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CHAPTER |
INTRODUCTION

Importance and rationale

Patellar luxation (PL) is a common orthopedic disease in dogs. Patella can be
luxated to medial, lateral or both directions (Trotter, 1980; Hayes et al.,, 1994; Alam et
al., 2007). Medial patellar luxation (MPL) is common in both small- and large-breed
dogs. Whereas the small breeds show an over representation of PL and most cases
are MPL (LaFond et al,, 2002; Alam et al,, 2007). The pathogenesis of PL has been
substantially reported but the etiology still remains obscure (DeAngelis and Hohn,
1970; Hulse, 1981; Roush, 1993; Gibbons et al., 2006). The high susceptibility of PL in
particular breeds; such as Pomeranian, Yorkshire Terrier, Miniature, Toy Poodle,
Chihuahua, Boston Terrier, and Pekingese, together with an early age of onset, often
with bilateral occurrence, gives a strong premise that PL is a genetic predisposition
(Priester, 1972; Hulse, 1981; LaFond et al,, 2002; Alam et al., 2007; OFA, 2015). PL is
considered as a developmental condition causing anatomical abnormalities of the
pelvic limb. There are several studies focusing on the skeletal abnormalities of the
pelvic limb in large-breed dogs including malalignment of quadriceps mechanism, coxa
vara, shallow trochlear groove with poorly developed trochlear ridge, femoral varus,
internal rotation and torsion of the tibia (Hulse, 1993; Towle et al., 2005; Piermattei et
al.,, 2006). However, a few studies observed these abnormalities in small-breed dogs
and only few papers reported the abnormalities in particular breeds (Soparat et al,,
2012; Yasukawa et al., 2016).

Skeletal deformities of MPL are more severe in the higher grades particularly
femoral varus, internal tibial rotation and external tibial torsion. Although several
surgical techniques of MPL have been described (DeAngelis and Hohn, 1970; Trotter,
1980; Willauer and Vaseur, 1987; Slocum and Slocum, 2000; Towle et al., 2005;
Tomlinson et al., 2007), the recurrence still occurs (Willauer and Vaseur, 1987; Gibbons
et al,, 2006, Alam et al., 2007). Many studies have reported that an inadequate

correction of femoral and/or tibial deformities could be a cause of postoperative



recurrence of PL (Arthurs and Langley-Hobbs, 2006; Kowaleski, 2006; Fox and
Tomlinson, 2012).

Many studies have focused on corrective osteotomy of femoral varus and
external femoral torsion in severe MPL with pelvic limb malalignment (Bruecker, 2006;
Persuki et al., 2006; Petazzoni, 2006; Roch and Gemmill, 2008). Accurate determination
of the magnitude of conformational deformity is very important for surgical planning.
However, the indications for surgery and normal reference values of limb angles in
small-breed dogs have not been well defined. Assessment of angular limb deformity
in dogs is mostly performed via radiography because of its widespread availability and
low cost. However, this method requires precise radiographic positioning. In addition,
three radiographic planes are necessary to obtain information on skeletal deformity.
Recently, computed tomography (CT) image are used to assess limb deformity,
because it is easier to perform and provides angular measurement more accurate than
radiography. It is suggested to use this technique in dogs with severe limb deformity
(Kowaleski, 2006). Nevertheless, CT scan is high cost and is not available in most
practice services.

Lacking the supportive data of pelvic limb angular values in normal stifles of
small-breed dogs, the criteria to correct limb deformities could not be drawn. This
makes it difficult to treat severe MPL and to minimize complications after surgery in
small-breed dogs.

This study scoped at Chihuahua and Pomeranian dogs because of high
incidence of MPL in these two breeds (Hazewinkel et al., 2013; Soontornvipart et al,,
2013; OFA, 2015). Angular values of femurs and tibias of the normal and the MPL stifles
was reported and compared in order to identify the relationship between pelvic limb
angles and severity of MPL. The angular values measured from the radiographic images
and CT scan were compared to search for the suitable assessment method of limb

deformity.



Objectives of the study
This study aimed to report and compare angular values of the hind limb in

Pomeranian and in Chihuahua dogs with normal and MPL stifles using radiography and

CT scan.

Research questions

1. What are the pelvic limb goniometry values measured from the radiographic
images and by computed tomography of the Pomeranian and Chihuahua dogs
with normal and MPL stifles?

2. Are pelvic limb angular values of dogs with MPL stifles different from the values
of dogs with normal stifles?

3. Are the angular values measured from the radiographic image different from the

values measured by computed tomography?



CHAPTER Il
REVIEW OF LITERATURES

1. The prevalence of patellar luxation

Patellar luxation (PL) is one of the most common orthopedic diseases in dogs.
Medial patellar luxation (MPL) is frequently found more than lateral patellar luxation
(LPL), about 75-80% of cases (Hayes et al.,, 1994; Alam et al., 2007; Soontornvipart et
al., 2013) (Figure 1). Small breed dogs represent high incidence of MPL which is more
than 60% of all breeds (Gibbons et al., 2006; Alam et al., 2007; Wangdee et al., 2013).
The high-risk breeds of MPL are Pomeranians, Yorkshire terrier, Chihuahuas and Poodles
(LaFond et al., 2002; Alam et al., 2007; OFA, 2015). In Thailand, the prevalence of MPL
in small-breed dogs is 87% and 75% of all PL affected dogs is Pomeranian. 86% is
bilateral PL (Soontornvipart et al., 2013).

(A) (B) ©

Figure 1 Normal and patellar luxation stifles.
(A) Normal stifle: patella sit in trochlear groove and femur is in normal alignment.
(B) Medial patellar luxation: patella luxate medially and distal femoral varus is noted.

(O) Lateral patellar luxation: patella luxate laterally and distal femoral valgus is noted



2. Pathophysiology of patellar luxation and limb deformities
The clinical sign of PL can be detected by palpation to examine if the patella
slips medially, laterally or both directions from the trochlear ridge. PL is classified into
4 grades according to the classification by Singleton (Singleton, 1969). Grade 2 and 3
MPL are mostly observed in all breeds size (Hayes et al, 1994; Arthurs and
LangleyHobbs, 2006; Gibbons et al., 2006; Alam et al., 2007). Grade 4 MPL is the most

severe one with the deformities of involved structures noticed (Figure 2).

