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ABSTRACT

The purpbse of this study‘was to assess the relationship of selected
radiographic measuréments, namely sulcus angle, congruence aﬁgie, lateral
patello-femoral angle, lateral patellar displacement, patella height and

[ 4
patella configuration, to chondromalacia of the patella. The study vas

designed as a retrospective analysis of patiehts diagnosed as having
chondromalacfa of the patella, between the years 1974 and 1981. The

subjects consisted of sixty females ranging in age from fifteen to .
thirty-five years, who had been exapined by a group of orthﬂpSedig sur;
geons at The University of Alberta Hospital, EdMontlon, Alberta. :
The data was analyzed using 8 Chi-square test for ﬁami%al data,

and a t-test and difference in proportion tést‘for correlatéé Saﬁplesg

In acgordance wvith the‘limitations and délimitations im@p?ed on therstudy,

there were a significantly-greatér frequency of abnbrmallmeasuremé%ts in | .
the chondromalacia patella group as compared to the normal populations

reported in: the litérature, at the .01 or .00l level of confidence.

The data did got show the measurement values imr the twenty degree

.tangential radiographic viewv to Se significantly different from those found

in the fofty-five degree view except for measurements on the sulcus Bﬁgl?;
The latter showed a significant difference at the .02 and .0l level on th§
left and right knee, respectively, between'the two viéws. |

It vas concluded that anatomical and functional malalignments ere
preseng in many cases of chondromalacia of the patella which can résdilf

be éssessed on a twenty degree or a forty—fiye degree tanQEﬁtiél x-ray

~efy) - .‘\ ' ' o



view of' the patello-femoral joint and on a ninety degree lateral x-ray

viev of the knee joint. Measurements can then be made on these radio—
nee ]

graphs which will allow a more definite means of diagnosing the disorder’

and a more objective means of determining the type of treatment to

institute for each patient,
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Chapter 1

THE "PROBLEM

Sggtement of the Problem *
| The term cﬁondromalacia is used so commonly and with such little
precision with regards to the meaning of the term, that much of its
value has been lost. Bidinger (1908:510) stated:
Internal derangement will simply not disappear from the surgical
literature. It is the symbol of our helplessness in regards to
diagnosis and our ignorance of the pathology of a large number of
joint diseases, particularly in the knee.
This statement reflects the current situation for thelcondition chondro-
malacia of the patella.
Ficat and Hungerford (1977) revealed that upon reviewing the
'iiterature they found the term _te~be usedAby anyone from a pathologist
describing the physical characteristics of a bit of art;cular cartilage
to a physiatrist describing patello-femoral arthralgia without anatomical
. or pathological diagnosis. Orthopaedists and general practitioners on
the other hand, make their diagnoses Sased.on the patients' complaints
as well as signs and symptoms uncovered during the examinatidhs. From
this description, one can see that none of these definitions is solely
represenfative of this condition, .
Insall, Falvo and Wise (1976) stated that chondromalacia of the

patella is one of the moSt frequently encountered causes of knee pain

in the young population and yet its causes and natural histdry are not



fully understood. Wiles, Andrews and Devas (1956) wrote that the earliest

macroscopic changes of swelling and softening of the cartilage were

L]

reported by Pwre (1936), during his post-mortem examinations, to b
present in at least five out of six people by the.gée of thirty even

_ ~
though they may remain symptomless throughout life. One must, however,’
take into caﬁsggérgtiﬁn that @ure's necropsy group cansig?ed of only one
hundred gﬁéisix sub jects which may. not be sufficient to draw conclusions

* 4

in regards to the entire population.

The term chondromalacia patells has become a general one, character-

izeg by most orthopaedic surgeons as retropatellar discomfort which is
exacerbated by activities such as stair climbing or sitting in a Egﬂfirved
space with tﬁe knee F%exed for extended periods of time. Suﬁject%vévcgmi
plaints by the p&tiéﬁt!DFtEﬁ include bucgling, instability, locking, |
feeling of stiffness and swelling. Physical examination reveélﬁ retro-
paﬁellar pain, which may reliably be elicited by patellar compression
wvhile the kree is slightlj flexed, and joint line tendetneds especially on
the medial as pEEt of the knee which is often complicated or confused by
a meniscal lesion, Other pertinent findings nFten dlsclgsed are increased
quadriceps angle (Q-angle), quadriceés atrophy, and knee eFfuaigﬁ; The
amount of restriction to activities helps deﬁermine the severity of the
Wiles, Andrews and Bremner, 196@). ' :
Several authors have used the term chondromalacia to describe
changes takiﬁg place on the uﬁdef §urFa:e of the patella, with ﬂr.ﬂithﬂuth
reference taxcliﬁical signs. Bhdinger (1906) was the first to ﬁeseribé
the disease as a tértilgge lesion on the under surface of the patella

showing softening and fissures. He attributed the disorder to a -



traumatic afigiﬁ-and stated that diagnosis was substfantiated by clinical
findings. @wre (1936) reported a study of one hundred and six cadavers
examined at autopsy for cartilage changes. His report created much
confusion because he used the term chondromalacia to describe solely
pathnlagiéal findings which meant that the term could now be regarded
as describing a pathological canéitiaﬁ as well as a clinical syndrome,
and in many casés,rg combination of the two.

Outerbridge tl?él) classified the pathological changes in the
patel%ér cartilage into four stages, rendering the diagnosis and assess-

ca rt;lage at surgery or on autopsy. The Fgur classifications were as

follows: Grade 1 - localized softening, and swelling of the articular

cartilage; Grade 2 - Frégmeﬁtatlaﬁ and Flssur;ng in an area half an
inch (1.3 cm) or less in diameter; Grade 3 - Fragmentstlnn and fissuring
in an area mnfe than half én inch (1.3 em) in diameter; Grade 4 - erosion
of articular certilage down to the subchondral bone. Grades 1 and 2
répresented mild to moderate péthﬂlngical changes; Grades 3 Eﬂd;ﬁ
represented severe chondromalacia. Thig classification sysEém made no
mention of clinical signs or symptoms in the assessment of disease
severity.

Not only is there great controversy in the use and meaning of
the term chondromalacia of the patella, but the Eticlggy éﬁd'tfestm;ﬁé
of. this condition still"Temsins a mystery in many cases. The fact that
over one hundred and fifty difFEEEﬁt operative procedures have EEEﬁ

described for the relief of chondromalacia of the patella ﬁnly emphgslzes

that a camplete understanding of the cond;t;nﬁ has still not been

achieved (Knight, 1978). Causes such as trauma, generalized constitu-

*+9



tional disturbances (endocrine or toxemic conditions), abnormal péteilﬁ—
femoral contact due to a malalignﬂ!‘t or an anatomical alterafion,
nutritional disturbance, abnormality in the patella blaﬁd supply system,
and disuse, all have been posiulated as reasons for the pain and carti-
lage disﬁurbanée. If such a variation in causes can produce similar
symptoms, there should also be as many tfeatménts. A relationship
should exist between differentiation of causes and associated treatments.
For example, treating the condition by stEEﬁgthening the muscles srnund';
the knee joint when it has been established that the basic causative
factor for the symptoms stems from gross malalignment of the skeletal
components is unlikelf to alleviate symptoms. However, it must be
stated that although grosé malalignment may exist, the knee msy’be
asymptomatic until it becomes the target of a blow in the vicinitjf of
the quadriceps area. This muscle then begins to atrqphyvdue to the pain
and swelling present and the malalignment begins to cause symptoms of

. chondromalacia. By strengthening the quadriceps muscle, it may be -
possible to agaiﬁ produce a symptomless knee.

[

The literature is replete with articles on chondromalacia, but

‘ aé.long as controvefsies éxist.Ls’to the simple meaning of the term,

A diségreement will also occur as'to the cause, natural history and treater
ment associated with this disorder. As péi;ted out by James (1979),

the etiology of cﬁondromalacia is likely to be multifactorisl, therefore

the topic should be approached in much the same way.

Objectives of the Study

The objectives of the study were to examine radiographic measure-

ments in sixty patients'having been diagnosed as having chondromalacia



of the patella.
More spépificallyt radiographic findings were examined for
the following mezga?;ments: |
. a) corgruence angle )
b) sulcus angle - “
£) lateral patello-femérhl angle
d) lateral patellar displacement
e) patella alta and infra b} P/PY méasUreﬁéhfs.
f) _patella alta by A/B measurements

g) shape’of patella

A second objective was to determine whether the congruence
aggle, the sulcus angle, the lateral patello-femoral angle and the lateral
patellar displacement examined in the twenty degree x-ray view equals that
observeé in the forty-five degree x-ray view. These‘;;asureMents vere chosen
to be examined in two different views because a subluxated patella may
be evident<vitﬁ‘the knee in twenty degrees flexion but not in the forty-
five degree knee flexiﬁn since the patella is pulled into thé inter;
condylar»grobve as the knee increases in flexion.

L4

Research Hypotheses

Within the saﬁple of patients diagnosed as baving chondromslacia
of the patella, the incidence of abnormal radiogfaphic findings is
greater than the incidence of ndrmal radiographic findiﬁgs, as reported
~in the literature, 'fqr the following‘measuremnts: ) \
a) congruence angle ' o
b) sulcus angle

c) lateral patello-femoral aﬁgle



d) lateral patella displacement .

e) ratio of patella length/patella tendon length (P/PT{ Cg

f) ratio 6F’patella tendon to tibial plateéu/pafella |
- articulating surface (A/B)

g) Wiberq's Type III or Baumgartl's dysplastic patella.

: ’ . . . ,
The sulcus angle, EBﬂgFUEﬁEEa§ﬁQIE, lateral patello-femoral angle

[«
e

and lateral patella displacement measured in the tueﬁty‘deg}ée x=ray view

ere different from the measurements in the forty-five degree view. -

Significance of the Study

The current problems impeding the diagnosis and treatment of
chondromalacia of the patella have been discussed. Thg'sgudg
érﬂvides a more objective means of assessing the etiology of the
disorder and minimizes the reliance on the};EﬁEEht'g sub jective complaints
and clinieal Fiﬁdiﬁgsg which are so common to many disorders. However,
it must be emphasized that éeasurémEﬁt of an abnormal angle does not
ggsure a cgusegeFFeci re;atiuﬁshié, It is well accepted that the patella
is controlled by the dyéamic and static elements of the extensor mechan-
ism as well as being significantly influenced by torsional and angular
alignment of the proximal and distal lower extremity segments (Merchant,
Mercer, Jacobsen and Coel, 1974). Since variation of any of these
factora may act as caﬁtributary causes to the disorder, the ability to
quantify the extent‘pg bony abnormalities as a Eéntributiﬁg factor will
be Qflareét importance in determiniﬁg the proper diagnosis.

The_tfestﬁent instituted by mosts physiotherapists, in cases of
chondromalacia of the patellé, haé mainly aimed at strengthening the
quadriceps muscle grnﬁp'especiélly tge vsétus ﬁediglis iﬁ aﬁ éFFarﬁ té‘

prevent the vestus lateralis From latkrally dislocating or subluxating



thg patella. With an abnormal lateral pull on the patglls, a point of
greater stress is created on the median ridge, between the medial and
lateral facets, which leads to articular damage (Insall, Falvo and Wire,
1976; Knight, 1978). 7 By strengthEﬁlng the uppns;ng mus lE such an
abnormal pull could be neutralized. However, if the reason for the
abnormsl trackiﬁg of the patella is a result of anatomical variatians,
such as observed with patella alta or with an increased Q-angle, improve-
ment in symptoms achieved by this type Eficqﬁservaﬁive treatment may be
minimdl. On the other hand, if such symptoms ate the result of simple
muscle imbaiance or postural défarmities, conservative treatﬁeﬁt, such
as exercise and external aids aimed at realigning the patella, could e

successfully spare the patient from gurgiésl procedure. At the same

this disorder may be decreased.

Much time and frustration could be avoided on the part af the
physician and the physiotherapist, and also, psych@lngiegl'and physical
trauma to the patient could be minimized if such information as congru-
ence angle, sulcus angle, latgral patello-femoral angle, patella height,
lateral patella displacement and patella shape vere available to the
prEEtltlﬂner vhen making a degiélnn as to the type of treatment to

institute. The uﬁdgflying causes just outlined could either be ruled

out or examined with greater prECLEIGﬂ in an attempt to make 8 decision

\1 <)

as to the etiology of the. disorder. The studies carried out to date
have céﬁsidgred one or a few parameters such as: patella height (Hsrks
and Bes ér, 1978); lateral patello-femorsl angle (Leurin, Levesque,
Dussau tadelle and Peldes 1973) and congruerice ang%g>ﬂlirehgnt

- Mercer, Jacobsen and Cool, 1974) as contributing factors in chondro-



malacia of

the patella. No studies have been reported where numerous

radiological measurements have’ been pooled together in an attempt to

examine the contribution of eich in the etiology of the disorder.

