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Abstract: The purpose of this research was to identify reliable tomographic measurements 

that can detect patellofemoral abnormality and allow quantification of the risk of patellar dis-

location in patients with potential patellar instability. A cross-sectional study in 921 patients 

with anterior pain or knee instability of at least 6 months’ duration was conducted from July 

2001 to December 2009. All subjects were clinically evaluated and underwent radiography and 

computed tomography of their knees. According to their degree of dislocating patellar dyspla-

sia, the subjects were classified into groups for statistical comparison. There was a statistically 

significant difference in all measurements when the groups were compared, except for external 

tibial torsion angle. The most sensitive and specific measurements for determining patellar 

instability were the trochlear groove angle, tibial tubercle-trochlear groove distance, average 

patellar tilt, and average patellar height. Patients with potential patellar instability, increased 

tibial tubercle-trochlear groove distance, and patellar height, tilt, and deviation measurements 

had a greater risk for patellar dislocation. The clinical relevance of this study is to determine 

measurements that are able to tell us about patellar dislocation risk.
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Introduction
Patellofemoral instability refers to any functional and/or anatomical abnormality 

within the structures surrounding the patella and the femoral trochlea leading to knee 

pain, patellar dislocation, subluxation, and symptoms of patellar hypermobility.1–18 

It is a disabling condition that is most prevalent in younger people and seen more 

frequently in females than in males.14 The etiology is multifactorial, and hip rotation, 

tibial tuberosity positioning, femoral groove and patellar articular facet anatomy, 

gait biomechanics, and imbalance of the knee extensor apparatus can all lead to poor 

alignment of the patella.3

Radiographic studies are used to evaluate the anatomy of the patellofemoral joint, 

but cannot accurately assess the initial degree of knee flexion. The advent of com-

puted tomography (CT) enables more accurate analysis of the patellofemoral joint 

than is possible using plain radiographs.4,5,7,8 Further, advances in image acquisition 

and technology such as image overlapping and dynamic imaging studies (muscle 

contraction/relaxation, knee extension/flexion) have led to new parameters, such as 

trochlear dysplasia and tibial tuberosity-trochlear groove distance, along with patellar 

height, tilt, and deviation. These criteria are utilized to analyze patellofemoral joint 

morphology and help define abnormal anatomy.2,9,36
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Even with multiple parameters available to analyze 

patellofemoral instability, it is still difficult to determine how 

this syndrome manifests. The Lyon orthopedic group has 

described four distinct groups of patients with dislocating 

patellofemoral dysplasia: those with painful patellar syn-

drome (anterior knee pain without radiographic abnormalities 

and previous dislocation); those with potential patellar insta-

bility (anterior knee pain with abnormal tomography but no 

previous dislocation), those with objective patellar instability 

(at least one previous confirmed patellar dislocation, reported 

by the patient, attending physician, or radiographic docu-

mentation, such as medial patellar facet avulsion or lateral 

condyle fracture); and those with major patellar instability 

(frequent or permanent dislocation of the patella).8,11

The purpose of this study was to identify CT measure-

ments that can reliably detect patellofemoral abnormality 

according to the Lyon definition of dislocating patellar dys-

plasia and would allow quantification of the risk of patellar 

dislocation in patients with potential patellar instability. We 

believe that there are some CT measurements that can reliably 

estimate the risk of dislocation.

Patients and methods
After obtaining institutional review board approval, a cross-

sectional study was conducted from July 2001 to December 

2009. Of 2,816 knees screened, 1,792 from 921 patients were 

enrolled in the study. Inclusion criteria were age 18–50 years 

and anterior knee pain or instability of at least 6 months’ 

duration. Exclusion criteria included skeletal immaturity, 

previous ligamentous knee surgery, concurrent surgery on the 

contralateral limb, and major patellar instability. Forty-five 

asymptomatic patients were recruited as a control group and 

underwent the same evaluation protocol.

After clinical, radiographic, and CT evaluation, the sub-

jects were divided in four groups according to the Lyon clas-

sification of dislocating patellar dysplasia: control subjects 

(group 1); those with painful patellar syndrome (group 2); 

those with potential patellar instability (group 3); and those 

with objective patellar instability (group 4). Patients with 

major patellar instability were excluded because of associated 

conditions leading to permanent or frequent dislocation, so 

were not within the scope of the present study.

