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Abstract: Tibial torsion assessment is crucial for understanding deformities and malalignments that can lead
to joint pathologies in dogs. Different methods such as radiography, computed tomography (CT), and three-
dimensional (3D) volume-rendering techniques have been employed to measure tibial torsion. This study compared
the accuracy and reliability of tibial torsion angle (TTa) measurements obtained using radiography and ultrasound
tilting techniques against those obtained using the 3D volume-rendering method in small-to-medium-sized non-
chondrodystrophic dogs. Seven dogs with 11 hind limbs were included in this study. Descriptive statistics revealed
mean TTa values for radiography (1.6° + 5.14°), ultrasound (2.92° + 3.98°), CT (4.57° + 3.44°), and 3D volume-
rendering method (5.29° + 3.30°). Intraclass correlation coefficient (ICC) analysis indicated excellent intra- and
interobserver agreement between the radiography and ultrasound methods. Correlation analysis showed positive
correlations between all the methods. These findings demonstrate that radiography and the ultrasound tilting
technique are reliable alternatives for measuring TTa. Although slightly lower ICC values were observed than those
of the 3D volume-rendering technique, the radiography and ultrasound methods still exhibited good to excellent
reliability, suggesting that these alternative methods could be effective diagnostic tools for assessing TTa in clini-
cal settings with high accuracy and reliability.
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Tibial torsion, an angular relationship between
the transverse axes of the proximal and distal
tibial epiphyses about its longitudinal axis, is ex-
pressed as external or internal torsion (Paley 2005).
Deviations from the normal range, often due to de-
formity or malalignment, have been reported
to cause osteoarthritis and stifle joint pathology
in dogs (Fitzpatrick et al. 2012; Dunlap et al. 2016).

A precise method for assessing tibial torsion is es-
sential before corrective osteotomy such as tibial
tuberosity transposition in dogs with medial pa-

tellar luxation. The realignment of the extensor
mechanism in the stifle and repositioning of the
patella within the trochlear groove can be cor-
rected by evaluating the degree of tibial torsion
and pre-measuring the distance of medial displace-
ment of the tibial tuberosity (L'Eplattenier and
Montavon 2002).

Numerous diagnostic methods have been devel-
oped for assessing tibial torsion in humans, includ-
ing clinical examination, radiography, ultrasound,
fluoroscopy, computed tomography (CT), and

© The authors. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC4.0).

427


https://www.agriculturejournals.cz/web/vetmed/

Original Paper

Veterinarni Medicina, 69, 2024 (12): 427436

three-dimensional (3D) computed tomography re-
construction (Clementz 1989; Milner and Soames
1998; Bouchard et al. 2004; Hudson et al. 2006;
Guven et al. 2009; Shin et al. 2011; Liodakis et al.
2012; Sangeux et al. 2014; Panou et al. 2015; Borish
et al. 2017). Conversely, in veterinary medicine,
studies utilise radiography, computed tomogra-
phy (CT), and three-dimensional (3D) techniques
to measure tibial torsion (Apelt et al. 2005; Aper
etal. 2005; Petazzoni and Jaeger 2008; Barnes et al.
2015; Savio et al. 2016; Longo et al. 2018; Longo
et al. 2019; Longo et al. 2021).

Ultrasound measurements of tibial torsion have
proven effective compared to goniometric and CT
measurements in humans (Butler-Manuel et al. 1992;
Hudson 2008). Additionally, Hudson et al. (2006)
demonstrated ultrasound measurement of tibial
torsion yields accurate and reproducible results
both in vivo and in vitro.

