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Kinematic and dynamic axial computerized tomography of 
the normal patellofemoral joint 

Halit Pınar(1), Devrim Akseki(1), imren Genç(1), Osman Karaoğlan(1) 

Normal patellofemoral eklemin kinematik ve dinamik aksiyel bilgisayarlı tomografisi 

Daha önce ve şu anda herhangi bir diz problemi olmayan 14 normal gönüllünün patellofemoral eklem ak
siyel bilgisayarlı tomografisi çekildi. 14-16 yaşlan arasmda (ortalama 25) 11 erkek ve 3 kadın vardı. Uyluk kas
lannm hem kontraksiyonu ile hem de kontraksiyonsuz 0°, 10°, 20°, 30°, 40°, 60° f/eksiyonda aksiyel görüntü
leri almdl. Böylece herbir kişi için 12 görüntü elde edildi. Her görüntüden önce BT midpatellar seviyeye odak
Iandı. 24 dizin herbirinde 3 ölçüm yapıldı: Kongruans (uyum) açısı (CA), patellar tilt açısı ve sulkus açısı. ista
tistiksel hesaplamalar için eşlenmiş t-test, Anova ve Tukey işlemi kullanıldı. PTA nın alt smm genellikle 9°_10° 
idi ve hiç bir diz pozisyonunda r nin altmda değildi. Kas kontraksiyonu PTA yı her bir fleksiyon derecesinde 
hafif arlirdl. CA 0 ° de ortalama + 18° idi (standart sapma 20.8), bu da normal dizde tam ekstansiyanda CA 
nın + 39°ye kadar artabileceği anlamına geliyor. 20° ve 60° fleksiyon arasında ortalama değerler negatifleşi
yar. 30° ve 40° fleksiyon dereceleri uyluk kaslan kontraksiyonu patella lateralizasyonuna neden oluyor. Tam 
ekstansiyanda ve 10° f/eksiyonda (p<0.005) bu lateralizasyon istatistikselolarak anlamı! (p<O.OI). Diz fleksi
yonu arttıkça SA olarak azalıyor. 0°, 10°, 20° fleksiyondaki açılar, 40 0 ve 60° f/eksiyondakilere göre daha fazla 
(p<0.05). Bu çalışma diz fleksiyon derecesine göre CA, PTA ve SA'nm değiştiğini ve normal populasyonda bu 
açilann büyük varyasyonlar gösterdiğini göstermektedir. Sadece tam ekstansiyanda bir bilgisayarlı tomografi 
görüntüsüne bağlı kalınmamak, bu normal patellar subluksasyon teşhisi koydurabilir. Bu çalışma değişik diz 
pozisyonlannda, patellar instabilite tiplerinin belirlenmesi için bir baz ortaya koymakta ve patella için daha iyi 
bir prOfil vermektedir. Bu yeni bir konsept. Bunun yanı sıra, bu çalışmada elde edilen dinamik değerlerin pato
lojik patellofemoral eklemlerden elde edilen sonuçlar ile karşılaştmlması daha iyi bilgi verecektir. 

Anahtar kelimeler: Patellofemoral eklem, bilgisayarlı tomografi 

Kinematic and dynamie axial eomputerized tomography of the normal patellofemoral joint 

Fourteen normal volunteer with no history suggesting previous or current knee pathology underwent axial 
computerized tomographic examination of the patellofemoral joint. There were eleven men and three whose 
ages ra'nged from 10 to 46 years (av. 25 years). Axial images obtained 0°, 10°,20°, 30°,40°, and 60° of flexi
on both with and without contraction of the thigh muscles. Thus, twelve images were obtained for each indivi
d~al. The CT scanner was foused at the midpatellar level prior to each image. Three measurements were ma
de ol! twenty-four knees for each individual: congruence angle (CA), patellar tilt angle (PTA), and sulcus angle 
(SA). Paired t-test, ANOVA, and Tukey's procedure were used for statical calculations. PTA increased slightly 
from 0 ° to 20° , and decreased slightly with more flexion (not significant, NS). The lower limit of PTA was usu
ally 9 ° to 10° and not lower than r in any of knee positions. Muscle contraction increased PTA slightiy at each 
degree of flexion (NS). CA was mean + 18.3° (SO: 20.8) at 0° which means that normal individuals may have 
cas as high as+39° at full extension. There was a gradual decrease in CAs with knee flexion . The mean valu
es became negative between 20° and 60° flexion. Contraetion of the thigh muscles caused lateralization of the 
patella except at 30° and 40° flexion. This lateral pull was statistically significant at full extension (p<O.OI) and 
at 10° f/exion (p<0.05). The SA decreased gradually as the f/exion of the knee increased.Angles at 0°, 10°, 
and· 20° flexion were significantly higher than those at 40° and 60° flexion (p<0.05). This study shows that CA, 
PTA, and SA change depending on the degree of flexion of the knee, and that these angles show wide variati
ons in the normal population. One should not rely on axial images taken at full extension, as this may errorne
ously lead to adıagnosis of subluxation in a normally tracking patella. The values obtained in this study may 
provide abasis for determining the type of patellar instability at different knee positions, and thus give a better 
profile of patellar tracking. This is a new concept. Besides, comparison of dynamic values obtained in this 
study with the ones in abnormal patellofemoral joints mayaıso reveal useful information. 
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Patellar tracking abnormalities are a major cause 
of anterior knee pain (6, 7, 8, 11). Clinical diagnosis 
may be dillicult because the signs and symptoms of
ten mimic those of other forms of internal derange
ments of the knee (11). Consequently, various radi-

