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ABSTRACT

The purpose of this study wé; to aesess the difference in
the intraosseous venous pressure of the patelﬂa between
grades of articular cartlébge degeneratlon as well as to
compare selected pre-surgery signs and symptoms w1th the
above two variables. The 1nves&}gat}on was deelgned as a
prospective study ekamihing patients of one orthopaedic
surgeon at fhe Unlver51ty o{ Alberta Hosp1tal One group
consisted of twenty four patlents who were having surgery

¢
for the retropatellar pain syqdrome, while the comparlson

group was made up of twenty-four patieno;e?Tdergoing
\ .

meniscal or ligamentous surgery.

A one-way ANOVA was used to evainekfhedifference in
the intraoseeous.venous ptessure bethveen : 1) grades of |
'oartilage degeneration, 2) the levels of the alignment
Qariables,.3) the levels of severit§ of crepitus, and the
difference in the quadriceps angle between the grades of
_cartilage degenefatioh. The relationship, between the
ouaériceps ahgle and the intraosseous venous pressure Qas
examined using a Pearson Product Moment Correlation
>Coeff1c1ent. The difference in the ;ntraosseous venous
pressure between groups with and without the other signs'and
symptoms was analysed using Student's t-—tests. The
frequehcies of all the signs and,sjmptoms were compared to
the presence or absenceiof cartilage degeneration with

P .
Chi-square tests.



v .
In accordance with the limitations and delimitations

imposed on this study, the iX;raosseous venous pressure of

'S

Qhe patella dld not prove to be 51gn1f1cantly different

St

between grades of cartilage degeneratlon or different
betzeen the groups with or without any of the clinical 51gns
and symptoms examlned

The existence of patellar'cartilage degenefation
comparéd to the following symptom and sign at thé‘.05 level
of significance : 1) the frequency of occuf;enée of pain
experienced while ascending or descending stairs, and 2) the

frequency of pain with patellar ﬁompression at twenty

degrees of knee flex1on The §ever1ty of crep1tus durlng

both pa551ve and resisted .movement proved to be%ﬁt
at the .01 and .05 level of confidence respectlveiy'@%eﬁ
compared to the frequency of occurrence of cartilage
degeneragidhg

-~

%t Qas con;luded~that the intraoéseous venous pressure
of.tHé patella is not significantly different‘between grades
of cértilage'degeneration. Intraosseous venbu§ pressure of
the patella is not significantly differeﬁf between groups .
with and without rest pain. F&ylof the sléhs and symptoms

reported in the literature help differentiate between other

knee pathology and true chondromalacila pakellae.

\,,
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Chapter 1

THE PROBLEM

A. Statement of the Problem

Chondromalacia patellae is a frequent clinical
diagnosis in patients suffering from retropatellar pain.
Despite the numerous publications conee:ning chondromalacia
patellae, the diagnostic criteria are still open to much
debate. Furthérmore, the basic etiology and natural history
of the disease is a subject of controversy''?. Further
knowledqe fegarding the pathophysiology is necessary to
permit accurate diagnosis and the establishment of the
correct treatment. This knowledge Qill contribute to the
cost-effectiveness of medical care for the numerous patients .
with chondromalaéia patellae.

It hés been sugggsted that venous engorgement, éndftge
resultant intraosseous hyperteqsion, play a significant role
- in the etiology of pain in osteoarthritigf"'s. Aithbugh.
numerous studies héve demonstrated increased intraosseous
pressure in cancellous bone adjacent to weight bearing
joints with osteoarthritis, only ohe‘study‘ has investigated
this aspect in chondromalacia patellae and pate110ffémorél
osteoarthrosis.

Bjorkstrom et al.® found the mean patellar intraosseous
pressure 1in chondromalacia patellae subjects (n=13) to be 44
mm Hg (range 21-84) and in three subjects with patellar

ostecarthritis the mean pressure eqgualled 37 mm Hg (range



15-74)., The comparison group in their study consisted of
menisectomy patients who had a mean pressure of 15 mm Hg
(range 4-42, n=9). No statisticgl analysis Qas performed on
these results by Bjorkstrom et al.*. Ficat and Hungerford’
estimate the intraosseous pressure of the normal patella to
be 10-15 mm Hg. They do not repoft bressures in
chondromalacia patellae, but mention that in a condition
they call "reflex sympathetic dystrophy" of the knee,
~intraossgouspressureénof the affected patellae were in the
range of 30-50 mm Hg.

Waisbrod and Treim%n"demqnstrated\With phlebography
that the venous ehgorgement in chondromalacic patellae 1is
indistinguishable from that of patellae with osteocarthritis.

Bjorkstrom and Goldie® examined patellae from six’
amputated limbs and fifteen autppsy specimens ahd found that“
the arteries in the subchondral bone.were wider and more
tortuous deep to areas of degenegative cartilage. However,
in patellae with normal cartilage (n=9), increasing age ™~
appeared to cause a narrowing of the arteries. The age of
specimens in their study rangéd from 17 to 70 with a mean
age of 34, Six of the'specimens had chondromalacia patellae
and six ofhers'had osteoarthritis. The inveétigatérs also
noted that this arterial variation was mare pronounced in
specimens in which the cartilage degeneration was worse. It
has been'suggeéted that the increased caliber of these

vessels is a result of the back pressure produced by

impaired venous dxﬁinage‘. However, the reason for the



et attention. Because of the ektreme complexity of blood

LY

impaired venous drainage has not been determined.

Radin? suggested that microfractures of the trabeculae
occur in the subchondral bone wheﬁ the joint is overioaded,
iither by repetitive loading resulting in fatique fracture
or by a single stress incident. Furthermore, he suggested
thaf‘;he healing'of these microfractures caused blockage of
noféal routes of venous drainage. It has been demonstraped
in animal studies'® that chronic venous congestion can
. pro@uce'an increase in the trabeculation of bone. Hencé,
once the initial blockage occurs then a self-sustaining
cycle may develop,

qunsend“ proposed that the increase in trabeculation
would cause the subchondral béne to be less resilient, thus
exposing the overlying articular cartilage to greater
stresses with joint loading. According to the biomechanical
study performed on cartilage by Weightman et al.'?,"this
increased stress could easily overload the physiological
capabilities bf the cartilage and cause it to degenqrate.v

There h;Qe been many studies®”'° on blood circulation
in bone since 1876 when the first study was done by
Langer'?®, Several of t:hese\studies‘/"“3 have been limited (”
to bone morphology and the phxéiélogic,‘Or dYnamiE, aspects \\\

. : . . )
of bone circulation have not received the same amount of

channels in cancellous bone and the multiple inflowing and

{
outflowing of minute vessels through the bdne cortex, the
. . / !
method of investigation is quite difficult? However, since

/, ~\\ \ ///»',-



the cancellous bone and its circulation may be considered to
be contained Within a semiclosed space, the intraosseous
pressure may be ﬁsed as an indirect indicator of the
dynamics of bone circulation'‘.

In summary, the dilemma of the chondromalacia patellae
pain syndrome is that it has several etiologies and some of
these are ill-defined. From the results of studies Ey
Bjorkstom et al.*, Waiébrod et al.*, and Bjorkstrom ét al.’,
there is a suggestion that the state of pigellar cartilage
degeneration may be related to the extent of intraééseous
pressure changés. Since in osteoarthritis, pain at rest has
been mentioned as a symptom of venous engorgement
(intraosseous hypertension)"‘vperhaps this type of pain is

‘alsolindicative of engorgement of the patellae in )
chondromalacia patellae. Hence, a specific ¢linical subtype
of retropatellar pain involving intraosseoué circulation may

exist, but has not been investigated.

B. Objectivé of the Study

The objective of the study‘was to analyse the
intraosseous .venous pressure of-patéllae in forty-eight
patients with reference to pre-surgery signs and symptoms
and the presence or absence of cartilage degeneration on- the

retropatellar surface of the patellae.
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C. R?search‘ﬂypotheses
The research hypotheses of the study were :

1. The fgiraosseous venous pressure of the patellae will be
greater in the cases demonstratihg more séhfre grades of
chondromélacia patellae.

2. Patients who complain of aching péin at rest regardless
of the position of the knee‘ will demonstrate higher
intraosseous venous pressure ;f the patella than those
patients who do not have this symptom.

3. Patients with signs-and symptoms reported in thé
literature to indicate the presence of chondromalacia
patellaé will demonstrate a higher‘incidence of

chondromalacic changes than those patients who do not

have these specific signs and symptoms.

D. Significanceé of the Study

‘Waisbrod and Treiman® mention that drilling holes in
patellae with early chondromalacia patellae may relieve the
venous congestion. These researchers are now attempting to
determine thé_éffettiveness of this procedure in relieving
pain. Ficaﬁ and Hungerford’ suggest that "core
decompression” réauces the intréosseous pressure of the
patella "and results in a decrease in the pain experienced by
their reflex sympathetic dystrophy patients. Unfortunafely,
they provide no description.of their "core decomppession"

procedure. If these. two procedurés do relieve the venous

congestion, and subsequent pain, in some cases but not in
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others’, perhaps lhere are certain types, or stages of
Y
chondromalacia patellae that would benefit from this
procedure and others that would not. Should the patients who
would benefit from decompression form a group with specific

clinical signs and symptoms, the sometimes (lengthy and

unsuccessful physiotherapy treatment of some of these

patients might be avoided. If such a group exists, the

surgeon might consider fenestration as the treatment§ff
: “ | T
choice. [ gl
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E. Definition of Terms ﬁfgﬂ_
1. Clicking - Audible noise heard by the patient d&?” .

movement and perceived to beﬂin the knee joi

&

o b

2. Catching - The knee momentarily stops at one poin T
the range during active movement. This stoppage may or
may not produce pain.

