissues were removed from
the proximal tibial fragment. The proximodistal and
craniocaudal orientation of the osteotomy in relation to
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Fig 2. Measurement of the craniocaudal orientation of the os-
teotomy in relation to the tibial plateau. The caudal ends of the
medial and lateral tibial plateau (RL1) are placed on the base of
the protractor. The protractor bar is placed on the cranioprox-
imal edge of the osteotomy. Ninety degrees on the protractor are
defined as a parallel orientation (0°) of the osteotomy in relation
to RL1. An open angle to the lateral of 3.5° is measured.

the tibial plateau was measured as described for the
groups 1-3.

Statistical Analysis

Data were expressed as median (range). Measurements
of body weight, pre- and postoperative TPA, medial and
lateral osteotomy gap, proximodistal and craniocaudal
orientation were evaluated using Kruskal-Wallis rank
sum analysis. Significant differences were analyzed be-
tween pairs using Mann—Whitney U Test. For analyses
within groups, a Wilcoxon-signed rank test was used. A
P-value <.05 was considered significant. Statistical anal-
yses were performed with software (SPSS for Windows,
version 11.0, SPSS GmbH Software, Munich, Germany).
The power of the tests was calculated using nQuery Ad-
visor, version 6.01 (Statistical Solutions, Corc, Ireland).

RESULTS

Median dog weight was 33.4kg (range, 25.3-41.2kg)
with no significant difference between groups (P=.16,
power 93%).

B k' TR

Fig 3. Measurement of the proximodistal orientation of the
osteotomy in relation to the tibial plateau: The caudodistal end
of the osteotomy zone is placed on the base of the protractor.
The protractor bar is oriented parallel to the tangential con-
nection of the most distal points of the lateral and medial tibial
plateau (RL2). Ninety degrees on the protractor is defined as a
parallel orientation (0°) of the osteotomy in relation to RL2.
An open angle to the medial aspect of —0.5° is measured.

Pre- and Postoperative TPA

Median preoperative TPA was 26° (range, 22°-29°) for
groups 1-3 with no significant difference between groups
(P=.69). For groups 1-3, median postoperative TPA was
6.3° (3.0°-9.0°); group 1 =5.3° (3°-9°); group 2=6.8" (3°—
9°); and group 3=16.6° (3°-8°). These was no significant
difference (P =.52; Fig 4) between groups (power: 89%).

Gap Between the Proximal and Distal Fragment

For groups 1-3, the gap between the proximal and
the distal fragment had a median width of 1.2mm
(0-3.3mm) laterally, and 0.5mm (0-1.4mm) medially.
There was no significant difference between groups
(lateral: P=.45; power 82%; medial: P=.99, power
99%), but in groups 1 and 2 there was a significant dif-
ference between the medial and the lateral gap with the
lateral gap being wider than the medial gap (P<.0005).
In group 1, median gap was 1.8mm (0.6-3.3mm) lat-
erally and 0.5mm (0.2-1.1 mm) medially (P<.01). In
group 2, median gap was 1.1 mm (0.4-3.2mm) laterally
and 0.6mm (0-1.4mm) medially (P<.04). In group 3,
median gap was 1.1 mm (0-3.1 mm) laterally and 0.6 mm
(0-1.3 mm) medially. In this group, the difference was not
significant (P =.13; Fig 5).
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Fig 4. Boxplots representing pre- and postoperative TPA in
groups 1-3 (n=10/group). Neither preoperative (P =.69) nor
postoperative (P =.52) TPA were significantly different be-
tween groups.

Craniocaudal and Proximodistal Osteotomy Orientation

The craniocaudal orientation of the osteotomy in re-
lation to RLI1 (0°) was significantly different between
groups 1-3 (P<.0005) The median was —4.0° (—12.2°
to 9.2°) in group 1, 11.8° (2.1°-15.3°) in group 2, and
11.2° (4.8°-16.6°) in group 3. There was a significant dif-
ference between groups 1 and 2 (P<.0005), and between
groups 1 and 3 (P<.0005).
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Fig 5. Boxplots representing the lateral and medial gap be-
tween the proximal and distal fragment in groups 1-3 (n=10/
group). There was no significant difference between groups in
lateral or medial gap (lateral: P = .45, medial: P=.99), but
lateral gap was significantly wider than medial gap in group 1
(P<.01) and 2 (P<.04).
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Fig. 6. Boxplots representing the craniocaudal orientation of
the osteotomy in relation to RL1 (n=10/group). There was a
significant difference between groups (P <.0005). No signifi-
cant difference could be shown between groups 1 (jig used) and
4 (P=.12). In group 1, 2 values were higher than the upper
quartile range plus 1.5 times the interquartile range. Therefore
they are shown as single dots in the boxplot.

Measurements for groups 2 and 3 indicated craniola-
teral deviation of the osteotomy. To compensate for this
deviation, the tibia was rotated internally during the os-
teotomy in group 4. For group 4, median deviation of
0.2° (—=7.4° to 10.33°) in relation to RL1 was recorded.
There were significant differences between groups 2 and 4
(P=.001), and between groups 3 and 4 (P<.0005). In
contrast, between groups 1 and 4, no significant differ-
ence was detected (P=.12; Fig 6).

