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Introduction

Medial patellar luxation (MPL) is a common orthopaedic
disease in toy breeds. A recent study investigating the patho-
genesis thereof performed standing computed tomography
(CT) scansof toypoodleswithgrade2MPL and found that their
skeletal and postural features included external torsion of
femur, internal torsion of the tibia and internal rotation of
the foot, external rotation of tarsal joint, a large stifle joint

convergence angle, genu varum, and toe-in standing.1 Several
studies have described femoral deformities that induce MPL;
however, few have reported tibial deformities.2–7

There have been several reports regarding the tibia inMPL
in small dogs. Tibial torsion increases with increasing MPL
grade in Yorkshire terriers.8 In 2015, Yasukawa and col-
leagues performed CT studies on MPL-affected toy poodle
cases and showed that the tibial torsion angle (TTA) of MPL

Keywords

► medial patellar
luxation

► small breed dogs
► tibial torsion
► malalignment
► proximal tibia

metatarsal angle

Abstract Objective Medial patellar luxation (MPL) is prevalent in small dogs; however, the causes
vary, and few studies have reported tibial deformities. We aimed to conduct a detailed
morphological investigationof internal tibial torsionand internal foot rotationandcompare
the results between MPL grades to better understand the pathogenesis of MPL.
Study Design We performed a morphological study of the tibia and comparison with
MPL grade, and established a new parameter, metatarsal orientation relative to the
orientation of the tibial tuberosity, the proximal tibia metatarsal angle (PTMTA). The distal
tibia metatarsal angle was also established, and tibial torsion angle (TTA), mechanical
medial proximal tibial angle, medial distance of the tibial tuberosity/proximal tibial width,
and crural rotation angle were compared among the grades of MPL.
Results The PTMTA was significantly higher in grades 3 and 4 than in the normal
group. TTA, medial distance of the tibial tuberosity/proximal tibial width, and
mechanical medial proximal tibial angle were significantly higher in grade 4 than in
the other grades, which is consistent with previous reports. A correlation was also
observed between the PTMTA and the TTA.
Conclusion The PTMTA functioned as a parameter that included elements of the
distal tibia metatarsal angle, TTA, and medial distance of the tibial tuberosity/proximal
tibial width, and is considered clinically useful because it can be visually ascertained
during palpation. Our results may play a major role in surgical decision-making in the
treatment of MPL.
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grade 4 dogswas significantly higher than that of normal and
grade 2 groups.5 In 2018, Phetkaew and colleagues also
performed CT studies Chihuahua cases and showed that
MPL grade 4 had a significantly higher TTA than normal
and grade 1, 2, and 3 cases.7 Thus, recent morphological
investigations of the tibia using CT have suggested that
torsion of the tibia may be involved inMPL pathogenesis.5,7,8

However, no significant difference in torsion of the tibia was
found between grades 2 and 3.7,8 In addition, studies
reported to date have measured the tibia alone, and few
reports have described the relationship between the foot and
tibial tuberosity orientation.1,5,7–11

We aimed to conduct amore detailedmorphological inves-
tigation of the internal torsion of the tibia and internal rotation
of the foot and compared the results between grades to better
understand the pathogenesis of MPL. Additionally, we estab-
lished a new parameter, metatarsal orientation relative to the
orientation of the tibial tuberosity, the proximal tibiametatar-
sal angle (PTMTA), which can be easily visually assessed as a
landmark, and performed a correlation with the previously
reportedTTA. Thedistal tibiametatarsal angle (DTMTA),which
is the orientation of themetatarsal bone relative to the front of
the tibia, was also set, and the previously reportedmechanical
medial proximal tibial angle (mMPTA), medial distance of the
tibial tuberosity/proximal tibialwidth (MDTT/PTW),andcrural
rotation angle (CRA) were compared between the grades.

Materials and Methods

Patients
The subjects were 76 dogs presented to the Nippon Veteri-
nary and Life Science University and 8 dogs presented to the
Otakibashi Animal Hospital between 2017 and 2021 that
underwent CT imaging of the hindlimb with no evidence of
joint disease other thanMPL in the stifle joint. This studywas
restricted to animalsweighing less than 10 kg. This studywas
conducted with the approval of the director of the hospital,
and all owners of the dogs included in this study consented to
the collection of data.