-

Locking - The knee remains stuck in one‘position despite

-

attempts to move the joint.

(%)}

4. Giving Way - The knee buckles during weight bearing. The

‘patient does not necessarily fall.

5. Activity Pain - Diffuse or specific discomfort felt in
the anterior aspect of the knee during the following

situations :
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Stair Climbing - during ascending or descending a
flight of stairs.

Sitting with knees flexed - after sitting in this

position for any length of time greater than five

minutes.

Following activity - such as walking, running,
v

cycling, hiking, or climbing.~

Rest Pain - Aching, throbbing discomfort experienced

when not moving or weight bearing and not alleviated by

changes of knee position. This pain is recorded as

occurring during the day or during the night.

Alignment -

a.

Varus (Figure 1) The position for vafus measurement
was with the patient standing with the feet together
and the medial borders‘of the feet paréllel. The
following terms were used to delineate the amount of
varus :

1) None - Knees touch each other.

2) Mild - 1 - 5.0 centimeters between knees.

3) Moderate - 5.1 - 7.5 centimeters between knees.
4) Severe - 7.6 centimeters or more between knees.
Valqus (Figure 2) The position for valgus
measurement was with the patient standfng with the

knees together and the medaﬁl borders of the feet
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Ffgqure 1. Position for measurement of varus alignment. The
distance between the knees was measured with the medial

borders of the feet touching.



Figure 2. Position for measurement of valgus alignment. The
distance between the medial borders of the feet was measured

with the knees touching.

- L
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parallel. The following terms were used to deliﬁeate
the amount of valgus :
1) None - Medial borders of feet touch. \
2) Mild - 1 - 5.0 centimeters between medial
boréers of feet.
3) Moderate - 5.1 - 7.5 centimeters between medial
borders of feet.
4) Severe - 7.6 centimeters or more between medial
borders of feet.
Recurvatum (Figure 3) - Both knees were actively
%}p@ﬁextended while the patient was standing with
//Ehe feet together. The angle of hyperextension was
measured using the lateral epicondylé of the femur
as the axis with the two distant points of reference
being the greater trochanter proximall}y and the
lateral malleolus distally. The following were used
to delineate the amount of recurvatum :
1) None - 0 degrees
2) Mild - 1 - 5 degrees
.3) Moderate - 6 - 10 degrees
4) Severe - 11 degrees or more
thatibn (Figure 4) - Wiﬁh th; patient standing
relaxed with the feet (or the knees in the cases of
valgus) ‘?gethef, the leg was rotated to the
position where the medial and lateral borders of the
‘patelia were in the coronal plane. The measurement

was then performed with a goniometer to determine

[
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greater trochanter

lateral »ep,ibondyle

]

lateral malleolus

o

*

Figure 3:9Position for ﬁeasﬁrément of»re;u;va;um alignmentu‘
The angle was formed by the éreateﬁ‘tfoghanter'and~thevtip
of the lafgraL malleolus écﬁing‘asbthe?proximal and distal
réfe;éncelﬁoihts with the lateral epicondyle of the femur

forming the axis.

4K
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"Figure 4. Position for measurement of rotation. The leg was
hotated to a position where the medial and lateral edges of
the patella were in‘the coronal .plane. The angle between the

m;dline and the medial border of the foot was measured.
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the angle of the®medial borders of the feet with

respect to the sagittai plane. The following were
used to delineate the amount of rotation : -
1) None - 0 degrees
2) Mild ;\1 - 51degrees,
3) Moderate - 6 - 10 degrees
4) Severe - 11 degrees or more
Medial - Toes pointing toward midline

Lateral - Toes pointing away from midline

. . Pain on Patellar Compression - With the patient
-positioned 1in lying, the knee was placed in either
twenty’or zero degrees of flexion and the examinef
exerted 5 to 7 kilograms pressure on the patella to
produce increased‘contact'pressu:e between the patella -
and'the'irochlear surfaqe of the femur. The patella was.
then rocked medio-laterally and proximo—distally on the
ﬁrodhlea. If the patient experienced pain or diéqomfort
the test was stitive. Twenty degreés of flexion was
achievéd by placing the examiner's forearm under the
patient's knee. Approximately zéro degrees of knee
flexion was achieved by tﬁe}patient relaxing his or her
leg -on the bed. These two»positions were chosen to match

the positions for Clarke's Sign.
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Clarke's Sign or the Dyhamic Pafellar Compression Test
The examiner used the webspace between,fhe thumb and
index finger to push the patella‘distally}into the
t;ochlear groove while the patient was relaxed'®. While
the&examiner ﬁaintained4downward and distal pressure at
the base of the patella, the patiegﬁhwas requeeted to
slowly tighteh his/her qpadpicepe. The test'was .
considered positive if the patient experienCed‘pain or
disco . The positioning was the. same as for the
retropatellar compression test at 20 and 0 degrees.
Twenty degrees was the most'flexed position chosen due
to practical difficulties encountered in performing this
test éﬁ greater angles of fleiion when the patella began
to sit deeper in the trochlear groove}
O
Effu51on - |
a. ‘None - No test for excess fluid in the knee JOlnt
was positive. |
b. Mild - This grade was given if a positive test for
subtle knee joint effusion'‘ was present(and neither
of the tests for moderate or -severe effusions were
positive. The test for subtle effusion'wae per formed
by positioning the knee in relaxed supported
extension and stroking the antero-medial aspect of
the knee in a prox1mal dlreqﬁpon. This maneuver was
followed by stroklng the suprapatellar pouch and

-~

~"antero-lateral aspect of the joint in a distal
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direction. This test was positive if a bulge of
fluid appeared medial tb the patella at thé joing
‘line.

c. Moderate - If a ﬁgsitive ballotement‘bf the patella
was dgtected only when the suprapatellar pouch was
céhpressed by the examiner's hand, the effusion was
graded in this category. The ballotement was
detected by\pushing the patella down onto the
femoral trochlea with one or two fingers. If the
patella fléated prior to tapping 'or knocking against
‘the femur the test was cénsidered to be positive.
d. Severe‘— 1f a positive‘ballotement was detected
without"EOmpressing the suprapatellar poucb, then

the effusion was graded in this category.

Quadricéps Angle (Figure 5) - The patient was positioned

supine in the anatomic position with the medial borders
of the feet touching. This position of the patient's leg
was maintained by the examiner so that the'quadriéeps

were relaxed. A long-arm goniometer was used with the

" center of the éatella marking. the axis. The two distant

points of reference were the anterior superior iliac
spine proximally and the center of the upper edge of the
tibial tubercle distally. Pretesting demonstrated that

the author's reliability correlated for repeated

measures at an r value of 0.876 (Appendix E).
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iliac spine

P

tibial tubercle

—

Figure 5. The Q-angle was measured with the patient lying
relaxed in the anatomical position and the medial borders

the feet were held together.
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Crepitus - This sign was tested in both sitting and
lying to obtain a full range of motion (ROM).

~ Passive testing‘was performed with the examiner
moving thg relaxed leg through tﬁe ROM while cupping the
palm of one hand.lightly ove; the patella being tesfed.

Resisted.testing was performed-with the examiner

providing maximal manual resistance that still pefmitted
movement through the ROM.

1) None - No clicking, grating or grinding felt or

heard by the examiner.

2) Mild - Creaking or clicking felt by the
\'J: examiner,

3) Severe - Grinding and/or crunching felt and

heard by the examiner.

Grading of Chondromalacia Patellae - This was gfaded

according to the criteria described by Metcalf'’:

a. Grade 0 - No softening, fibrillation or other

| evidence of chondromalacia; normal articular
surface. | - /

b. éfade 1 - Softening and appearance of "blistering".
Tﬁe ceﬁter of the patella felt spongy when probed.

c. Grade 2 - Fissuring and minor fibrillation not

extending down to subchondral bone when probed.

d. Grade 3 - Deep fissuring, fragmentation and

fibrillation, with clefts extending down to



18

subchondral Bone when probed, covering less than 50
percent of the articular surface of the patella.

e. Grade 4 - Extensive fibrillation of the articular
cartilage going down to subchondral bone ovef more
‘than 50 percent of the articular surfaée;‘often with

1

areas worn down to and exposing subg@pQQral bone.

F. Delimitations '

| The investigation was delimited as fol}bws:

1. All subjects were patients of one orthagaedic surgeon at
the University of Alberta'Hospitél.

2. The subjects were all between fifteen and thirty years
of age.

3. All subjects required kneg surgery\for either
retropa%ellar pain, meniscal pathology, or ligamentous
pathology. | B

4. Patients excluded ffom the study fit one or more of the .
following classificatipns:

a. chondromalacia patellae secondary to recurrent
dislocation of the patella;

b. osteoarthritic changes on roentgénogram;

c. pathological synovial plicae deménstrated during
surgery;

d. inability to passively extend knee to iero degrees;

e. more than a mild effusion 1in control group patients;

f. previous knee surgery in the control group.
: f
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G/, Limitations

1/

1.

