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Abstract : The objective of this study was to determine the effect of osteotomy angle and tibial proximal segment
rotation angle on angular and torsional tibial deformities and to assess the trends of these deformities during the rotation
of the tibial proximal segment in a center of rotation of angulation (CORA)-based leveling osteotomy (CBLO) by
performing computer modeling of the tibia. Four tibias of toy breed dogs with no history of lameness were used in
this study. Osteotomies were performed in the proximal tibias at angles of 0o, 10o, 20o, 10o, and 20o, perpendicular
to either the proximodistal or craniocaudal tibial axes. The mechanical medial proximal tibial angle (mMPTA) and
transcondylar (TC) and distal cranial tibial (CnT) axes were used to measure angular and torsional deformities,
respectively. All tibias showed an increase in angular and rotational deformities with an increase in the tibial plateau
rotation angle. The tibia with osteotomies performed in the proximodistal and craniocaudal directions showed the highest
magnitude of torsional and angular deformities, respectively. The results of this study revealed a tendency of occurrence
of angular and torsional deformities with osteotomy performed along the proximodistal and craniocaudal directions
in the CBLO.

Key words : center of rotation of angular (CORA)-based leveling osteotomy, bone deformity, computer modeling, cranial

cruciate ligament, dog.

Introduction

Cranial cruciate ligament (CCL) injury is one of the most

common orthopedic injuries of hindlimbs in dogs (3,4,8,

9,19). Injury of the CCL allows cranial translation of the

tibia, resulting in stifle instability and osteoarthritis (18,19).

Dynamic stabilization of the CCL-deficient joint that neutral-

izes cranial tibial thrust is recommended by most veterinary

surgeons because of the predisposition of this joint to degen-

erative changes (6,7,11,12,14-16). Among these surgeries,

proximal tibial leveling osteotomy based on the center of

rotation of angulation (CORA), which alters mechanics and

reduces cranial tibial thrust associated with the CCL-defi-

cient stifle, has been implemented recently (10,13). The

CORA-based leveling osteotomy (CBLO) is a procedure in

which the osteotomy is centered at the CORA, and correc-

tion of the CORA magnitude results in the desired tibial pla-

teau angle (TPA) through alignment of the proximal and

distal anatomic longitudinal axis.

CBLO has unique advantages relative to other osteotomy

techniques, such as tibial plateau leveling osteotomy (TPLO),

tibial tuberosity advancement (TTA), and cranial wedge

ostectomy (CWO). This technique preserves the proximal

tibial epiphysis, which allows the application of ancillary sta-

bilization and intra- or extra-articular procedures (10,13,17).

Because the axis of correction is centered on the CORA, this

procedure allows the positioning of the center of the proxi-

mal tibial epiphysis on the tibial shaft. Therefore, there is no

secondary translation and ‘balcony’ effect as seen with TPLO

(10).

However, CBLO may lead to the development of angular

or torsional deformity after reduction during surgery. Previ-

ous studies have reported similar complications with TPLO

(20). Tibial osteotomy has been recommended to be per-

formed parallel to the tibial plateau (16). Because of the ana-

tomical differences among dogs, the tibial long axis and the

tibial plateau may not be parallel. Therefore, the angle that is

made at the osteotomy is not truly parallel to the joint sur-

face or perpendicular to the sagittal plane of the tibia (21).

One study described the effect of the osteotomy angle on

the alteration of the tibial plateau rotation angle for TPLO

(21). In tibial osteotomies performed at 20o angle along the

craniocaudal and proximodistal directions, maximum defor-

mities of about 15o in the valgus and 10o in the external rota-

tion, respectively, were noted. The osteotomy angles that

showed the least variation from 0o for rotational and angular

deformity should be considered optimal for use in a clinical

setting, and several osteotomy angles should be eliminated.

The objective of this study was to describe the effect of the

osteotomy angle and tibial proximal segment rotation angle

on angular and torsional tibial deformities and to assess the

trends of these deformities during rotation of the tibial prox-

imal segment in the CBLO by using computer modeling. We

hypothesized that angular and torsional limb deformities after
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the CBLO procedure may result from an osteotomy that is

not truly perpendicular to the craniocaudal axis or not paral-

lel to the tibial plateau.