Figure 2 Position of tibia relative to
the femur and shape of femoral
trochlea in grades 1-4 MPL. The
pictures are in cross section at
level of femoral trochlea to
proximal tibia. Progressive tibial
medial rotation and trochlear ridge
deformities are noted (Piermattei

et al., 2006).

Grade 3 Grade 4

A heritable basis for the disease has been hypothesized which is supported by
the predisposition of certain breeds together with the high prevalence of bilateral cases
in the absence of trauma (Hayes et al., 1994; LaFond et al., 2002; Soontornvipart et
al., 2013). The pathogenesis of MPL has been extensively reviewed; nonetheless, the
etiology still remains controversial. Anatomic pelvic limb abnormalities have been
hypothesized according to a theory from human literature. In the Hueter-Volkmann
principle, immature dogs develop angular and torsional deformities due to abnormal
force of quadriceps during luxation of patella against the active physis of femurs and
tibias. The longer abnormal forces compress on open physis, the greater limb
deformity and permanent luxation likely occurs (Hulse, 2011) (Figure 3). The skeletal

deformities associated with MPL include abnormal conformation of coxofemoral joint,



femoral varus angulation, medial deviation of tibial crest, quadriceps muscles
malalignment and atrophy, rotational instability of the stifle joint, internal rotation of
the foot despite distal external tibial torsion, patella alta and shallow trochlear groove

(Hulse, 1993; Towle et al., 2005; Kowaleski, 2006; Soparat et al., 2012).

Figure 3 Deformity of the distal femur and proximal
tibia in severe MPL stifle. Based on Heuter-
Volkmann principle, MPL causes increased pressure
on medial side of active physis of femur (white
arrows) which inhibit growth of femoral medial
condyle, resulting in femoral varus. In contrast, the
larger lateral femoral condyle leads to increased
pressure on the lateral side of proximal tibia (black
arrows), resulting in tibial valgus and external

torsion. The yellow arrow heads demonstrate active

physeal lines of the femur and tibia

3. Surgical correction of patellar luxation and pelvic limb deformities

There are many surgical techniques used for correcting PL, which are classified
in to soft tissue and bone reconstructions (Piermattei et al., 2006; Witte and Scott,
2011). The aims of surgical correction are to realign quadriceps mechanism and to
maintain patella in the normal position in the femoral sulcus. The result of the
correction should provide a straight alignment with normal anatomy and function of
the stifle joint and should improve limb use without lameness caused by MPL. In 1970,
DeAngelis reported the 90.1% success rate of surgical procedures of tibial tuberosity
transposition combined with trocheoplasty in cases of PL without other orthopedic
problems of pelvic limbs, while the dogs with pathological conditions of the stifle joint
co-existing with MPL, the success rate was 79% (DeAngelis and Hohn, 1970). Post-
operative complications about 10-18% were reported in dogs and major complication

was reluxation of approximately 6-9%. The higher grade of PL presents, the more



complications occur (Arthurs and Langley-Hobbs, 2006; Gibbons et al., 2006; Alam et
al,, 2007). At present, the treatment option of recurrent medial patellar luxation
associated with femoral varus and external femoral torsion is corrective osteotomy
(Roch and Gemmill, 2008) (Figure 4). Moreover, in severe MPL with pelvic limb
deformity, corrective osteotomy of femur and tibia was considered (Bruecker, 2006;
Persuki et al., 2006; Roch and Gemmill, 2008). Therefore, an accurate evaluation of
conformational deformity is necessary for the surgical planning. However, the criteria
for the corrective osteotomy of femur and tibia in small-breed dogs have not been

well described.

Figure 4 Corrective osteotomy of femoral varus. (A) Preoperative measurement of
femoral varus. (B) Postoperative of corrective osteotomy of femoral varus. (Roch and

Gemmill, 2008)



4. The measurement of hind limb deformities

4.1 Femur

The nomenclature and method for assessment of limb deformities in dogs were
mostly adopted from human literatures (Paley, 2003). Every long bone has two
longitudinal axes: anatomical and mechanical axes. The anatomical axis of a bone is a
line passing through center of diaphysis and the mechanical axis is a line connecting
between the center of proximal and distal joints. The joint reference lines are the
horizontal lines which tangent to the marginal point of the proximal and distal joints
of interest. The intersection between those longitudinal axes and joint reference lines
create the specific angles of particular bone. In frontal plane, the pelvic limb angles
indicate the degree of deformity called varus and valgus. The measurements of
femoral angles in large-breed dogs have been described (Figure 5 ) and the reference

values have been reported (Table 1) (Tomlinson et al., 2007).

i——-— 50%

mLDFA

Figure 5 Drawing of femoral joint angles in frontal plane.

(A) Drawing of the anatomical lateral distal femoral joint angle (aLDFA) and the
anatomical lateral proximal femoral joint angle (aLPFA). (B) Drawing of the mechanical
lateral distal femoral joint angle (MLDFA) and the mechanical lateral proximal femoral
joint angle (aLPFA). Line A-B is distal joint reference line; Line C-D is proximal joint
reference line; Line C-E is the mechanical axis and line X-Y is the anatomic axis

(Tomlinson et al., 2007).



In 2012, femoral angles in Pomeranians were first reported by Soparat et al.
and the comparison of these angles between normal and medial patellar luxation

stifles was made by using craniocaudal radiographs as shown in figure 6.

aLDFA

mLDFA

(A) B
Figure 6 Craniocaudal radiographs of stifles of Pomeranians.
(A) A craniocaudal radiograph of the stifles of a Pomeranian dog, showing the
inclination angle (ICA), femoral varus angle (FVA), anatomical lateral distal femoral
angle (aLDFA) and mechanical lateral distal femoral angle (mLDFA);, (B)
Craniocaudal radiographs of stifles of Pomeranian dogs in grades I-Il MPL (left) and

grade Ill MPL (right) (Soparat et al., 2012).

The measurements of femoral angles in three orthogonal planes in various

breeds are shown in Table 1-2.
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4.2 Tibia

The principle of tibial angle assessment is similar to those in the femur.
However, the conformation of the tibia is not straight so the anatomical axis is more
difficult to identify than mechanical axis.