The limitations imposed on the study were as follows:
The’grading of chond&Pmalacic changes on the
retropatellar surface was dependent on the extent ts
which the surgeon adhered to the grading classification
designated for the study.

The accuracy of the clinical examination was dependent

on the extent to which the investigatof adhered to the

definitions for each symptom and sign analysed in the
study.

The agcuracy éf the symptom classification was dependent
on the extent to which each subjecf honestly and '
reliably answeted the questioﬁs pertain;ng to his or her
symptéms.

The blood .pressure values were dependent 6n the accuracy
and reliability of the investigator measuring systolic

blood pressure by auscultation technique. Pretesting

demonstrated that the investigator's reliability

“correlated with a designated expert at an r value of

0.98 (Appendix E).
The intraosseous venous pressure values were dependent
on the accuracy and reliability of the technique and

apparatus used for measurement. -



Chapter 11

LITERATURE REVIEW

A. Introduction

The term chondromalacia patellae is'presently used to
refer to a clinical syndrome of anterior knee pain, the
causes of which are numerous and varied. The true definition
of chondromalacia patellae is softeniﬁg, fibrillation,
fissuring and erosion of the artlcular ‘cartilage of the
patella'®. Although the symptom compler is commonly thought
to be caused by the cartilage degeneration, this is not
always the case. During surgefy for other knee pathology on
patients with no symptoms of retropatellar or peripatéllar<
pain, cartilaginous fibrillation is a freguent incidental
finding”. The opposite has also occurred, wherg%y surgery
has been performed for the chondromalacia patéilae pain
syndrome and no cartilaginous lesion was found?°.

The symptomatology of ‘the éhond;omalacia pain
syndrome®' includes diffuse aching pain felt in the
retro-patellar area, that is exacerbated by ascending and
particularly descending stairs, oOr éitting with the knee
flexed?®. The knee may also give the feeling of locking or
givrng-way2°: Objective findings may égclude guadriceps
atrophy??, mild effusionz°'22,‘decréased pain-free range of
flexion?*?®, crepitus?', pain on patelllr compression®',

-

tenderness on palpation of the articular surface?', and a

positive Clarke‘stignz‘.

20
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Many conditions may cause symptoms similar to true
chondromalacia patellae. These conditions include
malalignment syndromes®®, reflex sympathetic dystrophy’,
trabecular microfracture due to overload’;, venous
congestion of the'patella“, symptomatic synovial plicae?’,

and medial meniscus lesions?*®,

B. Location of Cartilage Lesions

Thé location of the cartilage damage in chondromalacia
patellae has been investigated by many authors’ '’ *° %%,
Goodfgdlow and Hungerford?® suggest that theré are two types
of lesions that occur in the articular cartilage of the
patella. The two types of lpSion that these authord describe
are firstly an age dépendent lesion that commences with
surface flaking and secondly & Jlewion commencing in the
deeper (basa}) layers of cartilage. - N

The surface flaking in the first type of lesion may
progress to involve deeper layers of the cartilage and
eventually expoge subchéﬂéial bone. In other joints of the
body, surface degeﬁération has been feported to first occur
in a location of habitual non-contact. In the
'pateilo-femoraffjoint, this type of lesion 1s freguently
blimited to the odd facet of the patella (Figure 6). In
contact studies?® of this joint, it has been demonstrated
éhat the odd facet does not contact the femur until beyond

ninety degrees of flexion, which is an uncommon range of

motion in our society.
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Figure 6. Patellar articular surface.

medial facet

— odd facet

latera! facet

a) Photograph of the

retropateilar surface. b) Diagrammatic highlighting of

facets in a).
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Minns et al,’® conducted stress analyses of the patella
taking into consideration a number of alignment and
anatomical variations. These authors believe the surface
lesion described by Goodfeiiow and Hungerford®® to be a
result of tensile fatigue caused by the constant stresses
impgsed on the surface layer of the cartilage in the area of
the odd a;d medial facets. In their stress analysis, a
combination of quadriceps and retinacular forces produced a
resultant bending moment on th; patella that became larger
as the static Q-angle was increased. In the situation where
the medial and odd facets were small, the calculated values
of tensile stress in the region of the odd facet approached
values demonstrated'? to be the tensile fatigue limits of’
collagen in cartilage. Minns et al.’° outlined the
hypotheticél subject who would bring these tensile stresses
extremely close to the failure range‘as an individual who
exhibited the combination of a largé Q-angle, a patella with
- a small, convex medial facet and was also overweight. In
this type of individual, an increased level of activity
would probably put these stresses into the critical range.

Surface degeneration does not often produce symptoms
until it progresses to expose subchondral bone, a situation
that develops more frequentiy after the fourth decade than
in the younger pépulaﬁzan'.

Outerbridge®? believed that a chondro-osseous ridge on
the superior edge of thé medial femoral trochlea produced a

similar lesion on the odd facet as that previously
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described?®. His assumption was based on a study of 240
patients undergoing menisectomy and 35 necropsy specimens.
Outerhridge reported the mean height of this ridge as 0.33

{\centimeters in cases withlseveretchondromalacia and 0.22
tsntimeters in those caseé with mild chondromq%acia. He
cohcluded that these findings suggested "a ditect

yj/”kelationship between the rim height and the severity of the

chondromalacia". However, Emery and Meachim’® were not able
to support this hypothesis in their autopsy study of 136
patellofemoral articulations. These authors®?® did not find a
correlatii? between degeneration of the odd tfacet and the
presence 6f the ridge Outerbridgé describes.

The second type of lesion that Goodfellow and
Hungerford?®® dgscribed is called basal degeneration. During
the initial stages of degeneration; the middle and deep
layer? of the car;ilage‘are damaged but gﬁé surface remains
intact, resulting in a softened area of éartilage with. a

\ normal glisténing surface. Further progression may lead to
blister format%pn followed by eruption and subsequent
fasciculatio?ﬁ; i

The coﬁaagen fiber orientation of the middle and deep
zones, which is hég}ly perpendicular to the surface,
ﬁormally absorbs and distributes the forces transmitted to
the subchondral bone®* (Figure 7). Since the articular
cartilage has no innervation, destruction of these layers in
itself does not cause pain. However, this zonal destruction
permits greater forces to,reaéh the richly innervated

[

S
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superficial

- deep zone

}éubchondral

bone

z

Figure 7. Diagrammatic representation of the orientation of

collagen fibers in the vatious layers of articular 9

cartilage.
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suBchondral bone, thereby produc1ng pa1n with joint loading.
In the first type of lesion (open age—related) the middle
and d;ep zones,, remain intact untll late in the progression.
Hﬁnce, the‘cartllage retains much of 1ts energy absorbing
ability and paln ‘may hot be present until advanced stages.
,However, w1th the basal degeneratlon 1e51on, these zones are
d;srupted 1n.the rﬂtgrel stages and pain is a factor early
in'the process*®. .\ o

The two common arees of oocurrencevof the basal
degeneration lesion on the patella are the ridge between the_
medial and 0dd facets as well as the ridge separating the.
medial and laterel facets?®. Minns et al.®° examined the
types‘of forces,to‘which;these areas are exposea. Thewridge'
between the medial and odd facets is subjected to both high
compressive loadé-and large shearing £orces as it moves over
the junction between the ‘femoral trochlea an%.th;‘medlal
femoral condyle. "The comb1nat10n of these forces 1is
'hypothe51zed to.cause the mlddle and deep collagen f1bers to
.fail as a result .of the shear fatigue phenomenon. Shearlng
forces are: 1mparted to the middle and deep layers as a
consequence of the more perpendicular orientation of these
'fihers to the surface.