Definition

of Terms

Chondromalacia Patella - Premature softening of the cartilage

on the under surface of the patella. The diagnosis of chondromalacia

is made if

The following minor signs may also be present and will

to confirm

-

the following major findings are present:

retropatellar discomfort exacerbated by stair climbing
feeling of stiffness at the knee

retropatellar pain that can reliably be Elicited by patellar
compression down 6nto the'femoral condyles while the gpiﬁ§§{
is in extension (Clark's Sign). | -

help
&

the diagnosis:

retropatellar discomfort exacBrbated by sitting in a confined

space with knee flexed for extended periods of time (H@vig Sign)
buékling, locking and swelling
joint line tenderness méinly on the medial Eépecﬁ-af the
0
knee

pain on palpation of the under surface of the patella.

The condition is no longer considered to be chondromalacie but

rather osteoarthrosis of the pateilo-femotal joint when on radiograph

there is joint space narroiing; cyst formation, sclerosis or osteophyte

formation,

Conqruence. Anqle - - The sulcus sngle (smee definition), in an

anterior-posterior view of the femoral sulcus on skyline view with the

e =

v
Y
t



knee flexed to twenty and forty-five degrees, is bisected by a neutral

eference line. The apex of the articular patellar ridge is connected to

"y

the lowest point on the sulcus., When this latter line is medial to the

ﬁeutral FEFEPEﬁCEZiiﬁE,thESﬁQlE is given a negative value; when lateral,
a pos 1t1ve valde. This angle measures the relatiﬂnshiﬁégf the patellar

articular rldge to the intercondylar sulcus. Normal value equals minus

£=3

six deqrees with a standard devi ion of plus or minus eleven degrees

(Merchant et alM, 1974) (Apgendix A).

Lateral Pate . Angle formed by the intersection

Mo-femoral Angle

of the line drawn betweqn the hlghest pﬂlﬁt on the femoral CDﬂdylES and

the line drawn between #ihe. marq:ms BF?EWE lateral facet of the patella

4 -
in an anterior-posterior Yiew Eiqégg femur on skylyfie Vxew with the knee

in twenty and forty-five degrees flexion. Norma¥ly, the angle opens

E%Iry (Laurin et al., 1978) (Appendix B). o

Lateral Fatelﬁar Displacement - Is assessed on an aﬁtériG?=

L

posterior view of the femur on skyline view in twenty and forty-five

degrees flexion. A line originating from the summit of the medial femoral

condyle is drawn perpendicular to a line Joining the summits of both
medial and lateral femoral condyles. In normal candidates, the medial

edge of the patella is medial to the perpendicular line in ninety-seven ;

’ percent nF QEEIEﬁtEF and if this perpendicular line is displaced towards

the lﬁtércﬁndylar groove by one millimeter to its original laﬁﬂméfk; it

tated that the medial edge of the nnrmal patella is medial to

‘can be

w

this line in all normal individuals. In ch@ndrnmalacia patella, an
excessive lateral patellar displacement is nnted in thirty percent nF
the pat;ents wvith a 1ateral patello-femoral angle being normal. In

subluxating patella, if the lateral patellar displacement is excessive,



they also displaf an abnormal patello-femoral angle (Laurin, Dussault
and Levesque, 1979) (Appendix C).

Patella Lenqth/Patella Tendon Length (P/P1) - The ratio of the .

#

length of the patella at its greatest diagonal length, to the length of
the pateilg tendon, measured on its posterior surface from its origin on
the lower polé of the patella to its insertion iﬁt§ the tibial tubercle.
In the present study, the measurements are made on s lateral view of the
éﬁee vhile in ninety degrees of flexion. The arigiéélfiﬁvestigatars did
their méQSuremEhta in thirty degrees of flexion (zero degreeé bsiﬁg full
extension); hovever, es pointed out by Insall and Salvati (1971), since
the ligamentum patellae is not elastic? the amount Qgﬂknee flexion*will
have little effect on the patella height. The normal ratio is 1.02 with

8 standard deviation of plus or minus 0.13. A ratio greater than this

value by two_standard deviation refers to patellsiinfra or low riding

[+%

patella and a smaller ratio refers to patella alta or high riding patella.

(Insall and Salvati, 1971; Lancourt and Eriétiﬁi} 1975; Marks and Bentléy,

4

1‘?78) (Appendix D)., : j . —

Patells Tendon to Tibial Platesu/Patells Articulsting Surface' -

_L;Alél - A ratio to determine the level of the patella’ in relation to b
the femur. = This method is uéed wvhen the' tibial tubercle is not cléériy_
outlined or in cases of traction apophysitis of the tibial tubegcle or
of the patella; In the present study, the measuremerits were made on a

view of the lateral aspect of the knee positioned in ninety degrees of

flexion. The @rigiﬁsl'iﬁVEStigatgfé, however, did their qeésuremeats in
thirty degrees flexion (zero degrees being full extension) but as mentioned
previously, due to the non-elastic nature of the ligamentum patellae, the

1



amount of knee flexion should have minimum effect on the-d

patellae. The normal ratio is 0.8, with a standard deviation of plus or

minus 0.14 (Blackburne and Peel, 1977) (Appendix E).

Shape of the Patella - The patella has been classified into

four distinct categories as illustrated in Appendix F. The first three
are described as Wiberg's Type I, II, and IIl (Wiberg, 1941) and the

fourth was described by Baumgartl (1964 ): C

Wiberg Type I - both medial and lateral patellar facets are
gently concave, symmetrical and roughly the same size.

- Wiberg Type II - the medial facet is distinctly smaller than
the late%‘ne, both facets are slightly concave as illustrated
by Wiberg aqram although he did not describ® the shape of
the facets in his original article, :

Wiberg Type III - the medial facet is considerably smaller
vith marked lateral predominance. Wiberg did not state that the
medial facet had to be convex but his example did show this, and
other authors (Merchant et al., 1974) have included medial facet
convexity for Type III criteris.

Baumgartl - this category is referred to as the rare type of
patella. It describes a dysplastic type of patella such as a
flat patella with little medial facet, or a pebble or half-moon
type of patella. )

Skyline View (sunset view, axial roentgenogram) - An x-ray

technique used to photograph the patello-femoral joint, i.e., the anterior
surface of the femoral condyle and the posterior inferior surface of the
pateila (Appendix G).

Sulcus Angle -~ Measures the depth of the intercondylar sulcus.

This angle is formed by the union of the two highest points on the femoral
condyle to the lowest point in the inlercondylar sulcus of the Femu; on
an anterior posterior view of the femﬁr on skyline view in a twenty and
forty-five degree knee flexion angle. iNormal valQE equals one hundred

(4
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4
and forty-two degrees with a standard deviation of plus or minus six

degreesb(Brattstrém, 1964) (Appendix H).

Delifitations

The proposed investigation Vas delimited as follows:

1) Only female subjects who had beeh diagnosed as having
chondromalacia of the patella t- a group of orthopaedic surgeons at
The Universizy of Alberta Hospital, Edmonton, Alberta. A

2) The subjects ranged in age from fifteen to thirty—Fi;e
years of age.

3)l Measurements were made Fegm three sets of radiographs
only: 1i) skyiine view with the knee in twenty degree flexion; ii) sky-
line view with the knee 'in forty-five degree flexion; and, iii) lateral
viev with the knee in ninety degree flexion.

4) . Measurements vere confined to the first series of radlaﬁ
graphs, if more than one series ef pictures were available, tg ensure
that all the radiographs represented ereiaperative findings. ;

5) The radiographic data was limited to the Fnllgw1ng
measurements: a) angle of congruence at twenty degrees and Furty—f:ue
degrees knee flexion; b) 5U1?35 angle at tWEﬁty degrees and Farty—Five
and forty-five degrees knee flexion; d) lateral patellar dlsplaeemeﬁt
at twenty degrees and Fﬁfty;FiVE degrees knee flexion; e) patella/pstella

tendon length rﬂtlﬁ, F) patella tendon to tibial plateau/patella articu-

lating surface ratio; g) patella configuration,

Limitations
The limitations imposed on' the study were as follows:

-~

/



!
1) The diagnosis of the condition chondromalacia patella was

dependent on the extent to which the physicians adhered to similar
criterie in arriving at all diagnoses.

2) The accuracy of the radiographic measurements was limited by
the ability of the investigator to correctly and consistently interpret
the 'radiographic viéwsi Pretesting has shown that the investigator's
reli,biliﬁy carr?;ates Eith'thé arthapéedic surgeons' at aﬁrr value of

s +937 for the

m

.977 for the sulcus angle, .957 for the congruence angl
patella length, .990 for the patella tendon length, .950 for the patella

articulation length and .986 for the tibial plateau distance. Measure-

[y]

ments for the lateral patello-femoral angle and the lateral patellar

displacement show a one hundred percent agreement between raters and
for ;he patella Eaﬁfigurgtign, a ninety percent agreement.

3) Other parameters which may have played a role in the disorder
~aside from variations in radiographic measurements, such as previous
injuries, severity of the Eaﬁditioﬂ; foot and exffemity alignment,
patient's weight, previous surgefies, daily activitﬁesj and joint laxity

vere not considered.




Igtraductign

If the term chondromalacia of the patella is to remain as part of
the medical vocabulary dealing with disorders of the knee, an attempt

must be made to define criteria that w111 Elﬁ diFFEfEﬁtigte’EethEn the

NUMETOUS causes of chondromalacia. ' James (1979) emphasized the fact that
the patella is controlled by the dynamic and static elements of the exten-
sor mechanism as well as by torsional and angulsar alignment of the proxi-

mal and di

[

tal lower limb segments. He further stated that these components

must function in harmony for nérmgl patello-femoral mechanics and that any

alteratlcﬁ in this precisely tu;éd mechanism can initiate chﬂﬁdrﬂmslacla
When deal;ng with chnndramalgala pate lls. it is often the avgriyiﬁg

symptoms that are dealt with, with very little atﬁéﬁtiaﬁ directed towards

the underlying defect. If by SpECifiQ§méthédE one vas able to identify

any anatomical or meghanlcal factors cﬂﬂtr;butlng to the symptoms, then

proper measures cnuld be initiated with a viev towards recting these

deFects, -
Cnnslderable researc” has been d;rected toward the area of chondro-
malacia of the patella, as well as the area of patella subluxation, dislo-
cation and osteoarthritis, and theif'reletiaﬁship to chondromalacia.

However, a qreat deal of controversy exists as to the pathﬁlngy, etiology

and treatment of choice in this condition. TR



Historical Rebigv

Many attempts have beén‘made to improve the position of function .
of the patella. One of the earliest papers dealing with this topic was
published by Roux in 1888 in Paris. This paper was followed by one by Guld;
thwait of Boston in 1899 who wrote an article on pérﬁaﬁEﬁt diglocation of the
patella. In 1906, Bidinger described a disorder involving cartilage
lesions on the under surface of the patella showing softening and fissures.
He, as well as mahy other suthors during that time period (Aleman, 1928;
Axhausen, 1922; frund, 1926; Ludloff, 1910), based on clinical symptoms
as well as surgical findings, considered traum§¥tg be the cause of the
articuler cartilage rupture. Kénig (1924) was the first to use the term
chondromalacia. He also described patients suffering from patello-femoral .
arthralgia vith a defined articular lesion of the patellar cartilage, and
again attributed this to & traumatic origin. Léwen (1925) suggested that
while trauma was the cause in many instances of chondromalacia, the disease
"céuld also arise without any knoﬁn injury. He sls@»staéed that the dis-
order need not necessarily éfem from one large traumatie incidence, but
ratﬁer, could result from a series of small trauma. Increased strain
stemming from a malalignment or malformation of bones as well as a decrease
in the cartilage's ability to resist strain, due to some endogenous factars,
vere aldo cited by this author as possible contributing factors in the
disease process. ‘ﬁip}icsson (1939) reported a study of six hundred Eﬁd
forty cases of chondromalacia, in which two-thirds of the patients had

sdffered from some form of direct trauma to the knee.