Slocum and Devine (2000) evaluated tibial torsion
in dogs using a radiographic method based on lin-
ear measurement (Apelt et al. 2005). Petazzoni
and Jaeger (2008) demonstrated a deviation from
Slocum’s conventional radiographic method, rep-
resenting tibial torsion from 5° to 35° as an angle
based on the tibial tuberosity’s position. Aper et al.
(2005) reported that the radiographic method used
by Slocum, employing a linear approach, cannot
be directly compared to the CT technique that
measures angles. They further stated that the CT
technique is more accurate in measuring tibial tor-
sion than the radiographic method due to their lack
of susceptibility to minor malpositioning (Apelt
etal. 2005). Longo et al. (2021) described that using
3D reconstructed CT images for evaluating tibia
torsion provides a more reliable alternative to the
CT technique, exhibiting excellent precision and
accuracy.

In routine clinical practice, measuring the de-
gree of tibial torsion through CT involves ad-
ditional costs, risk of anaesthesia, and radiation
exposure. Furthermore, ambiguity exists in choos-
ing the axis pair and information regarding breed-
specific standards is lacking. The purpose of this
study was to 1) compare different commonly used
methods of measuring the degree of tibial torsion,
2) examine whether the radiographic assessment
method proposed by Petazzoni and Jaeger (2008)
and the ultrasound method yield results compa-
rable to those of the 3D volume-rendering method,
and 3) determine its clinical applicability.
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MATERIAL AND METHODS

Eleven hind limbs of seven non-chondrodystrophic
dogs were examined with owner consent. This study
included three dogs affected by unilateral cranial
cruciate ligament rupture (CCLR) and four clinically
normal dogs. We included eight normal legs and
three contralateral normal legs of patients with uni-
lateral CCLR. The limbs were excluded if excessive
tibial torsion or rotation was suspected radiographi-
cally. The orthopaedic and physical examinations
were conducted, and dogs with underlying medical
conditions deemed unsuitable for sedation or gen-
eral anaesthesia, and those afflicted with alterna-
tive orthopaedic disorders, were excluded from the
study. The limbs included in this study had no surgi-
cal history. Skeletally mature dogs were identified
by observing the closed physis on radiography.

Intraclass correlation coefficients (ICC)

The tibial torsion angle (TTa) of each dog was
measured by three examiners using four different
methods (radiography, ultrasound, CT, and 3D vol-
ume-rendering). A professor of small animal ortho-
paedics (examiner A), an experienced small animal
orthopaedic surgeon (examiner B), and a veterinary
student (examiner C) participated in the study.

The intraobserver variability was assessed by each
examiner, conducting the protocol on three sepa-
rate occasions to obtain the measurements. The
interobserver variability was determined by com-
paring the measurements taken by examiner A with
those taken by examiners B and C.

To maintain evaluation consistency, the sequenc-
es of dogs were randomised using a randomisation
program (Research Randomizer, v4.0; https://
www.randomizer.org/) that varied among exam-
iners. Prior to the study, each examiner conducted
practice sessions using unrelated subjects for each
evaluation method and was well-acquainted with
the protocol.

Radiographic measurement

Craniocaudal radiographs of the stifle, tibia, and
tarsus were also obtained. The tibia must be aligned
parallel to the X-ray table and longitudinal axis
of the tibia while maintaining a craniocaudal po-
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sition perpendicular to the X-ray beam. The distal
tibia was aligned with the medial side of the cal-
caneus, parallel to the middle of the cochlea in the
craniocaudal view. The direction of torsion refers
to the assessment of the proximal to the distal as-
pect of the limb, with the reference point being the
position of the distal portion of the limb (Petazzoni
and Jaeger 2008). It represents the degree of tibial
tuberosity movement in 5-degree increments with
a torsion level ranging from 0° to 35°. When internal
torsion was present, the tibial tuberosity was posi-
tioned on the lateral cortex with 20° as the reference
point. In contrast, with external torsion, the tibia
tuberosity was placed on the medial cortex, with
20° as the reference point (Figure 1).