The evaluation of tibial radiographs in Labrador-retriever and large-breed dogs
have been described in frontal and sagittal planes which are shown in Figure 7
(Dismukes et al., 2007; Dismukes et al., 2008). In small-breed dogs, only Toy poodle
has been reported of tibial angles. The mean values of tibial angles in various breeds

in three orthogonal planes are shown in Table 3.

(B)

Ficure 7 Mechanical axes and joint reference lines of the tibia in frontal and sagittal
planes. (A) Frontal plane of the tibia: mechanical medial proximal tibial angle , MMPTA
(top angle) and mechanical medial distal tibial angle, mMMDTA (bottom angle)
(Dismukes et al., 2007). (B) Medial aspect of tibia: mechanical caudal proximal tibial
angle, mCdPTA (angle a) and mechanical cranial distal tibial angle, mCrDTA (angle b)
(Dismukes et al., 2008).
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In veterinary medicine, the diagnosis of limb deformities is commonly based
on two-dimensional radiography because of its widespread availability and
inexpensiveness. An accurate radiographic positioning is very important during x-rays.
Elevation of distal femur more than 5° could significantly increase the anatomical
lateral distal femoral angle (aLDFA) in craniocaudal (CrCd) radiographs (Jackson and
Wendelburg, 2012). The useful radiographic landmarks in a true CrCd radiographs are
femoral trochear ridges and walls of intercondylar fossa. The less effective landmarks
are lesser trochanter, nutrient foramen and fabellae (Jackson and Wendelburg, 2012;
Aiken and Barnes, 2014). Nonetheless, if a proper position was made, the certain
outcome could be expected. As described by Dudley et al. (2006), the accuracy of
femoral varus and femoral torsion determined by radiographs did not differ from those
by CT-scan and measurement in anatomic preparation.

Even though femoral varus measurement from radiographs is repeatable and
reproducible, the over-estimation of true anatomic varus can be occurred. Therefore,
if the radiographs indicate the excessive femoral varus, other imaging technique is
required to confirm the finding (Swederski et al., 2008). Moreover, the angles in the
axial plane, femoral torsion and tibial torsion angles, are difficult to measure on
radiography. Tibial torsion could not be separated from tibial rotation in the radiograph
with improper positioning (Apelt et al., 2005). Aper et al. (2005) developed a method
to assess tibial torsion on CT-scan by calculating the torsional degree between

proximal and distal axes of the tibia (Figure 8).
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Figsure 8 The illustrations of the femur, tibia, and tarsus in CT-scan. The transverse
computed tomographic slices were obtained. The proximal and distal tibial axes
include the transcondylar (TC) axis, the caudal condylar (CdC) axis, the distal cranial

tibial (CnT) axis, and the distal caudal tibial (CdT) axis (Aper et al., 2005).

CT scan has been used since it provides three-dimensional images and less
affected by positioning error. In 2016, Yasukawa et al. measured the pelvic limb
deformities in Toy-Poodles with medial patellar luxation using CT-scan. They reported
that many radiographic parameters were incomparable to those in CT-scan. Moreover,
some angles were associated with MPL (Yasukawa et al., 2016) as shown in table 1-3 .

In small-breed dogs, study on the measurement of hind limb deformities is
scarce (Soparat et al.,, 2012; Yasukawa et al., 2016). Therefore, the angular values of
hindlimbs and the suitable method of limb deformities evaluation in Chihuahuas and

Pomeranians are required.



CHAPTER Il
MATERIALS AND METHODS

1. Animals

Chihuahua and Pomeranian dogs with normal and medial patellar luxation
presented to surgical unit, small animal teaching hospital, Chulalongkorn University
were included in this study. The owners signed the consent form to allow their dogs
to involve in this study. Patients’ age, sex, weight, and orthopedic conditions were
recorded. Hind limbs of Chihuahuas and Pomeranians were examined and classified
into 5 groups: normal stifle, grade 1, 2, 3 and 4 MPL stifles. The hind limbs of dogs
without any orthopedic problem were classified as the normal group. Patients with
history of previous surgery involving hip or stifle joints, or having other coexistent
orthopedic diseases including cranial cruciate ligament rupture, coxofemoral joint
luxation, and Legg-Calvé- Perthes were excluded. All stifles were assessed the grades
of PL while dogs are conscious and under general anesthesia. Grading’s of MPL were

adopted from Singleton (1969) as shown in the table 4.

Table 4 The grade classification of medial patellar luxation (Singleton, 1969)

Grade Clinical signs and physical examination

Grade 1 Patellar luxation occurs occasionally. Lameness is difficult to observe
and may not be noticed. Patella can be manually luxated but returns
to normal position when released. The stifle is in a straight line

without hock abduction, when the stifle is flexed and extended.

Grade 2 Patellar luxation occurs frequently. Lameness is mild and intermittent.
Patella luxateseasily with manual manipulation with foot rotated
inward and stifle flexed. Patella remains luxates until stifle extension
or manual replacement occurs. Crepitation may be apparent when
patella luxates due to erosion of the articulating surface of the patella

and femoral trochlear sulcus. The tibial tuberosity rotation may be
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found. The hock is abducted and the toes point inward when patella

luxates medially.

Grade 3 Patella luxates permanently but can be manually replaced.
Reluxation occurs spontaneously when manual pressure on the
patella is removed. Lameness can be observed easily. Animal may still
use the limb with the semi-flexed stifle position. Tibial rotation and
torsion are always apparent. The hock is abducted when stifle is

flexed, and adducted when stifle is extended.

Grade 4 Patella luxates continually and cannot be manually replaced. Severe
lameness, the dogs may carry the limb or shift the weight to thoracic

limbs. More severe tibial rotation and torsion may show.

2. Anesthesia
Radiography and CT scanning were performed during dogs under general
anesthesia. Acepromazine 0.03-0.05 mg/kg and morphine 0.5 mg/kg were administered
intramuscularly as premedication. Anesthesia was induced intravenously with propofol

4-6 mg/kg and maintained with isoflurane inhalation in 100% oxygen.

Table 5 The anesthetic protocol for dogs undergoing diagnostic imaging.