Site of Cartilsge Degeneration

The specific area of cartilage deggﬁératiﬂﬁ on the articular surface

of the patella associated with chondromalacia has been examined by many
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researchers. Opinions remain divided as to whether the degeneration takes
place on the medial facet proper or on the so-called odd facet, which is

the most medial aspect of the medial facet, or whether the primary area

separating the medial and odd facet. ’
) Townsend, Rose, Radin and Raux (1977), examining the situation

from a biomechanical view, Faﬁnd that cartilage degeneration took place
under thé Eentrslgmédial aspeét of ﬁﬁg-patélla. They also found a differ-
ence in bone formation in this area and attributed this to the usual non-
weight bearing occurring at the site during fl@xion ranges of zero to
ﬁinety degrees gince, as they pointed out, bone develops in accordance to

the demands placed on it. With activities such as stair climbing and

area, the overload and shear stresses can no long
!

and caftilage deqizﬁrstinn results at precisely the area qutlined.
e

observation that the medial facet was more involved than the lateral facet

vas also in agreement with other authors (Goodfellow, Hungerford, and
Zindel, 1976; Stougard, 1975). .

- Goodfellow, Hungerford, and Zindel (1976) studied the contact areas
on the:patella through various ranges of knee flexion and found that during
the movement from extension to ninety degrees of flexion, a band of con-
tact ngEped across the patella from the inferior pole to the superior
pole, but that the odd facet made no contact. In the range of one hundred
and thirty-five degrees of flexion, separate medial sndzlateral contact
Sreés formed, with the medial one limited mainly to the odd facet. The

autgérs algo found that between ninety degrees and one hundred and thirty-

five degrees of flexion, the patella rotated and the ridge between the



medial and odd faéets was engaged by the lateral margin of the medial
femoral condyle and at one point the load was borne along this crest.

During autopsy observations, it was faund that cartilage lesions were

and odd facet. It was postulated that the odd facet, due to its habitual
non-contact area, and the ridge, due to its being subject to high shear
stress and heavy compressive loading, were both target areas for cartilage
degeneration. Insall, Falvo, and Wise (19?5) and Insall, Bﬁllﬁugh; and
Burstein (1979), found the ridge between the medial and lgteral facet to
be the area of greatest degenerative changes. These authors emphasized
that this srea was well suited for large compressive forces such as those

¥
found in running and jumping, but not well’ suited for sideways loading or

2

shear stress encountered in stair climbing 2 squatting. Outerbridge
(1961) considered a rim on the superior border of the medial Temoral
condyle to precipitate cartilage degenefatiaﬁ on the medial facet of the

patella. As the knee was flexed from approximately fifteen deqrees to

stress and therefore eroding the Qartiigge. This rim was found to be

o

present to a greater or lesser degree in most adult knee joints that were
~
examined., It was also pointed out by the author that this rim could con-

sist of either cartilage and bone, or dblely of cartilage which would
therefore not be visible on roentgenogram. The presence of this rim has

of chondromalacia of the

not been found to correlate with the occurrence
patella by other authors (Héschim and Emery, 1974).

The cartilage thickness on the under surface of the patella has
been the source of”diséug?iaﬁ of many authors in regards to cartilage

degeneration. Ficat and Hungerford (1977) stated that the cartilage



coyering of the articular surface of the patella reached four to five
millimeters in thickness in its central portion and was the thickness in
the body. f@wre (1936) found the greatest thickness of cg}tilage to occur
on the medial patellar facet immediately adjoining the ridge between medial
and iateral facets. He femarked that in this region the cartilage would
probably receive less nutrition and, ip addition to the intense pressure
against the medial facet when the knee is in extension, would more likely
lead to degenerative changes., Wiberg (1941) AOted that the place wherei
the patellar cartilage was thickest seemed to vary. It was not always

the median ridge nor the median facet adjoining this ridge. In some
instances, it was the ridge adjoining the odd facét- Whatever the area of
he patella displaying the thickest cartilage, be- it the medial Fécet,

odd facet or the ridges between facets, it would seem that this may
have an e

ular carti

Patellg/Blood Supply

Studies on the sources of blood supply to the pa@ellai‘by 8 jork-
strpm and Goldie (1980)? have r;;EEIed that in chondromalacia patellae as
vgll as in osteoarthrosis, the arterial pattern within thé patella becomes
disturbed and irreguler, with the formation of anastomoses taking place.
There "appears to be an inérease iﬁ arterial distribution to areas of the
patella suffering from cartilage dest;uction. Bain (1972), on the other
hand, studying the venous flow écross the cortex of the proximal part of
tﬁe femur in osteoarthrosis of the hip found an ip¢fesgé in :esistsnce to
venous fFlow. No conclusive evidence had yet been reported in the litera-

ture in support of an alteration in blood flow as a causative factor in

18



cartilage degeneration. However, as pointed out by Bjorkstrdm and Goldie
(1980), there is obviously vascular changes associated with the articular
degeneration which seem to carrespond in degree to the severity of cartilage

destruction. Which of the two develops first, whether it be cartilage

changes or vascular alterations, is still not known.

Cbﬁﬁdiqmala;is Versus Ostecarthritis

The predominant area sndsfype of cartilage degeneration has also
been studied in relation to differences between osteoarthritis and chondro-
malacia (Dandy and Poirier, 1975; Goodfellow, Hungerford, and Woods, 1976;

Gruber, 1979; Knight, 1978). Goodfellow, Hungerford, and Woods (1976)

described two distinct lesions affecting the articular cartilage of the
patella. The first lesion was described as surface degé%era£ian usually
found limited to the odd facet. This disorder wvas age dependent and vas

attributed to non-habitual use. It did not cause patello-femoral pain

}grmil it had progressed to exposure of bone upon an area of habitual patello-

femoral contact. The process was a very slow one and seldam occasioned

pain earlier than late middle-age. When it d1d become symptomatic, an

x-ray revealed the eharacte istic changes of osteocarthritis of the Joint.

L]

The second lesion was described as basal 6egeneratiani vhich was the ore
typical of chondromalacia, with fasciculation of collagen in the middle
d

and deep zones without at first affecting the surface layers. With time,

_even the superficial layers became invclved»giﬁh changes occurring in the
orientation of collagen fibers. This disorder was found to occur in two .

main regions; one was an area about one centimeter in diameter on each
. 8ide of the ridge separating the medial end odd fecet of the petelle, end.
the second area was straddling the inferior part of the central ridge

which separated the medial from the lateral facet. These types of lesions
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vere qbserved fo cause patello-femoral pain in the young population. Pain,
as later egplained by James (1979), was the result of loss of normal energy-
absorbing function of the overlying articular cartilage resulting in abnormal
forceé being applied to the subchondral bahe.vhich was richly supplied by
pain fibers. The authors further stated that chondromalacia was not a

precursor to osteoarthritis. This statement was also supported by numerous
other suthors (Abernethy, Tm:ﬁ; Rose, and Radin, 1978; Gruber, 1979;
Insall, Falvo, and Wise, -1976; Karlson, 1947; Pwre, 1936) who were in

agreement that chondromalacia developed as a result of microtrauma in the

region of the ridge between facets which was predisposed to degenerative

(=1

changes because of heavy loading and shear stress occurring when the patella

glided over the trochlea in-.acute flexion.

Darracott and Vernon-Roberts (1971) described thercha%ges associ
atéd with chondromalacia batells in a slightly:different manner. They
listed the initial changes as occurring in the subchondral bone charscter-
ized by hyperpiasia of the chondrocyte which‘éhen led to vaseularization
and ossification taking place in the deep zome of articular cartilage
accompanigd by fofmaiion of new bone and either focal Or diffuse osteo=_-
porosis in trabecular bone. They noted that the involvement of the 5u§ .
chondral bone inrthis manner would Eipiaiﬁ the pain associated with the ,7
| disorder. - ‘ ' ‘J%é\

Chondromalacia Patells and Dia§
locating or Subluxating
atella

Literature now confirms the close relationship between

disloc;ting and‘subluxating patélla and chondromalacia patella.
and Poirier (1975) reported that Mcurrent dislocation of the patelts— ~

vas gssocia‘ed vith chondromalacia of the patella in sixty-two percent of



the cases they observed and was even higher in cases of subluxating patell

vhere chondromalacia was found in ninety-three percent of these cases.

The authors also stated thst patients who had symptoms of chondromalacia

i}
]

well as patella instability could expect to ?erive considerable benefit
from real ignment of thé extensor mechanism of the knee, without shaving
or dfllllﬁq of the patella. This result vas.attributéﬂ to tﬁe decrease

in abnormal shear stresses on the articular cartilage (Daﬁdy and Pulrler
A1§75); Crosby and Insall (1976) also pointed to the high incidence of
recurrent dislocation of the patella and as ciatéd thondromalacia, and

tion of the patella alta.
McKeever (1954) closely associated chondromalacia with recurrent
displacement of the patella. He believed that displacement of the patella

wvas a mechanical problem that stemmed from a weak vastus medialis muscle

or & high placement of the patella, or te a poorly developed lateral

femoral condyle. With a high riding patella, which he stated was usual in

cases of chondromalacia, there vas no constant contact with the opposed

cartilaginous surface. The patella therefore remasined of inferior quality

and was not as fesistantrta its traumatic passing over the articulsr margir
of the femur into the ihterénﬁdylafigraove. Variations in the stress
line, caused by an iﬁcfeéseé G-angle, altered the growth of the femoral
condyle and could thereF e display an increased sulcus angle with a ten-

islocation of .the patella. Recurrent dislocation

(=%

dency towards lateral

could lead to degenerative changes in the ar rticular cartilage underlying

21



Ny
N

patella (see Appendix F) associated with a series of normal and patho-
logical knees that he examined. Type I consisted of a medial and
lateral facet of equal size with both facets gently contave. Type Il
demonstrated a lateral facet slightly larger than the medial one, both
facets were slightly concaveAas illustrated by Wiberg's diagram al though
he did not describe the shape of the facets in his original article.
Type 111 displayed a characteristically small medial facet with marked
lateral predominance. Wiberg did not state that the medial facet had
to be convex but his example did_shaﬂ this, and other authors (Merchant
et al., 1974) have included medial facet convexity for Type III criteria.
Wiberqg (1941) associated Type II1I patella vith chondromalacia, but was not J
able to conclusively demonstrate this. Furthermore, it has not been demon-
strated by other authors (Hungengfd and Cockin, 1975; Insall, Falvo,
and Wise, 1976). Type III patellg, with its small medial facet, however,
has bgen stfongiy 8880Ci§§5ﬂgiitﬁ recorrent dislocation df the patella
(Cross and Waldrop, 1975; ficat and Hungerford, 1977; Sifverskiéld, lg}é).
As the ridge between the Facéts is anatomically located more medially, it
must still articulate with ihe gfaﬁve between the femoral eandyleé. Con-
saquently, the patella must be positioned more laterally in such patients.
Baumgartl (1964) described three additiqnél patella configurations which -
vere, to a large extent, variations of Qibezg‘s Type II1: A Type I1/111
vith a smaller, flat medial Fscet; a Type IV displaying a very small or

v .
nearly vertical medial facet; and the Hunter's cap which basically had an

absence of median ridge. Type I was said to exist in approximately Eleven"

percent of the population, and in association with Type 11, made up sixty-
six percent of the population. These two types were considered tgrbe

normally shaped and able to distribute the compressive forces at the hatelln-



éemnfal joint in an even manner over the contact §grface of the patella.
In the remaining typeg of patella, the sm maller medial facet would have to
support a larger load per area resulting in an overload on the articular

. cartilage of this facet which could lead to degenerative changes. Baum-
éartl (1964)" went on to say that thirty-four percent of. all people fall
ﬁitﬁin these last types with an efghty percent probability of developing -
. patello-femoral problems. James (1979) stated that his clinical findings
did not support therstatément made by Baumgartl (1964) where there was an
eighty percent probability of developing patello-femoral problems in these

* .

people.

Patella height. Many investigators have commented on the rela-

tionship between the height of the patella and its association ﬁg ehgndras
malacia. Various iechniques have been described in the literature to
determine the position of the patella. Boon-Itt (1930) devised a formula
to evaluate the level of the patella. This method proved to Bg_ver;
accurate, but gyeh too gaﬁplleated for practical use.