We graded the luxation based on Roush’s patellar luxation
grading system,12which is a simplificationofSingleton’s system
that was adapted from Putnam6: grade 1, the patella can be
manually luxated but returns to a normal position when
released; grade 2, the patella can luxate during stifle flexion
ormanualmanipulation and remains luxated until stifle exten-
sion or manual replacement occurs; grade 3, the patella is
permanently luxated but can be manually replaced; it luxates
again spontaneously when manual pressure is removed;
and grade 4, the patella is permanently luxated and cannot
be replaced. In our study, grades 2 to 4 were included in the
analysis. The control groupwas defined as animals with a stifle
joint with no palpableMPL and included 10 contralateral limbs
of the affected limb, 2 limbswith transverse spinal cord disease,
2 limbs with pelvic fracture, and 1 limb with hip subluxation.

Methods
The PTMTA, DTMTA, TTA, mMPTA, MDTT/PTW, and CRA
were used to measure tibial morphology. Based on previous

reports, CT imaging was used for all tibial measure-
ments.13–17 To reduce differences due to CT imaging posi-
tioning, the dogs were placed on their backs with the hip,
stifle, and tarsal joints flexed at approximately 90degrees
and the long axes of the right and left femurs parallel to each
other, as per previous reports (►Fig. 1).11

All CT images were acquired using a 16- or 128-slice
helical scanner (Toshiba Aquilion, Toshiba Ltd., Tochigi,
Japan) and were reconstructed as 3D images using image-
processing software (Toshiba Aquilion, Toshiba Ltd.). All
imageswere reconstructed as 3Dmultiplanar reconstruction
images using the Horos image-processing software (Horos
Project, United States; version 3.3.6), and each parameter
was measured using ImageJ (1.53k, Bethesda, MD, United
States) software based on these images.

The tibial torsion angle and CRA were expressed as posi-
tive values for the internal torsion of the proximal tibia
relative to the distal tibia and as negative values for the
external torsion.

Based on previous reports, 12 months after the growth of
the proximal tibial growth plate, distal growth plate, and
tibial tuberosity had ceased was considered the criterion;
patients younger than 12 months at the time of CT imaging
were considered to be in the skeletally immature group
(group SI) and those �12 months were in the skeletally
matured group (group SM), and each grade and parameter
were evaluated.18–20

Proximal Tibia Metatarsal Angle and Distal Tibia
Metatarsal Angle
Additionally, we established the PTMTA as a new parameter
to evaluate tibial torsion malalignment, as the angle created
by the proximal tibial landmark oriented toward the tibial
tuberosity and the distal landmark oriented toward the third
and fourth metatarsal bones.

To measure the PTMTA, we first determined the reference
line in the longitudinal tibial direction,14 drawn by connect-
ing two landmarks: the proximal landmark is themidpoint of
the medial and lateral intercondylar tubercles and the distal

Fig. 1 Images obtained with a slice thickness of 0.5mm and
reconstruction intervals of 0.3mm of the hip, knee, and tarsal joints
flexed at 90 degrees to the body axis, with the right and left femur and
metatarsals in the vertical position and the tibia in the horizontal
position.
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point is positioned on the craniodistal intermediate ridge of
the tibia (►Fig. 2A, B).

►Fig. 2C depicts an multiplanar reconstruction image of
the tibia slightlymore proximal than►Fig. 2B. The details are
presented in ►Fig. 2C.

To measure the PTMTA, a tibial tuberosity bisecting line
was extrapolated (►Fig. 3A). The images of the medial tibial
tuberosity and themost caudal point of the extensor hallucis
longus groovewere extrapolated from the axial section of the
tibia; themaximum intensity projectionwas thickened if the
tibial tuberosity could not be extracted from a single slice.
Point Cwas defined as the intersection of a straight line along
the medial cortical bone of the tibial tuberosity from the
medial prominence of the medial collateral ligament attach-
ment (point A), and a straight line along the lateral cortical
bone of the lateral tibial tuberosity from the most caudal
point of the lateral extensor hallucis longus groove (point B).
The bisection point of the ACB angle was designated as the
tibial tuberosity bisecting line.