Ultrasound tilting measurement

Tibial torsion was measured using a portable unit
with a 40-mm linear array transducer (H5C10L;

(A)

SonoMe, Guro-gu, Seoul, Republic of Korea). The
data collection involved utilising frequencies rang-
ing from 7.5 to 10 MHz, with the specific frequency
selected based on the depth of the soft tissue be-
tween the skin and the bone surface. The inclination
angle of the ultrasound transducer required to align
the image to the horizontal position of the monitor
was measured using a calibrated digital inclinom-
eter (BD-413WP; Bluetec, Guro-gu, Seoul, Republic
of Korea). The subjects were placed in a dorsal re-
cumbent position to ensure that the tibia was paral-
lel to the floor surface. A towel was placed on the
caudal aspect of the tibia to secure its position and
the stifle joint was flexed. The cranial surface of the
tibia was positioned upward to align the caudal as-
pect of the tibial plateau with the floor in a horizon-
tal position. The tilting technique used in a previous
study was used in this research (Terjesen and Anda
1987; Miller et al. 1993; Miller et al. 1997; Hudson
et al. 2006; Hudson 2008). It is essential to identify
the flat surfaces of the proximal and distal tibia

(B)

15° 20° 25°

< Internal >

15° 20° 25°

< External >

Figure 1. (A) Internal torsion of 5 degrees in the left tibia of a Pomeranian. (B) Degree of tibia tuberosity movement

in 5-degree increments

Notice the change in the appearance of the tibial tuberosity. Caudo-cranial projection radiograph of the distal tibia show-

ing the medial cortex of the calcaneus transecting the cochlea of the tibia
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Figure 2 Computed tomographic measurement

Figure 2. External torsion of 3.5 degrees in the left tibia
of a Maltese
The white arrow indicates the horizontal view of the cranial

margin of the distal tibia

using a transducer to measure tibial torsion. The
proximal aspect of the tibia was identified using
a transducer to locate the caudal tibial plateau. The
transducer was tilted until the caudal tibial plateau
was aligned horizontally on the monitor and the
inclinometer was zeroed to establish the base angle.
The distal aspect of the tibia was measured using
a transducer, starting from the tarsal joint and mov-
ing proximally until the cranial capsule margin be-
came visible. Upon identifying the cranial capsule
margin, the transducer was tilted until it was aligned
horizontally on the monitor, and the tilting angle
was measured (Figure 2).

(A) (B)

The patients were positioned in dorsal recum-
bency on a foam cradle, with their hind limbs ex-
tended. The tibia was positioned parallel to the CT
table. Whole-body CT scans were conducted using
a 16-slice helical CT scanner (Toshiba Alexion 16;
Toshiba Medical System, Tochigi, Japan) with a slice
thickness of 1 mm, in the distal to proximal direc-
tion. CT images were assessed utilising a picture
archiving and communication system (INFINITT
PACS; INFINITT Healthcare Co., Seoul, Republic
of Korea) on a diagnostic imaging workstation
(ZAL-MAN; Windows7 EnterpriseK, Gyeonggi-
do, Republic of Korea). Tibia torsion on CT was
measured using the conventional method by Aper
et al. (2005). The torsion angle was determined
by measuring the angular difference between the
axes of the proximal and distal aspects of the tibia.
The axes were established based on the anatomi-
cal landmarks of the proximal and distal aspects
of the tibia. For the CT transverse section of the
proximal tibia, the caudal condylar (CdC) axis was
described as the line parallel to the caudal condy-
lar tibial cortex, just distal to the tibial plateau.
For the transverse CT section of the distal tibia,
the distal cranial tibial (CnT) axis was defined
as a line running parallel to the cranial tibial cor-
tex and proximal to the tarsocrural joint. The TTa
measured by using the “Cobb angle function” was
determined by subtracting the angle of the distal

(©)

Figure 3. Using an axial computed tomographic (CT) technique for evaluating the tibial torsion angle (T Ta)

(A) Caudal condylar (CdC) axis means line that parallel to the caudal condylar tibial cortex just distal to the tibial plateau.