Blumensaat (1938) reported another way of determiniﬁg the height
of_the patella by drawing a line through the femoral eandyle, howéver ;- two
problems arose with this method. Firstly, the knee had tn be Flexed
precisely to thirty degrees and secondly, there was considerable inaccurecy
in the technique as was demonstrated on examlnlng normal knees (Insall and

Salvatti, 1971; Lancourt aﬁd Cristini, 1975; Marks and Bentley, 1978).

s
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A third method, devised by Insall Eﬂd Salvati (1971) and also
by Lancourt and Crigtiﬁi (1975), praveg to be simpler and much more
practical. The measurements weré_expressed as a ratio of thg patella
length to the patella tendon length. Thése authors found the average

ratio to be 1.02 with a standard deviation of 0.13, and chondromalacia of
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the patella to exhibit a smaller ratio than normal, i.e., 0.86 which was
statistically significant at the 0.05 level. The interpretation was that
for céaﬁdramalacia of the patella, théipatells was abnormally high or
patella alta, Although a similar ratio associated vith chondromalacia was
not found by Marks and Bentley g;§78), using the same method aﬂ-vamen with
mild syﬁptams,'they did report it was observed in those displaying severe
chondromalacia. Attention must be made when interpreting the results of

these last authors since their female chondrogalacic gtoup consisted of only

[»]

thirty-four subjects, eighteen of whom were classified as having mild

chondromalacia and sixteen of whom were listed as h;v1ng severe EhDﬂdID
malacia. With such a 1imited population, very little data is available ta
allow the making of inferences to the chondromalacic population at large,
Significant positive correlations were aisn found between patella
dislocation and high riding patella or Mtella alta (Insall and Salvati,
1971; Lancourt and Cristini, 1975). The concept of a low riding patella
(patella infra) in the development of chondromalacia may well be appreciated
1f one accepts the malalignment factor in the etiology of the syndrome .
(Lancourt and Cristini, 1975). James (1979) also commented on the assaci-
ation between pétel;a infra, and chaﬁdfamalacia; #He stated that reversal
of the ratio was not only due to a relatively ‘;hﬁrt patella; teﬁé;n, but may
also have been due to an increased length of the patella which could éaﬁe
been related to inc?eased tension in the extensor mechanism. Knight (1978);
expanded bn the fact that dyrlﬁg knee flékion from zero degrees tu Farty-
five degrees, the patello-femoral force was borne by the patella articu ar-
surface alone and was approximately ;qualrtﬂ body weight. With greater
degrees of flexion, ‘the force was distributed between the patella and the

quadriceps tendon and was now approximately four times body weight, at
i
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sixty degrees of flexion. If the patella were abnormally high, such as in

L

patella alta, then the patella would experience patello-femoral pressure
for an increased period.of time before the load could be shared by the

i

patella tendon. The articular surfaces would also experience incongruent

\H

opposing surfaces all leading to abnormal stress on the patellar cartilage
i
wvhich could produce degenerative changes,

Blackburne and Peel (1977) described an alternate method of determ- _

[
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the height of the patella. They felt their method had greater advan- -

in cases where the tibial tubercle was not clearly demarcated, or in

i
1
W
2]
[
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of Osgood=5 ﬁlatter or Larsen-Johansson disease where the apophysitis

of the tubercle of the tibia or of the patgllafﬂasafragménted or elongated.
Their method involved determining the ratio between .the perpendicular height

of the lower end of the sfticular‘surFa:e of the patella from the tibial

plateau to the length of the articular surface of the patella. The normal

value being 0.8 was clearly differentiated from a DEF'll alta ratio of 1.0 .
or greatérg They found that in cases of subluxating pate ll the ratio had |
a value at the upper end of the range of normal, vhereas in chcndrumalacis,

the male dlsplayed a ratio value lower than normal, but the female showed

normal values,

Other measuremeht variations reported to be as sr iated with chondro-
malacia of the patella, in additinn to the patella height, was an increase in

the clinical measurement of the Q-angle., Insall (1979) and Insall, Falvo and

Wise (1976) reported that patella alta or increases in Q-sngle were observed
in mast cases of chondromalacia of the patella and were considered to be
the usual causes DF the disorder. They also stated that it was believed

""" e

that trauma either direct, such as a blow to the knee, or iﬁdifecti due to j

malalignment or twisting mﬁtlnns,were the causes of chondromalacia of the

patella.
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Suleus angle and congruence angle. Merchant et al. (1974)

reported that the depth of the intercondylar suleus, which was measured

tal femoral dysa-

\w\

by the sulcus angle, was the most important factor in di
plasia in patients reporting recurrent dislocation of the patella. They
also stated that the height of the lateral femoral condyle was only

significant as it related to the death of the suleus, which was found to

[

. ‘&

of six degrees in normals. Ffrom the sulcus angle, they estimated values
for the congruence angle which indicated the relationsh¥ of the patella
to, the intercondylar sulcus, The average velue for normals vas minus six
degrees with a standard deviation of eleven degrees. With this angle value
they could assess minor degrees of subluxation, which was not possible to
do prior to thisVStudyg They found the average congruence angle of the

islocated patella to be plus twenty-three degrees which was beyond the

m

ninety-five percentile for normals. The authors remarked that the con-..
gfuénce angle as a measurement of ﬁsteliD—Femgral Jjoint congruence ‘was only
one factor in the total evaluation of the extensor mechanism of the knee.,
There are many factors invglved in mglglignment and pathology of the
patello-femoral joint and each Fagtgf must be carefully assessed.

Lateral_patellgsfema;il angle. Laurin et al. (1979) devised

three bther measurement techniques to assess the patello-femoral joint
relationship. ‘The first method was refe erred to as the lateral patello-
femoral angle reading and could easily be assessed on tangential §iray
viev of the knee joint, Their findings indicated that in normals the
angle opened laterally in ginatysseven percent of the cases. However, in
all thirty eaéés»gf iuﬁluxétjng pateligrtﬁat wefe‘stuéieé,vthe angle wvas

ning medlally, forty pe%cént, or
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shoving no angle at all with the lines being parallel, sixty percent.
The authors pointed oul that since their technique has been standardized,
they have not seen a sybluxating patella with a lateral patello-femoral

angle opening laterally. No such definite findings wvere found in

after surgical intervention had been performed, the lateral patello-femoral
angles all opened laterally just as was seen in normals. The authors
stated that in cases where the lines were pa}allél and no clinical symptoms
vere present, it seemed likely that the knee could be a candidate for

subluxation at a later date or Psrhaps éVEﬁtually for chondromalacis of

the patella.

Patello-fema;gé}iﬁﬁégg- The second method vas called the paﬁEllga‘
the knee jJoint. This index was the ratio between the thickness of the .

medial patello-femoral interspace and that of the lateral patello-fen

intérspace. These iﬁterspaces corresponded to the shortest distance
between the patell; facets and the articular surface of the femoral
condyles. Their findings revealed .that in one hundréd normal sub jects,
the medial patello-femoral interspate vas either equal to or slightly
larger than that of the*lstéfal patello-femoral iﬁterspaée. The ratio had
a value of 1.6 or less. In their chondromalacia group, on the other hand,
ninety-three out of one hundred individuals had a patello-femoral index
vhich was greater than 1.6. The authors explained this abnormal index *
in ninety-three perceﬁt of chondromalacia patients to be due to a mini-

tilt of the patells with relative.widéﬁiﬁg of the medial interspace,

Lateral patellar displacement. The third method, outlined by




once again was assessed on a tangential x-ray view. The authors found
the medial edge of the patella to lie medial to a perpendicular line
erected from the medial femoral condyle in ninety-seven percent of

norfpal individuals, rthermﬂre, if this perpendicular line was

ged tovards the intercondylar groove by one mllllmeter, all

normal cases showed the medial side of the patella lying medial to

ihis line., In cases of chondromalaci f the patella, an excessive
lateral patellar displacement vas noted in thirty percent of the patients,
EHQﬁdramglgcig patellae could be distinguished from subluxating patellae
in that the latter group in addition to the excessive late:al patellar

displacement, also displayed an abnormal lateral patella angle which was

=

not seen in the chondromalacia group.

Conclusion

Dehaven et al. (1979), demonstrated that conservative treatments

of chondromalacia of the patella were effective in cﬂntrglliﬁgrtﬁe symptoms

of the disorder in a great many cases. However, eighteen percent satill
required surgery after having undergone extensive rehabilitstiaﬁgv Bentley
(1970) reported EVEﬁilangf Figufes - thirty-five percent - that required
surgical nteruentlnn in splte af adequate conservative management. He
also stated that the choice of the best procedure was difficult. Many
methods of treatment have been proposed, bué nane have been universally
successful. Some procedures have proven to be successful for some patients
but not for Dtﬁeré. The reason Fﬂr‘sﬁ;h diversity in results may siem

from the fact that thefynderlying etiology is very different in the various
patients, ' - ' .

An objective means of assessing these differences would be of

great help in planning proper treatments for these patients. Hughston

[ %]
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(1968) remarked that roentgenographically, the pétella and lateral femoral
condyle were the most frequent Erea%;z;abnarmslity:hireeurrEﬁt subluxa-
tion of the patella. As was emphasized throughout the literature reviewv,
there appears to be a strong relationship between subluxating and dislo-
cating patella, and chondromalacia of the patella. Therefcfé; the radio-
logical description of the chondromalacic knee may he;;;tu relate partiéuiafi
measurements to the etiology of the disorder. Hslalignment caused by such
Sbn@fﬁalities as internal hip rotation and pronated feet may demonstrate

a patella alta or an abnormally displaced patella (James, 1979) which

vould be detected on the radiographic measurements and then proper treat-



Chapter 3

METHODS AND PROCEDURES

Experimental Procedure

A retrospective evaluation was conducted using the records of sixty
female patients clinically diagnosed as having chﬂﬂdrﬂneigg}a of the

patella, by a group of orthopaedic surgeons at The University of Alberta

Hospital (Edmonton, Alberta), between 1974 and 1981. fatients were con-

sidered to have chondromalacia patella if they presented with the following

major signs: retropatellar discomfort exacerbated by stair climbing;

feeling of stiffness at the knee; and, retropatellar pain that could
abl

reli y be elicited by patellar compression onto the femoral condyles

vhile the knee was fully exteﬁded- Certain minor signs maygar may not
have been present but if so, were én aid in mééing s:mare p@éitive diag-
nosis. These signs included: retropatellar bisc@mfnrt exacerbated by
sitting in a8 confined space with the knee flexed for extEﬂded perinds of
time; buckling, locking and swelling; joint line tenderness mainly on the
medial aspect of the knee; and, pain on palpation of the undersurface of
the pétellai In sgsnciétiﬁﬁ with pain, grating could théﬁ be felt wvhile
performing these manoeuvres. The general condition of thé sub jects was
gﬂndiexcept for the problem associated with their chondromalacic knee.

The subjects ranged in age from fifteen to thirtysFive'yeérs!

chondromalacia pitellarhaving been seen by the ahave_ﬁmeﬁtianed group. of

30
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orthopaedic surgeons. The criteria for inclusion in the study vere:
that the patient be a female, be in the correct age range, and have
accessible roentgenograms.
All measurements were made by the author. The radiographs wetge—

displayed on a portable viewbox with a plastic sheet placed over each and

Marker 108-3, was used to mark anatomical landmarks on the plastic sheet.
This sheet was then removed Gﬁée the méasureméﬁts vere recorded. The use

of the plastic sheet allowed another investigator, an orthopsedic surgeon,
to randomly recheck the measurements to test the reliability of the author's
measurements. All measurements were done using e small plastic goniometer,

ccurate to the nearest five degrees; and a ruler expressed in centimeters.

=F

b

11 readings were recorded on a Data Acquisition Form (Appendix 1) far

ach sub ject,

m

The following three radiographic views were examined for each
patient: tangential views at twenty degrees (Plate 1) and forty-five
degrees of flexion of ihe knee (Plate 2), aaﬁ a ninety degree flexion in
the lateral plane (Plate 3). Seven parameters were evaluated in each
knee (Fiqure 1):

1. the sulcus anglé at twenty degrees and forty-five degrees of

knee flexion as described bf Brattstrom (lééb) (Appendix H).
2, the caﬁg§u3ﬁc, angle at twenty deqgrees and forty-five degrees
of flexion as described by Merchant et al. (1974) (Appendix A).
3. the lateral patello-femoral aﬁgig at twenty degreés and forty-
five degrees of knee flexion as dég;;ed bx Lauﬁin. Levesque,

4, the lateral patellar displacement as outlined by Laurin,
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Dussault and Levesque (1979) (Appendix E).
5. the presence of patella alta or infra as measured on a lateral

and Salvati (1971)

roentgenogram by the methad of Insal
(Appendix C).

6. the patella level (A/B) ratio as outlined by Blackburne and
Peel (1977) (Appendix D).

7. . the configuration of the petella was determined using the
classificatians outlined by Wiberg (1941) and Eguﬁgartl (1964)

(Appendix F).

Data_Presentation end Analysis

The daté collected for each subject was recorded on 8 Data Acqui-
sition Form (Appendix 1). o

For all Seve6>ﬁeESUfEEEﬁt§,fcﬁﬁgrUEﬁﬂe’Sﬁ§183 éuleus angle, lsteral
patello-femoral angle, lateral patella displecement, P/PT ratio, A/B Ratio
and patella cmf‘iguratioﬁ; the ﬁumber- of ‘ﬁﬁi‘fﬂél nveaéurenengs were Fampsredé
to the number of ‘abnormal measurements using a Dnes;sy Chi;gquarg test
vith nominal data. The .05 level of significance was sdqpteét A Chi-
'square tesé\:;s chosen to analyse the data since normal values had pre-
viously been established in the literature (Ferqguson, 1976) and the
investigator was simply concerned with the frequency of abnormal versus
normal values in the group under invggtigatian.

