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Introduction
Most canine cranial cruciate ligament (CrCL) ruptures are 
associated with ligamentous degeneration characterized 
by chondrometaplasia, which is also known as “cranial 
cruciate ligament disease (CCLD)” (Hayashi et al., 2004). 
Although the exact pathophysiology remains unclear, it 
is thought to involve cranial tibial thrust (CrTT) during 
weight-bearing (Slocum and Devine, 1983; Cook, 2010; 
Comerford et al., 2011). CrCL inhibits cranial tibial 
displacement and prevents excessive internal rotation 
and extension (Arnoczky and Marshall, 1977; Shimada 
et al., 2020). Consequently, complete CrCL ruptures 
result in tibial subluxation cranially with weight-bearing. 
There has been increasing use of functional stabilization, 
which prevents tibial subluxation by neutralizing the 
CrTT, to allow rapid recovery of postoperative gait 
(Oxley et al., 2013; Bergh et al., 2014; Campbell et al., 
2016; Krotscheck et al., 2016). Procedures for functional 

stabilization include cranial closing wedge ostectomy 
(CCWO) and tibial plateau leveling osteotomy (TPLO) 
(Slocum and Devine, 1984; Slocum and Slocum, 1993; 
Kim et al., 2008; Christ et al., 2018). Both techniques 
neutralize CrTT by reducing the tibial plateau angle 
(TPA); however, there are differences in the postoperative 
tibial morphology between these two procedures (Kim et 
al., 2008; Guénégo et al., 2021). In particular, significant 
differences result from whether or not the proximal tibial 
fragment contains the attachment site of the patellar 
ligament. Therefore, the surgical effect on the patella 
and patellar ligament varies across different techniques. 
The patella acts as an extension of the moment arm of 
the stifle extensor mechanism unit and as a lever that 
converts the contractile force of the quadriceps muscles 
into a force during extension (Dan et al., 2018). It is 
thus important to evaluate the patellofemoral joint when 
considering stifle flexion and extension motion.
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Abstract
Background: Tibial plateau leveling osteotomy (TPLO) and cranial closing wedge ostectomy (CCWO) are common 
treatments for cranial cruciate ligament disease. These two techniques mainly differ in whether the proximal tibial 
fragment contains the attachment site of the patellar ligament. Currently, no reports compare how these techniques 
affect the patellofemoral joint.
Aim: This ex vivo study aimed to compare the effects of TPLO and CCWO on the patellar position and moment arm 
in healthy Beagles.
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mediolateral radiographs with the stifle angle at approximately 90° were obtained. The modified Blumensaat index 
(MBI), patellar ligament length to patella length ratio (PLL:PL), and patellar moment arm (PMA) were measured 
in each radiograph. Mixed-model multiple regression analyses for the MBI, PLL:PL, and PMA, with the surgical 
procedure as the independent variable, were then performed. The joint angle was included as an independent variable 
for MBI and PMA.
Results: The PLL:PL was decreased after TPLO. Additionally, the PLL:PL after TPLO was significantly lower than 
that after CCWO. The MBI decreased with flexion. Postoperative MBI values were reduced for both procedures, with 
lower values after CCWO than after TPLO. The PMA values decreased with flexion. Postoperative values for both 
methods were reduced in the PMA, with the values being lower after CCWO than after TPLO.
Conclusion: Both TPLO and CCWO affect the patellofemoral joint. Compared with TPLO, CCWO produced more 
excellent downward traction on the patella. Therefore, CCWO may be used to correct the patellar alta and treat cranial 
cruciate ligament disease.
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Patellar alta and baja are abnormalities of the patella 
position related to the femoral trochlea and associated 
with patellar luxation (Mostafa et al., 2008; Biedert and 
Tscholl, 2017). In addition, the position of the patella 
significantly affects the stifle joint flexion (Johnson 
et al., 2002). In human medicine, the Insall-Salvati 
index, which is minimally affected by flexion and 
extension, is among the most common measurement 
used in diagnosing patellar alta (Biedert and Tscholl, 
2017). Veterinary medicine has applied a similar 
measurement to the Insall-Salvati index known as 
the patellar ligament length to patella length ratio 
(PLL:PL) (Johnson et al., 2002, 2006; Mostafa et 
al., 2008; Murakami et al., 2021). Unfortunately, the 
PLL:PL cannot directly assess the patellar position 
relative to the femoral trochlea. Moreover, given the 
biomechanical properties of the patellar ligament, 
which can be considered rigid (Bennett et al., 2022), 
osteotomy-related length changes are expected to be 
small. Therefore, the PLL:PL may be an inappropriate 
measure for the morphological comparison of the pre-
and postoperative patellofemoral joint. In the veterinary 
field, the proximal and distal patellar positions (PPP 
and DPP, respectively) are used to evaluate the patellar 
position relative to the femoral trochlea (Murakami et 
al., 2021; Johnson et al., 2002). However, PPP and DPP 
are not direct measures of the patellar height as they can 
be affected by changes in other degrees of freedom of 
the patella, such as patellar tilt and rotation. In human 
medicine, the modified Blumensaat index (MBI) is 
used to evaluate patellar height using the ratio of the 
distance from the Blumensaat line to the midpoint at 
the patellofemoral joint of the patella against the length 
of the Blumensaat line exists (Hanada et al., 2014). 
Therefore, we incorporated the MBI as measurements 
for objectively assessing the patellar height based on 
the surgical technique.
The patellar moment arm (PMA) is defined as the 
perpendicular distance between the patellar ligament 
force vector and the center of the tibiofemoral joint 
and is involved in the biomechanics of the stifle 
joint. Changes in quadriceps force associated with 
changes in PMA may be engaged in patellar ligament 
thickening, and biomechanical investigations of the 
moment arm changes with TPLO or tibial tuberosity 
advancement and quadriceps force have been 
conducted in the past (Guerrero et al., 2011; Dan 
et al., 2019; Kanno et al., 2019).
Previous studies have demonstrated that TPLO and 
CCWO both lower the patellar position; however, 
there have been no comparisons of the effect on the 
patellofemoral joint between these two procedures 
(Guénégo et al., 2021). Additionally, no studies have 
directly evaluated the patellofemoral joint as described 
above. Therefore, we hypothesized that compared with 
TPLO, CCWO produces greater downward traction on 
the patella. To investigate this hypothesis, this study 

