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Medial patellar luxation (MPL) is a common, usually considered a congenital orthopedic 

disorder in all dogs, especially toy, miniature and small breed dogs. The entire 

pathogenesis of this condition is not clear but most of the animals are presented with some 

form of musculoskeletal abnormalities in the affected limb.  

The aim of this study was to evaluate in general and investigate the correlation between the 

magnitude of radiographic femoral angle measurements in Lancashire Heelers that have 

normal (Putnam grades 0/0) patellae and the ones with MPL (Putnam grades 1-2). Total of 

75 pelvic limbs were measured and analyzed. 

Results demonstrated a statistically significant (p < 0,05) larger femoral varus angles 

(FVA), inclination of the femoral head angles (IFA) and anatomical lateral distal femoral 

angles (aLDFA) in the MPL group. According to the results, mechanical lateral distal 

femoral angles (mLDFA) were also larger but the result was not statistically significant, 

even though it approached it (p = 0,055). No significant difference was found in other 

measurement values. No association with the magnitude of the measurements to the dogs’ 

age, gender or the side of the limb was found. 

Keywords: medial patellar luxation (MPL), dogs, femoral varus angle (FVA), bone 
deformity, anatomical lateral distal femoral angle (aLDFA) 
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Mediaalne põlvekedra paigaltnihkumine (patella luksatsioon) on tavaline, peamiselt 

kaasasündinud ortopeediline haigus, mis on probleemiks kõikidele koertele, eriti aga 

kääbus ja väiksetel tõugudel. Selle haiguse kogu patogenees ei ole veel selge aga enamikul 

koertest esineb sarnaseid lihaste ja skeleti anomaaliaid tabandunud tagajäsemes.  

Selle uurimuse eesmärkiks oli hinnata röntgenpiltidelt reieluu nurkasid ja nende nurkade 

suuruse erinevusi normaalsete põlvedega (Putnami skaalal 0/0) ja patella luksatsiooniga 

(Putnami skaalal 1-2) Lancashire’i heelerite vahel. Kokku mõõdeti ja analüüsiti 75 

tagajäset. Kirjeldavad andmed koerte kohta koguti Soome Kennelliidu andmebaasist. Kõik 

mõõtmised röntgenpiltidelt tegi töö autor teadmata mõõdetavate jalgade patella 

luksatsiooni kraadi.  

Tulemused näitasid statistiliselt oluliselt (p < 0,05) suuremad reieluu varus nurgad (FVA), 

reieluu pea kalduvuse nurk (IFA) ja anatoomiline lateraalse distaalse reieluu nurgad 

(aLDFA) koertel kellel on mediaalne põlvekedra nihestus. Ka mehhaaniline lateraalne 

distaalne reieluu nurgad (mLDFA) oli suuremad aga see tulemus oli vaid lähedane 

statistilisele olulisusele (p = 0,055). Teistes mõõdetud parameetrites ei esinenud olulist 

erinevust tervete ja patella luksatsiooniga jalgade vahel. Samuti ei esinenud seost ühegi 

mõõdetud parameetri ning koera vanuse, soo ega ka tagajala poole vahel. 

Märksõnad: mediaalne põlvekedra nihestus, koerad, reieluu varus nurk (FVA), luu 
väärareng, anatoomiline lateraalne distaalne reieluu nurk (aLDFA) 
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ABBREVIATIONS 
 

AA   anteversion angle 

aCdDFA  anatomical caudal distal femoral angle 

aCdPFA  anatomical caudal proximal femoral angle 

aLDFA  anatomical lateral distal femoral angle 

aLPFA   anatomical lateral proximal femoral angle 

CT   computed tomography  

DFLA   distal femoral long axis 

FVA   femoral varus angle 

ICA   inclination angle 

IFA   inclination of the femoral head angle 

LPL   lateral patellar luxation 

mCdDFA  mechanical caudal distal femoral angle  

mCdPFA  mechanical caudal proximal femoral angle 

mLDFA  mechanical lateral distal femoral angle 

mLPFA  mechanical lateral proximal femoral angle 

MPL   medial patellar luxation 

PL   patellar length  

PLL   patellar ligament length  

Q-angle  quadriceps angle 

TCA   transcondular axis 

TTA   tibial torsion angle 

 

 



! &!

 
 

INTRODUCTION  
 
 
Medial patellar luxation (MPL) is one of the most common orthopedic disorders in dogs, 

especially toy, miniature and other representatives of small-breeds [1-3]. Even though 

MPL is considered to be an ailment, especially for small dogs, it is more common than 

lateral patellar luxation (LPL) in large dogs as well [4, 5]. Prevalence of both MPL and 

LPL has been widely studied and these studies state that approximately 90% of the cases 

patella luxates medially in all dogs [3, 6, 7]. 

 

Pathogenesis of this condition is intricate and poorly understood and though widely 

discussed, the primary cause of the disorder remains unclear [1]. In most cases it is 

considered developmental and can be manifested in a number of different anatomical 

abnormalities formed during the growth period of the pelvic limb. Malalignment of the 

quadriceps mechanism results in abnormal forces directed to the epiphyseal plates, causing 

secondary torsional and angular abnormalities, whereupon the patella becomes unstable [8, 

9]. 

 

Morphological parameters of the femur, tibia, patella and the surrounding structures have 

been studied with radiography, computed tomography (CT) and magnetic resonance 

imaging (MRI), to try to determine the correlation between certain bone deformities and 

MPL [10-12]. The other aim of the previous studies has been to establish surgical 

guidelines to prevent incomplete surgical correction and recurrence of MPL or iatrogenic 

LPL [2]. Studies have been conducted with Yorkshire Terriers, Toy Poodles, Pomeranians 

and few other breeds.  