As the ridge between the odd end medial faoets-rarely
artioulates with the-femur-short of ninety degreesz’,'it is
thought to be more susceptible fatigue as a result of

poor nutrition. The lack of nutrition to the deeper layers

probably results frombthe combination of severa factors. As
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the compression of this ridge by articulation with the femur
is infreqﬁent, the amount of“fluia-interchange occurring
between the sygovial fluid and the cartilage in this area is
mostly limited to passive diffusion®‘. Also, as the
articular cartilage of the patelia is the thickest in the
body“5'3‘, it is doubtful that diffusion alone is suff@cient
for the metabolic requirements of the deeper layers in thié
area. .
A
C. Lesion Progression
Grade four'chondromalacia{patellae, as described by

'Metcalf/‘7 is |

extensive fibrillationrof.the articﬁlar cartilage

going down to subchondral bone over more than fifty ﬁ&

percent of the articular surface, often with areas

worn down to and exppsing subchondral bone.
It has been suggested that the state of thé cancellous bone
deep to the affected cartilage defenmines whether or not a
Qarticular'lesion progresées to the extent df subchondral
g%he exposure®’, Townsend et'al.“ in‘their studies of the
trabecular‘structﬁré%and oriemtation in the patellé, have
£ested the:stiffness.of the underlying bone. In areas such
as' the central-medial facet,.they found théﬁtrabecular bone
. to be disorganized and osteopenic. The ceﬁtrél—medial facet
@of Toynéend'et al.'' corresponds witg the contact area on
the médial facet that Coodfellow et al.?° describe as
articulating with the femur at forty—fivé%&egrees‘of.

s i o )
flexion. Townsend et al.''’ @Tated the strain at which

Al

trabecular buckling occurs and compared this value to data



28

produced.by Reilly and Martens®*® cgncerniné pétello?femoral
reaction forces during vérious activities. The values for
strain during stair climbing?‘ surpass the limits for
‘trabecular buckling according to the results of Townsend et
aL.“.;They proposed that the constant overload occurring in
the central-medial region may prevent bony remodelling from
ever managing ﬁo completely repair_the'damage. As a result,
the bone deep to this region remains osteopenic and
therefore more compliant; With increased compliance of the
subchondral bone, less reaction force is exerted on the
cartilage andvdégeneration‘does not progress".
Emery and Meachim?®?® believed that cartilage

deterioration commencing on the lateral facet eventually
. spread to include the central ridge and the medial facet,
but changes beginning on the cenﬁral-medial facet did not
usually progress. This typical progression corresponds with
the work of Townsend‘et al.'' in which the lesion began over
the relatively compliant medial facet and did not brogress.
Townsend et}al.“(alsovdemonstrated greater stiffness-of "the
lateral facet as comparéd to thg médial face‘ y the normal
bpatellg, perhaps predisposing ££; %§%eral facet to a
progressive lesion. Pedley and Mgééhim37 also found the
éﬁiffness‘of the latefal facet to be greater‘when cartilage
degeneration occurred on that facet.

| Radin et al.®® proposed that the non-progressing lesion
on the medial facet be called chondromalacia pétellae,

whereas .the lesion on the lateral facet, that almost
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invariebly progresses, be referred to as patellar

osteoarthrosis,

D. Blood Supply and Venous Drainage

Bjorkstrom end Goldie’ examined patellae from six.
amputated limbs and fifteen autopsy specimens aged 17 - 70
(mean = 34) and found that the arteries in the subchondral
bone were wider and more tortuous deep to areas of

degenerative cartilage. The increased caliber of these

‘vﬁssels were thought to result from the back pressure

,h‘

‘produced by impaired venous drainage*. However, the reason,

for the impaired venous drainage, if in fact that is what it
was, has not been derermined.

Radin? suggested that‘microfrectures of the trabeoulae
occur in the subchondral bone»when the joiot is overloaded
which may be caused either Hy repetitive loading resulting
in fatique fracture or by a single stress incident.
Furthermore, he suggested that the healing of these
microfractures caused blockage of the normal routes of
venous drainage, 1t has been demonstrated in animal

studies'® that chronic venous congestion can produce' an

/
-/

‘increase in the trabeculation of bone. Hence, once the

initial blockage occurs then a self—sustaihing cycle may be
developed.
6 ' Lemperg*, Lynch®, and Arnoldi®’® have all suggested that

venous engorgement and intraosseous hypertension play a role

.in the etiology of pain in osteoarthritis in weightbearing
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joints. Arnoldi®’ has also found intr%osseous hypertension
to‘be the cause of pain in some patients with no clinical or
radiological signs of osteoarthritis. The description of
this pain is giveﬁ by Arnoldi®’® as :

consfant,aching pain...independent of joint movement
or loading... ‘

Helal*® classified'three types of pain in primary
ostebarthritis of the knee : muscular, capsular, and venous.
He described the venous pailn as :

A dull aching or.throbbing pain felt diffusely(about‘

the knee, usually worse towards. the end of the day

and persisting for a while after retiring to bed.
He‘sEa;ed that reproduction of this venous pain could be
achieved by artificially increasing the intraosseous venous
pressure of the bones adjacent to the affected joint by
injectihg heparinized salinebinto the bones.

Waisbrod and Treiman® demonstrated impaired venous
 Adrainage from the patella in both patellae with
Qsteoarthritis and chondromalacic patellae. Using
phlebography, these authors could detect markedly'slower
draiﬁage times }n the above two conditions as compared to
the normal pétg%lae tested, but they could not distinguish
between the tonanditions. |

Intraosseous pressure of the patella in chondromalacia
patellae has been measured in one study reported in the -
iiferature. Bjorkgtrom et al.* measured intraosseous
pressure of the patella in twenty-nine subjects under
éeneral anesthesia. The age range for the subjects was 18 -

38 with a mean of 27 years. Thirteen subjects had
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(chondromalacia patellae gréded'accogding to Collins*' (six
of these also had medial meniscal lesions), three subjects
had osteoarthritis (grade three chondromalacia patellie in
subjecté forty years of age and over) and thirteen Subjects
uhdergoing menisectomy acted as controls. However, three of
the control patients were found to have grade one
chondromalacia patellae and one had neither meniscal or

’

patellar involvement. The chondromalacia pateilae group vere
scheduled fQ} surgery ing£e symptoms had persisted or
became worse during a four month period or longer, or if the
patients had unsuccessfully completed conservative‘treatment
consisting of : 1) avoidance of aggravating activities, 2)
isometric qﬁadriceps training, and 3) a two to four.week
trial of anti-inflammatory medication. The_grading of
cﬁondroﬁalacia patellae was done during arthrotomy.
Measurement of intraosseous pressure was.made_through a
small incision oﬁ the medial margin of the patella. The
investigatbrs‘ drillea a two millimeter diameter Gidlund
biopsy needle 15-20 millimeters into the bone. The biopsy
needle was then flushed with 0.9 percent saline solution.
Following fhis, the needle was connected via a saline-filled
polyethylene catheter to a capacitance transducer and the
pressure was recorded on a Mingégraph (Elema). In all but
one.subject‘ a pulse wave was registered indicating a |
satisfactory connection. The pressure could still be

measured in the one patient in which the pulse wave was

disturbed by technical error. No complications occurred
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during the\presépre measgrements or post—operatively, N

Presentation of results by Bjorkstrom et al.*‘ included
all raw data pressure measurements, sex, age and grade of
'chondromalacia»patellae alongpwith group means and ranges
for pressure measurements. However, no statistical analyses
were performed by the authors*. Using the raw data
presented, a Student‘s t-test was calculated by the author
of the present study comparing the values for the
chondromalacia patella group with the control group. The
result was .not 51gn1f1cant at the 0.05 level of probability
for a one-tailed test, however ‘it was significant at the
0.10 level of probability. |

A one—way\analysis of variance was calculated to
analyse the control group”(designated grade 0) with the
grades of chondromalacia patellae (1-3)*'. The f value was
significant at\the.0.01 level. However, only the Scheffé
~Multiple Comparison Test between éroups 0 (controi) and 3
was significant at the 0.0S,level'of significance or better
(p <.01). Group means, ranges and statistical values are
presented in Appendix A.

Ficat and Hungerford’ estimate the intraosseous.
pressure of the normal patella to be 10-15 mm Hg. Bjorkstrom
et al.* found the mean of their comparison group (normal
estimate) to be 15 pm Hg once they had withdrawn four
contaminating subjects from their group thereby reducing
their n to nine. Ficat and Hungerford’ do not report

pressures in chondromalacia patellae, but mentlon that in a



‘condition they call "reflex sympathetic dystrophy" of the
knee, intraosseous pressures of the affected patellae weré
in the range of 30-50 mm Hg.

It has been suggested that the*immediate'relief of pain
reported following excision of affected cartilage and
drilling of the subchondral] bone for.chonaromalacia
patellae"‘may actually be due to the fenestration, and
resultant decongestidn5"’ of the patella, rather than the

excision of cartilage.

E. Alignment

Many authors have described anatomical variations that
arevthoughf to predispose an individual to developing
chondromalacia patellae’ ** *s-4+¢_  All of these variations
interfere in some way with the tracking of the patella in
the trochlear groove of the femur. For the purpose of
deséribing these factors ﬁhey have been separated into the
following classifications : skeletal, non-contractile soft

tissue, and muscular.

