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Abstract : The purpose of this study was to report the reliability and validity of oblique single-cut rotation osteotomy
(OSCRO) in 3D-reconstructed canine bone models with femoral varus and torsional deformities. A healthy adult male
beagle was recruited to create a 3D bone model, and this bone model was modified by using a 3D program. Fifteen
bone models were constructed for this study. OSCRO simulation was performed in accordance with the plan after
printing using a 3D printing machine. The anatomical lateral distal femoral angle (aLDFA), anteversion angle (AA),
anatomical caudo-distal femoral angle (aCdDFA), mechanical caudo-distal femoral angle (mCdDFA) and pre- and
postoperative bone length were calculated. There were no significant differences between the target values and
postoperative values. In addition, the difference between pre- and postoperative bone length was small (p = 0.001).
Our findings suggest that OSCRO could be an effective surgical option for MPL with bone deformities in small-breed
dogs that often undergo conventional distal femoral osteotomy.
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Introduction

Medial patellar luxation (MPL) is a common orthopedic

problem in dogs. The etiology of MPL is not entirely under-

stood (20). However, several investigations into its cause

have suggested that malalignment of the quadriceps mecha-

nism leads to patellar luxation (12,14,17). Bone deformities

that contribute to this malalignment have been reported,

including coxa vara, femoral varus, external torsion of the

femur, shallow femoral trochlear groove, deviation of the tib-

ial crest and tibial valgus (17,20,21). MPL is considered a

mixture of these complex skeletal deformities rather than an

isolated disease of the stifle (18).

Many surgical methods for the correction of MPL have

been reported, and their common goal is to improve quadri-

ceps alignment (3,14,20). This has been accomplished through

conventional surgical treatments, including trochleoplasty

and tibial tuberosity transposition with soft tissue reconstruc-

tion (2,9,14). However, a recent study reported that the rate

of re-luxation following these conventional surgical methods

was as high as 8% if femoral varus and torsion were uncor-

rected (1,2,5). Etiologically, the correction of the bone defor-

mities with the medial displacement of the quadriceps femoris

muscle group is gaining more attention in treating MPL (4,

16,21). In several studies, the rate of re-luxation became sig-

nificantly lower following distal femoral osteotomy (DFO) with

conventional methods (14). DFO is a recent surgical method

focused on the correction of excessive femoral varus and

decreased anteversion angle. However, DFO has several dis-

advantages. In the open wedge method, the gap between the

fragments of the femur leads to a prolonged healing time and

fixation instability. The closed wedge method, on the other

hand, requires two osteotomies that result in bone loss and a

prolonged surgical time (4). In addition, DFO is commonly per-

formed in two following steps, correcting varus and torsion.

In human medicine, many studies have reported the use of

oblique single-cut rotation osteotomy (OSCRO) for the cor-

rection of both angular and torsional deformities (12,13,15,16).

OSCRO can correct angular and torsional deformities simul-

taneously in one step by simply rotating the distal bone seg-

ment about a line perpendicular to the cutting plane. The

advantage of OSCRO is that it allows a large contact area

between the bone fragments without bone loss with only a

single osteotomy (8,10,11).

Despite this advantage and the many reports in human med-

icine, only two studies of OSCRO have been reported for the

correction of radial deformities in veterinary medicine (8,10).

To the author’s knowledge, OSCRO for the correction of fem-

oral varus-torsion deformities in MPL has not been described.

The purpose of this study was to describe the possibilities,

advantages and disadvantages of the application of OSCRO

in 3D-reconstructed canine bone models to correct MPL with

bone deformities.

Materials and Methods

A healthy adult male beagle weighing 10.7 kg was used to

create a 3D bone model and was selected as a baseline for

the present study. No abnormalities were found via physical

or orthopedic examination or radiography. This study was

approved by Chungnam National University Animal Care

and Use Committee (No. CNU-00838). Computed tomogra-

†These authors contributed equally to this work.
1Corresponding author.
E-mail : seatiger76@cnu.ac.kr