ographic techniques have been proposed , but the re
sult have been proposed , but the results have been 
unsatisfactory with most of these procedures (2 , 3, 4, 
16). Furthermore , axial plain rad iographic evaluation 
of the patellofemoral jOint requires knee fl exion of at 
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least 25°-30°. Thus, the above-mentioned factors, to
gether with the recognition of the importance of eva
luating patellar instability in the first 20°-30° of knee 
flexi on prompted the use of computerized tomog
raphy (CT) and magnetic resonance imaging for pa
tellofemoral malalignment (8, 9, 14, 19, 21). Utilizing 
these imaging modalities, the normal patellofemoral 
relationship has usually been studied during the first 
30° of knee Ilexion. The study by Martinez et aL. was 
done at 0°, 20°, and 45° ol knee Ilexion (13). 

With the complexity ol the patellolemoral reali
tonship in mind, we hoped to get more inlormation by 
imaging the joint at a wider range ol Ilexion. In additi
on, to simulate the weight-bearing condition and as
sess the inlluence ol muscle contraction, we also ob
tained images with the thigh muscles contracted. 

Patients and methods 

Fourteen normal volunteers with no history sug
gesting previous and current knee pathology under
went axial CT examination ol the patellolemoral joint. 
There were eleven men and three women whose 
ages ranged lrom ıOto 46 years (av. 25 years). CT 
images were obtained on all live second body scan
ner (Toshiba TCT-6005). 

Simple wedges were used to place both knees at 
desired angles ol knee Ilexion with the patient in the 
supine position. Axial images were obtained at 0°, 
10°, 20°, 30°, 40°, and 60° ol Ilexion. For each angle 
ol knee Ilexion, images were obtainedt lirst without 
and then with voluntary isometric contraction ol the 
quadriceps and hamstring muscles. The CT scanner 
was locused at the midpatellar level prior to each 
image. Thus, twelve images were obtained lor each 
subject. In other words, measurements were made 
on twenty-Iour knees lor each subject. 

Three measurements were made Irom each 
image:l sulcus angle (SA), lormed by the intersecti
on ol lines drawn parallel to medial and lateral troch
le ar lacets , 2) congruence angle (CA), obtained by 
bisecting the SA and then drawing a second line lrom 
the apex ol the patella, 3) patellar tilt angle (PTA), an 
angle subtended by aline parallel with the lateral pa
tellar lacet and the posterior condylar relerence line. 

The values were stored in a computer, and the 
mean values and standart deviations , ol the three 
angles were lound lor each knee position with and 
without muscle contraction. Paired t-test was used to 
evaluate the elle ct ol muscle contraction. Com pari
son ol the three angles at various degrees ol knee 
Ilexion was done by ANOVA. When dillerence was 
noted, Tukey's procedure was used lor multiple com
parisons. P<0.05 was cons idered as statistically sig
nilicant. 

Results 

The mean values and standart deviations ol the 
three angles are shown on Table 1. PTA increased 
slightly during the lirst 20°, and decreased slightly 
with more Ilexion . These changes were not statisti
cally signilicant (NS) . Images taken with contraction 

Computerized tomography of the patellofem oral joint 371 

lollowed the same pattern without signilicant chan
ges. Muscle contraction increased PTA slightly at 
every degree ol knee Ilexion (NS). The lower limit ol 
normal rather than upper limit is important lor PTA. 
The lower limit was usually 9°, to 10° and not lower 
than r in any ol knee positions. 