Skeletal

Any skeletal variant altering the direction of pull of
the quadriceps muscles, the attachment of the ligamentum
patellae or the pulley system of the patella over the
femoral condyles, will change the forces acting upon the

patglla.
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The width of the pelvis,'and therefore the position of
the anterior inferior 1liac spine, alters the relative
origin of the rectus femoris muscle and the orientation of
the femur as it angles from the hip to the knee'joint". It
is this angle of the ‘femur that obviously determines the
origin of pull of the vasti muscles on the patella in the .
coronal plane (Figure 8). Femoral anteversion and femoral
rotation, on the other hand, change the orientation of the
femoral condyles about a quasi-vertical axis thereby
partially determining the orlentatlon of the patella on this
same axis*‘. The size of the femoral condyles has been
implicated by some authors as contributing to tracking
problems*

The loea;ion of the tibial tubercle also determines the
angle of the*iigamentum patellae. The more laterally the

;Q tubercle is piaeed, the greater the angle between the pull
of the QUadriceﬁs‘on the patélla and the attachment of the
parella to the tibia via the ligamentum patellae. Henee, the
reeultant force tending to pull the patella laterally is
greater" \

. The angle of the femur with the tibia also affects the
angulation occurrlng about the patella**. Genu valgum
increases. &hls angle and genu varum affords a stralghter
line of pull. | |

Tibial torsion alters rhe orientarion of the ankle

"'joint with the knee and hip jointes°. The\grientation of the

¢, . . LN
ankle mortise determines the angle in which %he talus and



anterior inferior
iltac spine

Yemur

patella
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ﬂ\/\ltibial tubercle

ankle mortise

talus

Figure 8. Skeletal anatomy of t}}é lower extremity.
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foot are directed®'. The direction of foot progression
during gait has beén measured by Staheli et al.®' as an
overall measure of lower-extremity rotation. Some
compensation for excessive rotation of the leg\@ay ocq&r at
the subtalar joint to reduce the functional angle of pull of
the quadriceps mechanism®?, Pronation (or eversion) will
increase medial rotation of the leg and supination (or
inversion) will position the leg into more lateral
rotation®*?. James®? categorizes one group prone to
'»patello-femoral problems as having “miserable malalignment",
fhis group is typified by a combination of the following
rotational deformities : squinting patellae (indicative of
femoral anteversion or femoral torsion), apparent. genu
varum, often associated with recurvatum, patella alta, a
prominent fat pad, incréésed‘quadriceps angle with external
tibial rotation, real tibial varum and compensatory
pronation?®?. |

The clinical measurement.go evaluate the angle of pull
of the quadriceps mechanism is known as the‘quédriceps angle.
or the Q-angle (Fié&fe 5). The middle of the patella is the
axis, with the anterior superior iliac spine and the tibial =
tubercle -acting as the proximal énd distal bony landmarks
- from which the angle is determined. A line connecting the
anterior superior‘iliacAspine'and the midcle of the patella
ié compared with a line from the tibial tubercle through the
same central point on the patella. The acute angle bétween

these two lines is the Q-angle®?®, Unfortunately, the proper
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position of the patient for the measurement of the Q-angle
is not well agreed upon in the literature., One author had
the patient stand with the legs fully extended, thelmedial
borders of the feet' parallel and the buttocks square”®

Other authors positioned the patient in lying with the 1egs
together and relaxed“'55'5‘. Larson®? mentioned that an
additional control for rotation in this position wasito hold
the feet straight up. Henry et al.*®” said the knee should be
flexed to a particular angle. Insall et al.*® gave normative
data but did not specify the position that was used. With
such discrepency between testing p051t10ns, obv1ously the
normative data reported by these various authors 1s
difficult to compare.

The amount of rotation in the femur and tibia has been
evaluated i&/many,different ways in the literature‘‘ *°'°°.
However, the position of £he patella has not been
objectively measured clinically in ;elation to the coronal’
plane. Perhaps the reason for the lack of aﬁ objective
quantitative clinical measurement is that there are many
factors influencing the position of the patella,“only-one o}

them being skeletal.

Non-contractile Soft Tissues

The static stabilizers of the patella consist of the
lateral retinacuium, composed of @Xbansions from the
ilio-tibial band, the lateral patello-femoral and
menisco-patellar ligaments; the medial retinaculum formed by

it
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the medial patello-femoral and menisco-patellar ligaments;
and the ligamentum patellae’ (Figure 9).

The relative tautneés of the medial and lateral
retinacula', and the length of the ligamentum patellae as
compared to the length of the patella*’ ' **', are factors
determininq the angle at which the patella sits apd where it
‘articulates with the femoral trochlea.

'I1f the medial retinaculum is loose, or becomes
stretched, thé patella is permitted to drift laterally
during flexion and extension of the knee®’. In more
pronounced cases, this lateral drifting may result in =
lateral subluxation or dislocation of the patella®’. In less
seig;e situations, the contact pressures on the fécets of
the patella are altered from the norm*’.

With any prolonged lateral drifting, the lateral

retinaculum becomes adaptg@ely shortened causing increased

lateral teﬁhering and ti  ‘f of the patella, and thereby

producing greater later &8 gartment contact pressures’.
The length of the ligémentum patella relative to the
length of ghe patella has been implicated in the possible
etiology of chondromalacia patellae' *’ (Figure 10). The
average ratio of the Iéngth of the patella.lo that of the
ligamentum patella is 1.02 (SD : 0.13)*°, In chondromalacia
patellae, this value‘is smallef than in normals (0.86
p <.05)¢°, Huberti et al.*’ have demonstrated the importance

of the articulation of the guadriceps tendon with the

femoral trochlea in decreasing the contact pressures of the



expansion

from

ligaments

“ligaments

-

lateral N _ medial

Figure 9. Diagram of the static stabi;izeré and-muscular
attachments to the patella.

ilio-tibial band

& 39

patello-femaoral

menisco-patellar

fﬁiggmehtum patellae

S



40

Figure 10. Diagrammatic representation of the ratio of. the
length of the patella (A) to‘thgt of the ligamentum patella

(B). Normal = 1.02/1.00
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patello-femoral joint at angles of"flexion in the regién of
120 degrees and greater. It has been demonstrated in cases
with excessively long patellar tendons tha£ the
patello—femoral contact forces are greater at high angles of
flexion*’. The enlarged surface COnt;ct area provided by
quadriceps tendon articulétion in the normai population
dccurs to a much lesser extent in the group with longer
ligaméntum patellae, because.the patella is riding higher in
the,trochlea. ’

Genu recurvatdm is another- factor mentioned in the
literature as part‘of-the etiology of éhondromalacia

.

patellae*® ** 45 ¢!, Generalized ligamentous laxity is
usually associated with the ability to hypere*tend ones
knees unless trauma-hasvproduced the hypermobility. The
existence 6ﬁ an actual éause-effect relationship between ¢
genu recurvatum and chondromalacia patellae has yet .to be
establiéhed, although it is included in James' description

of miserable malalignment®?,

N o

Muscular
i

‘The resultant force of the guadriceps ﬁuscies during
knee extension and controlled knee flexion is %ne of many
factors which guides t@f patella through the femoral

trochlea. Therquadricéps mgécle group along with skeletal
'«9" ) o » .
alignment, the shape oﬁ'the'artigulating«surfaces, and the

tension of the .static stabilizing structures determine the
oy ) I
P . S A ' .
tracking Qf;@ﬁgﬂpatelﬂa and the contact pressures of the
_ " .
LRI - Y

o -
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patello-femoral articulation*?. ’

Excessive lateral tracking may occur in cases of vastus
medialis dysplasia whé;e the insertion of the obligue fibers
of the medialis on the patella are more.proximal than
‘nbrmal“'s‘a57} Another situation permitting lateral'
tracking occurs when the balance of forces between thé
vastus media;is and the other three quadriceps muscles is
disrupted, such éé when the vastus medialié is reflekly
inhibited or atrophigs";“"°‘dugv§o pain or pathology.

F. Pain on Compression Sy

Manually compre%ﬁﬁh%ﬁyvébpatella against the femur with
the quadriceps relaxeéaig'a gommonly performed clinical test
on patients presentinglwith patello-femoral pain'® 2°-3°%: ¢4,
However, this test’'is often described with th; knee in zéfo

' degrees of flexion??:**., In this position, the patella is

~ not articulating with the femoral trochlea and compression

3ipf the patella only exerts pressure on the supratrochlear

fat pad and soft tissues compoSing the suprapétellar pouch.
These structures are highly innervated by bain fibers, hence
when pinched, give false positiye test reédlts.‘Some
authors®s *® suggest placing the knee in a small amount of
"flexion to achieve patello-femoral trochlear contact, énd
patellar facet compression. The pqsit{on recommended varies
from ten degrees to ninety‘degreeéss"s.
Another variation to the refropétellar cOmpreSsioh test

is the dynamic retropatellar compression test®‘, also known
yne I

B
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as Clarke's Sign’. The dynamic test is described in Chapter
One  under Definition of Terms. In a review article by Hoke
et al.'®, it was demonstrated that the positioning of the
knee for this test varied consi@éﬁ§ﬁ;y between authors. Zero
degrees of flexion appears to be the original position
described*’ ¢!, however authors have modifiéd the angle of
flexion gbr the test from "slight flexion" to forty-five

degrees?** ¢t 7,

G. EFépitus

Crepitus, with regard to joint movement, is defined in
the literature as a sensation of gqueaking, grating or
crunching oﬁ ar£iculation or audible clicking?s **: *¢ %7,
grating’®, crunching or éracking during joint movement”"”m
Examination for crepitus of the‘patello—femoral joint
includes cupping of the rexaminer's hand ov®r the patella
with the exéminer resisting.active knee extension*‘ 7',

Some authors believe that crepitus is not of much

i

14

diagnostic significance .tor chondromalacia patellae?° - *’

however, they do not giwé any reason for their statements.,
H ’ . i

&
%
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H. Effusion _ ’

A‘sigpificant effusion is considered by some authors to
be a rare occurrence in patiénts with”chondfomalacia
batellae as’the chief pathology“"°’iz"5'55. However, in .
‘-"';pé'r/\_ lesions of the articular cartiiage,» irritating

substances are released into the synovial fluid that may



44

produce a minor effusion?®’.