The criterions for normality were based on values falling within
" the ranges reported in the literature for normal populations. In all
cases, except lateral patello-femoral angle, lateral patellar displacement
and pafellé configuration, normal megéuremEﬁté wvere defined aé 5eing withiﬁ
tvo standard deviations of the mean for the ﬁﬂrmél populations since these

values were stated, by the different authors, to represent their normal

»
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groups. All values falling beyagd two standasrd deviations were considered
abnormal. In the lateral patellaifemafal angle, lateral patellar diS§laEEa-
ment and patella configuration, specific criterions for normality were
followed as outlined in the Appendices 8, C, aﬁé F. To ensure that the
ﬁapulgtiaﬁ examined }ﬁ the p%gEent study was similar, in all aspects, té

Ehé normal populations described in the literature, except for the vari-
able under study, all §uthﬁf3 were individually contacted by letter to
Dbtgiﬁ specific gopulation description (Appendix J). Within a very narrow

margin of difference, all populations were representative of the population

‘under study as far as the author could assess from the information received.

The data was presented in the following manner for all measurements:

Measurement
Normal Abnormal
(Value) (value)

Frequencies

Figure 2. Method of data presentation.

~.

‘ ’ ™~
Values for the congruence angle, and the sulcus angle, at twenty

degrees knee flexion were compared to those found at forty-five degrees .
using a t-test for correlated samples.' The .05 level of SigﬁiF%CEHCE

vas adopted, The values for the lateral ﬁstellaafemﬂral angle and the
lateral patéllsr displacement at twenty degrees knee flexion vere c@mpa;ed
to thoee found et forty-five éEgT-li using a test F§f diFFEr§ﬁce2 betveen
proportions for correlated samples. The .05 level of éignificaﬁee was

sgain adopted.
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In order to ensure the reliability of the investigator's measure-
ments, as mentioned previously, another investigator randomly rechecked
the measurements. Pearson Product Moment Correlation Coefficients were
performed and the following correlation values were obtained: ,977 for
rthe sulcus angle; .957 for the congruence angle; .937 for the.ﬁgtelig
length; .990 for the patella tendon length; .950 for the patella articula-
tion length; and, .986 for the tibial plateau distance. These carrelagigﬁ'
values proved to be significant at the .001 level. Measurement for the
lateral patello-femoral angle and lateral patellar displacement showed a
one hundred percent agreement between raters, whereas determination of the
patella configuration showed a ninety percent agreement (Appendix K).



Chapter 4§

RESULTS

The knee roentgenograms of sixty female patients diagnosed as
having chondromalacia of the patella were evaluated. The purpose of the
study was to determine whether diagnosed chondromalacia patients had

increased frequency of abnormal radiographic measurements representing

the alignment of the patello-femoral joint complex. Seven measuremen Es
vere taken for each subject with four of the Measurements being repeated
on two radiographic views; a twenty degree tangentisl view and a forty-

gential view. It was not possible to obtain all measure-
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“ments for all patients due either -to poor radiographic quality of the

existing film or to the unavailability of the required films.
The fESuitSVDthiﬁéﬂ from the current study refer to seven main

areas. Measurements of the sulcus angle, the ~congruence angle,rthe;ist!

er atello-femoral angle and the lateral patellar displacement were

o
o

1
dc'élgn forty-seven patients with the knee in twenty degrees flexion, and
on sixty pstiEﬁtS with the knee in forty-five degtees flexion. The height
of the patella was evaluated on fifty-five patieﬁts using two methods;

P

the P/PT ratio and the A/B ratio. Lastly, the patells configuration was

determined for all sixty patients on the forty-five degree tangential
radiographic view. The raw data far 411 measurements are Fnuﬁd in

Appendix L.



Sulcus Angle

Values for the sulcus angle at éwenty and forty-five degrees knee

flexion are shown in Table 1. These figures represent the frequency of -

sbnormal and normasl measurements on both the twenty and forty-five
degree views (Table 2), A sigrificant difference existed between the

group and the normal population in regards to measure-

chondromalaci

ments on the sulcus angle.

Table 1

Frequency of Normal Versus Abnormal Measurements
on the Sulcus Angle in (a) Twenty Degrees
Tangential View on X-Ray Film, and (b) Forty-

Five Degrees Tangential View on X-Ray Film

Normal Measurement Abnormal Measurement
(1300 - 1540) (<1300, >1549)
(a) 33 : 14
(b) 40 20

A t-test for correlated samples was performed to test the sig-

nificance between the sulcus angle in the twenty degree knee flexion view

versus the forty-five degree view (Table 3). Results showed a significant

difference at the .02 level for the left knee and at the .01 level for
the right knee. This data indicates that the knee position at twenty and

forty-five degrees has a significant effect on the depth of the inter-

40
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condylar groove.

Congruence Angle

The values for the congruénce gqgle at twenty and forty-five
degrees knee f;exion are shbwn in Table 4. These vaihes represent the
frequency of abnormal versus normal measurements on the congruence angle
as defined by Merchent, Mercer, Jacobsen, and Cool (1974). A Chi-square
test for nominal data was performed and showed a sigﬁificant'differehce
at the .02 level on the twenty degree view, and at the .001 level on the
forty-five degree view between the abnormal and normal measurements (Table
2). A significant difference exists with regard to the congruence angle

measurements, between the chondromalacia group and the normal population.

Table &
Frequency of Normal Versus Abnormal Measurements
on the Congruence Angle in (a) Twenty Degrees
. Tangential View on X-Ray Film, and (b) Forty-
Five Degrees Tangential View on X-Ray film

Normal Measurement ‘Abnormal Measurement ' N
(-280 to +169) (<-289, >+16°) ‘
(a) 41 6
(b) 50 10

Testing the significance of the congruence angle in the twenty
- degree knee flexion view versus the forty-five degree view using a t-test
for correlated samples resulted in a non-significent difference at the

.05 level, for both left and right knees (Table 3). The findings



effect on the position of the patella in the intercondylar groove.

Lateral Patello-Femoral Mngle

Table 5 shows the frequency of normal versus abnormal measure-

ments on ﬁhe lateral patello-femoral angle as described by Laurin,

Levesque, Dussault, Labelle and Peides (1978). A Chi-square test for

nominal data was performed and showed a significant difference between

the normal and abnormal measurements on the lateral patello-femoral

angle at the .01 level, for the twenty degree view and at the .00l level

for the forty-five degree view (Table 2). Therefore, a significant

difference exists with regard to the

between the chondromalacia group and

TEbleié

lateral patello-femoral angle,

the normal population.

Frequency of Normal Versus Abnormal Measurements

on the Lateral Patello-Femoral Angle in

(a) Twegty Degree Tangential View on
X-Ray Film, and (b) Forty-Five Degree

Tangential View on X-Ray Film

Normal Measurement

Abnormal Measurement
(Negative)

(a)
(b)

(Positive)
42
49

A Z-test

for différence between proportions for correlsted samples

vas performed tod test the significance of difference of the lateral

44
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patello-femoral angle in the twenty degree view versus the forty-five
degree view. The test found the differences in angle between the two
views to be non-significant at the .05 level for both left and right

knees (Table 3). The implication of these findings point to the lack

lateral patello-femoral angle.

Aateral Patellar Displacement

Table 6 shows the frequency of normal versus abnormal values on
the lateral patellar displacement measures as described by Laurin et ai,
(1979). A Chi-square test for nominal data showed a difference between
the chondromalacia group and the normal population significant at the
.001 level for both the twenty and forty-five degree views (Table 2).
These findings indicate that a significant difference exists between
éatients with chondromalacia of the patella and the normal population
vith regards to the lateral patellar displacement.

Tsble 6
Frequency of Normal Versus Abnormal Measurements
on the Lateral Patellar Displacement in
(a) Twenty Degree Tangential View on
X-Ray Film, and (b) Forty-Five Degree
Tangential View on X-Ray Film

7!,, S—— = = — _ ————
Normal Measurement Abnormal Measurement
(Negative) o (Positive)
; l— _ i - _ — S —— — — el
M- ol .
* (a) 32 15
(b) 42 ¢ | 18
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A Z-test for difference in proportion for correlated samples was
performed to check the significance of the twenty degree and forty-five
degree knee flexion view on the lateral patellar displacement, and was
found to be non-significant st‘the .05 level on both the left and right
side of the body (Table 3). The findings demgﬁsérate the lack of influ-
ence of knee flexion at twenty degrees and forty-five degrees on the

latéral patellar displacement,

Table 7 gutliﬁés the number of normal versus abnormal values on
thE.P/PT ratio, as described by Insall end Salvati (1971), in patients
diagnosed as having chondromalacia of the patella. A Chi-square test
for nominal data was performed and was found to bé gsignificant at the .001
level. This emphasizes the difference that exists between the chondro-
malacis patients and the control subjects with regard to the height of

L

the patella.
Iable 7

Frequency of Normal Versus Abharmafgﬁgssurements
on the Patella Length/Patella Tendon Length
Ratio (P/PT) as Measured on a Lateral X-Ray
View of the Knee at Ninety Deqrees Flexion

Normal Measurement Abnormal Measurement -
(.76 to 1.28) (<.76, >1.28)

a2 | "‘13’7
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Tibial Plateau Distance/Patella
Articulation Surface Length

Ratio (A/BZ

Table 8 shows the frequency of normal versus abnormal measures

on the A/B ratio, as outlined by Blackburne and Peel k1977), in the group
undef_investigation. A Chi-équare test for nominal data was found to be

significant at the .01 level. This finding again emphasizes the differ- T
ence in the level of the patella between the norn;l population and

patients having been diagnosed as having chondromalacia of the pateila.
Table 8

Frequency of Normal Versus Abnormal Measurements
on the Tibial Plateau Distance/Patella
Articulation Length Ratio (A/B) as
Measured on a Lateral X-Ray View of
the Knee at Ninety Degrees Flexion

Normal Measurement Abnormal Measurement
(.54 to 1.06) (<.54, >1.06)
47 8

vPatella Canfiguraxion

Table 9 indicateé the number of normal ver;us abnormal patella
types as outlined by Wiberg (1941) and Baumgartl (1964), in the group
of chondromalacia of the patella under study. A Chi-square test.r
nominal data was used td test the significance of the difference in
patella confiquretion, and was found to be significant at the .001 
J,eve}.~ The findings indicate a predominance of Wiberg Type 11l patells

and Baumgartl dYsplastic type of patella amongst chondromalacia of the

‘A



patella patients, which is not in agreement with Wiberg's observation of
a non-specific type of patella in the chondromalacia of the patella

* population (Wiberg, 1941).
Table 9
Frequency of Normal Versus Abnormal Patella

—_ Configurations as Determined on a Forty-

Five Degree Tangential View on X-Ray Film

Normal Type Abnormal Type .
{Wiberg Type I or (Wiberg Type III or
Type 11I) Baumgartl Type)
22 - 38

48
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The purpose of the present gtud§ vas to examine the relationship
betngﬁ selected radiographic measurements, namely sulcus angié; congruence _
angle, lateral patello-femoral angle, lateral patellar displacement,
patella length/patella tendon length ratio, tibial plateau distance/patella
articular surface length ratio and patella configuration (Figure 1) to
chondromalacia of the patella. Frequencies of normal versus abnormal
measurements in the chondromalacia group were compared to the‘ngquenciés

eported, by previous authors, on normal populations. It was also the

L]

intent of the author to see whether knee flexion at twventy degrees (zero
\

degrees being ffull extension) had a different effect on patella-aelignment

compared to the forty-five degrees knee flexion view. .
AN

Measurements of the sulcus angle showed a statistically significant
difference between the frequency of normal versus abnormal measurements
knee flexion views.. Measurement of sulcus angle on chondromalacia patients
have not, to the author's knowledge, been reported in the literature; how-
ever, studies have reported measures of the sulcus angle on petients suffer-

ing from recurrent dislocation of the patella (Brattstrém, 1964). Bratt=

49
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dysplasia, in patients with recurrent dislocation of the patella, was the
depth of the intercondylar sulcus, as measured by the sulcus angle.
Measurements-of the sulcus angle in the recurrent dislocating group were
found to be significaétly different from the normal population. Review
of the literature has shown the close association between chondromalacia
patella and patella dislocation and subluxation (Crosby and Insall, 1976;
Dandy and Poirier, 1975; Newberqg and Seligson, 1981). No medical histories
were availsble for any of the patients investigated in the present study.
Therefore, patellasubluxation.or dislocation could have been a common
occurren;e in eddition to the chondromalacia patella. The altered sulcus
angle may have created a malalignment problem resulting in patella dislo-
cation. This traumatic dislocation or simply subluxation would then cause
an abnormally high shear stress on part of the articular cartilage resulting
in degénerative changes. Results did not show any preponderance for the
abnormal sulcus angle to be larger or smaller -than notmal, both occurred
vith approximately the same frequency.