 

This study focused only on the deformities and radiography based measurements related to 

the femur. To my knowledge, bone deformity studies have not been conducted with this 

breed before. The aim of this study was to investigate radiographic femoral angle 

measurements in Lancashire Heelers and to determine if there is a statistically significant 

difference in the magnitude of the femoral angles between the dogs that have normal 

(Putnam grade 0/0) patellae and the ones with MPL. 
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1. LITERATURE REVIEW 
 

1.1. Medial patellar luxation in dogs 
 

MPL can be classified as developmental, congenital, traumatic or iatrogenic and either 

unilateral or bilateral [13]. In most of the cases MPL is considered developmental with 

congenital background. Almost all of the affected dogs (95%) have some degree of related 

structural abnormalities in the bones or at least soft tissue changes in the affected pelvic 

limb [2]. Medial patellar luxation is occasionally caused entirely by trauma. However even 

in those cases, often underlying significant skeletal abnormalities are found, which is 

suspected to be the reason the forces of the impact discharge specifically in the stifle 

causing MPL. Published estimates for the prevalence of bilateral MPL range between 

~22% and ~50% [14, 15].  

 

Small dogs have a greater risk (~12 times) to be affected by MPL, compared to large dogs. 

Breeds that have been reported to have a predilection are Boston Terrier, Pomeranian, 

Miniature Poodle, Yorkshire Terrier, Maltese, Papillon and Chihuahua [7, 12, 16]. 

 

The stifle of a canine is a very complex condylar synovial joint, which has the ability to 

glide, hinge and rotate with the help of integration of multiple ligaments, muscles, joint 

capsule and menisci [17]. For this complex to work properly and not to form any 

orthopedic conditions, it has to be able to develop without uneven outer or inner forces to 

the bones during the growth period [18]. Structural abnormalities cause the force line, or 

more accurately the quadriceps alignment of the hind limb to be off-centered. The 

quadriceps muscle group, also called a quadriceps mechanism or an extensor mechanism, 

which is responsible for the extension of the stifle joint, is the most powerful muscle group 

in the whole body. Because of the forces generated with the contraction of these muscles, 

deformation of the bones is possible, when the forces are divided in an abnormal way [8, 

9].  

 

Studies have shown that there is a relation between cranial cruciate ligament ruptures and 

patellar luxation. A rough estimation is that at least 15-20% of dogs with patellar luxation 
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will eventually rupture their cranial cruciate ligament, due to commonly occurring internal 

rotation of the tibia, lacking cranial stability, medially deviated quadriceps mechanism and 

degenerative joint disease that may promote degeneration of the cranial cruciate ligament 

[14, 16, 19]. 

 

1.1.1. Anatomy, biomechanics and pathogenesis 
 

Pathogenesis of this orthopedic condition is very complex and as a whole poorly 

understood [1]. Proper alignment of the entire pelvic limb and functional musculoskeletal 

conformation play a crucial role in the biomechanics of the joints during locomotion and 

standing [20]. All of the components of the quadriceps mechanism need to be on the same 

sagittal plane enabling normal use of the limb. Defective alignment of the quadriceps 

mechanism and dislocated patella causes disrupted biomechanics in the stifle [8]. 

 

The quadriceps mechanism of the stifle is composed of the quadriceps muscle group, 

patella, straight patellar ligament, femoral trochlea, tibial tuberosity, patellar reticulum and 

adjacent soft tissues. There are three different articulations in a stifle: femorotibial, 

femoropatellar and (proximal and distal) tibiofibular joints. Femorotibial articulation is 

accompanied with the meniscus, that compensates the incongruence of the articular 

surfaces and allows some rotational movement to the stifle. Weight bearing occurs through 

this articulation. Femoropatellar articulation helps the quadriceps muscle group by 

increasing the mechanical efficiency. The quadriceps muscle group, that form a single 

tendon, consist of four different parts of the muscle, which are separated at their origin: 

lateral vastus muscle (m. vastus lateralis), medial vastus muscle (m. vastus medialis), 

intermediate vastus muscle (m. vastus intermedius) and straight muscle of the thigh (m. 

rectus femoris). Medial and the lateral vastus muscles originate from the proximal femur 

and attach to the patella through the parapatellar fibrocartilages. The pull of the 

intermediate and lateral muscles is counteracted by the medial vastus muscle, as the stifle 

is extended so that the patella stays stable. During weight bearing, the quadriceps muscle 

group contracts resulting in extension of the stifle joint. The hamstring muscle groups (m. 

gracilis, m. biceps femoris, m. semitendinosus and m. semimembranosus) contraction leads 

to flexion of the stifle. This muscle group stabilizes the stifle with cranial cruciate ligament 

and prevents cranial tibial translation [9, 20-22]. 
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The patella is the biggest sesamoid bone, which is embedded to the tendon of the 

quadriceps muscle and attached to tibial tuberosity by a straight ligament of the patella. It 

is essential component to the extensor mechanism by maintaining tension even when the 

stifle is extended. Patella sits and glides in a wide articular groove called femoral trochlear 

sulcus, on the cranial surface of the femur. Prominent trochlear ridges maintain stability of 

the patella. In a normal stifle anatomical alignment between quadriceps mechanism, 

patellar ligament and the tibial tuberosity is maintained. As the Hueter-Volkmann principal 

states normal physiological pressure is needed by the patella for the trochlear groove to 

develop. Lack of the normal pressure, exerted by the patella, results in a shallow or absent 

trochlear sulcus and malformation of the patella [9, 17, 23-25]. Hypoplasia of the medial 

trochlear ridge has been associated with MPL [26]. 

 

Uneven axial forces and moments, mostly caused by the muscle contractions, accompanied 

with a poor quadriceps alignment, induce bending and rotation of the bones: in this case in 

the femur and tibia. Depending on the magnitude of the anatomical imbalance during the 

growth period the axial forces and the torque cause the bones to become deformed. 

Bending of the bone occurs when a significant component of the force is transmitted 

eccentric to the column of the bone. The sensibility of cartilage columns and metaphyseal 

growth plates in very young animals cause a great potential for axial and torsional growth. 