(B) Cranial tibial (CnT) axis means line running parallel to the cranial tibial cortex and just proximal to the tarso-crural

joint. (C) Tibial torsion angle (TTa) defined as the difference between the angle of the caudal condylar (CdC) axis and

cranial tibial (CnT) axis
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cranial tibial (CnT) axis from the caudal condy-
lar (CdC) axis (Figure 3). According to Aper et al.
(2005), a positive angle is assigned to the external
tibial torsion, whereas a negative angle is assigned
to the internal tibial torsion.

3D volume-rendering measurement

The 3D volume-rendering approach proposed
by Longo et al. (2021) was applied. The CT’s
DICOM images were acquired and converted using
Mimics Medical software (Materialise NV, Leuven,
Belgium). The mechanical axis of the tibia is repre-
sented by two points to establish the central axis.
The proximal aspect represents the midpoint be-
tween the intercondylar tuberosity and the centre
of the proximal articular surface. The distal aspect
represents the centre of the distal articular surface
and is located at the convex caudal border of the
cochlea, serving as the midpoint between the me-
dial and lateral malleoli (Dismukes et al. 2007)
(Figure 4). Using the 3D volume-rendering method,
the tibia is separated from the surrounding bones
including the femur and metatarsus. To establish
the caudal condylar (CdC) axis, the most caudal
points of the medial and lateral tibial condyles
were identified. The distal cranial tibial (CnT) axis
was drawn to connect the most prominent points
on the distal cranial tibial cortex. To enhance clarity
when the proximal and distal planes overlapped,
a semitransparent filter was applied to adjust the
transparency of the bones, making them easier

Figure 4

Figure 4. The proximal and distal tibial landmarks
required to draw the mechanical tibial axis were found
using multiplanar reconstruction (MPR) function

Figure 5

CnT

CdC

Figure 5. The caudal condylar (CdC) and cranial tibial
(CnT) axes were drawn, and the TTa was calculated

to visualise. The two points represented by the
mechanical axis were aligned to a single point
by aligning the axis in the 2D plane. As the caudal
condylar (CdC) and distal cranial tibial (CnT) axes
exist in the same plane, the Cobb function was used
to measure the angle between the two axes and as-
sess the degree of torsion (Figure 5).

Statistical analysis

The SPSS software package (v29.0.1.0; IBM Corp.,
New York, NY, USA) was used for data analysis.
Data normality was tested using the Kolmogorov-
Smirnov test. To evaluate the repeatability, re-
producibility, and interobserver reliability of the
assessments, an ICC analysis was performed. The
ICC grade of Fleiss was used to analyse our results
(excellent, > 0.75, good to fair 0.75-0.4, poor < 0.4)
(Fleiss 1986). The correlation between the different
measurement methods was analysed using Pearson’s
correlation coefficient. The results were considered
statistically significant at a P-value of less than 0.05.

RESULTS

Eleven tibiae from 11 dogs were used in this
study, including five neutered males and two spayed
females. The mean age was 5.1 years (median 3.1;
range 1.1-10.3). The mean body weight was 5.8 kg
(median 4.85; range 2.1-16.7). The breeds included
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Maltese (2), Chihuahua (1), Pomeranian (3), and
mixed breeds (1).

The TTa measured using radiography, ultra-
sound, CT, and 3D volume-rendering methods are
as follows: the mean values of TTa are radiogra-
phy (1.61° + 5.14°), ultrasound (2.92° + 3.98°), CT
(4.57° + 3.44°), 3D volume-rendering (5.29° + 3.30°).
Among these methods, radiography yielded the
lowest values, whereas 3D volume-rendering yield-
ed the highest measurements (Table 1).

https://doi.org/10.17221/50/2024-VETMED

The ICC for intraobserver A, B, and C were as fol-
lows: radiography (0.82), ultrasound (0.87), CT
(0.92), and 3D volume-rendering (0.96). Although
radiography and ultrasound showed slightly lower
ICC values than the 3D volume-rendering tech-
nique, they demonstrated excellent intraobserver
agreement (Table 2). The ICC for interobserver A,
B, and C were as follows: radiography (0.90), ultra-
sound (0.92), CT (0.96); and 3D volume-rendering
(0.96). Similar to the intraobserver ICC, the in-