Procedure Drug Concentration Dose Route
0.03-0.05
Acepromazine 1 mg/ml intramuscular
Premedication mg/kg
Morphine 10 mg/ml 0.5 mg/kg  intramuscular
Induction Propofol 10 mg/ml 4-6 mg/kg  intravenous
Maintenance Isoflurane in 100% oxygen 1-3 mg% inhalation

3. Radiography
The radiography was taken using the computed digital radiographic system (FCR
CAPSULA V VIEW workstation®).
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3.1 Radiographic positioning

The radiographic positioning were two orthogonal planes: frontal and sagittal
planes.

1) Frontal plane

Patients were positioned in dorsal and ventral recumbencies with hips and
stifles extended and femur and tibia were parallel to the cassette and table in order
to get craniocaudal (CrCd) and caudocranial (CdCr) radiographic views, respectively.
The images had to include pelvic bone, coxofemoral joints, stifle joints, and tarsal
joints. The criteria of the radiograph in frontal plane of the femur were the hip
extended in neutral rotation, both femurs parallel to the pelvis and the cassette, 50%
of the lesser trochanter seen at the medial aspect of the proximal femur, and the
vertical walls of the intercondylar notch distinct parallel lines (Dudley et al., 2006;
Soparat et al.,, 2012; Aiken and Barnes, 2014).

In craniocaudal and caudocranial radiographs of the tibia, medial aspect of
tuber calcaneus had to align with the intermediate ridge of the tibia. The criterion to
decide whether the positioning was corrected percent deviation (Figure 9A-B). Percent
deviation was calculated by, first measuring the distance between medial aspects of
tuber calcaneus to the intermediate ridge of tibia, then, dividing the distance by the
distance between two arciform grooves of the cochlea tibiae at its most proximal point,
and after that, multiplying by 100. If the percent deviation was more than 50%, the

tibia would be excluded due to internal rotation or torsion (Dismukes et al., 2007).



Figure 9 Caudocranial radiograph of the femur and tibia with percent deviation.

(A) Caudocranial radiograph of the femur and tibia. (B) Percent deviation = (distance
AB == distance CD) x 100. A = intermediate ridge of tibia, B = medial aspect of tuber
calcaneus, C = the most proximal point of the medial arciform groove of cochlea

tibia, D = the most proximal point of the lateral arciform groove of cochlea tibia.

2) Sagittal plane

Mediolateral radiography was performed with the x-ray beam covering entire
femur, tibia and tarsus. The beam was centered at the mid-tibial diaphysis with the
normal flexion of the stifle and the tarsus. The mediolateral projection was
acceptable when the femoral condyles were superimposed (Figure 10) (Dismukes et

al., 2008).

Figure 10 Femoral condyles superimposed in mediolateral radiograph.
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3.2 Radiographic measurement

3.2.1 Femur

1) Frontal plane

Joint reference lines were identified both proximally and distally. The
proximal joint reference line is a line from the center of the femoral head to the most
proximal point of the greater trochanter. The distal joint reference line is a line from
the lateral to the medial condyles of the femur at their most distal aspects. The
femoral anatomical axis was drawn by; first, measuring the length of the femur from
the center of the intercondylar fossa to the most distal point of the dorsal aspect of
the femoral neck. Second, two points were marked at the 1/3 and 1/2 of the femoral
length at the center of the bone. Finally, an anatomical axis line was drawn through
these two points and extended to the most proximal and distal aspect of the femur.
The anatomical lateral proximal femoral angle (aLPFA) is the intersection of the
femoral anatomical axis and the proximal joint reference line on the lateral side. The
anatomical lateral distal femoral angle (aLDFA) is the intersection of the femoral
anatomical axis and the distal joint reference line on the lateral side. Inclination angle
(ICA) is the angle formed by the line drawn from the center of the femoral head to
the femoral neck bisection point at its narrowest point and the anatomical axis (Figure
11A). The mechanical axis is the line drawn from the center of the femoral head to
the center of the intercondylar fossa at its most proximal aspect. The mechanical
lateral proximal femoral angle (mLPFA) is the intersection of the mechanical axis and
the proximal joint reference line. The mechanical lateral distal femoral angle (mLDFA)
is the intersection of the mechanical axis and the distal joint reference line (Figure 11B)
(Dudley et al., 2006; Tomlinson et al., 2007; Soparat et al., 2012).

2) Sagittal plane

The measurement was performed in the mediolateral view of the femur. The
proximal anatomical axis (PAA) of the femur is the line which bisects the proximal
femur. The distal anatomical axis (DAA) of the femur is the line which bisects the distal
femur. The distal reference line of the femur is drawn perpendicular to the line

between the lesser trochanter and the proximal limit of the trochlear groove. The
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femoral neck axis (FNA) is the line bisects the femoral neck. The anatomical caudal
proximal femoral angle (aCdPFA) is the angle between the PAA and FNA on the
caudoproximal side. The anatomical caudal distal femoral angle (aCdDFA) is angle
between the DAA and the distal reference line of the femur on the caudodistal side.
The procurvation angle (PA) is the intersection of the proximal and distal anatomical

axis of the femur (Figure 11C) (Paley, 2003; Petazzoni and Jaeger, 2008).

A

Figure 11 The angle measurement of the femur in frontal and sagittal planes.

(A) Anatomical axis and angles of the femur in frontal plane: AA = anatomical
axis, aLPFA = anatomical lateral proximal femoral angle, aLDFA = anatomical
lateral distal femoral angle. ICA = Inclination angle. (B) Mechanical axis and angles
of the femur in frontal plane: MA = mechanical axis, mLPFA = mechanical lateral
proximal femoral angle, mLDFA= mechanical lateral distal femoral angle, (C)
Sagittal plane of the femur: PAA = proximal anatomical axis, DAA = distal
anatomical axis, FNA = femoral neck axis, DRL = distal reference line, A = lesser
trochanter, B= proximal limit of trochlear groove, PA = procurvation angle,
aCdPFA = anatomical caudal proximal femoral axis, aCdDFA = anatomical caudal

distal femoral axis.
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3.2.2 Tibia

1) Frontal plane

The proximal joint reference line is the line connecting the most distal points
of the subchondral bone concavities of the medial and lateral tibial condyles. The
distal joint reference line is the line connecting the most proximal points of the two
arciform grooves of the cochlea tibiae (Dismukes et al., 2007). The mechanical axis is
the line drawn from the center of the intercondylar fossa of the tibia at its most
proximal aspect to the distal intermediate ridge of the tibia at its most distal aspect.
The mechanical medial proximal tibial angle (mMMPTA) is formed by the mechanical
axis and the proximal joint reference line on the medial side. The mechanical medial
distal tibial angle (mMDTA) is formed by the mechanical axis and the distal joint
reference line on the medial side (Figure 12A).