All patients included in the study underwent CT of the 

knee. The CT studies were reviewed by the same radiolo-

gist, who measured the following parameters: femoral neck 

anteversion angle; knee rotation angle; malleolar condylar 

angle; external tibial torsion angle; tibial tubercle-trochlear 

groove distance (TTTG); trochlear groove angle; patel-

lar tilt with relaxed quadriceps, patellar tilt with contracted 

quadriceps, and with a flexed knee; average patellar tilt 

(APT); patellar deviation with relaxed quadriceps (PDRQ), 

patellar deviation with contracted quadriceps, and with a 

flexed knee; average patellar deviation (APD); and average 

patellar height (APH) with relaxed quadriceps, patellar 

height with contracted quadriceps, and with a flexed knee 

(Figure 1). Measurement of patellar deviation, height, and tilt 

with a flexed knee was performed with 20 degrees of knee 

flexion. Patellar height was measured using the Insall-Salvati 

A B C D

E F G H I

Figure 1 (A) Femoral neck anteversion angle, (B) knee rotation angle, (C) malleolar condylar angle, (D) external tibial torsion angle, (E) tibial tubercle-trochlear groove 
distance, (F) trochlear groove angle, (G) patellar tilt, (H) patellar deviation, and (I) patellar height.
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method, where patellar tendon length to the length of the 

patella were measured.26,39

Statistical analysis of the CT measurements was per-

formed in order to compare group 1 with groups 2, 3, and 4 

and to compare group 3 with group 4. In addition, analyze 

risk of patellar dislocation in patients with potential patellar 

instability (group 3).

Statistical analysis
The Student’s t-test was used to test for differences between 

mean values. The Mann-Whitney test was applied to variables 

with an asymmetric distribution. Measurements in the four 

predefined groups were compared using analysis of variance 

and the Kruskal-Wallis test. Receiver operating characteristic 

curves were used to estimate cutoff points and the sensitivity 

and specificity for each group. A multiple logistic regression 

model was used to identify the most significant variables for 

occurrence of patellar dislocation. All analyses were two-

tailed test. The sample size was estimated based on a type I 

error of 5%, a type II error of 10%, a minimum difference 

between proportions of 30%, a semi-amplitude of 0.04, and 

a minimum significance level of 0.05, giving a minimum 

power of 90% test.

Results
The predetermined parameters were investigated by CT scan 

in 1,792 of 2,816 knees screened. The population comprised 

921 subjects, including 363 (39.4%) males and 558 (60.6%) 

females of mean age 33.7±11.2 years (Table 1). Patients were 

categorized into groups according to their knee CT measure-

ments (see Table 2).

There was no statistically significant difference in CT 

measurements between controls (group 1) and subjects with 

painful patellar syndrome (group 2). Comparing controls 

(group 1) and subjects with potential patellar instability 

(group 3), there was a statistically significant (P,0.05) dif-

ference in all measurements, except for external tibial torsion 

angle (P=0.61). Comparing controls (group 1) and those with 

objective patellar instability (group 4), there was a statistically 

significant (P,0.05) difference in all measurements, again 

except for external tibial torsion angle (P=0.61).  Further, 

comparing the receiver operating characteristic curves for the 

controls (group 1) and those with potential patellar instabil-

ity (group 3), the most sensitive and specific measurements 

for diagnosing potential instability were the trochlear groove 

angle (sensibility [S] 52%, specificity [E] 90.8%), TTTG (S 

63%, E 92%), APT (S 58%, E 79.3%), and APH (S 63.3%, 

E 59.8%).