When the number of abnormal sulcus angles.;t twenty degrees knee
flexion were compared to those found at forty-five degrees knee flexion,
a sfatistically significant difference was found between the two views,
vith a greater number of abnormal measurements found in the forty-five
degree view. The reason for the differehce in sulcus angle between the
tvo views is not clear, nor does it agree with Merchant, Mercer, Jacobéen
and Cool's (1974) observation of no changes in the intercondylar éuicus
shape through the range of thirty degrees to ninety degrees of knee
flexion on normals. The twenty degree view observed in the present study
vas smallef than that‘observed by the latter authors, and it may be that

the twenty degree view showed abnormalities which are not seen on any of



the views between thirty and ninety degrees. The differences found in the
' present study may also have ?temmed from a trqe difference existing between
the chondromalacia group and the normal population witﬁi regards ‘ta the
depth of the infercondylar sulcus of may simply have been due to an error
in patient positio;ing during the taking of the x-ray, with the legs

being rotsted therefore resulting in an altered sulcus angle.

Congruence Angle

| Values for the congruence angle at twenty and forty-five degrees
knee flexion showed a statistically significent difference in the frequency
“of normal versus abnormal meésugement in the chondromalacia group. - Values
for the congruence angle in chogd;omalacia patients have not heen reported
in the literature, however, just as with the sulcus angle, abnormal values
have been shown to exist in patients with recurrent dislocation of the
patella. Merchaﬁt; Mercér, Jacobsen aﬁd Cool (1974) have reported an aver-
age congruence angle of plus twenty-three degrees in a group of twenty-
five recurrent dislocating ;Bées compared to minds six degrees for the
normal knees. Again, if one accepts the theory of chondromalacia patella
as'stemming from abnormal stressés placed on the articular cartilage,

an abnormal congruence angle resulting in the patella articulating sur-

face no longer being congruent with the reciprocal femoral intercondylar

Comparison of the congruence angle at twenty deqrees knee flexion
versus forty-five degﬁees knee flexion resulted in a non=significant
difference between the two views. Tﬁese>findings are in aéréemgﬁt with

Merchant, Mercer, Jacobsen and Cool (1974) who found no significent

change in the relationship of the patella to the sulcus through the range
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of thirty to ninety degrees knee flexion in s pilot group of the ten normal
subjects. The findings are, however, not in agreement with the proposed
hypothesis. At twenty degrees knee flexion, the patella has a greater
ability té dislocate laterally than it does at forty-five degrees flexion,
where it is nggfﬁeiﬁg pulled into the intercondylar gréave by the quadri-
ceps tendon (Laurin, Dussault, Levesque, 1979; Hughségn, 1968). Due to
the close relationship between patella disfocation and chandrnmalacla
patella, it was anticipated that a grgater fre%’ency of abnormal congruence
angle would be found in the twenty degree kﬁee'flexlan viewv as compared

to the Fgrtyéfive degree view. This, however, has not been shown by the
present study and no explanation is avaiisble for the difference ini

findings. . -

Lateral Patello-Femord) Angle

The.};tersl patello-femoral angle showed a statistically ;{g;ifi;int
difference bééuegﬁsthe frequency of ﬁﬂrmalrversus sbnormal measurements
in the chondromalacia patella group onder study in both the %wenty and
forty-five degrees knee flexion views. These Flndlngs are not in complete
agreement with Laur1A Levesque, Dussault Labelle and Peides (l973) Uh@ found
- that the roentgenographic study was of no diagnostic value in one hundred |
patients with chopdromalacia patella, since the angle was abﬁﬂrmal in ten

-

patients and normal in ﬁiﬁety patients. These same asuthors did, however, find

luxating patella. As stated earlier, since no medical history was ayail-
able on any of the patients in the present study, patella subluxation nﬁy
have been a complication of the chondromalacia patella and may explain

the greater frequency of abnormal findings in the present study.



No significant difference was found between the frequency of
abnormal lateral patello-femoral angle in the twenty degree knee flexion
viev versus the forty-five degree view. This again is not in complete
agreement with Laurin, Dussault and Levesque (1979)iyh3 {Fpnd an abnormal %
lateral patello-femoral angle ;ith greater Freﬁueacy in the twenty degree ;
view in subluxating patella, with a false normal x=ray present when the
knee was flexed béyond twenty degrees. The fact that in the present study
the patients were ‘diagnosed as having chondromalacia of the patella and

i
not primarily subluxating paéglla may be the reason for the discrepancy.
Ch9ndromalaeia patients may have a pételluéféﬁé;al alignment distinct
21 '

from that found in subluxating patella.

Lateral Pa;éllar Disﬁ;gggpentl

In both the twenty degree and the Fgfty;Fibe degree view, there )
vas & statistically significant difference between the frequency of hnrmﬁﬁ
versus abnormal measurements on the lateral patellag displacement. The 7 ‘
present findings are similar to those reported by Laurin, Dussault and |
Levesque (1979) who found thirty percent of their »ghaﬁdrémglscis
group djsplaying an abnormal latersl patellar displacement. In their
patella subluxating group, all patients with an abnormal patellar displace-
ment also demonstrated an abnormal lateral patello-femoral %nglei Hewever, —

no such relationship could be established in their chondromalacia group.

When examining the data of the present study, five out of fifteen patiertts

displayed both an abnormal lateral patellar displacement and an abnormal
' patello-femoral angle in the twenty degree vjew. The remaining ten patients
femoral angle which seem to point to chondromalacias patella as diatinct

from subluxating patella in these cases. -In the forty-five degree view,

¥
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five patients displayed both an sbnormal lateral patellar displacement

and an abnormal lateral patello-femoral angle. Another five patients had
an abnormal lateral patellar displacement with a normal lateral patello-
femoral angle. There appeared to be some relationship between the patients
displaying both abnormalities in thé twenty dégféé viev and those showing
both abnormal measurements in the forty-five degree view, with three out of
the five showing the abnormalities on both vievs.

When ngparishns vere made Eatxeen the FreqUEﬁgy of normal versus
abnormal measurements in the twenty degree view versus the forty=five
degree view, no ststistically.sigﬁifieant difference could bé found., This
does not agree with‘Lauriﬁ, Dussault and Levesque (1979) who pointed to
the lat§r§l patellar displacement as an x-ray sign of poor patellar
tracking at twenty degrees flexion of the knee, which could not be seen
on tangential films with the knee flexed beyond twenty degréisi

Many sources of error could have' come “into play with any of the
measurements taken in the twenty degree and forty-five degree vievs
resulting in a gréater or lesser frequency of normal versus abnormal find-
ings. Such errors may stem from changes in radiology staff resulting'in
small changes in individual technique. The x=ray beam and plate ma},n@t
alvays have been placed at ninety degrees to gﬁé another, whi?h, as pointed”
out by Brattstrtm (1964) may have resulted in important changes iﬁ the
outline of the patella and femoral condyles. The knees may not have been
flexed to twenty degrees and farty—Fivé degrees for each patient and may
have altered the position of the patella ;n the sulcus. The patient may
have contracted the quadriceps muscle, during the taking of the x-ray,
therefore preventing any subluxation that may have occurred had one been

relaxed. Any patient motion during the taking of the radiograph may have




been perceived on x-ray as true bone contour, when it could in actuality
have been an aperlying shadow. Difficulty in outlining the patella contour
Sr the femoral condyles with prezi%}an may have resulted in errors of

- meagsurement., The possibility of hgﬁan errors in measurement either in the
use of the goniometer or the ruler, resulting in a greater or lesser
number of abnormal measurements cannot be ruled out. Finally, differences
in the population under. study compared to the populations reported in the
literature, to which the present findings were compared, may ;EUE been
present and beyand the control of the author. *All the potential sources
of errors, just outlined, may have resulted in a greater or lesser differ-
_ence in the measurement outcome which may, to a certain extent, explain
the discrepancy observed in the present study as campared to the values

eported in the literature.

Iy

] ™
Patella Length/Pétellé Tendon 5
“Length Ratio (P/P1)
Results of the P/PY ratio showed a statistical significence in the
number of harmal versus abnormal measurements in the chézdrum lacia of the

patella group under study. All abnormal ratio measurements were smaller

than the expected normal ratio, indicating a higher preponderance of patella

alta in the chondromalacia patella group. No cases of patella infra or

H‘
o

riding patella were found in this study using the P/PT ratio. These
findings are in agreement with Lancourt and Cristini (1975) who found a

P/PT ratio of .86 in their chondromalacia group compared to a ratio of 1.0

=
(s

in the normal pnpulatign. nsall an lvati (1971) also ﬁ?und ratio

more as being abﬁnrmal, but did not comment on a specific ratio for

chondromalacia patella. With an abﬁarmally high riding patella, as explained
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by Knight (1978),‘the patello-femoral force must be borne by the patella
articular surface alone for a much greater length of time, with increasing
knee flexion, before it can be shared by the quadriceps tendon. The
increase stress on the patellar articular surface due to the increase force
it has to bear, as well as due to the incongruent opposing.sur faces, all

can lead to degenerative changes. The pfeééncg of patella alta associated

vith chondromalatia patella is also in accordance with Insall, Falvo and

Wise (1976) who reported that patella alta or incredses in Q-angle were

present in most cases of chondromalacia patella

Tibial Plateau Distance/Patella Artlculgtlan
~Surface Length Ratio (A/B)

The frequency of abnormal A/B ratis versus’ normal values has been

shown to be statistically significant in the group under investigation.
These fi:aings are not in agreement'vith Blackburne and Peel (1977) who
found no significant difference from the normal in their group of female
chondromalacia patients. These same authors did, however, find a statis-
tically significént difference in the A/B ratio in their_group of male
chondromalacia patients. All abnormal ratios found in the present study
vere greater thgn normal values, which point to the high occurrence of
patella alta associated with chondromalacia patella.

L'This method of measuring patella height has bEEﬁ said (Blackburne and
Peel, 1977) to be superior to the method-devised by Insall and Salvati |
(1971), in cases where the tibiai tubercle Es not well demarcated or when
there has been a traction apophysitis of the tibial tubercle distally or
of the lower pole.of the patella pmximlly_ Hﬁgﬁimariﬁg the results
of the two methods, used to determine the patellsrheight in the present -

study, thirteen cases of patella alta were found using the Insall and
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Salvati method and eight cases of pa£ella alta were found using the
Blackburne and Peel method. Only four cases of patella alta were found
"to be present on both methods of assessment. Difficulties have arisen
gsing either methods, which cnuléfhave resulted in 1ﬁaEEurEClES. Diffi-
culties with the Insall and Sagséti method were mainly due to the tibial
tubercle not always being prominent, making it leFlcult to measure vith
great precision the patella tendon length. Errors in estimating the
Blackburne and Peel ratio stemmed mainly from difficulties ;n:aséessing
the exact limit of the tibial plateau especially when Everlying shadows
vere present. -

The fact that the lateral roentgenograms were taken with the knee
flexed to ninety degrees rather than the thirty degrees rEp,,ted in the
literature (Blackburne and Peel, 1977; Insall and Salvat;, 1971) does
not appear to have had an effect on the GuECG'e, since, as pointed Qut
by Blackburne and Peel (1977), the measurements can be made on any lateral
radiograph of the knee providing that the patella tendon is under ens;ﬁﬁ,
vhich as stated by these Euthﬂfs, occurs with the kmee flexed beyond thirty

degrees,

Patella Configquration

Statistically significant differences in the féequency of normal
versus abnormal patella type were fggﬁd in thé group of gh@né}nmalacia
patients under study. Wiberg's Type 111 patella (Hi,erg 1941)" and Baum-
gartl's dysplastic patelia (Baumgartl, 1964) were consi idered abnormal in
the present study. The findings in this study are not in complete agree-
ment wvith those of Hibefg (1941) who did not find a predomi aﬁée of Typer

III patella in his chondromalacia group. A point of clarification must




be made here, in that the change from Type II patella to Type III patella

is not an abrupt one. It occurs gradually and at times there is great

- Type 111

""I

'difficulty in deciding whether a patella fits the Type Il
criteria. Without tomographic euts, it remaiHS'Qer difficult to clasley
a patella as one or another type with clear certainty. The pFESEﬁt
findings do seem to agree with those of Baumgartl (1964), who stated that
thirty-four percent of all people fall within the abnormal classification
of patella with an eighty percent probability of aévelaping patello-
femoral problems.

