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Abstract
BACKGROUND To establish a quantitative parameter re�ecting displacement of the tibia relative to the
femoral condyle in dogs with damage to the cranial cruciate ligament (CrCL).

ANIMALS One hundred and forty-eight client-owned dogs with intact (n=34), partial rupture (n=43), or
complete rupture (n=93) of the CrCL con�rmed by arthroscopy of the sti�e joint.

PROCEDURES The Cranial Tibial Displacement Index (CTDI) was measured on mediolateral radiographs
obtained in lateral recumbency with the tarsal and sti�e joints at 90° of �exion. The sensitivity and
speci�city of the CTDI for assessment of CrCL damage was compared with that of the cranial drawer
test, tibial compression test, fat pad sign, and radiographic OA score.

RESULTS The mean CTDI (mean ±SD) scores were 0.5±0.1, 0.8±0.2, and 1.2±0.3 in the groups with an
intact, partially ruptured, and completely ruptured CrCL, respectively; the differences between the three
study groups were statistically signi�cant (p<0.001). The sensitivity, speci�city, and positive and negative
predictive values of the CTDI for distinguishing damaged and intact CrCLs were 89.0%, 85.3%, 96.0%, and
65.9%, respectively.

CONCLUSIONS AND CLINICAL RELEVANCE The CTDI, which quanti�es cranial displacement of the tibia,
could be an objective indicator re�ecting the grade of CrCL damage. CrCL injury could be evaluated
indirectly from the CTDI score, which may allow a minimally invasive early diagnosis of a ruptured CrCL.

Background
Rupture of the cranial cruciate ligament (CrCL) is a common injury in dogs, and the main cause of
osteoarthritis (OA) and degenerative disease in the sti�e joint1. Although rupture of the anterior cruciate
ligament can occur acutely with trauma in humans, most cases of CrCL rupture (CrCLR) occur secondary
to chronic degenerative changes combined with chondrometaplasia of the CrCL2. Although the precise
mechanism of degeneration of the CrCL has not been clari�ed, some causative factors have been
reported. These include trauma, immune-mediated mechanisms, age-related degeneration, obesity, an
excessive tibial plateau angle (TPA), and conformational abnormalities, such as patellar luxation and a
narrowed intercondylar notch3 − 6. These are collectively referred to as CrCL disease2,7. However, this
disease has been recognized as a degenerative process that ultimately leads to partial or complete
ligament rupture, instability, and secondary degenerative joint disease8,9. Instability of the sti�e joint
following CrCLR is an important pathophysiologic mechanism leading to development of progressive OA
and sti�e joint “organ” failure.8,10−13 Although an early partial tear is likely to progress to a complete tear
if left untreated because of the degenerative cascade of effects that occurs, the bene�ts of surgery may
not outweigh the risks. However, early diagnosis of a CrCL injury and treatment by tibial-plateau-leveling
osteotomy may protect against further disruption of the CrCL, lending stability to the joint and decreasing
the risk of meniscal injury and damage to the articular cartilage.14 Therefore, for maintenance of normal
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sti�e joint function, it is important to diagnose and treat a partial rupture early and prevent transition to
osteoarthritis and complete rupture.

A number of techniques and medical imaging systems have been used to diagnose canine CrCLR,
including palpation, radiography, arthroscopy, computed tomography (CT), magnetic resonance imaging
(MRI), and ultrasonography. In clinical practice, CrCLR is usually diagnosed by orthopedic and
radiographic examination. A cranial drawer test (CDT) or tibial compression test (TCT) is used to evaluate
craniocaudal instability of the sti�e joint15. It was determined that the CDT alone or combined with the
TCT could not be used to differentiate the cause of sti�e instability associated with rupture of the CrCL,
caudal cruciate ligament, or total cruciate ligament16. It has been pointed out that many dogs with
chronic CrCLR do not have palpable instability of the sti�e joint because of chronic periarticular �brosis,
and the sensitivity of the CDT and TCT was surprisingly low when performed on conscious patients.17