Oblique Single-Cut Rotation Osteotomy for Bone Deformities 181

phy images of the dog were acquired with a 16-slice scanner

(AlexionTM, Toshiba, Otawara, Japan). Images were obtained

with a slice thickness of 1 mm and reconstructed as 3D images

using image processing software. By using 3DS MAX soft-

ware (3DS MAX, Autodesk, California, USA), the bone

model was modified at the level of the distal one-third of the

bone. The varus deformities were modified at 5-degree inter-

vals (aLDFA: 100o, 105o, and 110o), and torsional deformi-

ties were also modified at 5-degree intervals (anteversion

angle: 0, 5o, 10o, 15o, and 20o) (Fig 1). A total of 15 anoma-

lies were reconstructed by combining the number of cases of

each anomaly (3 × 5 = 15). Bone models were printed with

3D printer (Finbot-Z420, TPC mecatronics, Korea) and poly

lactic acid filament (PLA filament, ESUN Inc, China).

Surgical planning

The surgical plan was performed based on a reported

method (13). The angular component of the deformity (CORA,

bisector line, deformity direction) was analyzed in the fron-

tal view. The anatomical lateral distal femoral angle (aLDFA)

and anteversion angle (AA) were measured. The magnitudes

of the angulation (A) and rotation (R) of the deformities were

calculated by the following equation: |Measured angle 

Fig 1. The normal bone model (white) was modified at 5-degree

intervals. Varus and torsional deformities were created (red).

Fig 2. Photographs showing the surgical procedure. (A) The ori-

entation of the axis for the correction was determined based on

the CORA (red dot). (B) The axis was oriented by R/2 in the

opposite direction to the torsional deformity. (C) The axis was

inclined longitudinally according to the inclined axis angle

(white arrow). The osteotomy line was perpendicular to the new

axis. (D) After osteotomy, the proximal segment of the femur

was rotated around the new axis (black dot).

Fig 3. Photographs showing the measurements of the femur. (A)

The center of the rotation angle (CORA, black dot) and ana-

tomical lateral distal femoral angle (aLDFA, red line) were mea-

sured. (B) The anteversion angle (AA) was measured (red line).

(C) The anatomical caudo-distal femoral angle (aCdDFA; yel-

low line) and mechanical caudo-distal femoral angle (mCdDFA;

red line) were measured. (D) Length was measured.

target angle|. The orientation of the axis for the correction

of angulation was determined (perpendicular to the plane

of angulation; Fig 2A). Then, the axis was reoriented by

R/2 in the opposite direction to the torsional deformity (Fig

2B) and inclined longitudinally by the amount calculated

by the following equation (Fig 2C): inclined axis angle =

tan1  After reorientation, the new axis

line was on either the convex or concave side of the angu-

lar deformity. If the axis line was on the convex side,

the axis was raised. In contrast, if the axis line was on

the concave side, the axis was lowered. After completion

of the osteotomy, the distal part of the bone was rotated

along the axis perpendicular to the osteotomy line (Fig 2D).

The actual magnitude of rotation along the axis was cal-

culated by the following equation: actual rotation angle =

Outcome measures

After rehearsal surgery, the photographs of bone model

was taken with a camera (Canon EOS 750D, Canon Inc,

Japan) projecting perpendicular to the bone model that lies

next to the 25 mm radiographic reference ball. Values were

measured using a radiographic software program (Viewrex®,

Techheim CO. LTD., Seoul, Korea). All the values for the

femur were measured pre- and postoperatively using previ-

ously described methods (21). The anato mical lateral distal

femoral angle (aLDFA) in the frontal view and the antever-

sion angle (AA) in the axis view were measured (Fig 3A and

3B). To confirm the accuracy of the surgical method, the dif-

ference between the target angle and the postoperative angle

was calculated as |Postoperative angle  Target angle|. The

target angles were determined using the criteria from a previ-

ously reported study (aLDFA = 95o, AA = 25o) (4). The ana-

tomical caudo-distal femoral angle (aCdDFA) and mechanical

caudo-distal femoral angle (mCdDFA) in the lateral view

were measured (Fig 3C). To identify unintended changes
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after surgery, the difference between the preoperative angle

and the postoperative angle was calculated as |Postoperative

angle  Preoperative angle|. The length of the bone in the

frontal view was measured (Fig 3D). To identify changes

after surgery, the difference between the preoperative length

and postoperative length was calculated as |Postoperative

length  Preoperative length|.