Table 1. Mean and SD values of TT angle by the 3 examiners

TT angle Examiner A* Examiner B* Examiner C* Examiner A, B, C*
Radiography (°) 0.75 £5.46 1.96 +5.29 2.12 + 4.68 1.61 +5.14
Ultrasound (°) 2.58 + 3.68 2.55 + 4.48 3.63 £ 3.77 2.92 + 3.98
CT (%) 3.84 £ 3.65 4.95 + 3.61 4.93 + 3.02 4.57 + 3.44
3DCT (") 4.53 + 3.63 5.75 £ 3.40 5.59 +2.80 5.29 +3.30

*Mean * standard deviation

3D = three-dimensional; CT = computed tomography; TT = tibial torsion

Table 2. Intraobserver ICC measured with radiography, ultrasound, CT, and 3D volume rendering techniques

Technique Examiner A ICC Examiner B ICC Examiner C ICC Examiner A, B, C ICC
Radiography 0.90 (0.72-0.97) 0.82 (0.53-0.94) 0.75 (0.36-0.92) 0.82 (0.36-0.94)
Ultrasound 0.83 (0.55-0.95) 0.89 (0.71-0.96) 0.89 (0.69-0.96) 0.87 (0.55-0.96)
CT 0.90 (0.74-0.97) 0.94 (0.81-0.98) 0.94 (0.86-0.98) 0.92 (0.81-0.98)
3DCT 0.97 (0.92-0.99) 0.95 (0.81-0.98) 0.98 (0.96-0.99) 0.96 (0.81-0.98)

Data are mean (95% CI)

3D = three dimensoinal; CT = computed tomography; ICC = intraclass correlation coefficient

Table 3. Interobserver ICC measured with radiography, ultrasound, CT, and 3D volume rendering techniques

Technique Examiner A ICC Examiner B ICC Examiner C ICC Examiner A, B, C ICC
Radiography 0.93 (0.84—0.97) 0.91 (0.79-0.97) 0.88 (0.73-0.96) 0.90 (0.73-0.97)
Ultrasound 0.93 (0.84-0.97 0.90 (0.79-0.97 0.93 (0.85-0.98 0.92 (0.79-0.98)

) ( ) ( ) (
CT 0.96 (0.90-0.98) 0.95 (0.89-0.98) 0.97 (0.93-0.99) 0.96 (0.89-0.99)
3D CT 0.97 (0.93-0.99) 0.96 (0.92-0.99) 0.97 (0.94-0.99) 0.96 (0.92-0.99)

Data are mean (95% CI)
3D = three dimensoinal; CT = computed tomography; ICC= intraclass correlation coefficient

Table 4. Pearson correlation coefficients of tibial torsion angle measurements by radiography, ultrasound, CT, and
3D-volume rendering techniques

Technique Radiography Ultrasound T —
Radiography 1 - - L
Ultrasound 0.926%** 1 _ )
ct 0.906°** 0,884 . -
3D CT 0.900%* 0.893+ 09537 1

*P < 0.05, **P < 0.01, ***P < 0.001
3D = three dimensional; CT = computed tomography
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terobserver ICC demonstrated excellent agreement
among the examiners (Table 3). All three examiners
exhibited excellent ICC in terms of either intraob-
server or interobserver agreement.

A strong positive linear relationship is observed
when the correlation coefficient (r) falls within the
range of +0.7 to +1.0. In our findings, the correla-
tion between CT and 3D volume-rendering was
r=0.953 (P < 0.001), demonstrating the strongest
positive correlation. Conversely, the correlation be-
tween CT and ultrasound was r = 0.884 (P < 0.001),
showing the weakest positive correlation. The cor-
relation coefficient between 3D volume-rendering
and radiography was r = 0.900, P < 0.001, and that
between 3D imaging and ultrasound was r = 0.893,
P <0.001, indicating a positive correlation (Table 4).

