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Canal flare index evaluation for different dog breeds
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ABSTRACT: This study determined the canal flare index (CFI) of four dog breeds using two distinct femoral regions as a reference. Thirty-
five radiographs of the hip joints of Golden Retrievers (GRG), German Shepherds (GSG), Labrador Retrievers (LRG), and Rottweilers (RG) of
both sexes were used. Seventy experimental units were submitted to CFI calculation. Objective (CFlob) and subjective (CFIsub) values of the
CFI of each experimental unit were determined according to the anatomical reference used for the calculation. A significant difference in the
CFlob between the Golden Retriever and German Shepherd breeds (1.68 +0.16 and 1.49 £ 0.08), and in the CFIsub between Golden Retriever,
German Shepherd, and Rottweiler breeds (2.09+0.31, 1.86 = 0.11, and 1.84 + 0.18) was reported. The subjective form of measurement showed
higher values than the objective form (GRG: 2.09 +0.31; GSG: 1.86 £0.11; LRG: 2.07 £0.12; RG: 1.84 + 0.18). The CFI values of each breed
were similar, suggesting a certain racial pattern. A significant difference in the interobserver assessment for both CFlsub and CFlob, in all
races was observed. The CFI analysis identified morphological patterns of the proximal femur in the different races. Results indicated the need
for standardization of the anatomical references used to calculate the CFI because there were statistical differences among the measurements
among the observers.
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Avaliacdo do canal flare index femoral de diferentes racas de caes

RESUMO: Objetivou-se determinar o canal flare index (CFI) de quatro ragas especificas de caes, utilizando-se duas regioes femorais distintas
como referéncia. Foram analisadas 35 radiografias de articulagdes coxofemorais de cdes das ragas Golden Retriever (GGR), Pastor Alemdo
(GPA), Labrador Retriever (GLR) e Rottweiler (GR), de ambos os sexos, configurando 70 unidades experimentais submetidas ao cdlculo do
CFI. Determinaram-se os valores objetivo (CFlob) e subjetivo (CFIsub) do CFI de cada unidade experimental de acordo com a referéncia
anatomica utilizada para o cdlculo. Houve diferenga significativa do CFIob entre as ragas Golden Retriever e Pastor Alemao (1,68 + 0,16
e 1,49 £ 0,08), e do CFlIsub entre as ragas Golden Retriever, Pastor Alemdo e Rottweiler (2,09 + 0,31, 1,86 = 0,11 e 1,84 £ 0,18). A forma
subjetiva de mensuragdo apresentou valores maiores que a forma objetiva (GGR: 2,09 £ 0,31; GPA: 1,86 £ 0,11; GLR: 2,07 £ 0,12; GR: 1,84
+0,18). Os valores de CFI de cada raga se apresentaram similares, sugerindo haver determinado padrdo racial. Houve diferenga significativa
na avaliagdo interobservadores, tanto do CFIsub quanto CFlob, em todas as ragas. A andlise do CFI identificou padrées morfologicos do
fémur proximal nas diferentes ragas. Os resultados indicaram a necessidade de padronizag¢do dos referenciais anatomicos utilizados para o
calculo do CFI, uma vez que houve relevancia estatistica entre as diferentes mensuragées entre os observadores.

Palavras-chave: artroplastia total do quadril, displasia coxofemoral, fémur, protese, reprodutibilidade.

INTRODUCTION

Degenerative  hip  dysfunctions are
prevalent and relevant orthopedic conditions in dogs
because they are potentially debilitating and difficult
to manage. Represented in large part by the hip
dysplasia syndrome, characterized by a progressive
degenerative joint disease, which significantly
reduces the quality of life of patients (ROBERTS &
McGREEVY, 2010; BERGH & BUDSBERG, 2014).

The replacement of the diseased joint
with prosthetic components, known as total hip
arthroplasty (THA), is an effective treatment
option, capable of preserving the total functionality
of the limb providing pain-free joint movement
(BERGH & BUDSBERG, 2014; KIDD et al.,
2016). However, it is not free of complications,
of which the most prominent are dislocations,
sinking of the femoral stem, femoral fractures, and
infection (GANZ et al., 2010).
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More accurate knowledge of the
morphology of the proximal femur, as well as the
performance of anatomical and morphological
studies of this region, could greatly help reduce
the alarmingly high complication rates (SEVIL-
KILIMCI & KARA, 2017). However, canine femoral
morphology varies with age and race similar to that
of the human femur (CROOIJMANS et al., 2009;
BAHARUDDIN et al., 2014).