Therefore, more objective tools are needed to accurately detect disorders of the sti�e joint. Radiographs
showing joint effusion, osteophytosis, or cranial tibial displacement support a diagnosis of CrCLR.
Radiologically, there might be evidence of osteophyte formation and/or changes to the infrapatellar fat
pad shadow4,18. A stress view radiograph of the sti�e might be helpful for observing cranial displacement
of the tibia in dogs with CrCLR19. Arthroscopy is a diagnostic and therapeutic procedure that provides a
direct view of the articular surface for the purpose of integral evaluation of the joint. The disadvantage is
that it is an invasive procedure that requires major technologic infrastructure and many hours of
specialized training20. Ultrasonography, which involves non-invasive, non-ionizing radiation and is
portable and less expensive, is a useful technique for evaluation of intraarticular proliferation of reactive
�brotic tissue in unstable sti�e joints with CrCLR as a result of chronic synovitis21. However, expert
operators are mandatory for ultrasonography to be useful. Furthermore, ultrasonography is not an
accurate test for CrCLR, but is speci�c for the pathologic changes in the soft tissue that occur as a
consequence of joint instability21,22. Other useful noninvasive techniques are scintigraphy23, CT, and
MRI24; however, these modalities are not routinely available in veterinary medicine. Arthroscopy and MRI
may be useful for con�rming the diagnosis; however, arthroscopy is invasive and MRI is expensive23,25.
Meanwhile, CT emits a high level of radiation and has limited ability to detect a fracture. Again, CT and
MRI require expert operators to be useful. Undeniably, all these medical imaging systems have some
disadvantages.

We have developed a quantitative method to evaluate instability of the sti�e joint related to insu�ciency
of the CrCL. We evaluated and compared the extent of CrCL damage using an index measured on
radiographs taken in the stress position in dogs with intact sti�e joints and in those with partial or
complete CrCLR con�rmed by arthroscopy. The objective of this study was to evaluate the e�cacy of this
new technique for diagnosis of CrCLR

Materials And Methods
Clinical cases
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All subjects in the study were client-owned dogs that were presented at our clinic (YPC Tokyo Animal
Orthopedic Surgical Hospital, Koutoku, Tokyo) between January 2015 and May 2017. One hundred and
twenty six dogs have hind limb lameness and were diagnosed to have CrCL disease while 22 dogs were
selected as a control group with no lameness of four limbs or opposite side of CrCLR’s limb and were not
diagnosed to have CrCL disease by arthroscopy. Complete medical records were available for all dogs.
The inclusion criteria were canine species, diagnosed or not diagnosed to CrCLR4 − 6, mediolateral
radiographs of the sti�e joint, including the tibia, obtained while not under anesthesia, and results of
clinical examination available. Information on duration of lameness of the affected limb was obtained
from the owner. All the owners provided informed consent, and participation in the study did not impact
decisions regarding clinical management.

Study groups

The study population included a control group, a group with partial CrCLR, and a group with complete
CrCLR. The control group consisted of 10 dogs which have CrCLR on the opposite side and 12 no
abnomal dogs without any orthopedic disease that were presented to our hospital. The 34 hind limbs in
this group were con�rmed to be healthy on the basis of a normal physical examination (with no
lameness) and normal orthopedic, radiographic, and arthroscopic examination results. Our hospital is
secondary hospital and specializes in orthopedic surgery especially sti�e arthroscopy, so some
aggressive owners come to our hospital to inspect their dogs with sti�e arthroscopy and we always
performed arthroscopy to both sti�es. In other words, we performed arthroscopy to 10 dogs (10 hind
limbs) as check of the opposite side of hind limb sufferd from CrCLR and to 12 dogs (24 hind limbs)
under extremely strong client’s desire. Dogs in the CrCLR group had sti�e joints with naturally occurring
damage to the CrCL con�rmed by arthroscopy and no evidence of other sti�e pathology on physical or
radiographic examination. The diagnosis of CrCLR was made arthroscopically and con�rmed
intraoperatively.

Arthroscopy

All arthroscopy procedures (170 sti�es in 148 dogs) were performed under general anesthesia by the
same surgeon (SY) in accordance with Whitney26 and Beale et al.20 using 1.9-mm or 2.4-mm Karl Storz®
arthroscopes with 30 degrees of angulation (Karl Storz GmbH & Co. KG, Tuttlingen, Germany) for
synovitis or disruption of the cranial or caudal cruciate ligament, articular surface of the trochlear ridge, or
meniscus27− 29. The CrCL was graded as intact (no damage, with continuity), partially ruptured (damage
present, continuity preserved), or completely ruptured (damage present, continuity disrupted). The
majority of the lesions were close to the femoral insertion site and there were no distal lesions (Fig. 1). At
last, all inspection including arthroscopy was conducted under orner’s consent. In particularly, the dogs
classi�ed as normal were inspected by orner’s strong request.