aimed to compare the surgical outcomes of CCWO and 
TPLO procedures on each limb in the same dog.

Materials and Methods
Animals
Six cadavers from healthy uncastrated male Beagle 
dogs that had been euthanized and used for soft-tissue 
surgery training for veterinary students were used 
in this study. The cadaver specimens had undergone 
abdominal and thoracic incisions and sutures during 
student practice; however, the hind limbs, including 
soft tissues, had not been manipulated. In addition, the 
included subjects lacked orthopedic abnormalities on 
palpation before euthanasia. 
Specimen preparation
Preoperative mediolateral radiographs with the 
tibiofemoral and tarsal joints at approximately 90° 
and craniocaudal radiographs were obtained. The TPA 
was measured on the mediolateral image. The reported 
optimal TPAs for TPLO and CCWO are 6.5° ± 0.9° and 
3.8° ± 2.0° to 5.9° ± 3.0°, respectively (Warzee et al., 
2001; Apelt et al., 2010), with no significant difference 
between the two techniques. Therefore, we standardized 
the preoperative planning with a target postoperative 
TPA of 6.5° for techniques as in a previous report 
(Warzee et al., 2001). 
In each dog, CCWO was performed on one side, as 
described by a previous report by Christ et al. (2018), 
while TPLO was performed on the opposite side, as 
described by Slocum and Slocum (1993). A medial 
approach was applied. After the arthrotomy, intra-
articular structures, including the cruciate ligament 
and meniscus, were confirmed grossly to be expected, 
and the joint capsule was sutured. After jig placement, 
osteotomy was performed based on the preoperative 
plan. Subsequently, fixation was done using a 2.4-
mm diameter TPLO plate (Johnson & Johnson, NJ, 
USA) in each procedure (Fig. 1). Finally, postoperative 
radiographs in the mediolateral and the craniocaudal 
view were obtained as previously described.
Radiographic evaluation
The joint angle, TPA, anatomical-mechanical angle 
(AMA), PLL:PL, MBI, and PMA were measured from 
the mediolateral radiographs of the stifle joint (Fig. 2). 
The joint angle was defined as the angle formed by the 
anatomical axes of the femur and distal tibia. The AMA 
was defined as the angle formed by the distal tibial 
anatomy and the tibial mechanical axis, as Guénégo 
et al. (2017) reported. Tibial width was defined as the 
distance from the patellar ligament insertion of the tibia 
to the caudal end of the tibial plateau. The PLL:PL was 
calculated by dividing the PLL, which is the length 
from the most distal point on the patella to the patellar 
ligament insertion on the tibial tuberosity, by the PL, 
which is the length from the patella base to the patella 
apex, as described by Mostafa et al. (2008). The MBI 
was measured as described by Hanada et al. (2014). 
The distance from the Blumensaat line to the midpoint 
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Fig. 1. Mediolateral stifle radiography. Preoperative (A) and postoperative (B) radiographs 
of TPLO in the same stifle joint and preoperative (C) and postoperative (D) radiographs of 
CCWO in the same stifle joint.