Statistical analysis

All data analysis was performed using a statistical soft-

ware program (SPSS Statistics ver 22.0, IBM, New York,

USA). Each outcome measured was expressed as the mean ±

SD. The normality of the data was tested with the Kolmog-

orov-Smirnov and Shapiro-Wilk tests. The difference between

the target angle and postoperative angle (aLDFA and AA)

was statistically evaluated with the independent samples t-test.

The difference between the pre- and postoperative angles

(aCdDFA and mCdDFA) was statistically evaluated with the

paired t-test. The difference between the pre- and postopera-

tive length was statistically evaluated with the Wilcoxon

signed rank test.

Results

In this study, all bone models were constructed by the 3D

model. There were 15 bone models with different aLDFAs

and torsion. There were no significant differences between

Table 1. Comparing outcome variables after oblique single cut rotation osteotomy in the femur

Mean ± SD (o) p-Value Target angle (o) Range (o)

Postoperative aLDFA* 94.4 ± 1.20 0.096 95 92.9-97.1

Postoperative AA* 25.5 ± 1.30 0.135 25 22.5-27.1

Postoperative aCdDFA  Preoperative aCdDFA† 0 ± 2.40 0.974 - -

Postoperative mCdDFA  Preoperative mCdDFA† 0.6 ± 1.40 0.123 - -

Preoperative length 9.4 ± 0.60 - - -

Postoperative length 9.3 ± 1.40 - - -

Postoperative length  Preoperative length‡
0.17 ± 0.07 0.001 - -

*Independent sample t-test, p < 0.05.
†Paired t-test, p < 0.05.
‡Wilcoxon signed rank test, p < 0.05.

Fig 4. Photographs showing comparisons of the differences

between the preoperative and postoperative bone models (fron-

tal view: left, axis view: right). It was confirmed that the varus

and torsional deformities were corrected.

Fig 5. Photographs showing the preoperative bone model (A)

and postoperative bone model (B, C, D, E, F). On the medial

view of the bone model (A) and (B), no significant difference

was noted after the procedure. When comparing the translation

of the distal bone segment postoperatively with the cranial view

(C, D) and medial view (E, F), no significant change was noted

with the proximal modification of the osteotomy line (D, F)

compared to the original osteotomy line (C, E).

the measured data of all postoperative bone models, target

values or preoperative values (Table 1). The mean postoper-

ative aLDFA was 94.4o ± 1.2o. The range was from 92.9o to

97.1o. There were no significant differences between the

postoperative aLDFA and the target angle (p = 0.096; Table

1). The mean postoperative AA was 25.5o ± 1.3o. The range

was from 22.5o to 27.1o. There were no significant differ-

ences between the postoperative AA and the target angle (p =

0.135; Fig 4). The difference between the preoperative

aCdDFA and postoperative aCdDFA was 0o ± 2.4o. There

were no significant differences between the preoperative

aCdDFA and postoperative aCdDFA (p = 0.974). The differ-

ence between the preoperative mCdDFA and postoperative

mCdDFA was 0.6o ± 1.4o. There were no significant differ-

ences between the preoperative mCdDFA and postoperative

mCdDFA (p = 0.123; Fig 5). The mean preoperative length

was 9.4 cm ± 0.6 cm, and the mean postoperative length was

9.3 cm ± 0.6 cm. The difference between the preoperative
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length and postoperative length was 0.17 cm ± 0.07 cm. There

were significant differences between the preoperative length

and the postoperative length (p = 0.001; Fig 4).

Of 15 stifles, 2 bone models had a translation after planned

surgeries. The distal segment of the femur translocated crani-

ally. Three models had osteotomy lines modified proximally

due to the presence of sesamoid bone on the original osteot-

omy line.

Discussion

 This study showed that OSCRO had great accuracy for the

correction of angulation-torsion of the femur without any

unintended deformities. There was no significant difference

in accuracy between the plan and the postoperative results.

The results of our study suggest that OSCRO is unlikely to

affect unintended deformities; therefore, OSCRO might be an

appropriate technique to correct severe MPL with bone

deformities in the femur. Based on the ex vivo characteris-

tics of this study, the application of these results to clinical

cases seems promising.

The bone length was reduced after surgery, with a mean

length of 1.7 mm, which was 1.8% of the total bone. This

likely results from two causes: first, procedural bone loss.