DISCUSSION

In this in vivo study, the radiographic meth-
od used by Petazzoni and Jaeger (2008) and the
ultrasound tilting technique were compared
to 3D volume-rendering results to assess the TTa
measurement in small-to-medium-sized nonchon-
drodystrophic dogs.

A previous study evaluated CT and 3D volume-
rendering techniques for accuracy by assuming ana-
tomical measurements as the gold standard (Longo
et al. 2021). The study demonstrated how closely
CT and 3D volume-rendering methods aligned with
the gold standard, indicating their precision. The
results also indicate that the 3D volume-rendering
technique exhibits excellent precision and accuracy.
Additionally, CT has been described as a reliable
technique with good-to-excellent precision and
accuracy. Accordingly, in this study, the 3D vol-
ume-rendering technique was adopted as the gold
standard, and the accuracy and reliability of the
TTa obtained through radiography and ultrasound
methods were evaluated and compared with the TTa
derived from the 3D volume-rendering method.

CT and 3D volume-rendering methods have
certain limitations such as additional costs, time
requirements, risks associated with anaesthesia,
and radiation exposure. In contrast, radiogra-
phy and ultrasound tilting techniques offer relative
safety and the advantage of not requiring anaesthe-
sia. Based on these research findings, radiography
and ultrasound tilting techniques demonstrated
a positive correlation with 3D volume-rendering

techniques. Additionally, statistical analysis using
the ICC showed significant results. Our findings
suggest that these techniques have significant clini-
cal applications.

Aper et al. (2005) established the concepts of the
CdC/CnT and TC/CnT axes when describing TTa
measurement using CT. In previous studies, the
CdC/CnT axis was used for medium-to-large-breed
dogs, and the TC/CnT axis was used for small-
to-medium-sized dogs (Fitzpatrick et al. 2012;
Yasukawa et al. 2016; Lusetti et al. 2017; Newman
and Voss 2017; Longo et al. 2021). In this study,
although small- and medium-sized dogs were in-
cluded, the CdC-CnT axis was applied for compari-
son with the ultrasound tilting method.

A negative value was assigned for internal TTa and
a positive value for external TTa, consistent with
previous research (Yasukawa et al. 2016; Lusetti
et al. 2017; Phetkaew et al. 2018). In studies utilis-
ing CdC/CnT, the mean values of the angles in me-
dium to large-breed dogs generally showed negative
values, indicating internal tibial torsion (Newman
and Voss 2017; Longo et al. 2021). On the other
hand, studies conducted on small-to-medium breed
dogs using TC/CnT typically exhibited mean values
of positive (+) values, indicating external tibial tor-
sion (Fitzpatrick et al. 2012; Yasukawa et al. 2016;
Lusetti et al. 2017; Phetkaew et al. 2018). In this
study, TTa of small-to-medium breed dogs was mea-
sured using the CdC/CnT axis, and the mean value
was 5.29° + 3.30°. It can be concluded that among the
nonchondrodystrophic normal small-breed dogs,
there is evidence of mild external tibia torsion.

The tibial torsion measurement method used
in a previous study based on Slocum’s radiographic
method employed a linear approach and was not
directly comparable to the angle measurement based
on the axes in CT images. It was observed that nor-
mal canine stifle joints exhibit 15° of internal rotation
when extended. Based on this finding, radiographic
imaging was performed, with an additional 15° of in-
ternal rotation applied. The degree of torsion was
defined as the distance between the medial aspect
of the calcaneus at the level of the talocrural joint
and the base of the talar sulcus. Slocum and Devine
(2000) reported that the calcaneus’s medial aspect
rotates outward in internal tibial torsion and inward
in external tibial torsion (Apelt et al. 2005). In con-
trast, the radiographic technique used in this study,
which was based on Petazzoni’s method, involved
positioning the medial aspect of the calcaneus at the
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middle cochlea of the tibia and observing the altered
position of the tibial tuberosity on the radiographic
images. Furthermore, this method provides indica-
tions within a range of 0° to 35°. It establishes the
criteria with radiographic images, such as the tibial
tuberosity aligning with the lateral cortex as a refer-
ence at 20° for internal torsion and aligning with the
medial cortex at 20° for external torsion. However,
one limitation of this method is that the angle inter-
vals are spaced 5° apart, making it difficult to deter-
mine the TTa within those intervals precisely. This
introduced subjective factors into the measure-
ment process. Moreover, considering the anatomi-
cal and structural variations across different breeds,
it is challenging to universally apply radiographic
techniques based on Petazzoni’s method to all breeds
(Petazzoni and Jaeger 2008).