Stress radiography
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Radiography was performed without sedation or anesthesia. During this examination, we referred to the
TCT, which is an orthopedic procedure performed at the time of clinical diagnosis of CrCLR. Mediolateral
radiographs were obtained with the dogs in lateral recumbency and the tarsal and sti�e joints at 90° of
�exion with the tibia parallel to the digital image capture device. The X-ray beam was centered over the
sti�e joint and collimated to the tarsus, entire tibia, and distal half of the femur. If the intercondylar
eminences were not exactly superimposed, the midpoint of each eminence was identi�ed. The femoral
condyles and talar trochlea were superimposed to achieve the correct rotational alignment. The
radiographs were obtained using a digital system and assessed using a DICOM viewer (Sedecal, Entrad).
Radiographs of the sti�e joints with superimposition of the femoral condyles ≤ 2 mm and �exion angles
of 60°–120° were assessed.30 If the femoral condyles were not exactly superimposed, a best-�t circle was
drawn around each femoral condyle and the center of each condyle was identi�ed.

The radiographs were digitized for analysis and analyzed using the DICOM viewer software. The cranial
and caudal aspects of the medial tibial condyle were used as landmarks for the proximal tibial joint
orientation line (Fig. 2)31,32 and the distal aspect of the intermediate ridge of the tibia cranially and
caudodistal aspect of the cochlea tibia were used as landmarks for the distal tibial joint orientation line
(Fig. 3). The landmarks of each joint surface were connected by a line to create the proximal and distal
joint orientation lines. The anatomic and mechanical axes of the tibia were identi�ed33 − 35. The
mechanical axis de�ned as the straight line extending from the midpoint between the apices of the two
tibial intercondylar eminences of the tibial plateau to the center of the circle created by the tarsus was
used, as described elsewhere34,36,37. The tibial anatomic axis was de�ned as the line connecting the
midpoint between the cranial and caudal cortex of the tibia at 50% and 75% of the length of the tibial
shaft (Fig. 4).38−41 All measurements were made by the same investigator (TK).

The angle of the sti�e joint was measured as the angle formed between the long axis of the distal femur
and the tibia in all cases42. This angle (‘‘O’’) was determined by drawing a segment (FW) between the
femoral cortices at a distance equal to the length of the femoral condyle from the proximal extent of the
trochlea. A segment (‘‘D’’) parallel to the FW was drawn 20 mm proximal to the FW. A line was then drawn
joining the centers of the FW and D segments to de�ne the long axis of the distal femur. The anatomic
axis of the tibia was drawn as previously de�ned. The sti�e joint angle was measured at the intersection
of these two axes (Fig. 5). In all sti�es, the actual angle of the tarsal joint were also measured from the
two long axes of the previous tibial axis and the tarsal axis that was de�ned as the lines between the two
shafts, midpoints at the intertarsal joint, and the tarsal over metacarpal joint (Fig. 6)30. For all sti�e joints,
the TPA was measured on a mediolateral radiograph acquired in the stress position according to the
method devised by Warzee et al43.

Measurement of Cranial Tibial Displacement Index

A circle was drawn on the mediolateral radiograph to �t the circumference of the femoral condyles (the
average of the circle both lateral and medial femoral condyles, more �t in femoral condyles). The center
of the femoral condyle was then determined. Next, the radius of the femoral condyle (C) was measured in
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centimeters. A line was drawn from the center of the femoral condyle parallel to the line of the
mechanical axis of the tibia. The distance (α, in centimeters) between them was then measured. The ratio
of α to C, i.e., the tibial cranial displacement index (CTDI), was calculated to correct for differences in
body size (Fig. 7).

 

We determined the cut-off CTDI values for intact and partially ruptured CrCLs. In the present study, to
determine the normal range of the CTDI, we initially excluded measurements obtained at the extremes on
either side and then calculated the mean of the values obtained in the normal group.

Palpation

The CDT and TCT were performed in lateral recumbency without sedation or anesthesia in all cases
using the techniques and procedures described, respectively, by Jerram and Walker44 and Henderson and
Milton45. These tests were repeated with the sti�e held in varying degrees of extension and �exion.45 The
results of the tests were represented as positive or negative.

Fat pad sign

Synovial effusion and osteophytosis were used to evaluate the severity of OA of the sti�e joint. The fat
pad sign was evaluated on mediolateral radiographs and de�ned as soft tissue opacity in the cranial part
of the sti�e joint extending cranially to a line drawn perpendicularly from the cranial margin of the medial
tibial condyle. This line estimates the cranial margin of the cranial poles of the menisci. Cranial extension
of soft tissue opacity beyond this location was deemed excessive. Synovial effusion was graded
subjectively on a 0–2-point scale (0, normal; 1, mild; 2, severe)46,47.