Subsequently, the metatarsal line (ML) was extrapolated
(►Fig. 3B). First, a tibial axial section inwhich the long axes of
the third and fourth tarsal bones could be observed was
delineated (if it could not be extracted in one slice, thickening
of themaximum intensity projectionwas delineated). Straight
lines were drawn between the midpoint of the bone width at
the distal third of the thirdmetatarsal length (point D) and the
midpoint of the bone width at the middle of the third meta-
tarsal length (point E). Another line connected themidpoint of
the bone width at the distal third of the fourth metatarsal
length (point F) to the midpoint of the bone width at the
middle of the fourth metatarsal length (point G; ►Fig. 3B).
Thereafter, the bisector of the intersection of these two
straight lines (point H) was defined as the ML (►Fig. 3B),
and the angle between the ML and the parallel shift of TTBL’
wasdefinedas thePTMTA(►Fig. 3C,D). Theanglebetweenthe
ML and the plane defined by the blue line in “a, b, c, and f”was
defined as the DTMTA (►Fig. 3E). Consistent with the other
parameters, internal rotation of the proximal tibia relative to
the distal tibia was expressed as a positive value, while
external rotation was expressed as a negative value.

Other Outcomes
Other factors, such as MDTT/PTW, mMPTA, TTA, and CRA,
weremeasured according to previous reports.5,13 In the axial
view of the tibia, the ratio of MDTT/PTW was calculated to
evaluate the medial displacement of the tibial tuberosity,
where PTW is the width of the proximal tibia and MDTT is
the distance from the edge of the medial condyle of the tibia
to the tibial tuberosity.5

ThemMPTAwasmeasured in the frontal view of the tibial
CT images as the angle formed by reference line and proximal
joint orientation line.5,7,8,11 To evaluate torsion of the tibia,
the TTAwas calculated as previously described,5,7,8,11 as the
transcondylar angle formed by the transcondylar axis and
the cranial tibial axis. The CRA is formed between the caudal
tibial line and the malleolar reference line; the caudal tibial
line is located at the level of the tibial plateau and the
malleolar reference line passes through the craniocaudal

center of the medial and lateral malleolar reference lines,
which pass through the craniocaudal center of the medial
and lateral cochlea (►Fig. 4).13 In this study, torsion was
defined as deviation of the bone in the transverse plane
within its length, and rotation as deviation at the joint in the
transverse plane. Therefore, the term crural torsion angle
was used in a previous study, while CRA has been employed
in the present study.13

Statistical Analysis
Our statistical analyses were performed using SPSS (version
29.0, IBM Corp., Armonk, NY, United States), while multiple
regression analysis was performed using STATA 16.0 (Stata
Corp). The Kolmogorov–Smirnov normality test was used to
evaluate the normality of each item, and one-way analysis of
variance was used for comparisons of items with normal
distribution. Tukey’s multiple comparison test was used as
the post hoc test. The Dunn–Bonferroni test was used for post
hoc analyses. The correlation between PTMTA, TTA, and CRA
was evaluated using Spearman’s rank correlation. Inmultiple
regression analysis, eachmeasurement parameter was set as
the dependent variable, while age, body weight, sex, breeds,
and grade were designated as explanatory variables. There-
after, we conducted a post hoc analysis to confirm the
normality of the residues. The results were considered
significant at p<0.05. The mean� standard deviation was
calculated for each grade.