Angle of PTA (' ) CA (') SAl ' ) 

knee flex ion C 1-) CI+) Cı·) Ci+) 

O' 15.7+8.8 16.5+9.8 18.3+20 .8 33.2+21.9 151.9+8.0 
10' 17.5+8.2 18.3+8.6 4.8+21.5 17.6+21. 1 150.2+9.9 
20' 17.5+7.3 20.2+8.1 ·5.8+17.4 4.6+21.8 148.3+9.3 
30' 17.4+7.7 18.9+8.4 ·5.8+1 7.8 ·9.0+15.3 145 .1+10.8 
40' 17.3+6.8 19.5+7.2 ·9.3+14.3 ·9.7+16.5 138.2+11.0 
60' 16.4+7.2 17.9+7.7 -13.3+16.8 -6.7+15.5 134.9+12.2 

Table 1: Mean values and standard deviations of the three angles 
at various knee positions 
C H: without muscle contraction 
C (+): with muscle contraction 

CA was mean+18.3° (SO:20.8) at lull extension , 
which means that normal subjeets mav have CAs as 
hing as +39. CA was redueed to 4.8° +21.5 at 10° of 
Ilexion. When eompared to the value at full extensi
on, this deerease was almost at the limit of signifian
ce. The mean values beeame eneerasingly negative 
between 20°, 30°, 40°, and 60° Ilex ion were signili
eantly lower than at lull extension (p<0.05) CA at 10° 
flexi on was signifieantly higher than those at 40° and 
60° flexion (p<0.05). Contraetion of the thigh muse
les eaused lateralization ol the patella exeept at 30° 
and 40° flexion. This lateral pull was stati stieaııY sig
nilieant at extension (p<O.Ol) , and at 10° Ilex ion 
(p<0.05). At 30° and 40° flexion, musele eontraetion 
eaused slight medialization of the patella (NS). 

CAs with musele eontraction deereased with fle
xion similar to the static eondition. When dynamic 
CAs were eompared among th emselves, CA at ex
tention was signiliantly higher than those at 10° to 
60° flexion. The SA decreased graduaııY as the flexi
on ol the knee increased. When analysed successi 
vely , this deere as e was not sign ilicant. On the other 
hand, angles at 0°, 10°, and 20° flexi on were sign ifi
eantly higher then those at 40° and 60° fl exion. SA at 
30° flexion was significantly higher than that at 60° 
Ilexion (p<0.05). 

Discussion 

Although various conventional radiographic tech
niques have been proposed to evaluate patel lar ma
laligment, there has been general dissatisfaction with 
most of these proeedures (12, 13, 18). The problems 
have been technical and interpretational. Reeently , it 
has been emphasized that patellar traeking abnorma
lities are more likely to be demonstrated during the 
early phases of flexion (2, 12, 13, 18, 19, 21) . 

Alter finding the normal values of th e ang les re
ported in this study, we studied a series of patients 
with anterior knee pain. This is the subject of another 
paper. In that study , we measured the patellar til t 
angle, congruence angle, and sulcus angle at 0° to 
40° and at 60° of fl ex ion seperately, compared with 
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normal values, and determined the types ol aborma
lity at each knee position. Thus a table demonstrating 
the types ol patellar tracking abnormalities at various 
knee positions was obtained. That table clearly de
monstrated the necessity ol obtaining serial axial 
images ol the patellolemoral joinl. Another conclusi
on drawn Irom that study was that imaging only in the 
lirst 30 degrees ol knee Ilexion could miss the correct 
type ol instability. 

Because ol the alorementioned observations, 
we decided to study in detail the normal patellolemo
ral joint in the lirst 60 degres ol Ilexion. To our know~ 
ledge, there have been no studies ol normal patello
lemoral relationship in this range ol knee Ilexion. The 
studies have usually been limited to the list 30 degre
es ol Ilexion l5, 10, 18, 21). Martinez et aL. (13) studi
es the joint at 0°, 20°, and 45° ol Ilexion. However, 
they did not measure the congruence angle. Their 
method ol determining patellar centralization excIu
des the medial and lateral to medial instabilities. 

Computerized tomography was chosen as the 
imaging modality in this study because ol its lesser 
cosl. We also believe that MRI does not oller any ad
vantages over CT scanning lor studying patellolemo
ral relationship. Furthermore, the MR imager does 
not permit more than 30° ol knee Ilexion. Recently, 
we attempted to image the knees up to 90° ol Ilexion 
with the hope ol obtaining more inlormation, but the 
CT scanner did not permit more than 70° ol Ilexion. 