Proximodistal orientation of the osteotomy in relation
to RL2 (0°) was neither significantly different between
groups 1-3 (P=.71) nor between the 4 groups (P=.68;
power 99%). Median deviation from 0° was —2.4° (—6.1°
to 3.7°) in group 1, —5.4° (—7.1° to 2.8°) in group 2,
—0.8° (=2.1° to 1.7°) in group 3, and —1.0° (—5.8° to
1.6°) in group 4 (Fig 7).

Orientation of the Proximal Jig Pin in Group 1

In group 1, the median angle of the proximal TPL jig-
pin in relation to RL2 was —2.5° (—6.0° to 2.3°), in re-
lation to RL1 it was —4.1° (—13.3° to 9.3°). The median
angle between the jig-pin and the cranial osteotomy bor-
der was —0.3° (—1.9° to 1.3°), the median angle to the
distal border of the osteotomy was —0.7° (—1.7° to 2.2°).
The angle of the pin and the angle of the osteotomy
in relation to the tibial plateau were not significantly
different in both orientations (craniocaudal: P=.26,
power 99%, proximodistal: P=.84, power 99%). Thus,
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Fig 7. Boxplots representing the proximodistal orientation of
the osteotomy in relation to RL2 (n=10/group). The lowest
range is present in group 3. There was no significant difference
between groups (P =.68).

a parallel orientation of the pin and the osteotomy had
been achieved.

DISCUSSION

As an alternative to conventional TPLO in dorsal
recumbency (group 1) we positioned dogs in lateral
recumbency and performed a vertical osteotomy without
a TPL-jig (groups 2-4). Whereas postoperative TPA,
fragment reduction, and proximodistal osteotomy orien-
tation was not significantly different between methods,
there was a significant difference in the craniocaudal
osteotomy orientation. Performing TPLO in lateral
recumbency without use of a TPL-jig resulted in a cranio-
lateral deviation of the osteotomy of ~ 15° compared
with the conventional TPLO method.

To measure osteotomy orientation, distinct anatomic
landmarks were used to determine the 2 reference lines
RL 1 and RL 2. These lines connected the most caudal
(RL 1) and the most distal (RL 2) points of the medial
and lateral tibial plateau. We defined the orientation to
be optimal when the osteotomy was parallel to both ref-
erence lines. In group 1, dogs were positioned in dorsal
recumbency, as recommended by Slocum and Devine."’
The proximal jig pin was oriented parallel to the esti-
mated rotation axis of the stifle joint. Our results did not
show a significant difference between jig pin orientation
and osteotomy orientation in relation to the reference
lines. Therefore proximal jig pin placement was the most
crucial step which determined osteotomy orientation. In
the groups where the jig was not used, true lateral place-
ment of the stifle joint was estimated by limb positioning

with respect to the table top (groups 2, 4), or by fluoro-
scopic superimposition of the femoral condyles (group 3).
In these groups, perpendicular orientation of the stifle
joint rotation axis to the table top was assumed and thus,
the osteotomy was performed in a vertical orientation.
Clinically, stifle exploration should be performed before
TPLO and patient positioning may need to be changed
during the procedure. To achieve conditions comparable
with a clinical setting, positioning of the leg in groups 2—4
was adjusted after draping.

Only craniocaudal orientation of the osteotomy in re-
lation to the tibial plateau was significantly different be-
tween groups 1-3. The conventional TPLO method
(group 1) resulted in a median craniocaudal osteotomy
orientation of —4.0° (range, —12.2° to 9.2°) which was
close to our reference lines. In groups 2 and 3 however,
the osteotomies were directed more craniolaterally with a
median angle of 11.8° (2.1° to 15.3°) and 11.2 (4.8° to
16.6°), respectively. Thus, performing TPLO in lateral
recumbency without use of a jig may lead to a cranio-
laterally deviated osteotomy orientation with a difference
of ~ 15°. In group 3, this deviation was detectable des-
pite fluoroscopic evidence of femoral condyle superim-
position. This means that controlling femoral condyle
superimposition had no advantage over estimating the
correct position of the limb on the table top for osteo-
tomy orientation. The most probable explanation is that,
even though the femoral condyles are superimposed,
some degree of tibia rotation is possible. This means that
true lateral positioning of the femur does not lead to a
true lateral position of the tibia. In our study, intact stifle
joints were investigated.

In a cruciate deficient stifle, rotational instability is
even more pronounced.'® Hence there is greater risk of
incorrect patient positioning in a clinical setting. Addi-
tionally, with a draped patient it is more difficult to es-
timate tibial rotation than estimating a parallel position
of the tibia length axis to the table top which increases the
risk for a craniocaudal osteotomy deviation. To correct
the difference in craniocaudal osteotomy orientation we
added a fourth group in the second part of the study.
After patient positioning in lateral recumbency, the tibia
was rotated internally 10°-15° and kept in this position
during osteotomy by use of a support (3cm pad) under
the foot while the hock remained on the table top. The
osteotomy was oriented vertically. The median cranio-
caudal osteotomy orientation with respect to the refer-
ence line was 0.2° (range, —7.4° to 10.33°) for group 4; a
significant difference to group 1 was not detected. Thus,
if the TPLO is performed in lateral recumbency with the
saw blade oriented vertical, the tibia should be slightly
internally rotated.