Fig. 2. Measurement method. The patellar length was 
calculated by dividing the patellar ligament length 
(distance from point B to C) by the patellar length 
(distance from point A to B). Tibial width was defined as 
the distance from point C to D. The PMA was defined as 
the distance between point E and the intersection point of 
a perpendicular line from point E to line BC. The distance 
from the Blumensaat line (line IJ) to the midpoint at 
the patellofemoral joint of the patella (distance from 
point F to G) was defined as α (white line). The length 
of the Blumensaat line (distance from the point I to J) 
was defined as β (black line). α/β were defined as MBI. 
A: patella base, B: patella apex, C: tibial tuberosity, 
D: caudal end of the tibial plateau, E: femoral condyle 
center, F: the proximal point of the patellofemoral joint 
of the patella, G: the distal point of the patellofemoral 
joint of the patella, H: the midpoint at the patellofemoral 
joint of the patella, I: cranial point of the Blumensaat 
line, J: caudal point of the Blumensaat line.

at the patellofemoral joint of the patella was defined as 
α. The length of the Blumensaat line was determined 
as β. MBI was defined as α/β. PMA was defined as the 
distance from the center of the femoral condyle to an 
intersection point of the perpendicular line and from 
the femoral condyle center to the patellar ligament, 
as described by Pozzi et al. (2013). We also measured 
the mechanical medial proximal tibial angle (mMPTA) 
from the craniocaudal image described by Dismukes et 
al. (2007).
All radiographic images were randomized and 
measured by one person (MS). All measurements were 
performed using computer-aided design software (AR_
CAD v1.6.0; SHF Co., Kyoto, Japan).
Statistical analysis
Statistical analyses were performed using Stata (version 
14, StataCorp). Shapiro-Wilk test confirmed normal 
data distribution. Therefore, we used parametric tests. 
Between-group differences in postoperative changes in 
the TPA, mMPTA, AMA, and TW were evaluated using 
repeated-measures analysis of variance. Additionally, 
Scheffe’s method was used as a post hoc analysis.
Mixed-model multiple regression analyses of PLL:PL, 
MBI, and PMA, with the surgical procedure as the 
independent variable, were performed. Previous studies 
have demonstrated that MBI and PMA, but not PLL:PL, 
are affected by the stifle joint angle (Hanada et al., 2015; 
Johnson et al., 2002; Pozzi et al., 2013). Therefore, the 
joint angle was included as an independent variable 
for MBI and PMA. A unique number for each dog 
was included as a random repeated effect. Statistical 
significance was set at p < 0.05.
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Ethical approval
The study protocol was approved by our university’s 
Animal Experiment Committee and Bioethics 
Committee (approval number: 2019S-59).

Results
The mean weight and age of the included dogs were 
12.4 ± 1.0 kg and 16.3 ± 2.4 months, respectively. 
There were no significant between-group differences 
in the pre-and postoperative TPA and mMPTA 
(Preoperative: TPA, p = 0.782; mMPTA, p = 0.909; 
Postoperative: TPA, p = 0.470; mMPTA, p = 0.346). 
There was a postoperative decrease in the AMA after 
CCWO (p = 0.057) but not after TPLO (p = 0.922). The 
postoperative AMA values were significantly lower 
after CCWO than after TPLO (p = 0.007). In addition, 
there was a postoperative increase in the tibial width 
after TPLO (p = 0.018) (Table 1).
There was a postoperative decrease in the PLL:PL 
after TPLO (p < 0.001) but not after CCWO, with the 
PLL:PL values being significantly lower after TPLO 
than after CCWO (p < 0.001) (Tables 2 and 3).
The MBI values significantly decreased with flexion 
(p < 0.001). In addition, there was a postoperative 
decrease in the MBI after both procedures (CCWO; p < 
0.001, TPLO; p < 0.001). Furthermore, the MBI values 
were significantly lower after CCWO than after TPLO 
(p < 0.001) (Tables 2 and 3). 
The PMA values decreased with flexion (p < 0.001). 
There was also a postoperative decrease in the PMA 

after both procedures (CCWO; p < 0.001, TPLO; p = 
0.001), with the PMA values being lower after CCWO 
than after TPLO (p < 0.001) (Tables 2 and 3).

