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Absiract - A4 comprter model of the palellsfemoral joint was
developed and the effects of the anterior displacement of the
tibial tubernsily were investipated, The input geometrical and
verification  data  for the model were  obtoined  from  an
experimentel sudy on o cadaver knee, mounted In an instron
machine, The computer program found the configuration of the
putellofemoral joint which setisfied both the peometrical and
Jovee  equilibrinm  conditions, simulfaneousty, wiing @ triel
grupfiical approach. Verifieation of He model way achieved by
deterimining the patellr sugittal plane motion and patellofermoral
centered  focetiong camparing  the with  the
experimental resulls of the same specimen and published data,
Stmulation of the anterior displtcement of the tihial nberosity
by the molel showed that the beation of contact areq miprifes
distally on the femur and procimually on the patellas follswing
aperation. The confact force af the patellafemoral foint decreaved
significantly by FO0% at full extension, 30% ot 30 degrees flexion
aned arord (3% af higher flexion angley for & 1 cm anterior
displacement of the tibial tuberosity amd mearly doubled for & 2
et anferior displecemend. The change of the effective moment

and resnlts

arar af the quadriceps was nof considerable. The results suggpest
Hert the major effect af the Maquet operation on the contict
Jorce appears fn oexension and mid-flevion rather thon deep
flexion anples. Further displiocement of the tuberosity enfiances
the reduction aof the confact force, however, the total reduction iv
ey fhan what way predicied by Maguet, The change of e
coptinct lacation  relleves  pain in short ferm b cerwes
Ryperpressiee fn fhe proxieu! refropatellar surface which mipht
b detrimental in long term.
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INTRODUCION

Application of computer modeling in the study of
human joints has  been  increasingly  appreciated in
recent vears as a resull ol the significant success of
these models inpredicting and apalyzing the behavior
of nataral and artificial joints {1-6). Computer models
provide a better understanding of the role and

a1

significance  of each individual relevant [actor (L.,
musle strength, ligament stiffness, tendon insertion,
articular surface peometry) in the joint’s normal or
pathological  function and - produce simuoltaneous
detailed data ol the moton, force and  contact
characteristics of a specimen in different geometry and
load conditions. However, the most attractive feature of
computer, modeling for orthopaedic surgeons may be
the capahility of the madels 0 simulate pathological
Joints and predicl the resull of conservative or surgical
trealments. This not onby helps o evaluate  the
effectiveness of commonly used treatments and find
their right indications, but also encourages the design of
new surgical plans.

Adthough the patellofemoral joint is not apparently
interposed into the weight-bearing column ol the lower
limby, it is subjected 1o contact lorces and stresses that
may actually be higher than every other joint in the
human body (7). The patellar tendon of o weight lfter
was colealated as being loaded by more than 17,5 times
his body weight when it ruptured (8). Acting under
such enormoeus forces, i is nol surprising that anterior
knee pain caused by patellofemoral bone and soft tissue
difficulries, is s0 common, Anterior displacement of the
tbial  tuberosity for refief of antecior knee  pain,
resulling  [rom patelloferncral  osteoarthrics and
chondromalacia of the patella, was first described by
Magquet et al in 1963 (9. It is thought o increase the
maoment arm of the quadriceps and decrease the joint
contact foree by opening the angle between quadriceps
and patellar endons. In 1970, Maguet roviewd 39
patients  alter anterior  displacement of  the bl
tuberosity, with un average follow-up of 4.7 years, of
which 37 had a good or excellent resuall (10} Later
sludies,  have  reported satisfactory
particularly in long term, varying in a range of 63 w0 97
precent (117 The appropriate amouant of the anterior
displacement, has  also  been under much  debate
(10-137.

The purpose of this study was to demonstrate the
application  of  computer  madeling  in arthopaedic
surgery and toomvestigate the effects of the Maguet
operation  with different amounts of  anterior

less results



Maguet operalion

displacement on the patellofemoral joint contact [oree,
contact arca, and the effective moment arm of the
guadriceps.