Materials and Methods

3D models

Three-dimensional (3D) computer models of each unilat-

eral tibia were based on computed tomographic (CT) data of

toy breed dogs with no history of pelvic limb lameness that

presented to the veterinary medical teaching hospital of

Chungnam National University between January 2016 and

August 2018. The side of the pelvic limbs was randomly

assigned to be enrolled using a coin flip. The inclusion crite-

ria were having a CT scan of appropriate quality to allow

reconstruction into the 3D model and with a complete tibia,

being skeletally mature, weighing < 5 kg and not having

orthopedic diseases including fractures, osteoarthritis or neo-

plasia. The scan data were considered unacceptable when the

thickness or orientation of the scan cut off or flattened the

tibial condyle to an extent where accurate measurements

could not be made. The breeds, sexes, body weights and ages

of the patients were recorded.

Images were acquired using a CT scanner (AlexionTM,

Tosiba, Japan) with a slice thickness of 1 mm and an overlap-

ping increment of 0.8 mm. In the resulting CT data set, the

femur and tarsus were manually excluded to isolate the tibia,

and 3D reconstruction of the tibia was performed using a 3D

slicer (Slicer 4.10.2; open source software, www.slicer.org).

Surgical planning

Planning and surgical techniques were executed using a

previously described method (13). The proximal tibial ana-

tomic axis and distal tibial anatomic axis were determined

Fig 1. (A) CORA-based leveling osteotomy Preoperative plan-

ning: The desired postTPA of 10 is identified, and the CORA is

defined by the intersection between the proximal and distal ana-

tomic axes. The saw blade was positioned perpendicular to the

tibial anatomic axis and parallel to the tibial plateau (PD = 0,

CC = 0). Osteotomy angles made along the proximodistal axis

(B) and craniocaudal axis (C).

Fig 2. The 3D tibia model of a small dog. (A) Proximal articular

surface of the tibia. Landmarks for the transcondylar (TC) axis

represented by blue spheres marked on the caudo-lateral extent

of the extensor sulcus and the prominence at the medial collat-

eral ligament insertion (2). (B) Distal articular surface of the

tibia. Landmarks for the distal cranial tibial (CnT) axis repre-

sented by yellow spheres marked on the most cranial cortices of

the distal tibia (2). (C) Frontal plane of the tibia. Landmarks for

the proximal joint orientation line represented by red spheres

marked on the most distal points of the medial and lateral tibial

condyles (5).

using 3ds MAX (3ds MAX 2020, Autodesk, Inc.; USA,

www.autodesk.co.kr; Fig 1A). The intersection of these two

axes constitutes the anatomic CORA. Radial osteotomy was

centered over this point. The correction of the CORA magni-

tude resulted in a desired postoperative TPA (postTPA) of

10o. The diameter of the saw used in all tibia models was

8 mm. The tibial proximal segment was rotated, such that the

proximal and distal osteotomy surfaces were reduced with-

out regard for alignment of the medial tibial cortices.

This tibia was assigned the notation of PD (proximodistal) =

0 and CC (craniocaudal) = 0, which indicates that the saw

was at an angle of 0o, perpendicular to the proximal axis, and

0o, perpendicular to the craniocaudal axis. For the purpose of

this study, the proximal and craniocaudal axes of the tibia

were defined as being perpendicular to the tibial plateau and

tibial mechanical axis, respectively. For all tibias, osteoto-

mies with variations along the craniocaudal axis were per-

pendicular to the craniocaudal axis, CC = 0, and osteotomies

with variation along the proximodistal axis were perpendicu-

lar to the proximodistal axis, PD = 0. Negative-numbered

angles represented that the saws were driven in a distal-to-

proximal or caudal-to-cranial direction at the medial aspect.

Each tibia was simulated as follows: PD = 0/CC = 0, PD =

10, PD = 20, PD = 10, PD = 20, CC = 10, CC = 20, CC =

10, and CC = 20 (Fig 1B).
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Data collection

The mechanical medial proximal tibial angle (mMPTA)

and transcondylar (TC) and distal cranial tibial (CnT) axes

were used to measure angular and torsional deformities,

respectively. The angle between the mechanical axis and the

joint orientation lines were measured on the proximomedial

aspects to determine the mMPTA (5). The torsion angle,

expressed in degrees, was calculated by determining the dif-

ference between the TC and CnT axes (1,2). The X coordi-

nate system was established for the tibial mechanical axis.