Discussion
Our findings showed that compared with TPLO, CCWO 
produced greater downward traction on the patella, thus 
confirming our hypothesis. Although TPLO also had a 
downward traction effect on the patella, its impact was 
significantly smaller than that of CCWO. 
Guenego et al. (2021) reported that TPLO and CCWO 
had a downward traction effect on the patella. However, 
they did not use the same measurement method for 
TPLO and CCWO. Moreover, they did not perform 
between-technique comparisons. In contrast, our 
findings suggest that based on the MBI, CCWO exerted 
greater downward traction on the patella than TPLO. 
The between-technique differences could be attributed 
to these two factors. As shown in Figure 3, TPLO does 
not move the origin of the patellar tendon; however, 
CCWO displaces it downward, which could have 
significantly affected the patellar position. Moreover, 
the intercondylar ridge position cranially shifts in 
CCWO, which results in decreased AMA values. 
These changes in the proximal tibial morphology 
could have also affected the PMA. In a review of tibial 
tuberosity advancement and TPLO conducted by Dan 
et al. (2019), tibial tuberosity advancement was found 
to have significantly less patellar ligament thickening 
than TPLO, which was attributed to the increase in 

Table 1. Values of parameters in each group.

TPLO group CCWO group
Pre Post Pre Post

TPA (°) 29.7 ± 2.02a 7.08 ± 1.06a 29.3 ± 2.72b 7.50 ± 1.44b

mMPTA(°) 96.0 ± 1.29 96.7 ± 4.35 96.2 ± 2.91 94.7 ± 1.25
AMA (°) 3.03 ± 0.547 3.07 ± 0.749c 2.40 ± 0.758 1.21 ± 0.979c

Tibial width (mm) 31.8 ± 2.16a 35.3 ± 1.71a, c 32.6 ± 1.36 32.4 ± 1.90c

a p < 0.05, the preoperative value of the TPLO group versus the postoperative value of the TPLO group.
b p < 0.05, the preoperative value of the CCWO group versus the postoperative value of the CCWO group. 
c p < 0.05, the postoperative value of the TPLO group versus the postoperative value of the CCWO group. 

Data are presented as mean ± standard deviation. CCWO: cranial tibial wedged osteotomy; TPLO: tibial 
plateau leveling osteotomy.

Table 2. Values of stifle parameters in each group.

TPLO group CCWO group
Pre Post Pre Post

PLL:PL 1.82 ± 0.0974 1.70 ± 0.131 1.85 ± 0.112 1.83 ± 0.760
Modified Blumensaat ratio 0.663 ± 0.105 0.587 ± 0.158 0.688 ± 0.0700 0.381 ± 0.137
PMA (mm) 15.8 ± 1.60 14.7 ± 1.18 15.5 ± 1.44 12.7 ± 1.33

Data are presented as mean ± standard deviation. CCWO: cranial closing wedge osteotomy; PLL:PL: the ratio of the PLL 
to the patellar length; TPLO: tibial plateau leveling osteotomy.
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quadriceps muscle force related to the decrease in 
PMA. In our study, CCWO led to smaller PMA values 
than TPLO, which, as Dan et al. (2019) suggested, 
increased the risk of subsequent thickening of the 
patellar ligament after CCWO. Guenego et al. (2021) 
reported that, unlike TPLO, CCWO rarely showed 
postoperative thickening of the patellar ligament. In 
addition to biomechanical changes in the patellofemoral 
joint, various factors could be involved in patellar 
ligament thickening, including impaired blood flow to 
the patellar ligament ligaments such as that caused by 
arthroscopy/arthrotomy and osteotomy, irritation of the 
patellar ligament during osteotomy, and postoperative 
activity of the dog (Pacchiana et al., 2003; Carey et 
al., 2005; Johnson et al., 2016). Therefore, factors 
other than PMA may be involved in patellar tendon 
thickening.
In our study, TPLO demonstrated downward traction of 
the patella but to a lesser extent than CCWO. Previous 
studies have reported decreasing PLL:PL value after 
TPLO (Guénégo et al., 2021). In an ex vivo study, 
Pozzi et al. (2013) reported the effects of TPLO on the 
patellofemoral joint, including the distal and caudal 
displacement of the patella relative to the femur as 
well as a decreased patellar tilt angle. Additionally, Jay 
et al. (2019) reported a postoperative decrease in the 
PLL. Specifically, the change in the PLL could have 
led to the downward traction of the patella, which 
could be attributed to the shortening of the distance 
between radiological landmarks rather than the actual 
shortening of the PLL. In our study, there was a 
postoperative caudal deflection of the patellar ligament 
(Fig. 4). As shown in Figure 3, the tibia widens as 
the bone rotates, and the cranial side of the proximal 