MATERIALS AND METHODS

Experimental data basis

An experimental data basis was  necessary  for
providing the input information of the computer model
and for werilying s predictions. The nput  data
consisted of the motion data: positions of the tibial
tuberosity in varicus flextion angles, and the geometry
data: articular surfaces ol the patella and femur,
insertions of the lendons, etc. The verification data
included the motion data of the patella. A Iresh [rozen
cadaver knee specimen from a male aged 72 was used
in this study. All the skin, fat and muscular tissues were
removed  leaving only the  tendons,  ligaments,
retinaculaeg  and the joint capsule intaclt,  Caolorful
markers were placed on the patella and tibia and the
knee was mounted in an instron maching with the
femur fixed vertically and the tibia free o be flexed to
any desired Oexion angle (Fig. 1. A horizontal rod
blocked tibial extension when the quadriceps was
pulled. The quadriceps tendon was connected to the
load cell of the instron through a freezing clamp, A
constant tension of 500 N owas applied w the quadriceps
tendon parallel to the femoral shalft in the [rontal plane
and § degrees anteriorly in the sagital plane, The knee
was flexed from [ull extension 1o 120 degrees flexion by
5 1o 10 degrees intervals. AL each [exion angle, the
position af the markers on the patella, tibia and femuor
were (raced by lateral photographs.

The articular geometry of the joint was obtained by
embedding the patella and femur in bone cement and
sectioning into thin sagittal slices by a high precision saw
(Fig. 2). Eight successive slices were cul in the central
gones af the patella and femur with a thickness of 3
mm ecach. The slices were photographed, projected 1o
* 10 magnification and then digitieed. The length of
the patellar tendon and the inserlion sites of the
quadriceps and patellar tendon in the patella were also
measured.

Computer modeling

Computer programs in Auto LISP language were
developed for reconstruction af the patellofemaoral joint
geometry and analysis of the joints sagittal plane
articulation, in Aute CAD environment. The acticular
surfaces of the patella and femur were expressed by
B-spline profiles in parallel sagittal plancs with differemt
elevations  (Figure 3). The quadriceps muscle was
modeled as a string with variable length and the pateliar
tendon as a stff spring with constant lenght.

Fig. 1. The specinen mounted in the instron muachine with

the femur Txed, the quadriceps tendon pulled by the cross
head, and (the tibial extension blocked by the rod,

Using the positicns of the tibial tuberosily as the
input data, trial positions for the insertion paint of the
patellar tendon inte the patella were assumed inoan are
with the tuberosity as the center and the length of the
tendon as the radios. Then the computer program
swunyg the patellar profiles around its tendon insertion
Lo make contact with the femoral profiles, resuliing in g
configuration which satisfed the geometrical conditions
ol the joint, However, to satisly the [oree equilibriom
conditions of the joint, the contact foree, the quadriceps
foree and the patellar tendon foree should intersect in a
single point in this configuration [7). Otherwise, unother
point in the arc was assumed as the trial position of the
patellar tendon  insertion  and  the  procedure was
repeated. This comimued until 8 conliguration  was
found that satisficd both ol the peometrical and lorce
conditions simulianecusky.

RESULTS

The computer  model  predictions for the
patellofemoral joint configuration in the sagittal plane
are represented in Figo 3.0 AL full extension, the
pitellolemoral contact oceurred on the origin of the
femaral groove and the distal part of the patellar ridge,
With knee [exion the contact ares meved proximally oo
the patellar surface, and dstally on the femoral groove
towards intereondylar notch. Fig, 4 includes the mation
data of the patella calculated by the model along with
the experimental  measurements. The  correlation
between the resulls was remarkable: the maximum
error was Jess than 4 degrees for the patellar [exion
and 3.5 degrees for the angulation between patellar
tendan and tibial shall,



.

Fig, Z. hagattal shees af the temur and patells ablained (o
asacss Lhe articular geometry of the joint. The inscriion sites
ol the quadriceps and patellar tendon in the patella can be
recognized in the patellar slice.
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To simulate the Magquet operation, al each flexion
angle, the position of the tibial tuberosity was displaced
anteriorly by [0 and 20 mm in 2 direction perpendicular
{o the long axis of the tibia and the madel was analyzed
again {Fig, 53 Displacement of the tibial loberosity
rolated the patella in the sagieal plane, maoving the
apex distally and anteriorly, and causing the contact
arca to migrate distally on the femur and proxing@lly on
the putella. The contact forees and cffective moment
arms of the quadriceps caleulated by the model betore
and slter Maguet operation are compared i Figure &,
The contact Toree decreased significantly in the entire
range of Aexion following Maguel operation. With 10
mimdisplacement, the reduction was 0% at full
cxrension, 30% an 30 degrees Nexion and around 157%
ab higher Hexion angles, When the 200 mm displacement
was applied, the reduction was doubled to