Measurements were compared for subjects with potential 

patellar instability (group 3) and those with objective patellar 

instability (group 4), and their risk of patellar dislocation 

was estimated using a multiple logistic regression model, 

presenting the probability of 0% to 100% occurrence of 

dislocation in accordance with the CT measurement values, 

presenting the probability of 0% to 100% occurrence of 

dislocation in accordance with the CT measurement. Knees 

with a markedly increased TTTG and patellar height, tilt, 

and deviation were noted to have a higher risk of patellar 

dislocation. The probability of dislocation increased with 

TTTG values .15 mm, reaching 20% if TTTG was .35 mm 

(Figure 2). Moreover, the risk of dislocation increased 

significantly with APH measurements .1. The risk of dis-

location was about 6% when APH was 1.2, and increased 

by 30% when APH was 1 (Figure 3). The risk of dislocation 

also increased when APT was over 30 degrees. When APT 

was 68.5 degrees, the risk of dislocation increased by 80% 

(Figure 4). When we considered the APD values, the risk of 

dislocation increased significantly with measurements over 

10 mm. When the APD value was 35 mm, the risk increased 

by 85% (Figure 5).

Patellar tilt and deviation were the most significant mea-

surements to estimate risk of potential patellar dislocation 

turning into an objective patellar dislocation (APT, odds ratio 

1.07, 95% confidence interval 1.03–1.11; APD, odds ratio 

1.12, 95% confidence interval 1.05–1.18; P,0.001).

Discussion
In this cross-sectional study, we noted that some patellofemo-

ral CT measurement methods were accurate for detecting 

patellofemoral instability, and were different from those used 

in patients with anterior knee pain but without anatomical 

abnormalities in their extensor apparatus. A global analysis 

of our objective results concludes that TTTG, APT, and tro-

chlear groove angle are the most reliable measurements for 

diagnosing patellar instability (P,0.001).

After clinical evaluation of symptomatic knees in the 

present study, all patients in groups 2, 3, and 4 had pain, 

instability of the patellar was mostly observed in group 4 

Table 1 Study demographics and clinical characteristics

Group 1 Group 2 Group 3 Group 4

Knees (n) 87 596 1,070 39
Male (%) 31.1 38.7 41.3 35.3
Female (%) 68.9 61.3 58.7 64.7
Pain (%) 0 100 86.48 100
laxity (%) 0 7.6 7.6 61.3
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Tibial tubercle-trochlear groove distance
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Figure 2 Risk of group 3 dislocations according to TTTG measured. The risk of dislocation increases significantly with measurements over 15 mm. When the TTTG value 
is 35 mm, the risk increases by 20%.
Abbreviation: TTTg, tibial tubercle-trochlear groove.

Table 2 Mean and standard deviation computed tomography measurements for 1,792 knees according to the four groups analyzed

Measurements Group 1 Group 2 Group 3 Group 4

Average SD Average SD Average SD Average SD

FnAA (°) 18.9 8.7 17.7 7.7 20.6 8.4 23.2 8.5

TgA (°) 135.2 6.5 135.3 6.4 142.6 9.0 145.3 9.4

KrA (°) 4.7 3.2 4.1 3.0 5.4 3.7 6.8 4.5

eTTA (°) 32.5 5.8 31.6 7.2 31.7 7.7 32.7 7.7

McA (°) 34.8 6.7 33.6 8.2 36.4 8.3 39.6 9.2
TTTg (mm) 12.4 2.4 12.2 2.7 16.2 3.9 17.8 4.5
PTrQ 9.6 3.5 8.7 3.5 14.1 5.9 22.2 9.1
PTcQ 10.2 3.8 9.6 4.1 16.5 7.4 27.5 11.0
PTFK 6.5 3.1 6.3 2.9 8.7 4.5 11.8 6.9
APT 14.7 5.0 13.4 5.2 22.4 9.2 35.9 14.3
PDrQ 2.0 2.3 1.8 2.5 4.1 3.4 9.7 6.1
PDcQ 4.7 2.7 4.2 2.7 7.1 3.6 12.3 5.4
APD 4.4 3.1 3.9 3.5 7.6 5.0 15.9 8.5
PDFK -1.1 1.8 -1.3 1.7 -0.3 2.5 2.0 4.9
PhrQ 0.88 0.12 0.89 0.12 0.95 0.14 1.02 0.16
PhcQ 0.98 0.14 0.98 0.13 1.06 0.17 1.16 0.20
PhFK 0.96 0.14 0.97 0.12 1.04 0.15 1.14 0.18