To the best of our knowledge, this is the first
study in veterinary medicine in which the ultra-
sound tilting method was employed to incorporate
data to compare TTa techniques. When applying
the ultrasound tilting method, the caudal tibial pla-
teau can be considered as the CdC axis of the CT
measurement. In contrast, the cranial capsule mar-
gin of the tibia’s distal aspect can be considered the
CnT axis. The reliability of ultrasound for measuring
tibial torsion (ICC = 0.93) has been reported in hu-
man medicine (Hudson et al. 2006). When using
the ultrasound method for TTa measurement, the
mean angle was 2.92° + 3.98° with an intraobserver
ICC 0of 0.87 and an interobserver ICC of 0.92. In the
case of TTa, the ultrasound method showed higher
values compared to radiography (1.61° + 5.14°), but
lower values compared to CT (4.57° £+ 3.44°) and
3D volume-rendering method (5.29° £ 3.30°). The in-
traobserver ICC was higher in the ultrasound meth-
od than in radiography (0.82) but lower than that
in the CT (0.92) and 3D volume-rendering methods
(0.96). The interobserver ICC was larger than the
value for radiography (0.90) but smaller than that
for CT (0.96) and the 3D volume-rendering meth-
od (0.96). Furthermore, correlation analysis was
conducted to examine the relationship with other
methods, which revealed a positive correlation. This
analysis demonstrated that the ultrasound method
is accurate and reproducible for measuring T Ta.

High accuracy and reliability provide objec-
tivity to the measurement methods. This study
aimed to assess the clinical significance of radio-
graphic and ultrasound methods based on their
measured reliability and accuracy. The 3D vol-
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ume-rendering and CT methods demonstrated
similarly high levels of intraobserver and inter-
observer reliability, consistent with previous re-
search (Longo et al. 2021). The radiography and
ultrasound method showed slightly lower interob-
server and intraobserver reliability compared to the
3D volume-rendering technique and CT method.
However, the values were in excellent agreement
with a reliability of 0.75 or higher. These findings
suggest that radiography and ultrasound methods
can serve as valuable diagnostic tools.

Both the 3D volume-rendering technique and
CT-based methods are effective in measuring
TTa. However, in terms of accessibility to practical
anatomical structures, using cadaveric specimens
has been demonstrated to be the most effective
approach for anatomical measurements in previ-
ous studies (Longo et al. 2021). This is because
it facilitates easier axis alignment, simplifying the
TTa measurement process. One limitation of this
study is the absence of anatomical measurements
in the control group.

This study was limited by insufficient sample size,
as well as the inclusion of a non-chondrodystrophic
heterogeneous group of small-to-medium-sized
dogs, which precluded a detailed investigation
of tibial torsion angle within a specific breed.
Furthermore, since abnormal tibial torsion frequent-
ly occurs in patients with stifle joint disorders, such
as medial patellar luxation it is important to estab-
lish reference ranges through additional research.

In conclusion, the TTa evaluations using the ra-
diographic method of Petazzoni and the ultrasound
tilting method are reliable alternatives to the 3D
volume-rendering technique and exhibit excellent
precision and accuracy. These results suggest that
these alternative methods could be effective diag-
nostic tools for assessing TTa in clinical settings.
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