For the evaluation of femoral morphology
during the pre-surgical planning process, one of the
tools used is the canal flare index (CFI), which can
be translated as the femoral canal enlargement index,
which helps in the selection of the femoral stem in
planning for THA in both human and veterinary
medicine (SEVIL-KILIMCI & KARA, 2017; SEVIL-
KILIMCI & KARA, 2020).

Inveterinary medicine, there are insufficient
data to assess the variation in the geometry of the
medullary canal of the proximal femur in dogs. In this
sense; although , there have been some studies, there is
no consistency regarding the reference values of CFI
in femurs of specific dog breeds (SEVIL-KILIMCI
& KARA, 2017), which encourages morphological
studies regarding these values. RASHMIR-RAVEN
et al. (1992) and DEYOUNG & SCHILLER (1992)
highlighted that the breed of dog can be an important
and determinant factor in canine femoral morphology
according to their clinical experience. Therefore, this
research determined the CFI of four specific breeds
of dogs (Rottweiler, German Shepherd, Golden
Retriever, and Labrador Retriever) using two distinct
femoral regions as a reference.

MATERIALS AND METHODS

Thirty-five radiographs of the hip joints of
both sexes of Rottweilers (Rottweiler Group - GR),
German Shepherds (the German Shepherd Group
- GGS), Golden Retrievers a (Golden Retriever
Group - GGR), and Labrador Retrievers (a Labrador
Retriever Group - GLR) were used to configure 70
experimental units (right and left femurs). These
values were used to calculate the CFI, with GR and
GGS composed of 20 femurs each, GGR composed
of 14 femurs, and GLR of 16 femurs.

Radiographic examinations of hips of
skeletally mature dogs selected for assessing hip
dysplasia were selected following the positioning
patterns of the Orthopedic Foundation for Animals
(OFA): extended ventrodorsal projection of the hip,
with the hind limbs extended and parallel to each
other with pelvic symmetry having knees, patellae,

and iliac wings included in the radiographs. Femurs
that presented radiographic signs of bone neoplasia
or femoral fractures were excluded from the study.
Cassettes (35 x 43 cm) were placed inside the bucky
and properly collimated such that the entire image
of the pelvis and femurs were contained in the
radiographs. The Siemens X-ray machine (Siemens
Healthcare of Brazil, Rio de Janeiro, RJ, Brazil) was
used to obtain the images. To perform the exams, the
animals were anesthetized with propofol (Propovan
- Cristalia, Sao Paulo, SP, Brazil) intravenously at a
dose of 6 mg/kg.

In an attempt to minimize errors, three
evaluators calculated the CFI (orthopedic surgeons:
1,2, and 3). Each evaluator made three measurements
for each experimental unit using an analog caliper.

In this study, two reported methodologies
measured the CFI to assess the discrepancy in the
values obtained between them when used in the same
experimental unit. Objective CFI (CFlob) was the
methodology described by RASHMIR-RAVEN et
al. (1992), in which the CFI was calculated from the
ratio between the intracortical width at the level of
the lesser trochanter and the midpoint of the femoral
length. For subjective CFI (CFIsub), the methodology
described by GANZ et al. (2010) and PUGLIESE
(2014), which is the ratio between the intracortical
width at the level of the lesser trochanter and the
femoral isthmus was used (Figure 1).

For better standardization of radiographic
samples, they were measured on a scale of 50% of
the actual size (the values obtained were doubled to
achieve the final result), which was obtained using
Microsoft Paint 10.0.18362.1 (Microsoft - Redmons/
Washington, United States) where the measurement
was performed on the basis of pixels. Each grid line
of the software corresponded to 10 pixels, which
in turn corresponded to 0.25 cm. In a 100% zoom
image, each line of the ruler provided by the software
comprised two grid lines, that is 0.5 cm (Figure 2).