‘A recent animal study’? has demonstrated increaséa
intraosseous pressures in the patella when effusions were
artificially produced in the knee joints of dogs. It appears
from this work that a moderate effusion, or greater, was

necessary to cause an increase in -intraosseous pressure’?,



Chapter Iil

METHODS AND PROCEDURES

A, Subjects

A prospective study was conducted using patients of one
drthbpaedic surgeon at The Univérsity of Alberta Hospital
during 1983 and 1984, _ Q

L]

All ;ubjects were between fifteen and thirty years of
aget Inclusion crit?ria were :
a. Retro-patel}ar‘pain severe enough to require surgery
| (defined as those reporting a history of pain lohger
than six months, an unsuccessful trial of
anti-inflammatory medication, isometric quadriceps
exercises, and avoidance of aggravating activities); *ﬁ
b. Meniscal pathology requiriné surgery; |

v
c. Ligamentous pathology requiring surgery. , g'»

g
‘ ~Patients were excluded from the study if they were
clinically diagnosed as having chondromalacia pgtellae
secondary to recurrent dislocation, if they had
osteoarthritic changes on roentgenogram, or if they were
,found at the time of surgery, to have pathological synovial
plicé;. The eétiology of the chondromalacic changes was not
in quesfion in patients who experienced recurrent patellar
dislocation. Osteoarthritic chénges on roentgenogram were
defined as osteophyte formation producing lipping on any

o . D .
knee joint surface. This study was examining retro-patellar

-pain with chondromalacic change=, not advanced

45
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ostebarthritis. Patients with pathological synovial plicag
may exhibit a similar clinical picture as patients with
chondromalacic changes of different etiology. However, the.
etiology of the chondromalacia patellae in these instances
was probably produced by the fricﬁion of the pliéa on the
joint surfacé’7. M

Patients in whom a fully extended position of the knee
to neutral (zero degreéé) could not be achieved clinically
were also excluded from the study because the intraosseous
venous pressure measurement was performed with the knee in
neutral‘. Any patient not in the chondromalacia patellae
group demonétrating more than a very mild effusion was
excluded on fhe basis ﬁhat a recent study’? on dog knees has
shown an increase in inﬁraosseous venous pressure with

artificially ﬁroduced moderate knee effusions.
B. Apparatus

Assessment Form
The assessment form, used to evaluate pre-surgery signs

¥

and symptoms is in Appendix B.

Gradihgvof Chondromalacia Patellae

The state of cartilage degeneration was graded by the
surgeon through the arthroscope or during arthrotomy
according to the criteria deséribeé by Metcalf"‘:
Grade 0 - No softening, fibrillation or other evidence

of chondromalacia; normal articular surface.

.

U
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Grade 1 - Softening and appearance of "blistering".
The center of the patella feels spongy when probed.

4

Grade 2 - Fissuring and minor fibrillation not
extending down to subchondral bone when probed.

Grade 3 - Deep fissuring, fragmentation and fibrillation,
with clefts extending down to subchondral bone
when probed, covering less than 50 percent of the
articular surface of the patella. :

Grade 4 - Extensive fibrillation of the articular
cartilage going down to subchondral bone over more than
50 percent of the articular surface, often with areas
worn down to and exposing subchondral bone,

Systemic Blood Pressure
The systemic blood.pressure was measured by the author
using the technique described by the American Heart.
-Association’?. The pressure was taken with the patient lying
supine on the operating table énd the: shoulder at 90 degrees
of abduction. A Sanborn 1 stethoscope and an aneroid
sphygmomanometer + were employed for the blood pressure

measurements,

Intraosseous Venous Pressure
A 13 gauge hypodermic needle was coupled by a three-way
stopcock with a Bentley Trantec Physiological Pressure

Transducer ¢ via a 1.2 meter length of polyethylene tubing
| ,

filled with 1.0 Normal saline (Figure 11). The transducer

t+ Rappaport Sprague, Hewlett Packard Waltham Massachusetts
$ Ingram & Bell Inc.,Toronto
¢ Bentley Trantec Inc., Irvine, Callfornla
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pressure.
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was connected.to a Vitatek 514 Monitor 1 that gave a digital

readout of the intraosseous venous pressure.

C. Procedure

Following admission to The University of Alberta
Hospital, the patients satisfying the selection criteria
were approached concerning their voluntary participation in
the study. In the cases where informed consent was obtained
"(see Appendices C and D for consent forms) the
roentgenograms were examined to exclude any patients with
gross osteoarthritic changes. Following the X-ray
examination, the patients were subjected to a clinical
assessment (see Appendix A).

At the time of surgery, after tﬁe leg was prepared and
draped, a small skin tncision, approximately tyo millimeters
in length, was made lateral to the patella. A 1/16 inch
drill bit was inserted inté the patella to a depth of two
centimeters. Following the detachment of fhe drill, a 13
gauge hypodermic needle.was fitted down ovér(the drill bit
and eased into the surroundihg Fone. The drill bit was then
removed and the lumen flushed with saline using an 18 gauge
spinal‘needle and a 10 milliliter syringe. The needle and
the polyethylene tubing were connected while maintaining a
fluid to fluid interface. Care was taken to maintain the
knee in zero degrees of flexion (Figure 12) and to ensure

that the transducer was at the same level as the patella.

t+ Vitatek, Hillsboro,‘Oregon
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T@e pressure was permitted to stabilize (approximately two
minutes) prior to the pressure reading being recorded
(Figure 13). Immediately following tﬁe removal of the needle
from the patella,'the needle’was carefully flushe@ to check
for bone particles or blood clots in the line. In the few
cases‘in which this problem did occur, the data were
discarded because a second attempt would not give reliable
‘results due to the initial fenestration. The ggﬁtemlc blood
pressure was measured concurrently with the reading of the
intraosseous venous pressures'®‘.

Followlng the pressure meijurements, the leg was
stripped w1th a sterile Esmarch(bendage and the tourniquet
was 1nflated. The cartllage condltlpn was then graded and
the surgieal procedure performed. nvﬂ\\>ﬁ

D. .Data Presentation and Analysjs
The data for each subject were colleé&ed on a Knee
Assessment Form (Appendix B). ' ;

The .05 level of significance was adSﬁted for all

statistical tests.

between grades of cartllage degeneratlon was exam;nev;

one-way analysis of variance (ANOVA) test7‘ \Thls comparli

arterial blood pressure (IOVP/MAP x 100). Fo?&owxng these

tests, a Scheffé Test for Multiple Compar1se?
¥
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Figure 13, Intraosseous venous pressure wave and digital

read out on the Vitatek 514 Monitor.
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was employed regardless of whether a significant F was
found”*. . | - iv~, : B : L

One ta1led Student s t- tests" for independent samples

were used te examlne the dlfference in pressures between the
groups w1th chondromalac1c changes and the group without

. such changes. This test was performed f1rst u51ng the
‘ab§olute IOVP, then using the I0VP/MAP x 100.

’ A one- talled Student s t-test’*for independent samples
was-employed to compare the dlfference in the‘IOVP and the
‘IOVP/MAP ;\Taa\between groups w1th and w1thout the follow1ng
‘symptoms‘and 51gnS': rest pain, pain durlng stair cllmblngL
pain when‘sittfng“with knees flexed, pain following
act1v1ty,'cl1ck1ng, locklng, catch1ng, g1v1ng way, ’
retropatellar pain. on compre551on, and Clarke s Sign. The

\frequency of occurrence of these symptoms and signs was
compared to. the presence or absence of cartilage
idegeneratlon using a one- level Chi- Square test for nomrnal
data. -

| A one-tailed Student's t4test for independentﬁsamples
was utilised to compare theﬁQfangle between the ° |
. chondromalacia patellae and:the control groups. A one—way:
'"ANOVA test was used to examlne tHe Q-angle as it pertained
to the grade gf chondromalac1a patellae. The ANOVA was
'followed by a Scheffe Test for Multiple Comparlson between
groups regardless of whether a 51gn1f1cant F was found.

To examlne the relationship between 0- angle and IOVP, a

':Pearson Product Moment Correlatlon Coeff1c1ent was utlllsed
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For the clinicdal signs of alignment and crepitus,

‘one-way ANOVA tests were performed to examine the difference
in IOVP between severity levels. Two- and three-level
Chi-Square tests were used to compare the severity of these

siéns to the existence of chondromalcia patellae.

i



Chapter 1V

o RESULTS

Forty-eighﬁ patiehts were asséssed chinically followed by

the measurement of. the intraosseouga;en6u§ pressuré (10VP)
in their patellae. Twenty-four pafienté?@aq chondromalacic
changes of the patella graded. during érthroscopyland |
twenty-four had no chondromalacic change. Thhs latter group
formed the comparisqn grqupz Thére were twelve males and
twelve females in the chOnaromala;ia patellae group, wh%peas
the Cémparisoh group hq§ fiftegn males';nd mine females.
Ages ranged from 15 to 28 ip the chondromalacia patellae
group with a mean of 21 years, whereas the age range in the
cOmparisoh groub was 16 to 30 with a mean gf 2é.5vyears.
Standard deviations were 4.5 for both groups. The purposes
of the study Were to determine wﬂether patients with A
chondromalacic changés on their patellae had higher
intréosSeous venous pressures than those Qith normal
patellae and dhether certain signs and symptoms were
indicative of eighef raised intraosseous pressures oOr
chdqdfomélacié dﬂahge. The mean’arteriai,pre59ure of each
pétient was measupgﬁhconpurrently wi%gﬁghe\intr§055epgé
pressure to conttol for anesthetic vakiatioq*f}fAll the
‘statistical analyses werg repeated with the intraosseous
venous pressure measurement expressed as the peféentage that

_the intraosseous venous pressure was of the mean arterial

pressure (IOVP/MAP x 100). ‘ - s
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The clinical symptoms chosen for analy51s were rest

pain, pain following activity, pain during sta1r climbing,
pain while sitting with the knees flexed, clicking, locking,
catching.and giving way. The ©linical signs analysed
.ineluded pain on patellar compression, beth at zero and
twenty degrees of knee flexion, dynamic patellar‘compression
(Clarke's Sign) at_these two angles, measurement of the
Q—angle, evaluation of crepitus on passive.and resisted knee
mdyement, and assessment of leg alignment'including varus,

valgus, recurvatum and rotation. .