Activity of the cells in the growth plates causes them to react very rapidly to physiological 

forces by either decreasing or increasing the rate of growth. In the influence of abnormal 

torsional forces, the cartilage columns of the growth plates get deflected in a spiral pattern. 

Parallel pressure to the growth plate impedes growth and decreased pressure accelerates 

growth. Abnormal forces acting on the proximal and distal growth plates result in the tibial 

deformities seen in MPL [18, 27]. 

 

Bone that is already formed, responds to existing forces much slower through bone 

deposition or resorption. Each long bone has its natural tension and compression surface, 

the surfaces that are more likely to be under tensile stress or compression stress. Since the 

natural tension surface of both femur and tibia is craniolateral, the physiological bending 

tends to happen in a way that the lateral side of the bone becomes the convex surface and 

the medial side the concave surface [21, 28]. 
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Depending on the abnormal forces, or more accurately how long the forces are allowed to 

act on the growth plates, the greater the deformity. Medial displacement of the quadriceps 

mechanism causes abnormal pressure to the medial side of the stifle and causes the medial 

femoral condyle to become hypoplastic, which leads to femoral varus deformity. Usually 

the most severe bending occurs in the distal one third of the femur. The decreased pressure 

to the lateral side leads to elongated lateral femoral condyle that causes the tibial growth 

plates to react, resulting as medial displacement of the tibial tuberosity, associated with 

proximal tibial endotorsion and tibial varus deformity, usually accompanied with tibial 

valgus deformity of the proximal tibia (Figure 1) [9, 21, 23].  

 

 
Figure 1. From left to right: relatively normal conformation of the femur. Varus deformity in the 

distal femur. Severe deformities of the distal femur and proximal tibia. 

 

Anteversion is a forward inclination of the femoral head and neck. A diminished 

anteversion angle (caudal inclination of the femoral head and neck) is called retroversion, 
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which has been suspected as one of the underlying causes for MPL [29]. In the human 

studies decreased anteversion angle (AA) causes external rotation of the coxofemoral joint. 

Internal rotation of the distal limb compensates this rotation, resulting in stretching of the 

lateral soft tissues, enabling the quadriceps muscle group to be displaced medially and 

causing MPL [13, 19, 21]. There are controversial results in existing studies whether this is 

valid in dogs. Some recent studies have not found a correlation between femoral 

anteversion and MPL [12, 30, 31]. It has been discovered that the normal anteversion angle 

in puppies is near 0 and increases to approximately 27 in an adult dog [21, 27, 32]. 

 

1.1.2. Clinical presentation  
 

Clinical signs vary with degree of luxation/subluxation and the age of the dog. Usually 

exhibit skipping gate or intermittent carrying of the limb with flexed stifle is the most 

common symptom for Putnam grade 1 or 2 dogs. This maneuver is more commonly known 

as “bunny hopping”, which is caused by the uncomfortable feeling of the dislocated patella 

and sudden loss of power in the limb. The patella returns to its own place when the dog 

flexes and extents the limb [6]. 

 

Genu varum (“bowed legs”), rotational instability of the stifle, abduction of the hock, 

crepitus, pain and swelling of the stifle can be detected. The stifle can be unstable (drawer 

test positive) due to a concurrent cruciate disease [16]. Jumping with the affected limb 

might be compromised since the alignment of the quadriceps mechanism is responsible for 

the extension of the limb and the forces of the muscle contraction are not directed upwards 

when the alignment is abnormal. MPL can be asymptomatic or unnoticeable as well. 

Especially in calm Putnam grade 4 dogs, where the patella is dislocated all the time and 

does not cause pain when moving over the femoral trochlear ridge [1, 21]. 

 

1.1.3. Diagnostics 
 

Out of all the congenital disorders, patellar luxation (PL) is one of the most commonly 

diagnosed [7]. Patellar luxation is usually diagnosed with a scoring system created 1968 in 

University of Guelph by Robert William Putnam in his Master´s Thesis [29]. In 1969 

Singleton added some morphological criteria and specifications to the classification system 

and this is why, it is sometimes also called a Singleton grading system [27, 33]. The 
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Putnam grading system (Table 1) divides the affected stifles in four different categories 

(from 1-4) and as a diagnostic method it is widely used around the world to determine the 

presence and magnitude of the condition [6, 29].  

 

Table 1.  Putnam grading system [6] 

 
Normal 

 
No luxation appreciated 
 

 

Grade l. 

 
The patella can be luxated in flexion and extension if pressure is applied 
medially/laterally. Removal of pressure leads to spontaneous reduction. 
 

 

Grade 2. 

 
The patella can be luxated if force is applied medially/laterally or if the stifle is 
extended. The patella remains in a luxated position. The patella is reduced if force is 
applied to medial/lateral aspect of the patella or the animal actively extends or flexes 
the stifle. 
 

 

Grade 3. 

 
The patella is medially/laterally luxated. It can be reduced to its normal position 
between the ridges of the trochlea if force is applied to the medial/lateral aspect of 
the patella. Removing the force results in renewed luxation of the patella. 
 

 

Grade 4. 

 
The patella is permanently medially/laterally luxated. Reduction is not possible. 
 

 

Radiographic diagnostics is usually not necessary when diagnosing MPL, but the findings 

support the diagnosis. The findings may include: visible displacement of the patella, coxa 

vara, femoral varus, genu varum, shallow trochlear groove, external rotation of the femoral 

axis, hypoplastic medial femoral condyle, displacement or rotation of the tibial tuberosity 

and crest or osteoarthritis of the stifle [2, 9, 23]. 

 

1.2 Radiographic measurements of the pelvic limb  
 

In small animal practice radiography is the most commonly used imaging tool. It has its 

limitations, since the radiographs are two-dimensional images of three-dimensional 

structures. Accurate positioning is particularly important. In dogs with severe bone 

deformities, it may not be possible to obtain all the measurements reliably, because the 

optimal radiographic positioning is not practicable. Literature has described several 

different radiographic measurements of anatomical structures, trying to evaluate bone 

deformities in the pelvic limb of a dog [2, 12, 34]. Since the deformities are usually 
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acquired during the growth period and joint pathology increases with age, early 

intervention could prevent further development of skeletal abnormalities. Nowadays 

surgical intervention is recommended at the earliest opportunity and that has caused a 

growing interest of the subject in the form of increased research [1, 20, 21].  