The lirst study using computerized tomography to 
study the normal position ol the patella was reported 
by Delgado-Martins (5). Their study showed that the 
patella usually li es lateral and incongruent when the 
knee is in lu II extension. More recently, severalother 
studies reported the same linding (10, 17, 20). This 
study agrees with those lindings. 82% ol the patellae 
had congruence angles greater than O degrees in ex
tension. Similary, Delgado-Martins (5) reported that 
87% ol the patellae were lateralized in extension. 
This study shows that congruence angles as high as 
+39° should be considered normal in extension. For 
this reason, one should be carelul when evaluating 
the images qualitatively. Angles should be measured , 
otherwise a normal patella would be ministerpreted 
as subluxed. Thus, we emphasize again the impor
tance ol determining the normal values at various 
degrees ol Ilexion. In contrast to our study, as well as 
to others, Martinez et aL. (14) reported that the patella 
was generally well centered in extension. It should be 
noted that they did not measure the congruence ang
les and their criterion lor centralization was dillerenI. 
similary, we do not agree with Inoue et aL. (9) who 
stressed the importace ol computed tomography with 
the knee in lull extension. They stated that the nor
mal patella was well centered in extension. That 
study was dillerent lrom ours in that, they used the 
lateral patellolemoral angle at 0° as a criterion lor 
subluxation. We believe that the lateral patellolemo
ral angle shows the amount ol patellar tilt, and that 
congruence angle is the best indicator ol subluxation. 
At 10° ol Ilexion, the tendeney is stili towards lateral i
zation. Congruence angles as high as +26° is compa
tible with anormal patellar tracking. Thus, we disag-

ree with Schutzer et aL. (18) who stated that all pate l
lae were centered or slightly medial by 10 degrees ol 
Ilexion. They considered a patella subluxed il the 
congruence angle remained more than 0° at 10° ol 
Ilexion. A support to our observation comes Irom Ku
jala et aL. (10) who concluded that the normal knees 
were not congruent at less than 30° ol Ilexion. 

This study showed that the patella usually moves 
medially as the knee is Ilexed. The mean congruence 
angle becomes negative at 20° and remains increa
singiy negative as the knee is Ilexed lo 60°. Although 
the dillerence ol congruence angles was nonsignili
ca nt between 20° and 60°, the lower and upper limits 
ol normal values diller, although slightly, and should 
be considered seperately at each degree ol Ilexion. It 
is only then possible to determine the type ol abnor
mal tracking at dillerent knee positions. High values 
ol standart deviation give rise to a great range ol nor
mal congruence angles , This certainly means that 
normal pateallea may show large variations ol trac
king. 

At 45° ol knee Ilexion Merchant (15) and Aglietti 
(1) lound the mean congruence angi es to be _6° and 
_8°, respectively. The mean congruence angle ol _9° 
at 40° in th is study is comparable to their values. Me
an CA in lull extension was signilicantly higher than 
that at 30°. Therelore , no conclusions can be drawn 
regarding the elliciency ol CT over radiographs by 
comparing CT images in extension with conventional 
radiographic images at 30° ol Ilexion. More lateral 
shilt ol patella in extension reported by Sasaki and 
Yagi (17) is anormal linding. Hence, the ir methodo
logy seems to be unacceptable. 

The normal patellar tilt angle has been studied in 
detail during the lirst 30° ol knee Ilexion by Schutzer 
et aL. (18, 19). They lound that the PTAs were in the 
high positive range and constant between O' and 30' 
ol Ilexion, but were not le ss than 8 degrees at any 
position. Martinez et aL. (13) also lound the PTA to be 
constant between 0° and 45' ol Ilexion. We totally 
agree with their observations. By the same method ol 
measurement, the PT As were not less than 7 degre
es at any position, and stili remained constant alter 
30' up to 60° ol Ilexion. The lower limit was usually 
9° to 10' . It is obvious that the lower limit ol normals 
should be taken into account to distinguish between 
normal and tilted patellae. On the other the hand , Ku
jala et aL. (10) lound that lateral patellar tilt decrea
sed signiliciantly during the lirst 30° ol Ilexion. Their 
method ol measurement, that is , the relerence lines 
both on the trochlea and the patella are quite dille
renI. We agree with Schutzer et aL. (18 , 19) that pos
terior lemoral condyles should be taken as relerence. 
For similar reasons, we do not agree with Inoue et aL. 
(9) who stated that lateral patellolemoral angle chan
ged signilicantly at 0°, 30°, and 45° ol Ilexion . Anteri
or condyles were taken as the relerence line in that 
study. Morever, another point in that study is that the 
calculations were made on computerized tomograp
hic sections at O' and on plain radiographs at 30° and 
45' ol knee Ilexion. 