2) Sagittal plane

The proximal joint reference line is the line drawn from the cranial aspect point
to the caudal aspect point of the medial tibial condyle. The distal joint reference line
is drawn from the distal aspect of the distal intermediate ridge of the tibia to the
caudodistal aspect of the cochlea tibia. The mechanical axis is the line drawn from the
midpoint between the tibial intercondylar eminences to the center of the talus
(Dismukes et al., 2008). The mechanical caudoproximal tibial angle (mCdPTA) is the
angle formed by the mechanical axis and the proximal joint reference line on the
caudoproximal side. The mechanical craniodistal tibial angle (mCrDTA) is the angle
formed by the mechanical axis and the distal joint reference line on the craniodistal

side (Figure 12B).
(Fig ) Figure 12 The angle measurement of the

tibia in frontal and sagittal planes. (A) Frontal

plane of the tibia: mMMPTA = mechanical
mCdPTA
medial proximal tibial angle, mMDTA =
mechanical medial distal tibial angle. (B)
Sagittal plane of the tibia: mCdPTA =

mechanical caudal proximal tibial angle,

mCrDTA mMmCrDTA = mechanical cranial distal tibial

angle.
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4. Computed tomography

Computed tomography (CT) images were acquired in a 64-slice helical CT
scanner (OPTIMA 660, GE healthcare) and were processed using Multiplanar
Reconstruction software (AW volumeshare 5 workstation,GE). Dogs were positioned in

dorsal recumbency with both hip and stifle extension.
4.1 Frontal plane

The aLPFA, aLDFA, mLPFA, mLDFA, FVA, and ICA were measured in the frontal
view of the femur. These angles were evaluated by the same method as that used in
the radiographic images. The mMMPTA and mMDTA were measured in the frontal view
of the tibia. These angles were evaluated by the same method as for the radiographic

images.
4.2 Sagittal plane

In CT scan, the measurements were performed in MPR images at lateral view
of the femur. The procurvation angle (PA), the anatomical caudal proximal and distal
femoral angle (aCdPFA and aCdDFA), the mCdPTA, and mCrDTA were measured by the

same method as described for the radiographic images.

4.3 Axial plane

The femoral head and neck axis (FHNA) is the line drawn from the femoral
head center to the line bisecting the femoral neck. The femoral transcondylar axis
(FTCA) is the line tangential to the caudal surface of the femoral condyles. The femoral
torsion angle (FTA) or femoral anteversion angle is formed by an intersection between
the FHNA and FTCA (Figure 13) (Dudley et al., 2006; Yasukawa et al., 2016).

For the tibial torsion angle (TTA), the CT slices were chosen at the specific
anatomic landmarks that can be most clearly observed. The proximal transcondylar
(TO) axis is the line connecting the caudolateral extent of the extensor sulcus to the
prominence at the medial collateral ligament insertion. The distal cranial tibial (CnT)

axis is defined as the line parallel to the cranial tibial cortex immediately proximal to
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the talocrural joint. The angle formed by the TC and CnT axis is TTA. Clockwise
deviation from the parallel line of the cranial tibial cortex as described as a negative
value which indicate the internal torsion of tibia. (Figure 14) (Apelt et al., 2005; Aper et
al., 2005).

Using Multiplanar Reconstruction (MPR), the CT image of each bone was
processed and adjusted specifically in three orthogonal planes to establish the

corrected position and landmarks before measurement (Figure 15).

FTCA
Figure 13 The measurement of femoral torsion in axial plane.

FHNA = femoral head and neck axis (proximal axis), FTCA = femoral transcondylar

axis (distal axis), FTA = femoral torsion angle (angle between FHNA and FTCA).

Distal view of tibia

Figure 14 The measurement of tibial torsion in axial plane.
TC = transcondylar axis (proximal axis), CnT = cranial tibial axis (distal axis),

TTA = tibial torsion angle (angle between TC and CnT).
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Figure 15 The processed images in Multiplanar Reconstruction Computed Tomography

(MPR CT). The three orthogonal planes were adjusted to correct axes before
measurement. The important anatomical landmarks were identified through slice
thickness modification. (A) = sagittal plane of the femur, (B) = axial plane of the femur,
() = frontal plane of the femur, (D) = sagittal plane of the tibia, (E) = axial plane of
the tibia, and (F) = frontal plane of the tibia. The small dots (a-d) are the examples of
landmark identification for tibial torsion angle. The small dots marks in an axis also
appear in other orthogonal planes at the same time. a = caudolateral extent of the
extensor sulcus, b = prominence at the medial collateral ligament insertion, c and d
= the marginal points at cranial tibial cortex immediately proximal to the talocrural

joint.
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5. Statistical analysis

Age, weights and pelvic limb angular values were reported as mean & SD.
Genders was reported as female: male ratio. The data retrieved by the radiographic
and CT-scan methods in each subject were compared using general linear model
(repeated measurement). Mauchly’s test of sphericity was used to test the assumption
of equal variances. The angles of dogs with different grades of MPL were tested for
normality of data and analyzed by one-way ANOVA. Statistical analysis was
implemented by using the statistic package SPSS program (version 22.0.0, IBM corp.).

The results were statistically significant if p-value is less than 0.05.



CHAPTER IV
RESULTS

1. Chihuahuas
Sixty hindlimbs from 30 Chihuahuas were examined and graded for patellar
status including 12 limbs with normal stifles and 13, 13, 14, and 8 limbs with grade 1,
2,3, 4 MPL, respectively. The mean age of the Chihuahuas was 3.07 + 2.52 years (range
6 — 96 months). The mean of body weights was 2.76 + 0.97 kg (range 1 - 5 kg). The
female: male ratio was 1.73 (table 6). One hind limb in grade 4 MPL was excluded due
to abnormal conformation of the proximal femur. The data of the 30 Chihuahuas are

shown in Appendix A.