Radiographic OA score

The severity of OA in the sti�e joints of dogs in the CrCLR group was graded on radiographs using an
established scoring system48. Scores obtained using this system range from 0 (no OA sign, i.e.,
osteophytes absent) to 4 (severe, osteophytes present on the patella, femoral trochlear groove, medial
and lateral femoral condyles, and tibial plateau, i.e., subchondral sclerosis of the femoral condyles).

Sensitivity, speci�city, and positive and negative predictive values

The sensitivity, speci�city, positive predictive value (PPV), and negative predictive value (NPV) of the CDT,
TCT, fat pad sign, ROS, and CTDI in the diagnosis of CrCL were compared. For the CDT and TCT, the
result was recorded as “positive” (over 0) or “negative”. CTDI cut-off values of 0.62 and 1.01 were
identi�ed as the thresholds for an intact CrCL and a partial CrCLR, respectively. Sensitivity is de�ned as
the proportion of true-positive results identi�ed correctly and speci�city is the proportion of true-negative
results identi�ed correctly. The PPV is the proportion of positive tests that are truly positive and the NPV
is the proportion of negative tests that are truly negative.
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Statistical analysis

Tukey’s honestly signi�cant difference (HSD) test and the Games-Howell test were used to identify
statistically signi�cant between-group differences in patient age and body weight, joint angle, and TPA
between the three study groups. The relationships between arthroscopic CrCL grade and the study
variables (α, C, α/C ratio, sti�e angle, tarsal angle, TPA, age, body weight, and duration of lameness) were
determined using the Spearman’s rank correlation. The data are presented as the mean and standard
deviation or as the number or percentage. A p-value < 0.05 was considered statistically signi�cant for all
comparisons.

Results
Arthroscopy

Thirty-four sti�e joints were classi�ed as intact (no damage or vascularization of the CrCL, complete
continuity), 43 as partially ruptured (various degrees of damage and vascularization, most being close to
the femoral insertion site, but preserved continuity of the CrCL), and 93 as completely ruptured. The
caudal cruciate ligament was con�rmed to be intact by arthroscopic observation in all three-study groups
(Table 1).

Demographic and clinical data

The 148 dogs were divided into an intact group, partial rupture group, and complete rupture group based
on arthroscopic and intraoperative �ndings. Detailed information on sex, age, and body weight are
provided in Table 1.

The intact group consisted of 22 dogs (34 sti�es) of mean age 6.0 ± 3.1 (range, 0.92–13.7) years and
included 3 sexually intact females, 8 neutered females, 3 sexually intact males, and 8 neutered males.
The mean body weight was 9.2 ± 7.4 (range, 2.4–30.0) kg. There were 11 breeds including American
Cocker Spaniel (n = 1), American pit bull (n = 2), Border collie (n = 2), Chihuahua (n = 6), Golden Retriever
(n = 2), Labrador retriever (n = 1), mixed breeds (n = 4), Pembroke Welsh Corgi (n = 2), Pyrenean Sheepdog
(n = 2), Shiba (n = 5), and Toy poodle (n = 7). The sti�e joint’s breakdown was that the right sides were 17
cases and the left sides were 17 cases.

The partial rupture group consisted of 39 dogs (43 sti�es) of mean age 6.6 ± 3.8 (range, 2.0–14.2) years,
including two sexually intact females, 19 neutered females, 2 sexually intact males, and 16 neutered
males. The mean body weight was 19.9 ± 15.5 (range, 2.3–65.0) kg. There were 21 breeds represented,
including American Cocker Spaniel (n = 2), Akita (n = 1), American Pit Bull (n = 3), Australian cattle dog (n 
= 1), Beagle (n = 2), Bernese Mountain Dog (n = 2), Bichon Frise (n = 1), Chihuahua (n = 2), Doberman (n = 
1), Golden Retriever (n = 1), Great Dane (n = 1), Labrador Retriever (n = 3), mixed breeds (n = 3),
Newfoundland (n = 1), Old English Sheepdog (n = 1), Pembroke Welsh Corgi (n = 4), Rough Collie (n = 1),
Siberian Husky (n = 1), Toy poodle (n = 6), and Yorkshire Terrier (n = 2). The sti�e joint lesions were on the
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right in 17 cases and on the left in 26. The mean duration of lameness was 48.1 ± 68.4 (range, 1.0–240)
days.