The proximodistal orientation of the osteotomy rela-
tive to the tibial plateau was not significantly different
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between groups. The least deviation from the reference
line was achieved when superimposition of the femoral
condyles was adjusted under fluoroscopic control.
However, a similar range, lack of significant measure-
ment difference (groups 2 and 3), and lack of an advan-
tage for craniocaudal osteotomy orientation, argue
against use of fluoroscopy, mitigating radiation expos-
ure, time, and expense.

It was recently reported that incorrect osteotomy
orientation with respect to the tibial plateau will cause
tibial malalignment and that fragment reduction may
play a greater role in inducing deformities than osteot-
omy deviation.'® The precision of fragment reduction
can be quantified by measuring the width of a remaining
lateral or medial gap between the fragments. In groups
1-3, fragment reduction was measured, and no signifi-
cant difference was detected. Thus, use of a jig did not
prevent gap formation between fragments. In groups 1
and 2, the osteotomy gap was significantly wider laterally
than medially. TPLO is performed from the medial
side and the lateral aspect of the osteotomy is not
observed. Although fragment reduction on the medial
side can be observed by the surgeon, there was an over-
all median gap of 0.5mm. Plate contouring to the
modified shape of the proximal tibia after tibial plateau
rotation may play a role in gap formation. After rotation
of the proximal fragment, the narrow cranial part of
the tibia has to be fixed to the broader caudal part. Even
if the step between the fragments is lessened or the
proximal fragment is pulled medially, the fragments are
not anatomically reduced. Additionally, in the cranial
osteotomy zone, cancellous and cortical bones are rotated
against each other because of the triangular cross-section
of the proximal tibia. Bone plate application may
push the stronger cortical bone into soft cancellous
bone leading to a gap formation on the opposite
side. We measured the gap at its largest width, which
was always on the most cranioproximal part of the
osteotomy. In this location, it is difficult to assess
the osteotomy because of overlying soft tissue (patellar
tendon insertion, joint capsule, retropatellar fat pad,
periosteum). Also, in this region a temporary fixation
pin is placed which could distract the osteotomy in its
cranial aspect.

Osteotomy distraction may also result from the tibia
compression mechanism which tends to force the prox-
imal fragment in a caudodistral direction, leading
to compression in the caudodistal and distraction in
the cranioproximal part of the osteotomy. After TPLO,
the distal part of the osteotomy was completely reduced
in all specimens. It is unlikely that a cranioproximal gap
<2mm, and a difference between the lateral and the
medial gap <1 mm, as occurred in most specimens leads
to a clinically noticeable malalignment.

Jig use lengthens surgical time and its application
causes patient trauma. During jig application, the sur-
geon has to subjectively estimate the stifle joint flexion-
extension-axis, place a pin parallel to this axis, and finally
orient the osteotomy parallel to a second pin placed dis-
tally through the jig into the tibia. Vertical saw blade
orientation with the dog in lateral recumbency without
use of a TPL-jig presumes correct patient positioning, in
particular parallel orientation of the tibia to the table top.
We believe that jig application is more demanding and,
especially for surgeons not experienced with the method,
more prone to error than the positioning technique de-
scribed, which is similar to the positioning used during
radiography to obtain mediolateral TPLO projections.
Surgeons not experienced with TPLO might have less
difficulty achieving correct osteotomy orientation when
the patient is in a fixed position and when the saw is
aligned with vertical objects in the surgical room.

In our dogs, jig application had no advantage on
postoperative TPA, fragment reduction, and proximo-
distal osteotomy orientation. The craniocaudal osteoto-
my deviation in groups 2 and 3 could be compensated by
internal rotation of the tibia during osteotomy. In pa-
tients with tibial varus, valgus, and rotational deformities
the TPL-jig may be beneficial because limb alignment can
be evaluated and performed while the position of the
fragments is secured. Because we excluded dogs with tib-
ial malalignment, this potential advantage of using a
TPL-jig was not evaluated.

TPLO relies on subjective estimation of correct oste-
otomy orientation and cannot be objectively performed.
To have comparable conditions during surgery in all
groups all procedures were performed by the same
surgeons, the instructions by Slocum and Devine were
closely followed in group 1, and all procedures were
performed with every step observed bi-directionally.'’
Also, measurements were repeatedly taken by the same
observers. Because we only used limbs without stifle pa-
thology, measurement points for TPA and osteotomy
orientation were not obscured by osteoarthritic changes.

Therefore, despite its subjective character, our
study led us to conclude that the TPLO jig is not need-
ed to achieve correct osteotomy orientation, tibial plateau
rotation, and fragment fixation in dogs without tibial
deformities. However, lateral patient positioning in com-
bination with a vertical osteotomy should be adjusted
by internally rotating the tibia ~ 15° to obtain similar
results to the method of Slocum.
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