Results

Of the 84 affected hindlimbs that underwent CT imaging
between 2017 and 2021, 74 were evaluated after exclusions.
The breeds of dogs were as follows: Toy Poodle, 18 limbs;
Chihuahua, 15 limbs; Pomeranian, 12 limbs; Yorkshire Ter-
rier, 6 limbs; Maltese, 3 limbs; Cavalier, 2 limbs; Kooiker-
hondje, 2 limbs; Shiba, 2 limbs; Jack Russell Terrier, 2 limbs;
Shih Tzu, 2 limbs; Boston Terrier, 2 limbs; Shetland Sheep-
dog, 1 limb; and 7 limbs from mixed breeds. Less than three
limbs were classified as other. There were 14 male limbs, 18
neutered male limbs, 18 female limbs, and 24 spayed female
limbs. The affected limbs included 39 from the right side and
35 limbs from the left. The mean age was 4.6�3.8 years
(range, 0.6–14.3 years) and themeanweight was 4.0�2.0 kg
(range, 1.8–9.6 kg). Hindlimbs with MPL were graded, as per
Roush and colleagues,15 as grades 2 (n¼9), 3 (n¼31), and 4
(n¼19). The controls had normal hindlimbs (n¼15) with no
skeletal abnormalities in the stifle and tarsal joints. The
breeds in control were Toy Poodle, 4 limbs; Chihuahuas, 2
limbs; Yorkshire terrier, 1 limb; others, 7 limbs; and mix, 1
limb. There were 3 male limbs, 5 neutered male limbs, 2
female limbs, and 5 spayed female limbs; the mean age was
5.8�4.1 years; and the mean weight was 5.0�2.6 kg. The
breeds in grade 2 were Chihuahuas, four limbs; Pomeranian,
four limbs; and others, one limb. There were 1 male limb, 2
neutered male limbs, 2 female limbs, and 4 spayed female
limbs; the mean age was 3.3�3.0 years; and the mean
weight was 4.1�1.6 kg. The breeds in grade 3 were Toy
Poodle, 6 limbs; Chihuahuas, 6 limbs; Pomeranian, 5 limbs;
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Fig. 2 (A) The proximal tibial landmark is the middle of the intercondylar ridge on the medial and lateral sides. a, purple line, axial; b, blue line,
frontal; c, orange line, sagittal. (B) The distal tibial landmark is the distal ridge of the tibial head. d, purple line, axial; e, blue line, coronal; f, orange
line, sagittal. (C) A multiplanar reconstruction image of the tibia slightly more proximal than (B). The two innermost and outermost points on the
flat surface of the tibial isthmus were determined, and the image with a single point was designated the lateral image and the plane
perpendicular to it the sagittal plane (orange plane). (D) A three-dimensional image. The plane defined by the blue lines in “a, d, c, and f” is the
axial plane. The plane defined by the orange lines in “a, d, b, and e” is the sagittal plane. The plane defined by the purple lines in “b, e, c, f” is
the coronal plane.
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Yorkshire terrier, 5 limbs; others, 5 limbs; and mix, 4 limbs.
There were 6 male limbs, 9 neutered male limbs, 4 female
limbs, and 11 spayed female limbs; the mean age was
5.5�3.9 years; and the mean weight was 3.9�1.8 kg. The
breeds in grade 4 were Toy Poodle, 8 limbs; Chihuahuas, 3
limbs; Pomeranian, 3 limbs; others, 3 limbs, andmix 2 limbs.
There were 4 male limbs, 2 neutered male limbs, 9 female
limbs, and 4 spayed female limbs; themean agewas 2.7�2.6
years; and the mean weight was 3.1�1.3 kg.

The PTMTA tended to increase with increasing severity
from normal, grade 2, grade 3, to grade 4, with mean�
standard deviation as follows: normal, 7.1�5.2; grade 2,
8.8�4.3 degrees; grade 3, 13.3�6.7 degrees; and grade 4,
32.8�17.2 degrees. There was a significant difference be-
tween the normal and grade 3, normal and grade 4, grade 2
and grade 4, and grade 3 and grade 4 groups (p<0.05).

The mean� standard deviation of the DTMTA for normal,
grade 2, grade 3, and grade 4 was –5.1�3.9, –6.0�3.1,–-
6.9�3.9, and –16.7�7.8degrees, respectively. Grade 4 was
significantly lower than the other grades (p<0.05).

The mean� standard deviation of the TTA for normal,
grade 2, grade 3, and grade 4 was 11.3�4.3, 12.4�7.1,
12.9�5.7, and 21.8�8.6 degrees, respectively. The TTA
tended to increase with increasing grade, with significant
differences between normal andgrade 4, grade 2 andgrade 4,
and grade 3 and grade 4 (p<0.05).

Themean� standarddeviation of CRA for normal, grade 2,
grade 3, and grade 4 was 8.7�5.6, 11.5�3.8, 11.0�4.4, and
19.5�8.0 degrees, respectively. The CRA results revealed
significant differences between normal and grade 4, grade
2 and grade 4, and grade 3 and grade 4 (p<0.05). The
mean� standard deviation of the MDTT/PTW for normal,
grade 2, grade 3, and grade 4 was 0.51�0.04, 0.50�0.03,
0.49�0.03, and 0.44�0.06, respectively. The mean� stan-
dard deviation of the mMPTA for normal, grade 2, grade 3,
and grade 4 was 94.4�2.7, 94.4�1.9, 95.4�2.5, and
100.4�4.0 degrees, respectively. Significant differences
were also found for the MDTT/PTW and mMPTA between
normal and grade 4, grade 2 and grade 4, and grade 3 and
grade 4 (p<0.05 for both; ►Table 1).