The presence of significant findings in this current study suggest
that certain abnormal radiographic measurements on the twenty and forty-
five degree tangential view as well as on the ninety deqree lateral view
are closely associated with the cligical diagnosis of chondromalacia of the
patella in the group under investigation. All the radiographic measure~

ments conducted in’ the present study are related to the alignment of the

patella in the intercnndylar sulcus. Since abnormal radiographic megsure-=

ular cartilage, degenerat;an may occur in one area or another. The
numerous abnormal measurements that may cause malaligmnment may help to
explain the discrepancy in the literature as to the area of cartilage
degeneration, the cause of chondromalacia patella, as well as the treat-
ment of choice for the disorder. Radiographic views in either the twenty

or forty-five degree tangential view and in the ninety degree lateral

viev should be carried out in all patients suspected of having chondromalacia
of the patelia end measurements such as sulcus sngle, congruence sngle,
lateral patello-femoral angle, lateral patellar displacement, patella

height and patella confiquration, done to allow a better understanding
&



" of the contributing causes of the disorder. These values would also

permit a more objective means of treatment choice.



Chapter 6

SUMMARY AND CONCLUSIONS

Summary
The purpose of the present study was to assess the relationship
of selected radiographic measurements, namely sulcus angle, congruence

angle, lateral patello-femoral angle, lateral patellar displace ement,

patella height and patella configuration, to chondro malacia of the patella.
Frequencies of normal versus abnormal measurements in the chondromalacia

group were compared to the frequencies reported, by previous authors on

n@rmal populations, using Chi-square tests for nominal data. The sulcus

angle, congruence angle, lateral patello-femoral angle and lateral patel-

lar d isplacement were evaluated on tangential views of radiographs in

both twenty and forty-five degrees knee flexion. Campa;iséﬁs between the

two views were made using a t-test for correlated samples for the sulcus

angle and congruence angle, and a Z-test in difference in propartions for
correlated samples for the lateral patello-femoral angle and lateral

patellar displacement. The patella height was assessed on a ninety degree

lateral fgaiagraphic view of the knee joint, and the pétella configura-

tian>§n a forty-five degree tangential radiographic view. A sample of

sixty female subjects between the ages of fifteen and thirty-five years,

having been diagnosed as;hsviﬁg'ehnndrnm31321a of the patella, were -
studied. , o N

In accordance with the limitatiens and delimitations imposed on

60



the study, all measurements in the chondromalacia group proved to have a

\
significantly greater frequency of abnormal measurements, compared to the
normal populations reported in the literature, at the .01 or .001 level. of
confidence which supported the research hypothesis set forth. Measure-
ments in the twenty degree radiographic view did not prove to be signifi-
cantly' different from those in the forty-five degree view ekcept for the

sulcus angle measurement. This is not in agreement with the second hypoth-

esis set forth prior to conducting the study.

Conclusions

With the data available from the present study, the follbwing
conclusions were made:

(1) The fregquency of abnormal measurements on the sulcus angle
on tangential radiographic views in twenty ;nd forty-five degrees knee
flexion was greater in éhondromalapia patella patients compared to the
normal population, and there was a'significant difference in the sulcus
angle between the two views.

(2) The frequency of ébnormal measurements on the congruence
angle on tangential radiographic viéve in twenty and forty-five degrees
knee flexion was greater in chondromalacie patella patients compared to
the normal population, aﬁﬂ there was no significant difference in the
congruence angle between the two views.

(3) The frequency of abnormal measurements on the lateral patello-
feporal angle on tangential radiographic views in twenty and forty-five
degrees knee flexion wvas g;eater in chondromalacia patella patients com-

pared to the normal population, and there was no significant difference

in the lateral patello-femoral angle between the two views.



(4) The frequency of abnormal measurements on the lateral patel-
lar displacement on tangential radiographic views in twventy and forty-
five degrees knee flexion was greater in chondromalacia patella patients
compared to the normal population, and there was no significant difference
in the lateral patellar displacement between the two views.

(5) The frequency of abnormally small patella length/patella
tendon length ratio (P/PT) assessed on ninety degree lateral radiographic

view of the knee vas greater in chondromalacia patella patients compared
to the normal population, meaning that chondromalaci 8 patella patients had
an abﬁarmglly high riding patella or patella alta,.

(6) f?m frequency of abnormally large tibial plateau distance/
patella articulation surface length ratla'TA/E) assessed on ninety degr
lateral radiographic view of the knee was greater in chondromalacia patella
patients compared to the normal pgpulatinﬂ— meaﬁiﬁg that chon d omalacia
patella patients had an abnormally high riding ﬁatella or patella alts,

(7) Chondromalacia patella patients had a greater number of
abnormally shaped patella conforming to Wiberg's Type III patella or
Baumgartl's dysplastic patella as compared to the normal population.

The results of the study strengly suggest that anatomical and
functional malalignments are present in many cases of chondromalacia of
the patella which can feadily.beiassessed on a twenty degree or forty-five
degree tangential radiographic view of the patello-femoral Jjoint and o
ninety degree lateral radiographic view of tgé knee joint. ﬁessure%enfg

can then be made on these radiographs which will allow a more definitive

3
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the type of treatment to institute for each patient.

liagnosing the disafder and a more ob jective means of determining

62



(1) A guide be established for the taking of tangential view x-rays
to ensure accuracy and precision in every knee filmed in this manner.

"(2) Definite anatomical landmarks, and means of finding these

to become universal measurements.

(3) Establishment of a more objective means of determining the

patella configuration and better criteria for the classification of

1]
Lo]
-

different type

3

Peeking on precisely defined normal populations,

P
(4) Since data is

it is recommenced that research be directed towards improving this ares.
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Determination of Cangrgenge,Ang;g

S e LI

Lateral

(+)

Axial viev of the patello-femoral joint in twenty degrees of knee
flexion.

1. The sulcus angle BAC (see Appendix H) is bimected to establish s
zero reference line AQ. .

2. The lowest point on the articular ridge of the patella (D)

the line AD is projected.
3. The angle DAO is termed the congruence angle.
All values medial to the zero reference line AD are designated

as minus and those lateral as plus. Normal: X = =69, SD = 119 (Merchant,

Mercer, Jacobsen and Cool, 1974).
The point D is found by tracing the outline of the lateral facet

of the patells towards the median. The area at which an abrupt change

in angle occurs is designated as point D.

~
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Determination of Lateral Patello-Femoral Angle
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Determination of Lateral Pate lln—FemQrEl Anglg

—

Axial view of the patello-femoral joint in twenty degrees

flexion,

X = highest point on medial condyle of femur

X3 = highest point on lateral cdndyle of femur

Y = lowest point on the articular ridge of the patella
Y, = upper limit of the lateral patellar_facet

Join the points X and X; and the points Y and Yi.

The angle (Y,,Y,X1) formed by the intersection of these two
.. lines determines the lateral patello-femoral angle (Laurin, Levesque,
{Dgssaulti Labelle, and Peides, 1978).

Normal : the angle Y;,Y,X; opens laterally

Abnormal : the angle Y,,Y,X, opeéns medially or the line Y Y,

'is parallel to the line X Xi. _
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Determination of Lateral Patellar Displacement

76



77

Medial Lateral
A,
"Ch andrnﬁélacla
A skyline view of the patello-femoral joint in thﬁty degrees
flexion,
l. Line A A; joins the summits of the femoral condyles.

2. Lire C is drawn at ninety degrees to line A and arises from
the medial femoral condyle.

3, Normal candidates: The medial edge of the patella is medial

"~ to line C in ninety-seven percent of patients. If the line
C is displaced towards the intercondylar groove by one milli-
meter to its original landmark, it can be stated that the
medial edge of the normal patella is medial to line C in all
normal individuals.

In subluxating patellae, only Fgrty =seven percent had such a
relationship with line C; in the remaining Flfty—three perﬂent of

A BstiEﬁté, the medial edge of the patella either touched that line

or was lategpal to it.
*In chondromalacia patella, the patella was noted to be
laterally displaced in.thirty percent of individuals (Laurin,

Dussault, and Levesque, 1979). ‘
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Determipation of P/PT Ratio

i

Lateral view of the knee joint in ninety degrees flexion.

P:  Jreatest diggéﬁal length of the patella
PT: length of patella tendon, from inferior pole of the patella
to upper surface of tibial tubercle,

Normal P/PT: X = 1.02 (Insall and Salvati, 1971).
’ SD = 0.13

In cases vhere two projections appeared to represent the tibial
tubercle, the uppermost projection was chosen as the point of

attachment for the patella tendon,

T,
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Determination of A/B Ratio
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Determination of A/B Ratio v
- S B . A
t
|
|
i
i
Leteral view of the knee in ninety degrees knee flexion. C o 7,;
B:. articular léngth @f.ti:ue gstelfa on its p’@steﬁripr surface.
e . .
‘A:  distance from the lower pole of the patella articulating
surface to the tibial plateau. )
‘The tibial plateau is found by following the tibial spine . ;
anteriorly to the anterior surface of the tibia.
Normal A/B: X = 0&'\, SD = 0.14 (Blackburne and F'éel; 1977). . N )
B ’ . = .
B _‘i: . i Ly
(/‘ - ° 1 B
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Determination of Patella Configuration
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Determination of Patella Configuration _
Type - , : o
: "~ Lateral Facet | Medial Facet
3 o e e g o e s e e
““
7 o Both facets are
Wiberg Type 1 concave and roughly ‘
, the same size. i
. Medial facet slightly
Wiberg Type 11 smaller and is flat
or slightly concave.
C |
, Medial facet consider- ¥
Wiberg Type 111 ably smaller an .
convex, : *
>
Medial facet is vefy =
oy - small or absent, :
Bsgmggrtl * Patella is almost i
: e flat. . f
" I
i M M
: ' ,
(Wiberg, 1941; Baumgartl, 1964) - .
Wiberg's Type 111 end Baumgartlés dysplastic patella are both considered
abnormal. - ' '
d /
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:

X-ray Technique:  The knee is bos{tioned at twenty ;;;::>¥ or
forty-five degrees of -flexion (zZer® degrees being full exte
The xéray source is b

cephalad direction;. t
border of the tibia an

™~

rjesefi).

ov the taple top and directed in the
x-rays areé parallel to the anterior

_the patello-femoral interspace; the x-ray
* plate is at ninety deqrees to the x-rays and to the patello-femoral
interspace  (Laurin, Dussault and Levesque, 1979). -

Medial

L]
-~

e
1
3

Left

N

+ " Lateral

4

Diagrammatic representation of the skyline view seen on x-ray, -
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b ‘  Determination of Sulcus Angle
P . .

e : . T
. . .

-

Axial view of the patello-femoral joint with the knee flexed

»

to twentyidegrees'kneelfleiion. o _ o

3

A - lowest point on intercondylar suléus B
'8 - highest point on medial condyle of femur

R LI hig@eét point on lateral condyle of femur

)
-

nvAndle BAC is the(sulcué angle. ‘ N
Normal: X = 142°,°SD = 6° (Brattstrom, 1964).

The point A is found by tracing the lateral fepqral- condyle
towards the intercpndqug sulcus until a point’wﬁerg éan

abrupt change in angle occurs. This aresa is desiénatéd as

point-A, - - e
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DATA ACQUISITION FORM

<

"\;_r}berq 4{‘1 ]

Boungartl’

L1 Q

latersl facet

Concave and
narrower than
lateral facet

Convex and
narrower

Flat snd
nan‘over

» - . -
I R
Date of Reading: Patient Mumber:
Knee Imvolved (/) _ Date of Birth:
Right __ Left __ ~ Both Age at Time of
Group: — M X-roy: -~ T
— _—
90° FLEX FILM . _20° TANGENTIAL VIEW
Left Right ¢ Left Right
Patella Length ] Sulcus Angle
' ) . Argle of
Patells Tendon | ° N Congruence
Lateral Patello-
Ratio P/PY Femora) Angle
R (D.N.CL)
Patells Alta Lateral Pate]lar
Displacement
vormal * .
. ’
Patella Infrs . 4SO TANGENTIAL YIEW
Articular -4 Left R
Surface A 11'5/\
. . b Suleus Angle
Platesu Dis« - ’
tance 8 Angle of
. Congruence
Retio A/B . ) Latersl Patello-
: - Femoral Angle
- {D.NLC.)
Coteral Patellar
Dlpplla.nt
‘Types of Psfeller Contour
Classification Based on Different
Contours of the Medisl Facet
(Latersl Facet Always the Seme)
Latersl ! Medial :
Facet ! Facet
I 8 .
, . Concsve and uJ Ao
I > identical to o

f - ——
Comnts
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'BARNET. GENERAL HDSPITAL

Tef BABNET FaCaily S T b STECT

 JSB/NOM . 2nd March, 1981
Me. Roberta Hﬂvlnn-&i#n _, <

Department of Physical Tﬁergp?,
Rehabilitation Medicine,
University of Albgrtn,
Edmonton, -
Alberta,

. T6G2Gh

Canada. »

Dear Ms. Nowlan-Sefith,

Thank you for your letter in which yau inqul?e
about the precise debéription of the population

I used in my article for neasur;ng the height
of the patella. .