The normality tests (Shapiro-Wilk) and
graphic analysis (QQ Plot and histogram) assessed
the distribution of variables. Descriptive statistics
(mean, standard deviation, and 95% confidence
intervals) were generated. An analysis of variance
(ANOVA) was used for repeated measures, followed
by the Tukey test to verify the evaluations between
the different observers and the repetitions of the
evaluations between the same evaluators. Statistical
differences were considered when p < 0.05. The
analyses were performed with the aid of the Statistical
Analysis Software, SAS (SAS Institute, Cary, North
Carolina, United States).
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Figure 1 - Radiographic and schematic image, in ventrodorsal projection,
of the anatomical references used to measure the CFI of the
femur of dogs. In a: intracortical width at the height of the
lesser trochanter; b: intracortical width in the narrowest region
of the femoral shaft; c: intracortical width at the midpoint of the
femoral diaphysis; d: femoral length.

RESULTS AND DISCUSSION

For measuring CFlob, there was a
significant difference between the values of Golden
Retriever and German Shepherd, which presented
averages of 1.68 and 1.49, respectively. In the
CFIsub assessment, there was a significant difference
between the Golden Retriever, German Shepherd,
and Rottweiler breeds with means of 2.09, 1.86, and
1.84, respectively (Figure 3).

Regarding the methods for measuring CFI
(objective and subjective), it was observed that the
subjective methodshad significantly higher values
than did the objective value and each race fell within
a specific standard CFI interval according to the 95%
confidence interval (Table 1). No significant difference
in the intraobserver evaluations was observed;
however, in the interobserver evaluation, there was a
significant difference in both CFIsub and CFlob for the
Golden Retriever (GGR), Labrador Retriever (GLR),
and Rottweiler (GR) breeds between evaluator 3 and
evaluators 1 and 2. In the German Shepherd breed

(GPA) all evaluators presented statistically different
values for CFlob and CFIsub (Table 2).

Several authors have searched for a femoral
implant design that can eliminate the complications
that involve inserting the femoral component in the
cementless fixation system (HENDERSON et al., 2017;
SCHMIDUTZ et al., 2017). BOER and SARIALI (2016)
developed a study that comparatively evaluated two
prosthetic models (linear design nail and anatomical
design nail), and the authors concluded that the
anatomical design nail exhibited a superior result because
it had greater filling in the proximal metaphyseal part of
the canal femoral area, providing a lower subsidence rate
by preventing micro-movement of this region.

FLECHER et al. (2010) and SARIALI et al.
(2012) observed encouraging results in a clinical trial
with the use of an anatomical model nail; thus, supporting
the hypothesis that knowledge of the proximal anatomy
of the canine femur may be essential for choosing the
prosthetic model to be used for each patient.

The results of this study, with a 95%
confidence interval, demonstrated the existence of
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Figure 2 - Radiographic and illustrative image of the standardization performed using
Microsoft Paint software. Note the 100% zoom of the image resulting in an
image with 50% of the actual size (10-line ruler, each one corresponds to 0.5
cm, according to the pixels and grid lines of the software).

specific reference values for each race evaluated,
revealing the need for a racial morphological pattern.

Studies that determine the CFI standard
value in specific breeds of dogs are not described
in the veterinary literature; however, in the human

literature, it is possible to find data on morphological
patterns of the proximal femur in different ethnicities
(GANZ et al., 2010). In this context, RAWAL et al.
(2012) studied the variation in the proximal femoral
morphology of Indians by comparing them with

Rottweilers (RG).

breeds for objective measurements.

breeds for subjective measurements.

Figure 3 - Mean and standard deviation of CFI measured objectively and
subjectively for dogs of different breeds: Golden Retrievers (GRG),
German Shepherds (GSG), Labrador Retrievers (LRG), and

Different lower case letters (a, b) indicate statistical difference (p<0.05) among the

Different capital letters (A, B) indicate statistical difference (p<0.05) among the
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Table 1 - Mean, standard deviation (SD), 95% confidence interval (CI) and comparison of CFI objective (CFlob) and subjective (CFIsub)
measurements for dogs of different breeds: Golden Retrievers (GRG), German Shepherds (GSG), Labrador Retrievers (LRG),

and Rottweilers (RG).