Fig. 3 Images of the left hindlimb. (A) The tibial tuberosity bisecting line (TTBL). A straight line is drawn along the medial tuberosity ridge of the
tibia (point A), the attachment site of the proximal medial collateral ligament of the tibia, and the medial cortical bone of the tibial tuberosity
and the lateral extensor hallucis longus groove (point B). The bisector of the angle between the intersection of these lines and point C is
defined as the TTBL. (B) Metatarsal line (ML), the line connecting the midpoint of the bone width at the distal third of the third metatarsal length
(point D) and the midpoint of the bone width (point E) and the midpoint of the bone width at the distal third of the fourth metatarsal length
(point F) and the midpoint of the bone width (point C) are drawn. A straight line connecting the midpoint of the bone width at the distal
third of the fourth metatarsal length (point F) and the midpoint of the bone width (point G) is drawn, and the bisector of the intersection of the
two straight lines (point H) is defined as the ML. (C) Tibial-metatarsal angle distal tibia metatarsal angle (DTMTA), the angle between the ML and
the tibial long-axis reference line. The angle between the ML and tibial long-axis reference line is defined as the tibial-metatarsal angle
DTMTA. (D) Proximal tibia metatarsal angle (PTMTA); the TTBL’ is defined as the parallel shift of TTBL, and the angle between the ML and TTBL.
The angle between ML and TTBL’ is defined as PTMTA, with TTBL’ in the medial direction relative to ML expressed as positive and TTBL’ in the
lateral direction as negative.
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Therewas a significant correlationbetween the PTMTAand
the TTA, and between the PTMTA and the CRA (p<0.05). The
correlation coefficient was 0.733 between the PTMTA and the
TTA and 0.643 between the PTMTA and the CRA (►Fig. 5).

The mean values and standard deviations were determined
for each measure and for each grade, classified as group SI and
groupSM. Furtherdetails arepresented in►Appendix Table A1

(available in the online version). The scatter plots of age and
each parameter showed that among the grade 4 groups, youn-
ger age at CT imaging tended to have higher PTMTA, DTMTA,
TTA, CRA, and mMPTA, and lower MDTT/PTW (►Fig. 6).

Multiple regression analysis was performed with each
parameter as an independent variable, with the aim of
investigating the influence of age, weight, sex, breed, and
grade on each parameter. The detailed results are presented
in ►Appendix Table A2 (available in the online version).
Multiple regression analysis was conducted with PTMTA as
the independent variable in toy poodles with the aim of
investigating the effects of age, weight, sex, breed, and
grade on PTMTA in toy poodles. The detailed results are
presented in ►Appendix Table A3 (available in the online
version).

Fig. 4 Themechanical medial proximal tibial angle (mMPTA) is the angle formed by the reference line and the proximal joint orientation line. The
tibial torsion angle (TTA) is the angle formed by the transcondylar axis and the cranial tibial axis. The proximal tibial width (PTW) is the width of
the proximal tibia; the medial distance of tibial tuberosity (MDTT) is the distance from the edge of the medial condyle of the tibia to
the tibial tuberosity. MDTT/PTW is MDTT divided by PTW. The crural rotation angle (CRA) is defined as the angle formed by the caudal tibial line
(CdTL) and malleolar reference line (MRL).

Table 1 Measurement values for the tibia

Normal Grade 2 Grade 3 Grade 4

Number 15 9 31 19

PTMTA 7.1� 5.2cd 8.8� 4.3d 13.3� 6.7ad 32.8�17.2abc

DTMTA –5.1� 3.9d –6.0� 3.1d –6.9� 3.9d –16.7�7.8abc

TTA 11.3� 4.3d 12.4� 7.1d 12.9� 5.7d 21.8�8.6abc

CRA 8.7� 5.6d 11.5� 3.8d 11.0� 4.4d 19.5�8.0abc

MDTT/PTW 0.51� 0.04d 0.50� 0.03d 0.49� 0.03d 0.44�0.06abc

mMPTA 94.4� 2.7d 94.4� 1.9d 95.4� 2.5d 100.4�4.0abc

Abbreviations: CRA, crural rotation angle; DTMTA, distal tibia metatarsal angle; MDTT/PTW, medial distance of the tibial tuberosity/proximal tibial
width; mMPTA, mechanical medial proximal tibial angle; PTMTA, proximal tibia metatarsal angle; TTA, tibial torsion angle.
Note: Within the same row, lowercase superscript letters indicate significant differences between grades (p< 0.05; avs. normal; bvs. grade 2; cvs.
grade 3; dvs. grade 4).
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Discussion

We performed a morphological investigation of the internal
deviation of tibial metatarsal malalignment by setting and
measuring the PTMTA. The tibial deformities showed a trend
toward progressively greater internal rotation of the proximal
tibia with increasing grade. In our study, grade 4 MDTT/PTW
was significantly lower than that of the other grades, which is
consistent with another study.5 In our grade 4 cases, we found
a combination of tibial torsion deformity and of simultaneous

medial migration of the tibial tuberosity. In the present study,
the TTA and MDTT/PTW showed significant differences be-
tween grade 4 and the other groups. In contrast, the PTMTA
showed significant differences between grade 4 and the other
groups and between grade 3 and normal, suggesting that the
PTMTA functions as a parameter that incorporates elements of
the DTMTA, TTA, andMDTT/PTW, and thus reflects a compre-
hensive assessment of the severity of the disease.