Measurements were made on consecutive ugselacied

‘cases of patients who attended for lesions of the

knee which were definitely diagnosed as méniscal
lesions, without any athar abnormality being

/'%present

?

!burn sincerely,

A«QMU\_

J. 5. Blackburne, F.R.C.S.
Consultant Orthopaedic Surgeon

== s mmmm e o
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JEROLD E. LANCOURT, M.D. -
= __ ORTHOPEPIC SURGEON |
ST JOSEPH ORTHOPEDIC ASSOCIATES, INC. Dipiomt Amercan
. 1335 VILLAGE DRIVE Board of Orthopedic
ST. JOSEPH. MISSOURI 64506 S -
Telephone
(816) 233.0211

Surgen

March «, 1981

Roberts Nowlan-Smith ) W
Depavthent of Physicad ﬁﬁer;t;y"‘ ’ '
Rehabilitation Medicine - i
University cf Alberta, -
Edmofiton, Alberta -
T6G2G4, Canada

Dear Ms. Nowlan-Smith:

¥ B .
received your letter of February, 1981, My normal! poculation was
7 to 19-year-old males. I did this study when I was in the Arcy
nd this was a fairly homogeneous' population of young recruits.
think this would probably be at some variance and over a tighter
‘ange ‘than your randomly selected females. . For one, the heightl is
‘ more homogeneous in the service where the very short and the very

tall are excluded. ' —

=

o W

* In my normal population, even if the patients were asymptomatic, if-
 they had any grating at all on examination, I eliminated them from
the normal group. . )

I was also very specific about my diagnosis of chondromalacia.. They e
really had to satisfy six of the eight criteria that I listed in my
article, o

I hapé this information is of value. Please let me know what your -
results are - I would be most interested. .
Eiﬂ%ffél
-1 »
™ =\
. {/ —% Y
Jerolg¢ E. Lancourt, M.D. ) ’
JEL:sg ; . , . (fsx%ﬁg
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Roberta Nowlan-Smith . .- T g

Department of Physical Therapy ' T ' .
Rehabilitation Medicine ' o . ’
University of Alberta

fdmonton, Albetta

T6G2G4, Canada

Dear Ms. Nowlan-Smith:

Thank you very much for your recent letter regarding my paper

of the Patella.

on Chondromalacia
The average P:PT ratio for a female was 0.91. The female .

control group was 30 woman ages 14 to 30 years who had undergone an arthrotomy
for a torn meniscus. That age group was chosen because it matched the age group
of the experimental group. Previous to the ifjury which tore the control group's
meniscus, none had.knee problems. The age range and the median ages were

similar in both
information will

KEM/ im

the control and experimental group. I hope that this additional
help you in your research project. '

Sinfe egﬁdﬁ .) o

Kenneth E. Marks, M.D.
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Correlation4of Reliability

Pearson product moment cdrrelation coefficient, c@ﬁpariﬁg the
authox'é measurements to those of an orthopaedic surgeon's,; wvere per=
formed using thé following equation:

r=NZIXY ~-7F x LY

. ¢/[N£xijk;£ff)il [NZYZ - (2Y)%] (Ferguson, 1976)

[y

. A ’ . y
The following measurements were snalyzed in this manner: suleu

angle; congruence angle; patella length; patella tendon length; patélls
N :
articular length; and, tibial plateau distance.

X, repreéents the authar's measurements and Y, represents the
.orthopaedic surgeon's measurements, The r equals the Pearson product-
moment correlation.coefficient value obtained and the p is the signfficance

of the correlation value.
<4 v

. Patella Patella Tibial
“uloue® Congruence Patella Tendon Articular Plateau
Angle Angle Length Length Length Distance
(Degrees) (Degrees) {mm) {mm) (mm) - (mm)
X Y x Yo x ¥ x ¥ x ¥ x ¥
133 131 -4 -5 44 46 47 46 28 30 34 34
140 139 -12 -9 43 43 43 42 26 24 T 34 34
151 149 +29 427 42 4] 47 47 28 30 33 33
145 145 -5 -7 -4 41- S0 SO 30 29 34 34
142 142 -3 -3 47 47 57 57 38 37 38 37
144 145 +3 +4 40 40 57 56 32 31 31 30
133 132 -12 =11 43 44 49 47 31 31 34 34
135 133 -12 -14 47 47 49 48 28 27, 32 31
140 142 -9 -8 43 43 40 40 29 30 27 27
130 132 -22 =20 45 44 55 56 26 26 37 36
129 129 + 6 0 — :
r = .977 r = ,957 r=.937 r = .990 r=.90 r = .986

p<.001 p<.001 p<.001 p<.001 . p<.001 p<.001

Measurements for the lateral patello-femoral angle, lateral patellar

displacement and patella configuration were simply recorded as equal or



different, when assessed by the two observers. A percentage value,

representing the equal values, was then calculated.

Lateral Patello-

_Femoral

Angle

1+ I

+F 4

+

+ |

S N Y S

S

‘ lDD‘pEfEEﬁt
agreement was
found

Ty
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‘Lateral Patellar o Patella
Displacement _ Configuration
X X : X X
- - I 1
- = IIT 111
- - IIT 111
- - II1 IIl
- - ITI - I11
- - 11 11
- 11 11
- - 111 111
- - I1 11
= - II I1l
100 percent 90 percent
agreement wvas agreement
' found : was found
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. 1 01, 144 144 000 POS P P "N P i
2 02 133 138 NO4 NO3 P P NN
3 03 " 147 145 P15 P12 NP pip .
: 4 .04 144 180 N10SF12 PP N N :
) n 5 05 135 137 NI1T NO4 PP NN
. gff*“? & 06 138 142 N19 P10 PP NP
o 7 07 144 140 N1ON22 PP NN
. B 08 137 135 NiB N1B PP NN
4 9 09 155 135 POB P10 NN PP
’ 10 -10 146 145 NOB NOS P P P N
11 1 165 J65 ND3I N9G P P P N
12 12 140%®S7 Po4 P05 PP NP
13 13 148 148 NOE PO2 PP N N
14 14 .154 154 P16 P16 PP P p
- T T | 133 136, N12 P02 ‘PP NN
16 16 137 135 NO7 NOA P P N N .
17 17 132 130 PO9 PI1B P P NN
18 18 XXX XXX XXX XXX X X X X -
.18 19 134 133 NOB.N1O PP N P - :
+ 20 200 133 128 N1 N13 P P N N
21 N 139 138 PO3 PO PP NN
22 22 143 142 N2D NID PP NN
23 23 XXX XXX XXX XXX X X X X
; 24 24 XXX XXX XXX XXX X X X X =
. 25 25 144 145 PQ2 P19 PP NN
A 26 26 130 130 N4O N32 PP NN
- 27 . 27 133 142 NI1I NOS PP NN
R . 28 28 135 132 000 NOS P P N & .
S 29 . 29 153-155 N13 NIB PP NN "
307 30 140 137 NOI NIO PP NN
R ) 31 145 147 NO4 POT NP P N -
- 32 ¥ 145 142 N20 N12 PP NN .
33 "33 135 134 N12 N1O PP NN »
34 34 129 130 PO7 NO3 PP P P
.38 35 130 125 N22 N20 PP NN
16 36 147 140 N1B NO9 PP NN ’
37 37 138 140 NQS NIS P P NN N
38 38 740 140 N11 NO5 P P NN F\
. 19 - 39 140 136 N17 N1Q P P N B -
o 40 40 138 f44 N25 N25 PP N N I S
: 41 47 138 140 NO9 NOS_ PP N P
42 42 141 140 NI1D NOI\P P NN
43 43 1685 162 NG5S NOS W N N P
44 44 131 136 N1IND2 PP NN
45 45 148 150 N1B N03 F P NN
. 46 46 148 140 P21 P26 NN PP
47 47 136 137 N0 Q00 PP M N
- 48 48 126 122 NOB W12 PP NN
: ' 49 49 XXX XXX XXX XXX X X X X . Z
50 50 130 133 N!7 NO3 PP NN )
51 51 123 137 N19 N20O PP NN
52 52 XXX XXX XXX XXX X X X X
53 53 XXX XXX XXX XXX X X X X
54 5S4 XXX XXX XXX XXX X X X X
55 55 XXX XXX XKK XXX X X X X
56 56 XXX XXX XXX XXX X X % X - .
57 57 (XX XXX XXX XXX X X X X
.58 58 XXX XXX XXX XXX X X X X
89 59 XXX XXX XXX XXX X X X X
60 -~ 60 XXX XXX XXX XXX X X X X

Raw 'data for: sulcus angle, congruence, lateral patello-femoral angle

and lateral patellar displacement in twenty degree tangential view.

P = positive, N = negative, and x = data unavailable. Read 144 and 144
sulcus angle left and right knee; 000 and PQS congruence angle left and
right knee; P and P lateral patello-femoral angle left and right knee;

and, N and P lateral patellar displacement left and right knee.
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1
Jad

18

140

five degree tangential viev.

unavailable, -

144

~N10

N1

. NOS

NO7
NO3
N17
N17
N12
P29
NQ3
paa
P03
N16
P08
N13
N19
PO3
N2§
N1g
N17
000
N19

PO3
NOS
N12
N10

N14
N10

N18
POB
NO2
N1S
P10
P10

N11.

N17
PO8
NOQ

N18*N18

N28
N20
N1§
NiS
NO6
N1§
N14
N1S9
N1Q
000
NO7
N20
NO7
N10
N28
NO4
N15
N12
N1S

P20

N1t
N22
POS
N13
N11
N16
NOS
NOS
NO7

N18
N1O
NOS
N18
NO4
N20
NOS
N10
N22
NO2
N15
N16
N20
N10
N43
POS
NOQ

PQS.

N16
P19
N12

N13 -

P13
N1
N10
NO7
POS
NOS
NOS

P26% P36

P03
NO3
P08

"N10

N31
R25
P64

PO3
XXX
000
NO9
N18
N1§
P78

MUMWMNQ)N&)MMNQNMNUU*N

AM&NUNMNQUMNMUU‘JM&J

~

PR WWLWWWWLWN W thwNUNw—-NUNWNNNUQNNMUQUUN

boh)un»k)kn»AJu:bcou:uuucanaun»—aw

n AW

-Rav data for: sulcus angle, congruence angle, lateral patello-femaral
angle, lateral patellar displacement and patella configuration in forty-
) P = positive, N = negative, and x = data
Read 140 and 144 sulcus arigle left and right knee; N10 and

L

P03 congruence angle left and.right knee; P and P lateral patello-femoral
angle left and right knee; N and P lateral patellar displacement left and

right knee; and, 2 and 2 patella configuration left and right knee.
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XX

.96 .
.94

.70
.94

.79
XXX

L XXX

34
4

34 3
32
29 ;
29 ;

31

34 ]
31 3
3
35 |

38

32.

31
kR

34 34
37 3¢

Kol
-~
: " ‘.;‘\‘I;u\
UM e o Y

XX XX

37

34 3¢

37
28

33 34
36 3
34 3

34 34

37

35

33
34 3¢
36 3
29 3
32 3

36

25 2

32
32

34 3
39
33 ;

35
35 :
34 3¢

3 ;

35 33

43

29 3

XX

38 !

32 33

40 XX
38

XX

35 !
32
34 3¢

34 34

38
XX
XX

39 . .84
XX XXx

XX AxX

100

.82
XXx
XxXx

Rav data for: patella length, patella tendon length, P/PT ratio, patella
articular surface, tibial plateau distance,
Read

lateral view.

x = data unavailable,
and right knee; 49 and 50 pestelle tendon length left

A/B ratio in ninety degree

and .90 P/PT ratio left.and right knee; 29 and

left and right knee; 34 and 34 tibial plateau distan

knee; .85 and .79 A/B ratio left and right knee.

47 and 45 patella length left
and right knee; .96 - -
27 patella articular surface
ce left and right