The complete rupture group consisted of 87 dogs (93 sti�es) of mean age 7.7 ± 3.1 (range, 1.0–14.0)
years, including 12 sexually intact females, 42 neutered females, 9 sexually intact males, and 24 neutered
males. The mean body weight was 16.3 ± 13.2 (range, 2.0–70.0) kg. There were 20 breeds represented,
including Akita (n = 1), American Cocker Spaniel (n = 7), Beagle (n = 1), Border Collie (n = 6), Bernese
Mountain Dog (n = 3), Cavalier King Charles Spaniel (n = 1), Chihuahua (n = 10), Dobermann (n = 1),
Golden Retriever (n = 6), Husky (n = 1), Jack Russell Terrier (n = 4), Labrador Retriever (n = 8), Mixed breeds
(n = 13), Papillon (n = 1), Pembroke Welsh Corgi (n = 7), Pomeranian (n = 1), Shiba (n = 1), Toy Poodle (n = 
9), Welsh Terrier (n = 1) and Yorkshire Terrier (n = 5). The sti�e joint lesions were on the right in 43 cases
and on the left in 50. The mean duration of lameness was 26.7 ± 37.3 (range, 0–200) days.

There was no signi�cant between-group difference in age (intact vs complete, P = 0.029; intact vs partial,
P = 0.682; partial vs complete, P = 0.184). The dogs in the complete and partial rupture groups were
signi�cantly heavier than those in the intact group (both P = 0.001).

Tibial plateau angle

The mean TPA was 25.4 ± 3.9° (range, 14.6°–32.2°) in the intact group, 27.0°±4.3° (range, 13.5°–37.0°) in
the partial rupture group, and 28.6°±4.2° (range, 20.0°–37.0°) in the complete rupture group (Table 1).
There was a signi�cant difference in TPA between the intact group and the complete rupture group (P = 
0.001) but not between the intact and partial rupture groups or between the partial and complete rupture
groups (P = 0.21 and P = 0.1, respectively).

Cranial Tibial Displacement Index

In the intact group, the mean α value was 3.0 ± 1.1 mm, the mean C value was 6.0 ± 0.3 mm, and the
mean CTDI score was 0.5 ± 0.1; the respective values were 5.8 ± 2.2 mm, 7.9 ± 0.4 mm, and 0.8 ± 0.2 in the
partial rupture group and 8.3 ± 3.0 mm, 7.3 ± 0.2 mm, and 1.2 ± 0.3 in the complete rupture group. The
mean CTDI cut-off values for distinguishing between the partial and complete rupture groups and
between the intact and partial rupture groups were 1.01 and 0.62, respectively. The radius of the femoral
condyle was signi�cantly larger in the complete and partial rupture groups than in the intact group (P = 
0.002 and P = 0.011, respectively), with no signi�cant difference between the partial rupture group and the
complete rupture group (P = 0.38). There were signi�cant differences in the α value and CTDI score
between the three study groups (P < 0.001; Table 2)

The mean actual sti�e angle on stress radiography was 88.4°±10.5° (range, 67.0°–120°) in the intact
group, 83.1°±9.0° (range, 64.4°–106.1°) in the partial rupture group, and 86.4°±10.4° (range, 64.0°–
117.2°) in the complete rupture group. The mean actual tarsal angle was 93.5°±6.8° (range, 81.4°–
110.2°) in the intact group, 92.2°±7.0° (range, 79.5°–109.8°) in the partial rupture group, and 89.7°±7.7°
(range, 68.1°–116.1°) in the complete rupture group (Table 1).
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There were no signi�cant between-group differences in the sti�e angle (intact vs complete, P = 0.458;
intact vs partial, P = 0.05; partial vs complete, P = 0.232). The tarsal joint angle was signi�cantly smaller
in the complete rupture group than in the intact group (P = 0.002); however, there was no signi�cant
difference between the intact and partial rupture groups (P = 0.433) or between the partial and complete
rupture groups (P = 0.076).