Breed N CFlob CFlsub P value
Mean (SD) CI195% Mean (SD) CI195%

GRG 14 1.68 (0.16) 1.54-1.83 2.09 (0.31) 191-2.27 <0.001

GSG 20 1.49 (0.08) 1.45-1.53 1.86 (0.11) 1.81-1.91 <0.001

LRG 16 1.59 (0.13) 1.52 - 1.66 2.07 (0.12) 2.00-2.13 <0.001

RG 20 1.56 (0.17) 148 -1.64 1.84 (0.18) 1.76 - 1.93 <0.001

“Comparasion between means of CFI objective and subjective of each breed.

Westerners, Japanese, and Chinese, and concluded
that there was a marked difference in the femurs of
the Indian population compared with that of the other
ethnicities. Additionally, according to the channel
flare index of Indians, they would benefit from the
cementless fixation system as the best choice, a result
that endorses the importance of determining the
femoral CFI of dogs.

SEVIL-KILIMCI & KARA (2017)
compared femoral morphology of different breeds
of dogs, German Shepherds and Kengal Dogs
and concluded that some indexes analyzed in
the metaphyseal corticomedullary region were

significantly different from each other, which
corroborated the hypothesis of this study by
demonstrating different morphological patterns in
each race studied.

However, the values obtained by these
authors and by PALIERNE et al. (2006) differed from
those obtained in this study, which observed lower
CFI values in the 95% confidence interval. This fact
can be explained by the metaphyseal region used to
measure the CFI. In this study, the intracortical width
at the height of the lesser trochanter was used, whereas
PALIERNE et al. (2006) and SEVIL-KILIMCI &
KARA (2017) used the intracortical width at the

Table 2 - Interobserver comparison of mean and standard deviation (SD) of CFI Subjective (CFIsub) and CFI Objective (CFlob) for dogs
of different breeds: Golden Retrievers (GRG), German Shepherds (GSG), Labrador Retrievers (LRG), and Rottweilers (RG).

CFlsub
Breed Evaluator P value
2 1 3
GRG 2.01 (0.32)* 2.00 (0.35)* 2.27(0.43)° 0.0134
GSG 1.84 (0.17)* 1.65 (0.17)° 2.10 (0.30)° <0.0001
LRG 1.95(0.17)* 1.89 (0.18)* 2.36 (0.27)° <0.0001
RG 1.76 (0.21)* 1.67 (0.20)* 2.11 (0.38)° <0.0001
Geral mean 1.87 (0.24)* 1.78 (0.26)° 2.19 (0.36)° <0.0001
CFlob
Breed Evaluator. P value
2 1 3
GRG 1.61 (0.21)* 1.57 (0.26)* 1.87 (0.37)° 0.0011
GSG 141 (0.11)* 1.29 (0.15)° 1.77 (0.22)° <0.0001
LRG 1.47 (0.14)* 1.44 (0.18)* 1.86 (0.26)° <0.0001
RG 1.50 (0.19)* 1.43 (0.19)* 1.74 (0.26)° <0.0001
Geral mean 1.49 (0.18)* 1.42 (0.22)* 1.80 (0.28)° <0.0001

*Comparison in ANOVA among the three evaluators.

Different letters (a, b, c) indicate statistical difference by Tukey test (P<0.05).
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proximal end of the lesser trochanter, which matched
an anatomically larger region. A recently published
study by SEVIL-KILIMCI & KARA (2020)
concluded that the location of the measurement of
the width of the spinal canal in proximal femurs may
impact CFI values.

Although, German Shepherd presented
the lowest CFI values, all races evaluated presented
stovepipe-type femurs when considering the
objective measurement of CFI. However, the values
were different when comparing the measurements
between CFlob and CFIsub. The data reported this
research were in accordance with those reported
by RASHMIR-RAVEN et al. (1992), GANZ et al.
(2010), PUGLIESE (2014), and SEVIL-KILIMCI
& KARA (2017), which demonstrated that German
Shepherds presented lower CFI values compared to
other breeds and among the breeds studied by other
authors have lower values compared to Golden
Retrievers and Labrador Retrievers, configuring
femurs with more pronounced morphology within the
stovepipe classification.

Results were corroborated by PUGLIESE
(2014), because the German Shepherds (1.57) had the
lowest CFI values, followed by the Golden Retriever
(1.78) and Labrador Retriever (1.84). The same
was observed in this study, in which the German
Shepherd’s CFlob was 1.49, whereas the Golden
Retriever was 1.68 and the Labrador Retriever was
1.59, and German Shepherd’s CFIsub value was
1.86, whereas the Golden retrievers were 2.09 and
Labrador retrievers was 2.07.