Abbreviations: FnAA, femoral neck anteversion angle; KrA, knee rotation angle; McA, malleolar condylar angle; eTTA, external tibial torsion angle; TTTg, tibial tubercle-
trochlear groove distance; TgA, trochlear groove angle; PTrQ, patellar tilt with relaxed quadriceps; PTcQ, patellar tilt with contracted quadriceps; PTFK, patellar tilt with 
a flexed knee; APT, average patellar tilt; PDRQ, patellar deviation with relaxed quadriceps; PDCQ, patellar deviation with contracted quadriceps; PDFK, patellar deviation 
with a flexed knee; APD, average patellar deviation; PHRQ, patellar height with relaxed quadriceps; PHCQ, patellar height with contracted quadriceps; PHFK, patellar height 
with a flexed knee; SD, standard deviation.

(those with objective patellar instability). The need to under-

stand the etiology of symptoms in this group of patients 

and to define the most appropriate way of treating them has 

led a large number of investigators to look for radiographic 

abnormalities that could suggest a pathologic origin for 

this syndrome.4,7,12,23,29,32,41 Other studies have analyzed 

the relationship between patellofemoral abnormalities 

and abnormalities of the hip, thigh, and leg, also defining 

measurements such as the radiographic distance between 

the TTTG5 and the Q-angle in axial images of the patella.24 
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Figure 3 Risk of group 3 dislocations according to APH measured. The risk of dislocation increases significantly with measurements over 1. When the APH value is 1.8, the 
risk increases by 30%.
Abbreviation: APh, average patellar height.
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Figure 4 Risk of group 3 dislocations according to APT measured. The risk of dislocation increases significantly with measurements over 30°. When the APT value is 68.5°, 
the risk increases by 80%.
Abbreviation: APT, average patellar tilt.

When CT scans were first used to study the patellofemo-

ral joint, a better understanding of this syndrome became 

possible because of the creation of highly sensitive and 

specific images with no distortion, as well as the ability to 

overlap images and measure rotational parameters in the 

lower limbs. A large number of authors have reported 

the superiority of this imaging modality when analyzing 

the patellofemoral joint in knee extension, which is impos-

sible with X-rays.26,25,31 Galland et al16 established normal 

and abnormal values for knee measurements in radiographs 
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and CT scans. This group of referenced values became 

widely known as the Lyon protocol. Nove-Josserand and 

Dejour34 added reference values for patellar tilt and deviation 

(subluxation) when the knees are relaxed or contracted, as 

well as mean values.

Given that the Lyon protocol is an accurate method with 

proven sensitivity and specificity in the analysis of patellar 

instability, we have chosen it as our guideline protocol for 

evaluation of patients with patellofemoral syndromes.

We observed a greater prevalence of women with patel-

lar malalignment (58.7% in group 3 and 64.7% in group 4) 

in our study, which is consistent with other reports in the 

literature,22,35 except for those by Hughston23 and Reikeras 

and Hoiseth,37 who found no statistically significant differ-

ence in sex prevalence.

Rotational abnormalities of the lower limb, including 

femoral anteversion, knee rotation, external tibial torsion, and 

malleolar condylar angle, are considered possible etiologies 

for secondary disorders of the extensor apparatus, but there 

is no consensus in the literature as to whether there is a cor-

respondence between these parameters and patellofemoral 

instability.7,15,17 Our results for femoral neck anteversion 

and malleolar condylar angle were higher in patients with 

potential or objective patellar instability than in groups 1 

and 2, but there was no statistically significant difference to 

support such differences as a primary etiology for patellar 

instability.

It is established that the basic factors predisposing patellar 

instability are trochlear dysplasia, lateralization of the tibial 

tuberosity, increased patellar height, and lateral patellar tilt 

and deviation.8,10,13,36,40

Trochlear dysplasia can be measured through the tro-

chlear groove angle. In this study, this measurement was 

statistically significant for diagnosing patellar instability, 

but was not able to predict patellar dislocation. The literature 

reports regarding this matter are controversial. Some authors 

believe that there are no differences in results, regardless of 

which type of instability the patient has,21 while other studies 

report the importance of this method even to define surgical 

treatment for patellar dislocation.8,40

Increased lateralization of the tibial tuberosity can be 

evaluated by TTTG.27,33 TTTG is an absolute value that does 

not take the patient’s height and weight into account. In this 

study, TTTG was the most specific and sensitive method 

for detecting patellar instability when comparing groups 1 

and 3. Further, this method was accurate for predicting the 

risk of patellar dislocation in patients with potential patellar 

instability.