A. Intraosseous Venous Pressure

Intraosseous venous pressure (10ve) of the patella
demonstrated no significant difference between grades of
cartllage degeneration u51ng a one-way analysis of variance
followed by a Scheffé Test for Multlpie Comparlson between
‘groups. Table 1Ashows the values obtalned for these tests.

| when the mean arterlal pressure was tncluded 1n thea
analys1s (percentage that the intraosseous venous pressure

was of the mean arterlal pressuref‘there was no statistical

v51gn1f1cance (Table 2).
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v
- TABLE 1
wﬁ?m“l L - .
@A 0. Statistical Results for Comparison of the
Intraosseous Venous Pressure(IOVP)
Between Grade%jof Chondromalaci; Patellée.
VARIABLE TEST CRITICAL VALUE  RESULT
\ IOVP between One-way ANOVA 2.59 . 1.43
%J ; GRADES:
[ 0vs 1 Scheffe 10.36 0.1800
" 0vs 2  Scheffe 10.36 2.3322
. owvs3 scheffe 10.36 1.4700
. 0 vs 4 Scheffe 10.36 0.6119
1 vs 2 Scheffe 10.36 ° . 2.6973
. 1uvs %ﬁ,, Scheffe ~10.36 ~ 0.7838
SR vsﬁigf ) Scheffe 10.36 0.8343
vk 3 Scheffe 10.36 '4,0006
2 vs 4 ~ Scheffe ©10.36 10.0454
",} 3 vs 4 Scheffe - 10.36 1.7805
0 vs 1,2,3,4 Scheffe | 10.36 0.1008
“oj+vs 2,34 Scheffe 10.36 0.4322
0,1,2 vs 3;4 4 Scheffe . 10.36 0.2315f;
1. vs 2,3,%%i' Scheffe 10.36 - 0.5278

. 1,2 vs 3,4 Scheffe 10.36 0.0842
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TABLE 2

Statistical Results for Comparison of the Percentage
that IOVP was of the Mean Arterial Pressure ‘ L
(1I0VP/MAP x 100) Between Grades of Chondromalacia Patellae.

a

VARIABLE TEST CRITICAL VALUE RESULT

10VP/MAP x100 One-Way ANOVA 2.59 1.21

between GRADES:

0vs 1 Scheffe . 10.36 0:9958

0 vs 2 ] Scheffe 10.36 0.8204

0 vs 3. Scheffe 10.36 2.8047
0 vs 4 Scheffe . 10.36 0.4616

1 vs 2 Scheffe . 10.36 2.5669

1 vs 3 Scheffe | - 10.36 0.9752

1 vs 4 ' Scheffe | 10.36 1.0389

2 vs 3 Scheffe 40.36  4.3097

2 vs 4 Scheffe 10.36 ~ 0.1129

3 vs 4 Scheffe 10;36 2.2538

0 vs 1,2,3,4' ' Scheffe 10.36 0.06i2
0,1 vs 2,3,4 : Scheffe 10.36 0.2019
0,1,2 vs 3,4 ~ Scheffe 10.36 0.0663
1 vs 2,3,4 Scheffe 10.36 R 6]5555

1,2 vs 3,4 Scheffe ‘ 10.36 0.0578
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B. Symptoms

Pain Du;ing Stair Climbing

Pain experiénc%d duéing ascending or descending stairs
was the only symptom to demonstrate statistical significance
at the .05 level when comparea to the presence of cartilage
degeneration (PFC) by Chi-square analysis (Table 3).
However, the intraosseous venousupressure (1ovP) and the
percentagetthat 10VP: was of the mean arterial -pressure did
vnot display any étatistically significant difference between’
groups who felt pain during stair climbing and those
subjects who. did not experience pain (Table 4).

* None of the other symptoms analysed demonstrated
statistical,Significaﬁce with regard to the presence of
degenerative cértilage chénge (PFC); the intraosseous venous
pfessure (IOVb),,or the percentage that ﬁhe intréosSeous
venous préssure was of thelmean arterial pressure (IOVP/MAP

x 100). These results are displayed in Tables 5 through 12.°
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TABLE 3

Chi-Square Contingg¢ncy Table for Pain During Stair Climbing
versus a) Supjects with Cartilage Degeneration,
and b) Subjgcts without Cartilage Degeneration.

PAIN DURI”' STAIR CLIMBING

YES ‘ NO
a) 19 5
At
b) 12 _ 12
" TABLE 4

Statistical Results for Pain During Stair Climbing as it
Compares to the Intraosseous Venous Pressure (10VP), the
3 Percentage IOVP is of the Mean Arterial Pressure
(1I0VP/MAP x 100), Presence of Cartilage Degeneration (PFC).

VARIABLE | TEST CRITICAL VALUE = RESULT
10VP Student's t-test ~ 1.68 0 0.2477
I0VP/MAP x 100 Student's t-test . 1.68 0.5230
PFC One-level x? : 3.84 5.1242%

*x significant p<.05
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Statistical Results for Rest Pain a) during the day,
and b) during the night, as it Compares

to the Presence of .Cartilage Degeneration (PFC),
the Intraosseous Venous Pressure (IOVP),

and the Percentage that IOVP is of the

Mean' Arterial Pressure (10VP/MAP x 100).

VARIABLE

TEST

CRITICAL VALUE

RESULT

a)Day vs: PFC
I0VP

IOVP/MAP x 100
"b)Night vs: PFC
" I0VP

IOVP/MAP x 100

One-level x?

Student's t-test

Student's t-test

One-level x?
Student's t-test

Student‘s_t;test

3.84

1.34

dor.
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TABLE 6 '
Statistical Results for Clicking as it Compares
to Intraosseous Venous Pressure (IOVP), the
Percentage that the IOVP is of the Mean Arterial
Pressure (IOVP/MAP x 100), ;
and the Presence of Cartilage Degeneration (PFC)..
VARI ABLE | TEST  CRITICAL VALUE  RESULT
 IOVP% Student's t-test 1.68 0.4201
JOVP/MAP x 100  Student's t-test 1.68 0.4245
PFC . One-level X? 3.84 ©2.4000
7 '
X
i
a ‘ :
‘ .TABLE. 7
l\‘-
Statisticel Results for Locking as it Compares
to the Intracsseous Venous Pressure (IOVP), the
Percentage that the IOVP is of the Mean Arterial
pPressufe(IOVP/MAP x 100), and the Presence of
Cartilage Degeneration (PFC). :
VARIABLES TEST CRITICAL VALUE 'RESULT
10VP v Student's t-test 1.68 0.2669
IOVP/MAP x 100 Student's t-test =~ 1.68 . 0.0100

PFC. » One-level x? 3.84 1.6134
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TABLE 8

Statistical Results for Catching as it Compares to the
Intraosseous Venous Pressure (IOVP), the Percentage
that IOVP is of the Mean Arterial Pressure (1ovP/MAP x 100),
and the Presence of Cartilage Degeneration (PFC).

VARIABLE TEST CRITICAL VALUE RESULT

IOVP Student's t-test 1.68 0.2409

I0OVP/MAP x 100 Student's t-test 1.68 0.3229

PFC One-level x? . 3.84 0.0847
TABLE 9

)

Statistical Results for Giving Way as it Compares
to the Intraosseous Venous Pressure (I0VP), the Percentage
that IOVP is of the Mean Arterial Pressure (IOVP/MAP x100),
and the Presence of Cartilage Degeneration (PFC).

VARIABLE /TEST CRITICAL VALUE  RESULT
10VP Student's t-test . 1.68 0.6364
10VP/MAP x 100 Student‘sré—test 1.68 0.8145

PFC One-level x? 3.84 ‘ 0.0000
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TABLE 10

’

Statistical Results for Pain Following Activity
as it Compares to the Intraosseous Venous Pressure(I10VP),
’ the Percentage that the IOVP is of the
Mean Arterial Pressure (IOVP/MAP x 100),
and the Presence of Cartilage Degeneration (PFC).

VARIABLE TEST CRITICAL VALUE RESULT
10VP Student's t-test 1.68 0.3701
IOYP/MAP x 100 Student's t—-test 1.68 0.5369
PFC One-level x? 3.84 2.0221
Y
i
TABLE 11

Statistical Results for Pain While Sitting With Knees
Flexed as it Compares to the Intraosseous Venous
Pressure (IOVP)/ the Percentage that the IOVP is

of the Mean Arterial Pressure (IOVP/MAP X 100), and
the Presence of Cartilage Degeneration (PFC).