LISKA and DOYLE (2015) evaluated the
CFI of different races for their study and the average of
the values obtained differed from that in this research.
The average CFI reported by these authors for the
Golden Retriever breed was 1.3, German Shepherd
1.3, Labrador 1.48, and Rottweiler 1.4, whereas in
this study, we obtained CFlob values of 1.68, 1.49,
1.59, and 1.56 for these breeds, respectively.

The measurements of the objective and
subjective CFI had significantly different values, and
the subjective measurements showed higher values
compared to the objective measurement for each
race, as demonstrated by SEVIL-KILIMCI & KARA
(2020). Therefore, further studies were conducted
on these values to determine the standard reliable
measurement location to obtain this evaluation
parameter, which is extremely important for the
preoperative planning of THA.

These methods differed with respect to
the measurement of the femoral fraction regarding
the mathematical formula used to calculate the CFI

and were similar to that reported by ANDRADE et
al. (2019), who obtained values that differed from
those found by PALIERNE et al. (2006) because
they used different anatomical references to calculate
the CFI. When establishing the measurement of the
medullary canal at the height of the midpoint of
the femoral length, it was not always similar to the
femoral isthmus, presenting a higher value compared
to that obtained when performing the subjective
measurement, that is, the region with the lowest canal
width diaphyseal femoral medulla.

In the literature, few studies have assessed
the intraobserver and interobserver variability in
measuring CFI from radiographs in ventrodorsal
projection using different anatomical references.
Intraobserver variability was not reported in this
study, which was in agreement with that demonstrated
by CAYLOR et al. (2001), UNIS et al. (2010), and
ANDRADE etal. (2019), where even using evaluators
with different levels of experience, they did not
present significant differences in this evaluation.

According to CAYLOR et al. (2001), who
studied the measurements of the angle of the tibial
plateau in dogs, the high degree of reproducibility
in intraobserver measurements suggested that all
evaluators could consistently and faithfully reproduce
the measurements of the angle of inclination of the
tibial plateau using radiography. In this context,
UNIS et al. (2010) suggested that no difference
was observed in the intra-observer variability of
their study because of the ability of the evaluators
to identify the reference points used to calculate the
angle of the tibial plateau of dogs on radiographs,
implying that the correct identification anatomical
reference points in radiographic measurements may
be more important than the quality of the image or
even the surgical experience of the evaluators.

Interobserver variability was observed in
the study, according to the ANOVA and Tukey test
(P < 0.05), between the evaluator 3 with evaluators
1 and 2 in the Labrador Retriever, Golden Retriever,
and Rottweiler breeds, and among all evaluators in
the German Shepherd breed in both the objective CFI
and subjective CFL. It was caused by the imprecision
in the reference points for such an evaluation, as
previously discussed.

The form of manual measurement
influenced theseresults. ALVES etal. (2018) compared
the methods of manual and digital evaluation of the
tibial plateau and concluded that the manual method
was inferior to the digital method because it is more
difficult and resulted in a greater variation in values,
which corroborated the data in this study when
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demonstrating lower reproducibility when performing
manual measurements. Alternatively, SERWA et
al. (2009) reported no statistical difference in their
research when comparing the method of manual and
digital evaluation in the preoperative planning of the
tibial plateau leveling osteotomy.

In this context, WAKO et al. (2018)
studied the intra- and interobserver variation of three-
dimensional preoperative planning in THA in humans,
and similar to INOUE et al. (2015), concluded that
there was excellent interobserver and intraobserver
reliability in terms of component size and alignment
in THA, but the deformity of the affected joint
influenced the reliability of preoperative planning.

CONCLUSION

There was standardization in the CFI
values of each breed; however, these values did not
change the classification in which these animals fit
in relation to the proximal femoral morphology when
using the objective measurement, being all classified
as stovepipe. Additionally, the discrepancy in values
obtained when measuring the CFI and difference
reported when comparing the values between the
different evaluators could be attributed to the different
anatomical references used to measure this parameter,
which confirmed the need for standardization
of measurement in dogs, such that, there is no
inconsistency in the data in the literature because of
the methodology used to measure this tool, which is
important for preoperative planning of THA in dogs.
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