To analyze patellar height in the 921 patients, the 

Insall-Salvatti method26,39 was applied in patients’ CT scan 
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Figure 5 Risk of group 3 dislocations according to APD measured. The risk of dislocation increases significantly with measurements over 10 mm. When the APD value is 
35 mm, the risk increases by 85%.
Abbreviation: APD, average patellar deviation.
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 tridimensional reconstruction with the knee in extension 

(relaxed and contracted) and 20 degrees of flexion. Our 

results showed this method to be a good option for diagnosing 

patellar instability, but not for predicting dislocation, which 

is in agreement with previous reports.8,40

Patellar tilting measurements in our control group showed 

small and insignificant differences with the knee extended 

or with a contracted quadriceps. When knees in this group 

were compared with those in groups 3 and 4, patellar tilt sig-

nificantly increased (P,0.05). When the same measurement 

was applied on a contracted quadriceps, there was a notable 

worsening of the patellofemoral alignment when compared 

with a relaxed quadriceps. The literature is controversial with 

regard to defining the actual need for an imaging study of 

the knee with a contracted quadriceps. Many studies have 

reported that muscle contraction can provide a more accurate 

imaging result in patients with patellofemoral malalign-

ment, when compared with an imaging study with a relaxed 

muscle.19,20,28 Martínez et al consider two imaging studies to 

be unnecessary, and prefer a study with a relaxed muscle, 

since it is easier to perform.31

Patellar tilt is an objective flaw in the extensor apparatus 

and predicts patellar instability. In this regard, some authors 

have reported on the importance of the medial restrictors of 

the patella.9,19,30 An abnormality in the quadriceps muscle is 

not the only anatomical issue when there is dysplasia of the 

vastus medialis; it is a functional abnormality of the whole 

quadriceps compartment, with changes in both the vastus 

medialis and vastus lateralis muscles.

All CT measurements analyzed with relaxed and con-

tracted quadriceps had variations in their values. Otherwise, 

mean patellar tilt values were the most sensitive and specific 

for evaluating this difference, and are in agreement with the 

results reported by Nove-Josserand and Dejour.34

After defining the most suitable diagnostic methods for 

detecting patellofemoral instability, we attempted to differen-

tiate between patients who already had a patellar dislocation 

(group 4) and those with a high risk of dislocation (group 3). 

When logistic regression analysis was performed, TTTG, APH, 

APT, and APD were the most significant measurements with 

regard to predicting the probability of patellar dislocation, mak-

ing it possible to create probability graphs. The most sensitive 

measurements were APT and APD, which is consistent with 

the finding of Nove-Josserand and Dejour that an increase in 

patellar tilt is a characteristic of patellofemoral instability and 

is not necessarily a consequence of dislocation.34

It is important to note that the patella behaves in a 

dynamic manner, so if the trochlear groove and TTTG are 

static on one side, which is necessary to stabilize the femur 

over the tibia, the ligamentous, muscular, and retinacular 

functions of the patella on the other side are of paramount 

importance to avoid or at least decrease the risk of dislocation 

after correct treatment.

The study has some limitations. We have a general 

population and a lack of interobserver and intraobserver 

reliability. Moreover, this study was cross-sectional in nature, 

and would have been better if performed in a prospective 

manner. Although not the aim of the study, we did not evalu-

ate soft tissue factors, which can also increase the risk of 

dislocation.6,38

We conclude that quantification of deviation is important 

to plan treatment for patellofemoral imbalance in clinical 

practice. Our results allow us to qualify, quantify, and predict 

a possible patellar dislocation in patients with patellar mala-

lignment. Trochlear groove angle, TTTG, APT and APH are 

the best tomographic tools available for diagnosis of patellar 

instability. To predict the probability of patellar dislocation, 

the most reliable measurements are TTTG, APH, APT and 

average patellar deviation.
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