The bone model utilized cutting with an oscillating saw

(Synthes, DePuy Synthes, Massachusetts, USA). This saw

blade has a thickness of approximately 0.6 mm, which may

have caused ablation by crushing and shearing the bone.

Additionally, the imprecision of the cut due to the high

torque may have also contributed to bone loss (19). The sec-

ond cause may be the selection of the angulation correction

axis (ACA). Because OSCRO is performed with vertically

inclined osteotomy, many possible ACAs can be chosen (13).

If the distal bone segment is rotated about the CORA on the

transverse bisector line (tBL), no translational deformity

occurs. However, as the ACA moves from the center to the

concave side of the deformity along the tBL, the bone length

becomes shorter. As the ACA moves from the center to the

convex side, the bone length becomes longer.

In this study, translation occurred in some models (Fig 5).

However, there was little effect on the postoperative angle.

The following reasons can be considered for this outcome. In

other corrective osteotomies, translational deformities occur

when the ACA does not correspond to the level of the trans-

verse bisector line. In the case of OSCRO, since the surface

of the osteotomy is ellipsoid, the osteotomy edges will trans-

late to each other despite rotating around the center of the

axis. Strictly, this is not the translation referred to above since

no axis deviation occurs (13). Additionally, OSCRO has a

wide range passing through the level of the CORA on the

tBL because the osteotomy performed is vertically inclined.

Therefore, even if the osteotomy line is modified, translation

does not occur prominently when rotating around the planned

axis (Fig 5).

The degree of inclination needed to perform osteotomy is

not proportional to the magnitude of the angle but is deter-

mined by the ratio of angulation to the torsion angle. When

the ratio of angulation to the torsion angle is 1, the degree of

inclination is 45o. If the ratio increases to greater than 1, the

degree of inclination increases by more than 45o. In contrast,

if the ratio decreases to below 1, the degree of inclination

decreases to less than 45o. In the case of OSCRO for the cor-

rection of MPL a steep osteotomy line should be modified

proximally because of the osteotomy direction towards ana-

tomical structures such as the sesamoid bone, the femoral

condyle and the insertion of the gastrocnemius muscle. In

this study, the osteotomy line was modified upward in 3

models. However, translation did not occur prominently (Fig

5F). This is because the surface of the osteotomy included

the level of the CORA on the tBL in all 3 models, and the

angle to be corrected was relatively small.

OSCRO is a surgical method based on the coordination

system of linear algebra (15). The combination of angular

and torsional deformities can be represented by two cylin-

ders. After dividing the proximal and distal parts by the

CORA, the independent coordination system can be defined

for each part. Then, the distal coordination system is rotated

several times to match the proximal coordination system.

Using the rotation matrix, it is possible to find a single axis

of rotation. As such, the planning of OSCRO requires advanced

mathematical knowledge. Therefore, in many reports, this is

referred to as a common drawback. In the operation, the pin

was placed parallel to each other. In order to achieve a pre-

cise rotation angle, the distal pin was bent for the angle to be

rotated. Subsequently, the distal segment was rotated to

achieve the parallel alignment of the pins. This method is

dependent on a surgeon’s skill and thereby possess a high risk

of error. Thus various attempts such as 3D guides, special

tools for planning, and 3d-Model rehearsal surgery have been

adopted to achieve an accurate surgical outcome (6,7,11,22).

The limitations of this study include the lack of consider-

ation of soft tissue since it focused on bone malformation by

using 3D models. Therefore, it could be difficult to reduce

the bone segments perioperatively due to the tension of soft

tissue. Additionally, improper restraint of patient’s activity

after surgery could affect bone healing and cause malunion.

Conclusion

OSCRO may be an effective surgical option for the treat-

ment of MPL with femoral varus and torsional deformities.

This approach has high surgical accuracy with clinically neg-

ligible unintended deformities. Despite the advanced tech-

niques being used in OSCRO, the operating time was reduced

compared to previous studies with other surgical practices.

These findings support the use of OSCRO clinically in MPL

with varus and torsional deformities, which may be neces-

sary in small-breed dogs that commonly undergo distal fem-

oral osteotomy for the treatment of patellar luxation.
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