 

Tibial deformities, which are strongly related with canine medial patellar luxation, have 

been studied with radiography and CT in multiple studies. Most commonly measured 

parameters are mechanical medial distal tibial angle (mMDTA) and mechanical cranial 

distal tibial angle (mCrDTA) which measure the torsion and varus/valgus deformities on 

the distal end of the tibia. Mechanical medial proximal tibial angle (mMPTA), mechanical 

cranial proximal tibial angle (mCrPTA), tibial torsion angle (TTA), tibial plateau angle 

(TPA) and the Z-angle are measured to assess these deformities on the proximal end of the 

tibia. Similar angles, torsion and curvature measurements have been introduced for femur. 

Both normal dog’s tibiae and tibiae of dogs with patellar luxation, have been studied. 

Results indicate that with CT, reliable measurements can be made and imaging can be 

replicated with a high degree of repeatability, when based on strictly defined and applied 

criteria. Same results have not been able to be reproduced with radiography images [31, 

35, 36]. Even though CT images are superior for the more detailed and multi-dimensional 

view, few studies have stated that some of the measurements of the tibia can be evaluated 

accurately with radiographs as well [11, 12].  

 

Quadriceps angle (Q-angle) is regularly used in human medicine to assess the alignment of 

the knee joint (quadriceps group). It is a measurement of the angle between the quadriceps 

load vector and the load vector of the patellar tendon. In humans both of the landmarks 

(the superior iliac spine and the center of the patella) are palpable so the measurements can 

be made even without diagnostic imaging [37, 38]. Q-angle has been studied with dogs as 

a potential diagnostic method for MPL. Because of the anatomical differences and the fact 

that most of the luxations in humans are lateral, the studies have been inconclusive if this 

method could be used reliably in dogs, especially dogs with extreme bone deformities. Due 

to anatomical divergence between different breeds, reliable limit values have not been 

established in dogs like in humans. The Q-angles have been mostly measured from 

magnetic resonance (MRI) or CT images [30, 39, 40]. A study made with foxes (Vulpes 

vulpes) from ventrodorsal hip radiographs and with separate pelvic limbs came to a 
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conclusion that measurements made using patella center as a measurement landmark was 

more reliable than using the femoral trochlea [38].  

 

Assessing the patella position regarding the trochlear groove has been used in human 

medicine for decades. There are many different measuring systems developed and for 

example Insall-Salvati, de Carvalho and Blackburne-Peel ratios are commonly in use [37]. 

Patella alta is a structural condition that is defined as a proximal displacement of the 

patella, within the femoral trocheal groove. It may be idiopathic or may result secondary to 

a patellar tendon rupture. Since the trochlear ridges become shallower proximally, patella 

alta is considered to be one risk factor to MPL. It is shown that the ratio of patellar 

ligament length (PLL) to patellar length (PL) is increased, as was the distance from the 

proximal aspect of the patella to the femoral condyle in dogs with MPL [2, 17, 21]. In a 

study made with foxes to compare the reliability of the different measurement systems, on 

five different patellar positions, concluded that values were effectively independent of 

stifle joint angles. More studies are needed to be able to discover if there is a reliable way 

of using patella position measurements in dogs [41]. 

 

The femoral trochlear sulcus is often evaluated with a skyline view (also called a Merchant 

view) of the knee in human medicine [42]. It allows transverse and articular visualization 

of the patella and trochlear ridges of the femur. As trochlear hypoplasia or aplasia usually 

accompanies congenital/developmental MPL, the skyline views have been studied with 

dogs as well. Due to length differences and conformation of the femur and tibia, achieving 

a reliable positioning during the imaging has been problematic in dogs [43].  

 

1.2.1. Radiographic femoral angles 
 

Femoral angles are the most researched bone deformities in veterinary medicine. Most of 

the studies have been made with small study groups or with only few patients to assess the 

preoperative and postoperative difference in the conformation of the limb [40, 42, 44, 45]. 

The only bigger study to evaluate normal femoral angle values has been conducted with 

large breed dogs: Labrador Retrievers, Golden Retrievers, German Shepherds and 

Rottweilers (n = 100 for each breed). The study stated that anatomic and mechanical 

femoral joint angles vary between dog breeds [46]. All the studies made expressly 

regarding MPL have been made with very small study groups and results between different 
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breeds vary, hence standard parameters of a normal dog have not been yet published in any 

breed that is affected with congenital MPL. Even though studies indicate that the 

measurements of the femur made from radiographs are as liable as the ones made from CT 

images, in most of the studies CT has been preferred [12, 34, 47]. A study made to 

evaluate the effect of positioning of the patient during radiography stated the fact that 

radiographic measurements are influenced by incorrect positioning, especially femoral 

elevation during the imaging [10].  

 

Radiographic femoral angles that are measured from the lateral view radiographs have 

been inconclusive and no difference in the angles between normal and MPL dogs have 

been found. Most of the deformities of the femur happen torsionally, or in the medial-

lateral direction. Measurements include same kind of angles to determine the varus and 

torsion of the femur as the ones measured from the craniocaudal view: Procurvation angle 

(PA), anatomical caudal distal femoral angle (aCdDFA), anatomical caudal proximal 

femoral angle (aCdPFA), mechanical caudal distal femoral angle (mCdDFA) and 

mechanical caudal proximal femoral angle (mCdPFA) [12]. 