Table 6 Sex, age and weight of 30 Chihuahuas with normal and MPL stifles.

Groups  Amount of hindlimbs Age (years) Weight (kg)
Normal 12 3.78+2.85 2.81+0.65
MPL 1 13 2.54+2.13 2.41+0.94
MPL 2 13 3.71+2.86 3.05+0.87
MPL 3 14 2.67+1.99 2.72+0.94
MPL 4 8 2.96+2.88 2.83+1.21
Total 60 3.07 + 252 2.76 £ 0.97 (range 1 - 5)

(range 0.5 -8)
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Means + SD of the pelvic limbs obtained from radiography and CT scan of the
30 Chihuahuas in frontal plane (aLPFA, mLPFA, alLDFA, mLDFA, ICA, mMPTA and
mMDTA) are shown in table 7. Means + SD of the pelvic limbs in sagittal plane (PA,
aCdPFA, aCdDFA, mCdPTA and mCrDTA) and transverse plane (FTA and TTA) are shown
in table 8. The processed images with unclear landmarks were excluded from analysis.

The radiographic angles with significant differ from those in CT-scan
measurements were: aLPFA and mLPFA in both CrCd and CdCr radiographs, mMPTA in
CdCr radiograph, PA, aCdPFA, and aCdDFA in normal stifles. Besides the disparities in
the normal stifles, the angles in the MPL stifles were fluctuated. However, the values
of mMMPTA in the CrCd radiographs was not significantly different from those in the CT-
scan in the normal and all grade of MPL stifles.

There were no statistical differences of aLDFA, mLDFA, ICA, mMDTA, mCdPTA
and mCrDTA from radiography and CT-scan in the normal stifles. aLDFA from both CrCd
and CdCr radiographs were not significantly different from CT-scan in normal and grade
1 MPL stifles, while only the CrCd radiographs of mLDFA was not significantly different
to those from the CT-scan in the normal and the grade 1 MPL stifles. mMDTA in CrCd
radiographs was not significantly different from CT-scan in all grades of MPL. mCdPTA
of all grades MPL in the radiographs was not significantly different to that in the CT-
scan. mCrDTA of all grade MPL except grade 2 in the radiographs was not significant
different from that in the CT-scan. Based on the CT-scan, the angles related to severity

of MPL were aLDFA, mLDFA, mMPTA, FTA and TTA.
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2. Pomeranians

Sixty hindlimbs from 36 Pomeranians were examined and graded for patellar
status including 22 limbs with normal stifles and 8, 10, 10, and 10 limbs with grade 1,
2,3, 4 MPL, respectively. The mean of age of the 36 Pomeranians was 2.49 + 2.43 years
(range 5 — 120 months). The mean body weight was 3.15 + 1.29 kg (range 1.2 — 8.1 kg).
The female: male ratio was 1.72 (Table 9). In the normal group, 12 out of 22 limbs
were evaluated only by radiography due to inconvenience of the owners. Three
radiographic images of hind limbs with grade 4 MPL were excluded due to severe
deformities making proper positioning and landmark identification impossible. The raw

data of the 36 Pomeranians are shown in Appendix B.

Table 9 Sex, age and weight of 36 Pomeranians with normal and MPL stifles.

Groups Amount of hindlimbs Age (years) Weight (kg)
Normal 22 2.69 + 2.39 3.16+1.46

MPL 1 8 2.03 + 1.56 2.38 £ 0.80
MPL 2 10 2.3+ 341 3.09 + 0.52
MPL 3 10 2.59 + 2.32 357 +1.48
MPL 4 10 1.50 £+ 1.17 297 +1.08
Total 60 249 +2.43 315+ 1.29

(range 0.42-10)  (range 1.2-8.1)
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Means of the pelvic limb angles in frontal plane (LPFA, mLPFA, aLDFA, mLDFA,
ICA, mMPTA and mMDTA) evaluated from radiography and CT scan of the 36
Pomeranians are shown in table 10. Means of pelvic limb angles in sagittal planes (PA,
aCdPFA, aCdDFA, mCdPTA and mCrDTA) and axial plane (FTA and TTA) are shown in
tables 10-11. The processed images with unclear landmarks were excluded from
analysis.

The angles with significant differences found between those from the
radiographic and CT-scan measurements in normal stifles were aLPFA and mLPFA (both
CrCd and CdCr), PA, and aCdPFA.

There were no significant differences of aLDFA, mLDFA, ICA, mMPTA, mMDTA,
from CrCd and CdCr radiography and CT-scan in the normal stifles. The difference
between radiography and CT-scan of aCdDFA, mCdPTA and mCrDTA were not found
in normal stifles.

The CrCd and CdCr radiographs of aLDFA, mLDFA and mMPTA were not
significantly different from those in CT-scan up to MPL grade 3. The radiographs of ICA,
MMDTA, aCdDFA, mCdPTA and mCrDTA were not significantly different from those in
CT -scan in all groups.

aLDFA, mLDFA and FTA of MPL grade 4 were significantly different from other

groups from CT-scan.
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CHAPTER V
DISCUSSION

1. The comparison of angular values between radiography and CT-scan

In veterinary practice, radiography is widely used to assess the pelvic limb
aliecnment although positioning error is likely to occur in case of pelvic limb deformities.
CT-scan seems to be superior to radiography for determining the magnitude of pelvic
limb conformation and abnormalities. This technique is suggested in dogs with severe
limb deformity and is reported to be more accurate than radiography (Kowaleski, 2006;
Palmer, 2008). Nonetheless, another study implied that there was no difference
between radiography, CT-scan and anatomic preparation (Dudley et al., 2006).