Palpation

The CDT and TCT results were negative in all dogs in the intact group. In the partial rupture group, the
CDT result was positive in 67.6% of dogs, the mean CTDI scores in the joints that were CDT-positive and
CDT-negative were 0.8 ± 0.3 and 0.8 ± 0.2, respectively, the TCT result was positive in 52.9% of cases, and
the mean CTDI scores in the joints that were TCT-positive and TCT-negative were 0.8 ± 0.3 and 0.8 ± 0.2,
respectively (Fig. 9). In the complete rupture group, the CDT result was positive in 94.4% of dogs, the
mean CTDI scores in the joints that were CDT-positive and CDT-negative were 1.2 ± 0.3 and 0.8 ± 0.2,
respectively, the TCT results was positive in 93.1% of cases, and the mean CTDI scores in the joints that
were TCT-positive and TCT-negative were 1.2 ± 0.3 and 0.9 ± 0.2, respectively.

Correlations between CTDI and the variables measured were determined, and the results are summarized
in Table 3. No association of CTDI with age, sex, angle, TPA, weight, or duration of lameness was
detected in any of the study groups (Table 2).

Fat pad sign

None of the dogs in the intact group had the fat pad sign. In the partial rupture group, a grade 0 fat pad
sign was present in 25.6% of cases, a grade 1 sign in 39.5%, and a grade 2 sign in 34.9%. The mean CTDI
score was 0.8 ± 0.3 for the joints with a grade 0 fat pad sign, 0.7 ± 0.2 for those with a grade 1 sign, and
0.8 ± 0.2 for those with a grade 2 sign. In the complete rupture group, a grade 0 fat pad sign was present
in 16.1% of cases, a grade 1 sign in 41.9%, and a grade 2 sign in 41.9%. The mean CTDI score was 1.2 ± 
0.3 for the joints with a grade 0 fat pad sign, 1.2 ± 0.4 for those with a grade 1 sign, and 1.2 ± 0.3 for
those with a grade 2 sign.

ROS

ROS were not detected in any of the cases in the intact group. In the complete rupture group, the mean
ROS was 2.5 (range, 0–4). Twelve joints were graded as ROS (0), 12 as (1), 18 as (2), 17 as (3), and 34 as
(4) is 34. The mean CTDI score for the joints graded as ROS (0) was 1.2 ± 0.3, that for ROS (1) was 1.2 ± 
0.4, that for ROS (2) was 1.2 ± 0.4, that for ROS (3) was 1.2 ± 0.3, and that for ROS (4) was 1.1 ± 0.3. In the
partial rupture group, the mean ROS was 0.74 (range, 0–3). Nineteen joints were graded as ROS (0), 17 as
ROS (1), six as ROS (2), one as ROS (3), and none as ROS (4). The mean CTDI score for the joints graded
as ROS (0) was 0.7 ± 0.2, that for ROS (1) was 0.8 ± 0.2, that for ROS (2) was 0.7 ± 0.2, that for ROS (3)
was 0.8 (Tables 2 and 3). The ROS scores were signi�cantly higher in the complete rupture group than in
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the partial rupture group. There were no signi�cant differences in these variables between CTDI in each
ROS in this study.

Sensitivity, speci�city, PPV, and NPV

The sensitivity, speci�city, PPVs and NPVs values for the CDT, TCT, fat pad sign, ROS, and CTDI score are
summarized in Table 4.

Discussion
There was a signi�cant difference in the CTDI score between the intact group, partial rupture group, and
complete rupture group in this study, suggesting that the CTDI, which quanti�es the cranial displacement
of the tibia relative to the femoral condyle, could be an objective indicator of the degree of CrCL damage.
Our present �ndings suggest that we may be able to indirectly evaluate damage to the CrCL from the
CTDI score, potentially enabling minimally invasive early diagnosis of CrCLR (Fig. 10).

The signi�cant difference in the femoral radius between the partial rupture group and the intact group
may re�ect differences in body weight and physique. The tarsal joint angle was signi�cantly lower in the
complete rupture group than in intact group. The target joint angle on radiography was set to 90°. We
adopted this stored position taking into account the reproducibility at the time of acquiring the images.
However, in CrCLR cases, the tibia is displaced forward and the anatomic axis is also tilted forward, so
the tarsal joint tends to �ex easily24. Although the in�uence of the difference in the tarsal joint angle is
unknown, it is considered that the 90° imaging method by visual observation is useful because a
signi�cant difference in the CTDI score was found in this study. However, in a recent report, it was shown
that cranial displacement of the tibia is maximized when the tarsal joint is over�exed.24 Measurement at
the time of over�exion should be included in a further study, because it is possible that the difference in
CTDI due to the degree of damage will become more awkward.