 

Studies made with the radiographic measurements of the femur from the craniocaudal view 

have been more informative. Femoral varus angle (FVA) is the most researched of the 

femoral angles. FVA is the angle between proximal femoral long axis (PFLA) and a line 

perpendicular to it (proximal joint orientation line) called transcondylar axis (TCA), which 

is drawn under the femoral condyles. This angle is the best representative of femoral varus 

from a two-dimensional radiograph. Even these study groups have all been relatively small 

(n < 36) but a significant correlation between severe femoral bone deformity and MPL has 

been found. In these studies there was no difference in the magnitude of FVA between the 

normal group and dogs with intermittent MPL (Putnam grade 1 or grade 2) but a 

significant difference in the magnitude of FVA in the group of persistent MPL (Putnam 

grade 3 or grade 4) compared to the normal group was found [12, 32, 39, 48]. 

 

Anatomical lateral distal femoral angle aLDFA is the angle between PFLA and TCA. D.A. 

Hulse has defined in his own study that the normal aLDFA in the anteroposterior 

projection is approximately 93° [9]. This measurement is a good indicator of elongated 

lateral femoral condyle, which is very often seen in dogs with MPL [23]. Even though 

many researchers have had constant parallel results from measuring this femoral angle, in 



! *'!

others studies it has been observed that aLDFA did not reach the desired accuracy across 

range of possible conformations [12, 49]. Mechanical lateral distal femoral angle 

(mLDFA) is the angle between TCA and a reference line from the middle point of the 

femoral head distally to the center of the intercondular fossa. This angle tries to evaluate 

the relation between femoral condyles and the femoral head.  

 

Anatomical lateral distal proximal angle (aLPFA) is an angle between PFLA and a 

reference line through the center point of the femoral head to the most dorsal point of the 

greater trochanter. Mechanical lateral proximal angle (mLPFA) is an angle formed using 

the same reference line as in mLDFA from the middle point of the femoral head distally to 

the center of the intercondular fossa and the same reference line as in aLPFA through the 

center point of the femoral head to the most dorsal point of the greater trochanter. Both of 

these angles try to evaluate the proximal end of the femur. The proportions and positioning 

between the femoral head and the greater trochanter, and in what kind of angle the femoral 

head and neck is related to the placement of the patella. Most of the studies related to the 

magnitude of these angles have been inconclusive between normal and Putnam grade 1-2 

dogs. The most recent study published 2016 discovered a significant difference between 

the normal group and Putnam grade 4 Toy Poodles [12].  

 

Inclination of the femoral head angle (IFA) also called an inclination angle (ICA) is an 

angle between the PFLA and the inclination of the femoral head. Reduced angle, coxa 

vara, has been under suspicion for being one of the underlying reasons for MPL as well. 

The research results have been controversial and the most recent studies (2012, 2016) 

conducted with Toy Poodles and Pomeranians state that there is no correlation between 

decreased IFA and MPL. The results were not statistically relevant but in both of these 

studies the magnitude of IFA decreased between normal and Putnam grade 1-2 and 

actually increased higher than the normal groups value in Putnam grades 3-4 [12, 34]. 
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2. AIM OF THE STUDY 
 
 
Aim of this study was: 

 

• to investigate the magnitude of femoral angles: FVA, IFA, aLDFA, mLDFA, 

aLPFA, mLPFA and !-angle and "-angle in Lancashire Heelers;  

 

• to determine if there is a statistically significant difference in the magnitude of the 

femoral and ! and " angles between the dogs that have normal (Putnam 0/0) 

patellae and the ones with MPL. 
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3. MATERIALS AND METHODS 
 
 
3.1. Radiographs 
 

The sample material was collected from Finnish Kennel Club´s official hip radiographs 

(craniocaudal view) of the breed. The official radiographs are taken under sedation from a 

skeletally mature dog (over 12 months of age), following the FCI (Federation Cynologique 

Internationale) rules. Dogs have been positioned in dorsal recumbency with hip joints 

extended and femurs parallel to the radiographic table, each other and to the sagittal plane 

through the spinal column: whole pelvis visible, iliac wings, sacroiliac joints and obturator 

foramina equal in size and appearing similar, both patellae projected between the fabellae, 

which are bisected by the femoral cortex. Protrusion of the tip of the lesser trochanter is 

visible on the medial aspect of the femur [50]. The straight radiographic positioning of the 

animal and the quality of the radiographs have been assessed by the Finnish Kennel Club´s 

veterinarian. All the animals included in the study had to have an official patella score 

(Putnam) made by a veterinarian, who has passed the course and is licensed to give official 

grading of the patellae. Out of the 60 official hip radiographs taken (from years 1990-

2016) [51] 44 were suitable and available for this study.  

 

Three of these radiographs were excluded from the study. In one radiograph the animal 

was positioned in a way, where the upper part of the iliac crest was not fully visible. 

Therefore the measurement of the !-angle and "-angle between the most distal part of the 

greater trochanter of the femur and the iliac crest was not possible. In two radiographs the 

animals´ official identification plate was partly on top of the medial condyle of the femur 

and the transcondular axis could not be drawn.  

 

3.2. Animals and final inclusion 
 

Based on the Putnam grading system the animals were allocated into two different groups. 

The normal group consisted of animals with orthopedically normal stifles (Putnam 0/0) 

and the animals in the affected group had stifles with unilateral or bilateral MPL (Putnam 1 

or 2). From this point on the hind limbs were observed individually. From the animals with 
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bilateral MPL, both legs were included in the study. From the animals with unilateral 

MPL, the contralateral healthy (Putnam 0) hind limb was excluded from the study. In total 

of 75 hind limbs of 41 Lancashire Heelers (and their pelvises) were evaluated during this 

study. Seventeen of the samples were placed in the affected group and 58 in the normal 

group. 

 

Descriptive data about patients was collected from the Finnish Kennel Clubs official 

database [51] including the information about the dogs’ age at the time of the radiographs, 

Putnam score, the side of the affected limb and gender. Information if the dogs were intact 

or not, was not available.  

 

Mean age of the affected group (Table 2) was 3.2 years, 8 of the dogs were females and 4 

males (n = 12). In this group 11 stifles had a Putnam score of 1 and 6 Putnam score of 2 in 

the evaluated limb. There were 8 left limbs and 9 right limbs included to the study. 