The PTMTA showed a trend similar to the TTA reported
previously, and a correlation was also observed. Recently,

Fig. 5 There was a significant correlation between the proximal tibia metatarsal angle (PTMTA) and the tibial torsion angle (TTA), and between
the PTMTA and the crural rotation angle (CRA; p< 0.05). The correlation coefficient was 0.733 between the PTMTA and the TTA and 0.643
between the PTMTA and the CRA. ML, metatarsal line; TTBL’, parallel shift of the tibial tuberosity bisecting line.

Fig. 6 The scatter plots of age. Grade 1 is indicated by an orange square, grade 2 by a green circle, grade 3 by a blue diamond shape, and grade 4 by
a red triangle. Each parameter showed that among the four groups, younger age at computed tomography imaging tended to have a higher
proximal tibia metatarsal angle (PTMTA), distal tibia metatarsal angle (DTMTA), tibial torsion angle (TTA), crural rotation angle (CRA), and
mechanical medial proximal tibial angle (mMPTA), and lower medial distance of tibial tuberosity/ proximal tibial width (MDTT/PTW).
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with description of CT imaging techniques for limb align-
ment in the dog, objective observation and study of skeletal
abnormalities associated with MPL have been reported, and
the usefulness of CT imaging has been confirmed.4,5,8,10,14

Computed tomography imaging is necessary to measure the
TTA; however, the PTMTA can be visually detected during
palpation and is thus clinically useful.5 The results of this
study suggest that evaluating the PTMTA at the time of
palpation can provide a preoperative understanding of the
morphological characteristics of the tibia, tarsus, and
metatarsus.

Although there are reports that the mMPTA is associated
with the pathogenesis ofMPL, the present validation showed
a significant increase only in grade 4.5,21

Among our Grade 4measurements, there were cases with
severe PTMTAdeformities of�40degrees, and in those cases,
not only PTMTAdeformities but alsoMDTT/PTWandmMPTA
deformities were severe. The grade 4mMPTA values greater
than 100 degrees were so curved that the proximal sagittal
plane did not coincide with the distal sagittal plane of the
tibia. Although a measurement method exists, it is different
from others, and no measurement method exists for torsion
and rotation in such cases.22

In grade 4, there were six limbs in the SI group, a similar
trend to previous reports18; however, it is possible that some
cases required CT scans at a young age owing to severity of
the condition. Thus, the number of patients should be
increased in future studies.

The multiple regression analysis model found no signifi-
cant difference in PTMTA grade 3 compared to normal, but in
the investigation in toy poodles, a significant difference was
observed between grade 3 and normal, which was consid-
ered to be induced by the poodle’s grade 3. In the present
study, the significant difference in the PTMTA, DTMTA, and
MDTT/PTW in toy poodles was also attributed to the high
number of toy poodles with severe disease.

Corrective osteotomy has been reported as a treatment
option for MPL using anatomical lateral distal femoral angle
and other femoral indicators, and some cases have been
reported.18,23–29 No criteria for corrective osteotomy for
the tibia have been proposed, and there are few specific
reports thereof.9 The results of the present study provide the
necessary tibial morphological information for corrective
osteotomy of the MPL.

Our study had some limitations, namely the small number
of dogs and the lackof breed identification. Future studies are
needed to understand the differences among various breeds.
Although imaging was performed based on previous studies,
the range of motion beyond the tarsal joint was not evaluat-
ed, which may have been influenced by the imaging meth-
od.11 In addition, MPL grade 1 was not examined, and future
studies are needed for this grade.

Conclusion

The PTMTA measured in this study correlated with the TTA,
confirming its involvement in MPL severity. The correlation
with the severity grade was more pronounced than with the

TTA, suggesting that the addition of the PTMTA to MPL
severity classifications in the future may make it easier to
evaluate tibial morphology and may be an auxiliary factor in
determining the surgical procedure. In addition, it is neces-
sary to discuss what surgical treatment methods, including
corrective osteotomy, would be appropriate for surgical
treatment of animals with high PTMTA levels.
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