When midpatellar sections are taken , it is not dil-
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ficult to understant the gradual decrease ol the sul
cus angle with knee Ilexion. as the knee is Ilexed, the 
patella moves distally and comes into contact with 
the deeper and more distal part ol the trochlea. Thus, 
a very shollow sulcus angle near extension is an indi
rect sign ol patella alta. It does not indicate trochlear 
dysplasia. Measuring the sulcus angle at a wide ran
ge ol Ilexion seems to be important in that in gives a 
prolile ol the lemaral trochlea Irom praximal to distaL. 
High sulcus angi es on all sections at a wide range ol 
Ilexion may be the best indicator ol a trochlear 
dysplasia. 

There seems to be a consenous on the gradual 
decrease ol the sulcus angle with knee Ilexion al!ho
ugh there are same vari ations between the values. 
The variations do not appear to be grea!. 138° at 40° 
in this study is comparable to the Merchant's value at 
45° (15) . In contrast, the sulcus angle at 45° was 10-
und to be slightly less than 110° by Martinez et aL. 
(13) They noted signilicant differences between the 
sulcus angles at 0°, 20°, and 45°. In our study, the 
differences at 0°, 10°, and 20° were not signilicant, 
but all ol them were signilicantly different Irom those 
at 40° and 60°. Kujala et all's su lcus angle values we
re similar to ours (10). 

The ellect ol isometric quadriceps contraction on 
the position ol normal patella is stili controversial. 
There have been lew studies the results ol which are 
inconclusive. The patients in our study were taught 
and instructed to contract both quadriceps and hams
tring to simulate a more physiologic weght-bearing 
condition. Perhaps the same methodology was used 
in other studies but it was termed as quadriceps cont
raction. KUjala et aL. (10) lound no difference in the 
mean values ol lateral patellar displacement with and 
without isometric quadriceps muscle contractian in 
extension. Muscle lorce moved the patella medially in 
hall ol the subjects and laterally in the other hall. 
Martinez et aL. (13) analyzed their results in a diffe
rent way, and concluded that contractian ol the quad
riceps muscle had little inlluence on patellar centrali
zatian. In only three out ol twenty knees did the patel
lae became decentralized at lull extension and none 
at 20° and 45°. By their methodology, th is means that 
there patellae were pulled laterally with contraction at 
lull extension . Similarly, three out ol twenty normal 
patellae showed minimal subluxation with quadriceps 
contractian in extension in Schutzer et al's study (19). 
Delgado-Martins (5) noted that in extension the num
ber ol decentralized patellae (87%) l urther increased 
to 96% with quadriceps contraction , but did not com
ment on the congruence angles. Our study provides 
more solid and clear data than the other studies. This 
study suggests that the effect ol muscle contractian 
near extension is more signilicant than mentioned in 
previous stud ies. In normal individuals, contractian ol 
the thigh muscles caused lateralization of the patella 
except at 30° and 40° ol Ilexion. Th is lateral pull was 
statistically signilicant at 0° and 10°. II) other words, 
normal patellae are usually more lateralized during 
weight-bearing. 82% ol the patellae were pulled late
rally with muscle contraction. It seemp that muscle 
contractian has little or no ellect on the position ol the 

patella once it is seated in the trochlea, most likely 
due to the bony support. 

This study lar the lirst the time attempted to in
vestigate the ellect of muscle contraction on patellar 
til!. In contrast to the congruence angle , muscle cont
raction had little inlluence on patellar til!. 

Th is study attempted to trace the normal patello
lemaral relatianship in a wide range ol knee Ilexion. 
The results suggest that one should not rely on axial 
images taken only in lu II extension when evaiuating 
patients with anterior knee pain , as th is may erra neo
usly lead to a diagnosis ol patellar su bluxation in a 
normally tracking patella. Normal values ol angles 
used in assesing patellar malalignment may show 
great variations at a given knee position. The mean 
values and limits ol normals alsa vary at diffrent Ilexi
on angles. Line ol muscle pull is usully lateral ne ar 
extension in normal subjects. Comparison ol dynamic 
values obtained in this study with the the normal li
mits ol congruence angle, patellar til! angle, and su l
cus angle during the lirst 60° ol knee Ilexion will add 
to the current knowledge, and provide abasis lar de
termining the type ol patellar instability at different 
knee positions and thus give a better profile ol pateI
lar tracking. Th is is a new concep!. 
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