It is considered that various factors, including TPA, OA scores, the hamstring muscles, medial buttress,
periarticular �brosis, and intra-articular structure, would have an in�uence on the CTDI49 − 54. There are
several studies to demonstrate that these factors affect CrTT and lead to degenerative joint disease and
CrCLR55 − 62. Especially as for muscle tension, our study implements under no anesthesia. In this
circumstance, some dogs are not corporate inspection because of such as fear or tension, may not
indicate true CTDI. It is considered to be an issue. When the CrCLR is chronic and the circumference of the
joint has become �brotic and �uctuation is reduced, 90° of stress during palpation or radiography may
reduce the thrust forward propulsion force. No correlation was found between the days since onset and
the CTDI score in our study. However, the CTDI score may be decreased in cases where the sti�e joint is
stabilized by periarticular �brosis because of a chronic course. Furthermore, in our study, the complete
rupture group had a higher TPA than the intact group. CrTT is generated by loading the body weight to the
sti�e joint surface and TPA. Increases in posterior inclination of the tibial plateau have been associated
with increases in cranial translation of the tibia during monopodial stance in humans63. This �nding
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suggests a similar situation in canine sti�e joints. When a sti�e joint in a dog with CrCLR show greater
posterior inclination of the tibial plateau, cranial translation of the tibia might increase. In previous
experiments using canine cadavers, the tibial plateau leveling procedure was consistently successful in
eliminating cranial translation of the tibia during axial loading43,55. This �nding means that the CrTT
could change with the degree of TPA, and a greater CrTT means greater CTDI. However, it is di�cult to
quantify the force generated by the hamstring muscles, the antagonistic effects of the medial buttress,
and periarticular �brosis against CrTT.

The fat pad sign, CDT, and TCT are diagnostic tests for CrCLR in clinical practice, and have been
extensively studied65. Based on that earlier study, we compared the positive rates for each examination
performed in this study. In our study, retention of joint �uid was con�rmed at about 80% of joints in the
complete rupture group, 93% of which showed no abnormality in CDT or TCT. However, in the partial
rupture group, about 30% did not show retention of joint �uid and no abnormality was detected in
palpation. Therefore, we compared the CTDI with the fat pad sign with or without palpation in the
complete rupture group and the partial rupture group. In the complete rupture group, only four cases that
were negative by palpation were mildly low, but the other values were similar in the other 95% of cases. In
the partial rupture group, the CTDI score was almost the same regardless of the level of joint �uid
retention or �ndings on palpation. Therefore, it is possible that the CTDI can evaluate damage that
cannot be detected by palpation or the fat pad sign. According to a study of humans, the partial rupture is
categorized as 25–50% or 50–75% ligament rupture64. On the other hand, in veterinary orthopedics,
partial rupture of the canine CrCL is classi�ed clinically as functioning or non-functioning depending on
the function of the remaining ligament as qualitative. So study of the relationship between the CTDI score
and the degree of damage as quantitative is needed in the future.

The sensitivity of the CTDI was higher than that of the CDT, TCT, fat pad sign, and ROS. We evaluated the
fat pad sign as an indicator of OA of the sti�e joint in the present study. The criteria used were selected
based on high reproducibility37, 38. The fat pad sign is one of the earliest and most consistent �ndings in
dogs with CrCLR and is consistent with joint effusion, edema of the fat pad, or periarticular �brosis50 − 52.
However, the fat pad sign and ROS only evaluate evidence of secondary arthritis of the sti�e joint such as
tumor or IMPA, so are not speci�c indicators of CrCLR.

Moreover, both the CDT and TCT have the potential to yield false-negative results. I suggested that both
these tests gave similar results for a recent CrCLR, but are unreliable in the diagnosis of chronic failure of
the CrCL4,44,66. There is no single test or sign has been shown to be universally applicable or reliable. In
summary, measurement of the CTDI may yield more objective results and a more reliable diagnosis.

In one study, the sensitivity of the CDT when performed on conscious patients was surprisingly low. The
CDT in conscious dogs is perhaps the most commonly used diagnostic test for CrCLR, and the �ndings
of our study indicate that reliance on this test in conscious patients will result in signi�cant numbers of
CrCL cases being misdiagnosed as cruciate-normal, and 40% of dogs with proven CrCL failure do not
have cranial instability detectable by the CDT.17 It is normal that craniocaudal movement beyond the 0–
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2 mm of mobility found in a normal sti�e joint. On the other hand, if a partial tear is present, the cranial
drawer sign may reveal only 2–3 mm of instability when the test is performed with the sti�e �exed and no
instability with the sti�e in extension5. In addition, one study found that 12 of 25 dogs with partial rupture
of the CrCL had no detectable cranial drawer sign in response to manipulation of the involved sti�e67.
Hence, it is not surprising that veterinarians encounter di�culties in diagnosing partial ruptures of the
CrCL with palpation. Subjective evaluation on palpation frequently varied between observers and agreed
poorly. Therefore, a diagnosis of CrCLR may be qualitative and subjective. Our results show that CTDI
may be an objective index for diagnosis of CrCLR under no anesthesia and sedation with minimally
invasive.