fragment sinks downward in TPLO. Consequently, the 
patellar ligament and surrounding soft tissues may have 
been pulled and deflected. In addition, a change in the 
patellar axis may have occurred with patellar ligament 
deflection, as Pozzi et al. (2013) reported, which may 
have affected the PLL. Consequently, the patella was 
considered to have moved mildly downward.
Patellar alta may be among the pathologies of medial 
patellar luxation (Mostafa et al., 2008). In addition, 
medial patellar luxation could be a factor in CCLD, 
especially in small dogs (Campbell et al., 2010; Spinella 
et al., 2021). Accordingly, there are scattered cases of 

Table 3. Multiple regression analysis for each stifle joint parameter.

Coefficient 95% CI p value
PLL:PL
TPLO (Ref: pre) −0.143 −0.200 to −0.0849 <0.001
CCWO (Ref: pre) −0.0708 −0.0647 to 0.0505    0.810
CCWO (Ref: TPLO) 0.135 0.0689 to 0.202 <0.001
Modified Blumensaat ratio
TPLO (Ref: pre) −0.0958 −0.154 to −0.0379 <0.001
CCWO (Ref: pre) −0.282 −0.340 to −0.224 <0.001
CCWO (Ref: TPLO) −0.186 −0.254 to −0.119 <0.001
Joint angle 0.0115 0.00632 to 0.0167 <0.001
PMA
TPLO (Ref: pre) −1.03 −1.61 to −0.445    0.001
CCWO (Ref: pre) −2.78 −3.37 to −2.19 <0.001
CCWO (Ref: TPLO) −1.75 −2.43 to −1.06 <0.001
Joint angle 0.160 0.107 to 0.212 <0.001

CI: confidence interval; CCWO: cranial closing wedge osteotomy; PLL:PL: the ratio of the 
PLL to the patellar length; Ref: reference; TPLO.

Fig. 3. Changes in proximal morphology associated with 
osteotomy. The radiographs were traced and compared 
preoperatively (grey line) and postoperatively (black line). 
The tibial tuberosity position changes in CCWO but not in 
TPLO; moreover, the tibial tuberosity is displaced downward 
(black, solid arrow). The position of the intercondylar 
eminence changes cranially in CCWO (black and dotted 
arrows). The tibial width changes after TPLO (both arrows). 
CCWO: TPLO.
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concomitant CCLD and medial patellar luxation, and 
patellar alta may occur among these cases. Among the 
techniques for medial patellar luxation with patellar alta 
is the transition of the tibial tuberosity to the external-
distal aspect (Segal et al., 2012). Downward traction 
of the patella with tibial tuberosity displacement is 
considered among the most effective methods for 
patellar alta. Talaat et al. (2006) reported that CCWO 
could be expected to cause downward traction on 
patellar elevation, which is consistent with our findings. 
However, compared with TPLO, CCWO has been less 
explored. 
Favorable results have been reported for both CCWO 
and TPLO based on the incidence of postoperative 
complications in clinical cases and postoperative 
evaluation. However, these were done by administering 
questionnaires to owners and thus were subjective 
evaluations (Corr and Brown, 2007; Oxley et al., 
2013). One study reported that CCWO increased the 
angular velocity of the stifle joint in extension and 
may cause hyperextension of the stifle joint during the 
swing phase (Lee et al., 2007). Positional changes in the 
patella and alterations in the PMA may influence gait. 
On radiographs, the distal tibial axis is used to measure 
joint angles. The proximal joint angles are variable and 
could affect the gait. Therefore, our findings do not 

provide sufficient insight into the effects of downward 
displacement by CCWO, even in clinical settings. 
Future studies are warranted to clarify the effects of 
each surgical technique on the patellofemoral joint, 
including gait analysis. These findings could inform 
the future case-based selection of surgical techniques 
for CCLD.
This study has several limitations. First, this was a 
cadaver study. In clinical cases, the patellar position 
may change with muscle tension. Thus, the results 
of this study could differ in actual clinical settings. 
Second, we only used one Beagle breed, which may 
have anatomical differences from other breeds. Third, 
this was an exploratory study with a limited number 
of available specimens, which limits the statistical 
significance of our specimens.
In summary, our study found that compared with TPLO, 
CCWO has a more significant downward traction effect 
on the patella. Our findings may inform treatment 
choices in cases involving patellar alta. Nonetheless, 
future clinical studies are necessary to elucidate the 
impact of each osteotomy.
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