 

Table 2. Descriptive data about the samples included to the study: affected group (n = 17) 

Age (years) Gender Side of the limb Putnam grade 

1,1 female left med 1!
1,3 female right med 1!
1,4 female left med 1!
1,4 female right med 1!
3,5 female left med 1!
4,4 female left med 1!
4,0 male right med 1!
2,5 female right med 1!
1,4 male right med 1!
6,3 male right med 1!
6,3 male left med 1!
1,1 female right med 2!
3,4 female left med 2!
4,4 female right med 2!
2,5 female left med 2!
4,5 male right med 2!
4,0 male left med 2!

mean 
3.2 

11 female 
6 male 

8 left limbs 
9 right limbs 

11 (Putnam grade 1) 
6 (Putnam grade 2) 
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The mean age in the normal group (Table 3) was 2.9 years, 19 of the dogs were females 

and 10 males (n = 29). All of the dogs in this group had Putnam grade 0/0 stifles and both 

of the pelvic limbs were included in to the study.  

 

Table 3. Descriptive data about the samples included to the study: normal group (n = 58) 

Age (years) Gender Side of the limb Putnam grade 

mean 
2.9 

38 female 
20 male 

29 left limbs 
29 right limbs 

58 (Putnam grade 0) 

 

3.3 Radiographic measurements  
 

All the drawings and measurements were done and analyzed by one person.  

Measurements were done once per radiograph and the measurer was blinded, not knowing 

which of the radiographs were in which group.  

 

3.3.1 The pelvis 
 

The !-angle (right side) and "-angle (left side) were measured from every radiograph 

dividing the pelvis symmetrically to right and left side using the spinous processes of the 

lowest lumbar vertebrae (L6-L7), median sacral crest and ischial symphysis. Perpendicular 

line was drawn laterally each side (A on the right and B on the left) of the midline on the 

level of the most distal part of the greater trochanter of the femur. Other line was drawn (a 

on the right and b on the left) between the most distal part of the greater trochanter of the 

femur and the iliac crest. The !-angle between lines a and A and the "-angle between lines 

b and B were measured (Figure 2). 
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Figure 2. Indicatory picture of ! / "-angles and reference lines 

 

3.3.2 The femur 
 

The FVA, IFA, aLPFA, mLPFA, mLDFA and aLDFA angles were measured on each hind 

limb (Figure 3).   

 

The proximal femoral long axis (PFLA) of every femur was drawn using 3 connective 

central points in the midline of the proximal femoral diaphysis. The first point was drawn 1 

cm distal to the lesser trochanter and the next two approximately 1 cm apart distally. The 

transcondylar axis (TCA) was drawn tangential to the distal articular surface of the femoral 

condyles. Distal femoral long axis (DFLA) was drawn using a 90° angle perpendicular to 

TCA. Focal point of the femoral head was determined by drawing a circle around the 

femoral head and measuring from the circle where the middle point of the femoral head is.  

 

FVA was measured from the angle formed between the intersecting lines of PFLA and 

DFLA.  
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IFA was defined from the angle formed between the intersecting lines between PFLA and 

a reference line C connecting the bisection points of the femoral head and neck.  

 

aLPFA was defined from the angle between PFLA and a reference line D drawn through 

the center point of the femoral head to the most dorsal point of the greater trochanter.   

 

mLPFA was determined from the angle formed using the same reference line D and a 

reference line E drawn from the middle point of the femoral head distally to the center of 

the intercondular fossa. 

 

mLDFA was measured from the angle formed between reference line E and TCA [12, 34, 

47].  

 

 
Figure 3. Indicatory pictures of the radiographic femoral angles and reference lines 
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3.4. Statistical analysis 
!
Patella luxation grade relation with different femur angles was investigated using random 

intercepts linear models. In those models different femur angels were included as outcome 

variables and dog as random factors (as many dogs had both legs results included into the 

study). Patella luxation grade were included as dichotomous (yes/no) fixed factor. Age of 

dogs at the time of official radiographs as continuous variable, side of the leg and gender 

as categorical factor were included in all models as potential confounder variables. Models 

assumptions were checked by assessing visually the scatter and normality plots of 

standardized residuals and square root transformation for FVA angle were used. 

 

For statistical analysis statistical software STATA 14.0 (Stata Corporation, Texas, USA) 

was used. 
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4. RESULTS 
 
 
All the results of the study are presented in table 4. 

 

Table 4. Range, median, mean, standard deviation and the range for the true population 
mean (confidence level 95%) values of the results from the radiographic measurements 
between the groups 
!

  
 

 
Normal 

 

 
Putnam grade 1-2 

 
p-value 

range 12.5-20.5 13.5-22.0 
median 17.00 17.5 
mean ± SD 16.8 ± 1.9 17.6 ± 2.3 

 
!/"1 

(°) 
95% CV 16.3-17.3 16.5-18.6 

 
0.147 

range 0.0-22.0 4.5-25.5 
median 5.0 10.0 
mean ± SD 6.3 ± 5.1 11.3 ± 5.4 

 
FVA2 

(°) 
95% CV 5.0-7.7 8.75-13.83 

 
0.002 

range 113.0-144.5 119.5-141.5 
median 125.5 130.0 
mean ± SD 125.8 ± 6.2 130.7 ± 5.7 