Conclusion
In our study, radiograph showed that the CTDI may be the most bene�cial, objective, and minimally
invasive diagnostic technique for indirect evaluation of the CrCL.

However, our study has some limitations and was performed in a small population, so further research is
needed to identify differences according to canine breed, sex, age, muscle strength in the hind leg as well
as the in�uence of joint �brosis, comparison of the diagnosis rate using the fat pad sign or palpation, and
classi�cation of a partial tear.

Abbreviations
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Figures

Figure 1
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Evaluation of the degree of damage to the cranial cruciate ligament by arthroscopy, i.e., intact (no
damage, with continuity, partial tear (with damage and continuity, no ligament is completely ruptured, but
none is intact), or complete tear (damage, no continuity). The majority of lesions were close to the
femoral insertion site with no distal lesion.

Figure 2

Proximal medial aspect of tibia. The cranial (dot A) and caudal (dot B) extents of the medial tibial
condyle represent the landmarks for the proximal tibial joint orientation line in the sagittal plane. A point
midway between the apices of the two tibial intercondylar eminences labeled with arrow (C) denotes the
center of the sti�e joint and the proximal reference mark for the sagittal mechanical axis.
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Figure 3

Distal medial aspect of tibia. The distal aspect of the distal intermediate ridge of the tibia cranially (dot
A), and the caudodistal aspect of the cochlea tibia (dot B) represent the distal tibial joint orientation line
in the sagittal plane. The center of the circle (C) created by the talus, which is represented by the broken
circle, marks the distal reference mark for the mechanical axis in the sagittal plane.
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Figure 4

Entire tibia from the medial aspect, including the proximal and distal joint orientation lines and
measurement of the anatomic and mechanical axes. The anatomic axis (a) was de�ned as the line
formed by connecting the midpoint between the cranial and caudal cortex at 50% (c) and 75% (d) of the
tibial shaft length. The mechanical axis (b) is a line extending from a point proximally dividing the medial
and lateral intercondylar tubercles of the tibial plateau and a point equidistant to the cranial and caudal
aspects of the trochlea of the talus.
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Figure 5

Measurement of �exion angle of the sti�e joint. Measurement of sti�e joint angle on a mediolateral
radiograph view of a dog to illustrate measurement of the angles. The �exion angle (○) of the sti�e joint
was measured between the long axis of the femur (af) and the tibial anatomic axis (a). X, proximal extent
of the femoral trochlea; a, the anatomical axis of tibia; FCL, femoral condylar length; FW, femoral width,
which is measured at a distance equal to FCL from X; D, a segment parallel to FW and drawn 20 mm
proximal to FW.
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Figure 6

Measurement of �exion angle of the tarsal joint. Mediolateral radiographic view of a dog with a tarsal
joint to illustrate measurement of the angle . Angle △ was de�ned as the angle between the long axis of
the tarsus (at) and tibial the anatomic axis (a). at, tarsal axis de�ned as the lines between the two shafts,
midpoints at the intertarsal joint and the tarsal over the metacarpal joint
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Figure 7

Measurement of the tibial cranial displacement index. A circle to �t the circumference of the femoral
condyles (average of the circle for both the lateral and medial femoral condyles, more �t in the femoral
condyles) was drawn, and then the center of the femoral condyle was determined and the radius of the
femoral condyle was measured (C). A parallel line was drawn from the center of the femoral condyle to
the tibial mechanical axis line. The distance (α) between these two points was measured. The ratio of α
to C , known as the Tibial cranial Displacement Index (CTDI), was measured.
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Figure 8

Outcome of measurement of the Tibial Cranial Displacement Index in the intact, partial rupture, and
complete rupture groups.
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Figure 9

Comparison of the Tibial Cranial Displacement Index for each test.
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Figure 10

Comparison of Tibial Cranial Displacement Index score, radiographic results, and arthroscopic �ndings at
the sti�e joint between each of the three study groups.