The landmarks established for the mMPTA, TC, and CnT

were attached 3d tibia model before rotation of the tibial

proximal segment after osteotomy (Fig 2).

Coordinate changes between landmarks for mMPTA, TC,

and CnT on the tibia were used to calculate the magnitude of

tibial angular and torsional deformity induced as the tibial

proximal segment was rotated using 3d MAX. For each of

the nine tibias, five data collections were performed. Each

test consisted of angular and torsional values recorded at 0o,

5o, 10o, 15o, 20o, 25o, and 30o of tibial proximal segment rota-

tion. Tibial proximal segment rotation was achieved automat-

ically during data collection. Mean angular and torsional

tibial deformity values for each tibial proximal segment rota-

tion point were determined for each tibia to evaluate trends in

the induced limb deformity with varying tibial proximal seg-

ment rotation and tibial osteotomy angles.

Statistical analysis

All the statistical analyses were performed using SPSS

software version 24.0 (IBM SPSS Statistics 24.0, IBM Corp.,

Chicago, US). Descriptive data (e.g., means and standard

deviation [SD]) were recorded for each outcome measure.

Results

Four dogs were enrolled during the study period. Breeds

consisted of one German spitz, one Toy Poodle, one Mal-

tese, and one Chihuahua. One dog was female, one dog was

spayed female and two dogs were castrated males. Mean ±

SD age was 4.8 ± 3.9 years and body weight was 3.2 ± 0.9

kg. Median (range) body condition score was 5 of 9 (4-7).

Both two right and left tibia were used. Pre-experimental

TPA was 27.4 ± 2.2o.

Angular and torsional deformity varied depending on the

degree of tibial proximal segment rotation and the osteot-

omy angle. A consistent trend existed for the tibial plateau

rotation angle. The magnitude of angular and rotational

deformity increased with an increase in the degree of tibial

proximal segment rotation (Fig 3 and 4).

Angular deformity

The valgus worsened as the tibial proximal segment was

rotated in the tibias with osteotomies performed in the cau-

dal-to-cranial direction (CC, negative numbers; Fig 3). Tib-

ias with osteotomies performed in the cranial-to-caudal

direction (CC, positive numbers) showed varus deformity.

Tibias with osteotomies performed in the proximal-to-distal

(PD, positive number) and distal-to-proximal (PD, negative

number) directions showed valgus and varus tendencies,

respectively, but they were within the normal ranges (5). The

tibias with osteotomies performed in the cranial-to-caudal

and caudal-to-cranial directions showed the highest varus

(9.75o) and valgus (9.95o), respectively. A difference in the

mMPTA of the tibia at PD = 0/CC = 0 led to a minor change

in the angle, which was in the range of 0.02o to 0.10o.

Fig 3. Angular deformities in tibias that underwent osteotomies in the proximodistal (A) and craniocaudal directions (B).

Fig 4. Torsional deformities in tibias that underwent osteotomies in the proximodistal (A) and craniocaudal directions (B).
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Torsional deformity

Internal rotation appeared in the tibias with osteotomies

performed in the proximal-to-distal direction (PD, positive

numbers; Fig 4). The tibias with osteotomies performed from

the distal-to-proximal direction (PD, negative number) showed

external rotation. The degree of rotational deformity increased

with an increase in the magnitude of the osteotomy angle.

Tibias with osteotomies performed in the cranial-to-caudal

(CC, positive number) and caudal-to-cranial (CC, negative

number) directions showed internal and external rotation ten-

dencies, respectively, but they were within the normal range

(2). The tibias with osteotomies performed in the proximal-

to-distal and distal-to-proximal directions showed the high-

est internal (8.37o) and external torsion (11.67o), respec-

tively. Torsional deformity of the tibia at PD = 0/CC = 0

showed a minor change in the angle, which was in the range

of 1.99o to 0.10o.