 
IFA3 

(°) 
95% CV 124.2-127.4 128.0-133.4 

 
0.008 

range 99.0-133.5 111.0-125.0 
median 119.0 119.0 
mean ± SD 118.5 ± 6.7 117.6 ± 4.4 

 
aLPFA4 

(°) 
95% CV 116.7-120.2 115.5-119.7 

 
0.548 

range 101.0-152.0 104.5-142.0 
median 113.5 115.5 
mean ± SD 115.1 ± 9.1 116.0 ± 8.7 

 
mLPFA5 

(°) 
95% CV 112.8-117.4 111.84-120.16 

 
0.764 

range 90.0-115.0 93.0-115.5 
median 95.5 100.0 
mean ± SD 97.1 ± 5.6 100.8 ± 5.7 

 
aLDFA6 

(°) 
95% CV 95.6-98.5 98.09-103.55 

 
0.028 

range 90.0-117.0 101.0-116.0 
median 101.0 104.0 
mean ± SD 101.8 ± 5.9 104.9 ± 4.1 

 
mLDFA7 

(°) 
95% CV 100.3-103.3 102.9-106.8 

 
0.055 

1 !-angle and "-angle: angle between a line drawn between the most distal part of the greater 

trochanter of the femur and iliac crest and a line perpendicular to a line that divides the pelvis 

symmetrically to right and left side 
2 femoral varus angle (FVA): an angle formed between the intersecting lines of proximal femoral 

long axis (PFLA) and distal femoral long axis (DFLA) 
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3 inclination of the femoral head angle (IFA) is an angle formed between the intersecting lines 

between PFLA and a reference line connecting the bisection points of the femoral head and neck 
4 anatomical lateral proximal femoral angle (aLPFA) is the angle between PFLA and the proximal 

joint orientation line 
5 mechanical lateral proximal femoral angle (mLPFA) is the angle between proximal joint 

orientation line and mechanical axis 
6 anatomical lateral distal femoral angle (aLDFA) is the angle between TCA and PFLA 
7 mechanical lateral distal femoral angle (mLDFA) is the angle formed between mechanical axis 

and transcondylar axis (TCA 

 

FVA, which is considered to be the best indicator of femoral varus was significantly (p < 

0.05) larger in dogs with MPL. Amongst the two other varus indexes aLDFA was also 

found significantly (p < 0.05) larger in the affected group, mLDFA approaching statistical 

significance (p = 0.055). IFA was significantly (p < 0.05) larger in dogs with MPL. 

 

No significant difference was found in the rest of the measurements: !/"-angle (p = 0.147), 

aLPFA (p = 0.548) and mLPFA (p = 0.764). There was no association with the magnitude 

of the measurements to the dogs’ age, gender or the side of the limb.  
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5. DISCUSSION 
 
 
Medial patellar luxation was chosen as a subject for this study because of the generality of 

the problem in the whole population of small dogs, including Lancashire Heelers. MPL 

causes pain, difficulties in movements and even when treated surgically, usually leads to 

osteoarthritis and reduction of life quality. Underlying bone deformities cause instability 

problems to the stifle that might lead to cranial cruciate ligament rupture, meniscus tear or 

early osteoarthritis. This breed was chosen due to its background as a working dog that 

should be able to move freely and should be able to handle rapid movements when herding 

cattle. Stifle problems are not desired characteristic for the job, of an active dog. The breed 

association in Finland has been worried about medial patellar luxation within the breed, 

and is trying their best to make a breeding plan to try to reduce the prevalence of the 

disease. According to The Finnish Kennel Club's breeding strategy all Lancashire Heelers 

need to be officially evaluated (Putnam score) (Table 1) before breeding [51].  

 

The unsolved pathogenesis of the condition and its developmental characteristics make 

MPL problematic opponent for both veterinarians and breeders. Usually the most severe 

MPL cases, or the ones that would turn into persistent MPL without intervention, are 

discovered on early age. That is not always the case with the milder intermittent MPL, 

especially with dogs with strong muscular conformation. Sadly many times a dog that is 

officially graded as normal, can develop the condition after being already used for 

breeding. 

 

Femoral angles have been studied relatively marginally and the results have been 

controversial or inconclusive in many cases. Due to very small patient groups included to 

these studies, or including different breeds to the same study, no standard values of a 

healthy pelvic limb has been published in a breed that is affected with congenital MPL.  

 

In this study the results of significantly larger FVA, aLDFA, and mLDFA, which was very 

near to significance, might indicate that investigating the distal end of the femur in this 

breed could give information about the possibility of even later accruing patellar luxation. 

IFA, even though significantly larger, was reverse to most of the knowledge or printed 
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information made from this subject. Reduced inclination of the femoral head angle, coxa 

vara, has been under suspicion for being one of the underlying reasons for MPL. In this 

study the angles were significantly larger in the affected group. The most recent studies 

(2012, 2016) found no correlation between decreased IFA and MPL. The results were not 

statistically relevant between all of the groups but in both of these studies the magnitude of 

IFA decreased between normal and Putnam grades 1-2 and actually increased higher than 

the normal groups value in Putnam grades 3-4 [12, 34]. Here might be an interesting target 

for a separate study to investigate. 

 

The ultimate goal or an outcome that could occur in the future with measuring angles from 

the pelvic limb, could be to be able to determine the normal values of every dog breed. 

With this information studying the ones affected with MPL could come to a point where it 

would be possible to evaluate objectively whether the dog’s patellas are in a risk of 

luxating in some point of its life. This would help the breeding plans of many breeds and it 

would most likely be more objective method than Putnam grading. Putnam grading system 

has few disadvantage compared to measurement from a radiograph, including the 

examiner's skills, the force used when doing the examination and the variance of the dog’s 

nervousness (muscle tonus) and the capability to collaborate during the examination. All of 

these variables might affect the results and the reliability of the result. These measurements 

could be made from the ordinary official hip radiograph, so no expensive diagnostic 

methods would be needed.  