This study, found that distal femoral angles measured from radiographs were
comparable to those from CT-scan. The aLDFA and mLDFA evaluated from both CrCd
and CdCr radiographs were comparable to those from the CT-scan in normal and low
grade MPL stifles (< 1 MPL for aLDFA and grade 2 MPL for mLDFA) of Chihuahuas and
up to grade 3 MPL in Pomeranians. However, CT-scan rather than radiographs should
be performed to assess the aLDFA if the MPL is higher than grade 2 in Chihuahuas and
higher than grade 3 in Pomeranians when deformity is suspected. According to the
previous study, the well positioned radiographs and the CT-scan were reported to be
accurate for the measurement of distal femoral angles in normal limbs of medium-to-
large breed dogs (Dudley et al., 2006). Based on our results, the radiographic
measurement of mMLDFA was less accurate than aLDFA especially in Chihuahuas. This
angle is formed by the mechanical axis which is drawn from the proximal femur. As
stated in the result, the proximal femoral angles (aLPFA and mLPFA) from radiographs
were uncertain and might cause the radiographic measurement of mLDFA unreliable.
Previous studies reported that the femoral varus was difficult to assess from the
radiography (Swederski et al., 2008; Jackson and Wendelburg, 2012). The mean values
of the ICA from the CrCd and CdCr radiographs did not differ from the CT in the normal
stifles and grade 1-3 MPL stifles in Chihuahuas, as well as in the normal stifles and all

grade of MPL in Pomeranians.
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The proximal femoral angles (aLPFA and mLPFA) from the radiographs were
incomparable to those from the CT-scan. Unlike the distal part of femur, the proximal
femur was more difficult to manipulated during radiography. A slight positioning error
was likely to cause the inclination of the greater trochanter. This might directly affect
the proximal joint reference line which forms the proximal femoral angles.

In the sagittal view of the femur, the radiographs were not commensurate with
the CT-scan except aCdDFA in Pomeranians. Chihuahuas and Pomeranians have a small
lesser trochanter which is difficult to identify precisely in the radiographs

In the frontal plane of the tibia, both CrCd and CdCr radiographs were
commensurate with the CT-scan in Pomeranians. Whereas some studies reported the
frontal plane angles of the tibia only in the CdCr radiograph (Apelt et al., 2005;
Dismukes et al., 2007). This study found the CrCd radiograph rather than the CdCr
radiograph of the Chihuahuas’ tibia cave the precise values when compared to CT-
scan in the normal stifles and in all grades of the MPL stifles. This might be caused by
less error during positioning for the CrCd view compared to the CdCr view. According
to the study of Apelt et al. (2005), misinterpretation could be made from CdCr
radiograph of the tibia because of improper positioning.

The angles in the sagittal plane of radiographs of the tibia (MCdPTA, mCrDTA)
were similar to those in the CT-scan in both breeds. In contrast of Toy Poodle, the
radiographic measurement of mCdPTA and mCrDTA were incomparable to those in
the CT-scan (Yasukawa et al., 2016). The different results might be caused by breed
conformational variation of the pelvic limb.

Regarding to the results, taking radiographs of the pelvic limbs of Pomeranians
was easier than Chihuahuas. This may be due to Pomeranians have bony conformation

straighter than Chihuahuas.

2. The comparison of angular values between normal and MPL stifles.
Pelvic limb abnormalities related to MPL have been recently considered
because the major complication as postoperative reluxation has been reported. The

angular values of the pelvic limb in medium- to large-breed dogs have been focusing.
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However, various breed dogs have different conformation of musculoskeletal
structures; therefore, the reference values in each breed especially in small-breed dogs
which have high incidence of MPL are needed. According to the Hueter-Volkmann
principle, immature dogs develop angular deformities due to abnormal force of
quadriceps during luxation of the patella against the active physis of the distal femur
and proximal tibia. The results indicated that some pelvic limb angles related to MPL
in both Chihuahuas and Pomeranians: aLDFA, mLDFA, and FTA. While mMPTA and TTA
were related to MPL severity only in Chihuahuas.

In frontal view of distal femoral angles, the relationship between alLDFA and
mMLDFA with severity of MPL was found. The mean values of both angles in grade 4
MPL were significantly higher than the other grades in these two breeds. These indicate
that femoral varus associated with severe MPL (Jackson and Wendelburg, 2012; Soparat
et al,, 2012; Yasukawa et al., 2016).

For the tibia, the association between severity of MPL and mMPTA was found
in Chihuahuas (the mean mMPTA value of grade 4 MPL was significantly higher than
those in normal and grade 1-3 MPL). On the contrary, the relationship of MPL with
MMPTA was not found in Pomeranians.

The femoral and tibial torsion are illustrated by FTA and TTA, respectively. This
study found that both angles have the association with severe MPL in Chihuahuas as
well as in Toy-Poodles (Yasukawa et al., 2016). While only FTA had relationship with
MPL in Pomeranians. The severity of MPL associated directly to axial plane of the femur
in both Chihuahua and Pomeranian. But this is less likely to associate with tibia torsion
in Pomeranians since significant differences between grade 4 MPL and the other groups
were not found. This might be caused by 1) variation of bone conformation among
dogs and 2) age of onset of MPL. Pomeranians with grade 4 MPL in this study had age
range between 7 months — 4 years old. If the MPL develops in mature dogs, the
deformity would be less likely to occur. Moreover, the MPL is affected by multifactorial
causes. Even though external tibial torsion is not found in the pelvic limbs with grade
4 MPL, other deformities of the femur (femoral varus or torsion) or of the tibia (tibial

valgus) should be noticed instead.
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On the other hand, the following angles were not related with MPL: the frontal
plane angles of the proximal femur including aLPFA, mLPFA and ICA; the frontal plane
angle of the distal tibia, MMDTA; the sagittal plane angles of the femur including
aCdPFA, aCdDFA, PA, the sagittal plane of tibia including mCdPTA and mCrDTA. To our
knowledge, the proximal part of the femur and distal tibia, as well as the sagittal plane
of the pelvic limbs are not directly affected by abnormal force of quadriceps
mechanism during patellar luxation. Moreover, the irrelevance between those angles

with MPL has also been reported in Poodle (Yasukawa et al., 2016).