Discussion

The present study provides evidence suggesting the tendency

of occurrence of angular and torsional deformity with osteot-

omy along the proximodistal and craniocaudal directions in the

CBLO. The maximum angular and torsional deformities were

confirmed to be approximately 10o in the craniocaudal and

proximodistal directions, respectively. Therefore, our hypothe-

sis that the deformity according to the magnitude of saw blade

angulation will increase can be proved in this study.

Based on this study, it can consider correcting a preexist-

ing angular or torsional deformity, but it should be avoided.

Because of individual variations, it is difficult to apply the

results of this study for correcting a surgery. In addition, the

degree of deformity in each direction is different. For exam-

ple, although the rotation angle was 30o when tibial osteot-

omy was performed along the proximodistal direction, the

mMPTA is in the normal range, but the variation in torsional

deformity is extreme. This is similar to that in the case of

tibia that underwent osteotomy in the craniocaudal direction.

Therefore, there is a risk of developing another deformity

while trying to correct one. Additionally, in a clinical situa-

tion, it is difficult to angulate in exactly one plane. If a sur-

geon performs an oblique plane osteotomy, it is difficult to

predict the angular change.

Wheeler et al. reported a tendency of angular and tor-

sional deformity with an increase in the angle of tibial pla-

teau rotation with osteotomy along the proximodistal and

craniocaudal directions in the TPLO. However, there were

some cases in which the outcome did not correspond with the

tendency of the angle size. In theory, for reduced osteoto-

mies, the variation of angular or torsional deformity induced

by tibial proximal segment rotation through an osteotomy

angle along either the proximodistal or craniocaudal axes

should be linearly related to both the degree of tibial proxi-

mal segment rotation and the angle of the osteotomy (21).

The reasons for the deviations from the results of Wheeler et

al. may be the differences between the surgical procedures,

TPLO and CBLO. Both surgeries used a semicircular saw

blade, but the saw positions were different. Therefore, the

direction of deformity in each osteotomy is opposite to that

of reported by Wheeler et al. Furthermore, Wheeler et al.

performed manual tibial osteotomy and tibial proximal seg-

ment rotation, but in this study, it was performed more accu-

rately using 3D computer software. Finally, this study could

have yielded a more accurate result than did previous studies

because unlike previous studies that used only one limb, this

study used more limbs. These reasons may have contributed

to the difference between the previous study and this study.

This study has several limitations, including the inherit-

able limitation of an in vitro study. 3D computer models of

tibias were used in this study, and the actual characteristics of

the patient’s tibia, such as angular or torsional deformity,

excessive TPA, and high or low insertion of tuberosity, may

vary. The small sample size was another limitation of this

study. A large case study may yield different results regard-

ing both proximodistal and craniocaudal angulation. How-

ever, we were able to confirm a similar tendency in the four

dogs; there may be some variation depending on the individ-

ual bone shape, but it is considered to show a similar tendency.

Lastly, we did not confirm the difference between the

medial alignment reduction group and the complete reduc-

tion group, as in the case of a previous study (21). Reduction

after leveling osteotomy may result in the alignment of the

medial cortex rather than complete reduction. This is thought

to be caused by the elimination of the gap to fit while apply-

ing the plate. In TPLO, angular and rotational deformities

varied depending on the plateau rotation angle and reduction

technique. The deformity was more severe in the alignment

medial cortex group than in the complete reduction group. It

was speculated that the tibial proximal segment was rotated

while aligning the medial cortex, and consequently, the defor-

mity is worsened. The CBLO is a radial osteotomy proce-

dure like TPLO. Therefore, deformity will be more severe

after performing reduction for aligning of the medial cortex.

However, this limitation is beyond the scope of our study,

and further studies are required to assess the effect of medial

aligned cortex on the development of iatrogenic deformity

during CBLO.

Conclusion

The results of this study revealed a tendency of occur-

rence of angular and torsional deformity with osteotomy

along the proximodistal and craniocaudal directions in the

CBLO. To the best of our knowledge, the present study

makes a clinically significant contribution as the first report

in veterinary medicine to confirm the deformities according

to the magnitude of saw blade angulation. Further studies on

the difference between the medial aligned cortex and com-

plete reduction during plate application are needed.
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