 

Study limitations in this study included the small amount of radiographs available to the 

study. Lancashire Heelers do not need to be hip scored for breeding, which influences the 

amount of radiographed dogs. Also all the needed radiographs were not available from the 

Finnish Kennel Club at the time of the clinical part of this study. The radiographs were all 

film radiographs, which made the measuring much more time consuming, since it had to 

be made by hand. Due to time limitations of this study the radiographs were measured only 

once and by one person. Even though some studies state that there was no significant 

differences between measurers, the severe bone deformities make the determining where 

exactly to draw the reference lines very challenging [34]. It would be presumable that 

different people interpret the same instructions differently and might envision same 

structures differently. 
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Repeating this study with bigger sample size might give even better view of the femoral 

angle measurements and how they behave in Putnam grade divided groups. According to 

the present and previous studies, further investigations would be required to obtain a better 

understanding of the association between femoral angles and medial patellar luxation. 
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6. CONCLUSION 
 
 
In conclusion, this study showed that there is a significant difference in femoral varus 

angle (FVA), anatomical lateral distal femoral angle (aLDFA), and inclination of the 

femoral head angle (IFA) in Lancashire Heelers between the ones with medial patellar 

luxation and those without medial patellar luxation. There seemed to be a association 

between the greatness of the angle and being affected with patellar luxation in mechanical 

lateral distal femoral angle (mLDFA) as well. This result approached statistical 

significance (p = 0.055). No significant difference was found in the rest of the 

measurements that included !/"-angles, anatomical lateral proximal femoral angle 

(aLPFA) and mechanical lateral proximal femoral angle (mLPFA). No association with the 

magnitude of the measurements and the dogs’ age, gender or the side of the limb was 

found. Due to a small sample size of this study, especially the affected group, further 

studies performed with bigger sample size would be recommended. 
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Evaluation of various radiorgaphy based femoral angles in Lancashire Heelers with 

and without medial patellar luxation 

 

SUMMARY 
 
Medial patellar luxation (MPL) is one of the most common orthopedic disorders in dogs, 

especially in toy, miniature and small breed dogs. It is usually considered a developmental 

disorder with congenital background.  

 

The entire pathogenesis of this condition is not clear, but most of the animals are presented 

with some form of musculoskeletal abnormalities in the affected limb. This study focused 

only on the deformities and radiography based measurements related to the femur.  

 

The aim of this study was to evaluate in general and investigate the correlation between the 

magnitude of radiographic femoral angle measurements in Lancashire Heelers that have 

normal (Putnam grades 0/0) patellae and the ones with MPL (Putnam grades 1-2). Total of 

75 pelvic limbs were measured and analyzed. Descriptive data about patients was collected 

from the Finnish Kennel Club´s official database. All the drawings and measurements were 

done and analyzed by one person in a blinded study.  

 

Results demonstrated a statistically significant (p < 0.05) larger femoral varus angles 

(FVA), inclination of the femoral head angles (IFA) and anatomical lateral distal femoral 

angles (aLDFA) in the MPL group. According to the results, mechanical lateral distal 

femoral angles (mLDFA) were also larger but the result was not statistically significant, 

even though it approached it (p = 0.055). No significant difference was found in other 

measurement values. No association with the magnitude of the measurements to the dogs’ 

age, gender or the side of the limb was found.  

 

All the previous studies made expressly regarding MPL have been made with very small 

study groups and results between different breeds vary, so standard parameters of a normal 

dog have not been yet published in any breed that is affected with congenital MPL. Due to 

the small sample size also in this study, especially the affected group, further studies 

performed with bigger sample size would be recommended. 
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Erinevate reieluu nurkade radiograafiline hindamine mediaalse 
põlvekedra nihestusega ja ilma nihestuseta Lancashire’i heeleritel 
 
KOKKUVÕTE 
 
Mediaalne põlvekedra paigaltnihkumine (patella luksatsioon) on kõige tavalisem 

ortopeediline haigus koertel, eriti kääbus ja väikestel tõugude. Arvatakse et tegemist on 

kaasasündinuks haigusega millel on pärilik taust. 

 

Selle haiguse patogenees ei ole selge aga enamikul koertest esineb sarnaseid lihaste ja 

skeleti anomaaliaid tabandunud tagajäsemes. See uuring keskendus anomaaliate 

radiograafilisele hindamisele mis on seotud  reieluuga. 

 

Selle uurimuse eesmärkiks oli hinnata röntgenpiltidelt reieluu nurkasid ja nende nurkade 

suuruse erinevusi normaalsete põlvedega (Putnam skaalal 0/0) ja patella luksatsiooniga 

(Putnam skaalal 1-2) Lancashire’i heelerite vahel. Kokku mõõdeti ja analüüsiti 75  tagajäset. 

Kirjeldavad andmed koerte kohta koguti Soome Kennelliidu andmebaasist. Kõik mõõtmised 

röntgenpiltidelt tegi töö autor teadmata mõõdetavate jalgade patella luksatsiooni taset.  

 

Tulemused näitasid statistiliselt oluliselt (p < 0,05) suuremad reieluu varus nurgad (FVA), 

reieluu pea kalduvuse nurk (IFA) ja anatoomiline lateraalse distaalse reieluu nurgad 

(aLDFA) koertel kellel on mediaalne põlvekedra nihestus. Ka mehhaaniline lateraalne 

distaalne reieluu nurgad (mLDFA) oli suuremad aga see tulemus oli vaid lähedane 

statistilisele olulisusele (p = 0,055). Teistes mõõdetud parameetrites ei esinenud olulist 

erinevust tervete ja patella luksatsiooniga jalgade vahel. Samuti ei esinenud seost ühegi 

mõõdetud parameetri ning koera vanuse, soo ega ka tagajala poole vahel. 

 

Varasemad uuringud spetsiaalselt silmas pidades medialset põlvekedra paigalt nihestust on 

tehtud väga väikeste uurimis gruppidega. Tõugude vahelistes tulemustes on olnud 

erinevusi ning terve koera standardseid reieluu kaarduvuse parameetreid ei ole mingil 

väikesel, kongenitaalse patella luksatsiooni probleemiga tõul veel publitseeritud. Ka selle 

uuringu väikese loomade arvu tõttu, eriti patella luksatsiooniga koerte rühmas, oleks 

soovitav reieluu parameetrite ja põlvekedra paigaltnihkumise seoseid Lancashire’i 

heeleritel edasi uurida kaasates rohkem patsiente. 
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