30 Flexion

120 Flexion

Fig. 3. The patellotemoral arlicular surfaces were reconstrocted osing prafiles of sagitlal slices and the geometrical condiguration

of the joint at different Nexion angles was caleulated by the model
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Muguel operation

60% al 30 degrees and arowund 30% st higher fexion
angles; there was no contact between the patella and
femur before 200 depgrees flexion. The change of the
quadriceps effective moment arm was not considerable,
The largest increase was only 4 mm in extension and
mid-llexion angles, following 20 mm displacement ol
the tibial twberasity.
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Fig. 4. Patellar motion data as predicted by the model and
mensured experimentally, (a) patellar (lexion, (b} angulation
hetween patellar tendon and tibisl shafl.

Fig 5 The change ol the sagittal plane configuration of the
pattellofemaral joing fallawing 20 mm anterior displacement
af e tilbal teberosiy.
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Fig, 6 The elfect of the Maguel operation on (@) the contact
foroe and (1) the effective moment arm ol the quadrniceps,

DISCUSSION

I this sty o compuler model  of e
patcllofemaoral joint and s application in orthopacdic
surgery was demonstrated. The resalls of the computer
model are in pood agrecment with the experimental
measurements on the same specimien and the resulls
reported in the literature. The predicions of the model
[or patellar motion with knee Nexion s similae Lo e
resulls ublained experimentally by wanKampen et al
{14 Adsoy the results of the model for ocation of the
patellolamoral joml contact aren ol different Dexion
angles s consistent with the experimental resalts in the
fiterature (15-173% This justifies the conclusion thatl this



model can reasonably simulate the behavior of the
patellofemoral joint,

Bruke and Ahmed (18) simulated the Maguet
gperation in o cadaver specimens and measored  the
patellofemoral  contact  pressure using  sensitive  film.
They reported the reductions of the contact force as
B4% ut ol extension, 34% at 30 degrees flexion, and
abaul 32% al bigher fexion angles following @ | em
anterior displacement of the libial tuberosity and nearly
doubled redoctions for a 2 cm displacement. In a
similar study, Lewallen et al (19, suggesied  that
apterior displacement of the tibial tuberosity redoces
the contuct foree consistently in the whole range of
knee flexion and the effectiveness of the operation
increases with further  displacement.  These  resuls
correlate well with the reselis of the present siudy,
however, the amounts of the contact foree reductions
woe abtained are shightly lower. The results of ferguson
et al (12), on the other hand, are totally different lorm
our results in that they found the redoction of contact
foree to be most proponuced at 90 deprees exion.
Furthermaore, they reported that an additional anterior
displacement of the tuberosity beyond 1.2 cm, has no
considerable effect on the redection of contact fores,
We believe that their resulls are inaccurate considering
thie fact that they employed 6 miniature conlact siress
transducers which only indicate local contact stresses at
the msertion sites of the transducers and can not
prowide any valuable information concerning the contact
foree or mesn contact stress,

Maguet (10} believed that the anterior displacement
af the tbil leberosity, increases the moment arm of
the guadriceps significantly and assumed this o be a
major factor in the reduction of the joint conact loree.
The effective moment arm of the quadriceps calculated
in this study represents both the peometrical moment
arm of the quadriceps and the foree ratio of the
guadriceps and patellar tendon. Our resulis sugpest that
the Maquet operation has no considerable effect in the
elfeclive moment arm of the quadriceps. We found no
published  experimental data o the  literature 1o
compare our results however our [nding may cxplain
why the clinical outcome of the Maquel operation is
nol as pood as he predicted.

The proximal migration of the contact arca on the
patella following Maquet operation observed in Lhe
presenl siudy, is consistent with the experimental resilts
of Fernandez et al (13) and Lewallen et al {10). This is
thought 10 relieve pain by altering the confact zone
Tram the existing cartilage lesions. However, transfer of
the contact area away [rom s indtial location across the
witdde part of the patella in mid flexion angles, increases
the  cartilage  pressure  specially  oear the  patellar
prosimal pole and might be responsible for the poor
leng term results of the Maguet operation,
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