3. The comparison of angular values in three different breeds
As compared among Toy Poodles, Chihuahuas, and Pomeranians, the hindlimb
bones of Chihuahuas were shorter than Poodle and Pomeranians in the same
proportion. In frontal plane, the femurs and tibias of Chihuahuas were more curve, the
head of the femur is larger and the greater trochanter are normally higher than the
femoral head. In sagittal plane of femur, high procurvation is noted in Pomeranians.
Femoral and tibial conformation of normal Toy Poodle, Pomeranians and Chihuahuas

are shown in figures 16-19 and table 12.
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Table 12 Means + SD of the pelvic limb angular values of normal Chihuahuas,

Pomeranians and Toy Poodle from CT-scan.

Angles Chihuahuas Pomeranians Toy Poodles’

Frontal plane

aLPFA 123.5+7.4 121.1+4.0 119.5+5.7
mLPFA 119.6+7.5 118.2+3.9 113.6 = 6.1
aLDFA 96.6+3.7* 97.4+3.3% 90.3 + 2.8*
mLDFA 100.4+3.2* 100.6+3.4% 96.2 + 2.5%
ICA 133.3£5.7 133.6+5.5 116.8 + 6.1
mMPTA 95.6+3.4* 93.3+2.3 948 +2.1
mMDTA 92.3+6.4 91.3+2.2 965+ 4.1
Sagittal plane

PA 12.0+3.3 11.3+4.2 112 +52
aCdPFA 159.9+5.8 143.3+5. 1533 + 5.1
aCdDFA 106.3+2.8 102.9+2.3 1029 + 3.2
mCdPTA 64.6+2.6 66.0+3.1 1113+ 33
mCrDTA 94.0+3.5 89.9+1.8 98.5+ 3.8
Transverse plane

FTA 29.8+ 5.6* 33.2+6.8% 19.8 + 4.6%
TTA 7.1+3.7* 17.64.7 11.3 + 4.3%

* The angles related to the severity of MPL within each breed. ! The data from

(Yasukawa et al., 2016). aLPFA = anatomical lateral proximal femoral angle; mLPFA

mechanical lateral proximal femoral angle, aLDFA = anatomical lateral distal femoral

angle, mLDFA = mechanical lateral distal femoral angle; ICA = inclination angle; mMPTA

= mechanical medial proximal tibial angle; mMMDTA = mechanical medial distal tibial

angle. PA = procurvation angle; aCdPFA = anatomical caudal proximal femoral angle;

aCdDFA = anatomical caudal distal femoral angles; mCdPTA mechanical caudal

proximal tibial angle; mCrDTA = mechanical caudal distal tibial angle; FTA = femoral

torsion angle; TTA = tibial torsion angle.
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Z

(A) (B) (@

Figure 16 The femur in frontal plane of Toy poodle (A), Pomeranians (B)

and Chihuahuas (C).

(A) (B) (@
Figure 17 The femur in sagittal plane of Toy poodle (A), Pomeranians (B) and
Chihuahuas (C).
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(A) (B) (@)
Figure 18 The tibia in frontal plane of Toy poodle (A), Pomeranians (B) and
Chihuahuas (C).

(A) (B) (@)
Figure 19 The tibia in sagittal plane of Toy poodle (A), Pomeranians (B) and
Chihuahuas (O).
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Conclusion

This study found that there are anatomical differences of the pelvic limb
among different breeds making the different goniometry values, and presented the
goniometry values of Chihuahuas and Pomeranians with normal and MPL stifles. Some
angle values have the limitation evaluate by using radiography. Therefore, CT is

recommended when the deformity is doubtful.
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Appendix A. The data of sex, age, weight and patella status in 30 Chihuahuas (60
hindlimbs) in total.

Grade of MPL
Sample No. Sex Age (years) Weight (kg)
Left Right
1 F 2 1.9 4 2
2 M 2 3.3 0 0
3 M 4 2.3 2 3
4 M 7 3.2 3 2
5 4.75 2.8 3 [
6 M 0.5 25 4 a4
7 F 1.42 1.6 0 0
8 F 1.08 1.4 3 3
9 F 7.92 2.8 0 1
10 F 6.83 3 0 2
11 F 7.58 3.3 0 2
12 F 3 25 1 0
13 M 3 23 0 0
14 M 3.42 5 2 3
15 M 1.25 1.8 3 1
16 2 3.2 3 3
17 M 1.58 25 2 1
18 F 8 4.1 2 2
19 F 1.33 24 3 2
20 F 0.58 2.8 3 3
21 F 1.17 3.8 0 1
22 3 3 1 1
23 M 3 1 1 1
24 F 1 2.8 2 3
25 F 3 2.2 3 1
26 M 8 3.2 4 a
27 F 0.75 1.1 1 1
28 F 0.75 3.6 1 2
29 F 1 5 4 a
30 M 1.08 2.7 2 0

F- female, M- male.



Appendix B. The data of sex, age, weight and patella status in 36 Pomeranians (60
hindlimbs) in total.

Grade of MPL
Sample No. Sex Age (years) Weight (kg)
Left Right
1 F 0.67 1.2 a4 1
2 M 2 3.7 0 1
3 M 1.67 3.6 - 3
a4 F 0.83 3.1 a4 -
5 F 0.58 2.8 3 2
6 F 1 3.7 2 [
7 F 0.42 7 3 -
8 F 1 4.2 a4 [
9 M 3 25 3 [
10 M 7 2.4 3 -
11 M 10 3.4 2 2
12 M 0.83 4.1 3 3
13 M 1.5 3.2, 2 2
14 M 0.58 2.4 0 2
15 F 1.25 2.5 2 2
16 M 5 3.15 3 -
17 F 0.83 213 3 4
18 F 1 1.8 a4 -
19 F [8iE 3.6 a4 2
20 F a 4.3 3 4
21 F 0.75 29 0 0
22 F 5 24 - 1
23 M 2 225 0 0
24 M 3 8.1 - 0
25 F 2 2.2 0 1
26 F 1.5 2 0 0
27 F 1.67 23 1 1
28 M 0.83 25 1 1
29 F 3.25 22 0 0
30 M 4 3.1 - 0
31 F 3 3.5 0 0
32 M 5 3 0 0
33 M 1.17 2.7 0 -
34 F 10 2.6 0 0
35 F 1 3.2 0 -
36 M 1.08 33 - 0

F- female, M- male.
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