VARIABLE TEST CRITICAL VALUE RESULT 4
10VP Student's t-test 1.68 0.6276
10VP/MAP x 100 Student's t-test 1.68 0.8464

PFC One-level x? 3.84 1.7778
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C. Signs

Pain on Compre551on
Pajn with compre551on of the patella at. twenty dégreesAy

. o E

Y

of knee flexion was statlstlcally 51gn1f1cant of the

presence of cartilage degeneration at the .03elevel.

However, the IOVP and the IOVP/MAP x 100 values displayed poH

significant difference between groups that did and’did not ¥

v N
o,

have pain during this test (Table 12). The values for the ™.

Chi-square test for patellar compression at twenty degrees

flexion are shown in Table 13.

~

TABLE 12

Statistical Results for Pain on Patellar Compression
at 20 Degrees as it Compares to the Intraosseous Venous
Pressure (IOVP),the Percentage that the 10VP is of
the Mean Arterial Pressure (IOVP/MAP x100),
and the Presence of Cartilage Degeneration (PFC).

VARIABLE TEST CRITICAL VALUE RESULT

I1QVP Student's. t-test 1.68 : 0.8788
IOVP/MAP x 100 Student's t-test 1.68 0.9316
PFC One-level x?  3.84 4.1481%

¥ significant p<.05"
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Chi-Square Contingency Table fpr Patellar Comp?eésion

at 20 Degrees of Knee Flexion in
a) Subjects with Cartilage Degeneration, and
b) Subjects without Cartilage Degeneraton.

PAIN ON COMPRESSION

YES NO
N
: L, a) 14 10
o ¥
W“ . ’ *)i
e b) 7 17
- a
¥ ::{‘ 'Lﬁ' ‘6



Pain on patellar ccmpressién at zero degreeé was not
%tatistically'significant‘with regard to the presence of
, cartilage degenerat%fﬁ (PFC), intraosseous venous pressure
(1I0VP) or the percentagé that the IOVP was of the mean

arterial pressure (IOVb/MAP x 100) (Table 14).

- " TABLE 14 Vv
. .: 'L . P . " ., .
Statistical Restilts for Paln-onKPatellar,
N Compression at 0 Degrees as it Compares .to

» the Intraosseous Venous Pressure (I0VP), the
f Percentage that the IOVP'is of the Mean .j .
Arterial Pressure(IOVP/MAP x 100), and the 2
Presence of Cartilage Degeneration (PFC).

PR X

VARIABLE . rE®r,  CRITICAL VALUE . RESULT °
p I0VP ¢ " Student's t-test . ~ 1.68. 0.0105
10VP/MAP x 100 Y .. Student's t-test .68 -~ 0.4076
" PFC " one-level x? 3.84 0.8788
: k-3
“ ~
5 oy \‘ 4 :
v » "F-‘;r;
- . R

PR

w!
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Crepitus

The presence of cartilage degeneratibn (PFC) eompared .
with the severity of crepitus on(both'passive and resisted
jﬁmovement in a two level Chi-square test at ‘the probablllty
levels of .05 and .01 respectlvely There was no 51gn1f1cant
'dlgﬁerence in IOVP %i IOVP/M%P X 100 values between severity
levels for either of these two tests (Tables 15 &16) The
values’for the:Chl—square analysis for these tests are shown
in Tables 17 & 18. 3

The other s1gns d1d not demonstrate any statlstlcally

significant comparlsons with the presence of cartllage

‘[degeneratlon, the intraosseous venous pressure, o? the §¥ ¥

3 Q%

percentage that the 1ntraosseous venous pressure wdé of%%he% 5“

-mean arterlal pressure (Tables 19 through 25).
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TABLE 15
' Statlstlcal Results for Crepltus Durlng Pa551ve Movement,
as it Cofpares to the Intraosseous'Venous Pressure (IOVP),
the Percentage that the IOQOVP is of the Mean
. ArgeFial Pressure(IOVP/MAP x 100), and
Presence of Cartilage Degeneration (PFC).
"~ VARIABLE |  TEST  CRITICAL VALUE. RESULT
o : IOVP One-way ANOVA . 2.59 . 0.15
' IOVP/MAP X 100“ One-way 'ANOVA 2.59 0.28
PFC . . Two-level x* ' 5.99 7.34%
o - * significangﬁp<}05 ‘
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TABLE 16

Statistical Results for Crepitus During Resisted
Extension as it Compares to the Intraosseous Venous Pressure
(I0VP), the Percentage that the IOVP is of the Mean
Arterial Pressure (IOVP/MAP x 100), and the
Presence of Cartilage Degeneration (PFC).

VARIABLE * . TEST ~ CRITICAL VALUE  RESULT
IOVP | One-way ANOVA 2,59 . . 0.47
IOVP/MAP x 100  ~@ne=way ANOVA . ©2.59 - =  0.51
] ;. " 8. ) » » . ’ . . -

PFC P98 level X7 a=.01, 9.21  13.B1xx
R / . ’ o .
& k\\' X - *x significant p<.01
2 “ ° h‘ \ ‘ : | ’
. : t‘(
® ,
e “ &
’ ’ ® - r I - F)
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TABLE 17

Two-Level Chi-Square Contingency Table for Severity of
Crepitus During Passive Knee Motion versus
a) Subjects with Cartilage Degeneration,
and b) Subjects without Cartilage Degeneration.

9

CREPITUS DURING PASSIVE MOVEMENT

. NONE MILD SEVERE
id ’ ‘. * e
* B .jﬂiﬂ T )
a) 3 8 16 5 &n
- s
. B .
> - - 423; ] . ‘# . s
S R R T 0
‘ | ’ LA s %
,Q?T— w
’ . - ‘
¢, 'J// . -
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Y . S TABLE 18 R &
, | g ( e
i Two-Level Chi Square Table for Severity : o

of Crepitus Durjng Resisted Extension of the
Knee versus. a) Subj@cts with Cartilage Degeneration,-
and b) Subjects without Cartilage Degeneration.

@ . )
)
. o
i »
.

prd
%
e
.

e
.( \\ ;';b

.ot
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TABLE 19 . . ‘we
e

‘ e ,
Statistical Results for Clarke's Sign at 0 Degrees
as Tt”Compares to Cartilage Degeneration (PFC),
Intraosseous Venous Pressure (IOVP), and the Percentage
that IOVP is of the Mean Arterial Pressure (IOVP/MAP x100), .

PR T

3
VARIABLE = . TEST ' CRITICAL VALUE  RESULT
.. 1OVP Student's t-test - 1.68  0.6751
IOVP/MAP x 100  Student's t-test ' v 1.68- 0.7706
PFC One-level x? 3.84 o0 0.3750
¥ Q &

5
[ a .
N e Statistical Results for Cla kﬁ%s Sign at 20 Degrees
' of Flexion’bs it Compares tdjIntraosseous
Venous Pressure(IOVP),the Percentage that the IOVP
is of the Mean Arterial Pressure(IOVP/MAP x 100), o
-and Presence of Cartilag® Degeneration, (PFC).
. VARIABLE ' TEST®  CRITJCAL .UE . RESULT
3 : . , 4 '
. 10VB ‘Student's t~test . 1.68 0.9071
IOVP/MAP x 100 Student's t-test ©1.68 0.9640
PFC . - - One-level x* .  3.84 g% 0.3829
N y ot
] % & -



£ R TABLE 21

Statistical Results for Quadriceps Angle as it Compares
to the ]ntraosseous Venous Pressure (LPVP), the Percentage
that the IOVP is of the Mean Arterial Pressure (IOVP/MAP x
' 100), the Presence of Cartilage Degen#ration (PFC),
and the Grade of Chondromalacia (G of PFC).

. L4

VARIABLE ~~ ° TEST - CRITICAL VALUE  RESULT

IOVP ' Pearson r ‘“\;@rp}243 x -0.0689
IOVP/MAB'x 100 ° . Pearson r . 0.243 ©  0.0537
"PFC ';w Student's t-test 1.68 0.5078

G of PFC: iodﬁ-wé; ANOVA 2,59 - . 2.08,

| ’ L  Scheffe ) ;"10.36h' . 2.1362
Scheffe - 10.36 0.2057

4 “ '§;heffe '  §929;36‘ 2.3989
0 vs 4 ::Séﬁéff§ m?1;‘%‘Aﬁjaogﬁﬁg-%l 08,2263 .

J’vs»Zﬂ' : o Ssheffe ‘ uh10.36 i 0.7197

1 vs 3 - Hore 0.3 0. 1190,

1 vs 4 Scheffe ' 10.36 ~2.8905

2vs 3 ~ Scheffe 10.36 1.3959

2wvs 4 C Scheffe 10.36 4.2514

" 3vs 4 Scheffe o 10.36" 1.4382
0 vs 1,2,3,4 Scheffe . 10.36 (fzf 7.2821

) 0,1 vs 23,4 scheite .36 3.939%,
. r30’1’2 vs 3,4 Scheffe ~ 10.36 5.%552

1 vs 2,3,4 Schdffe - 10.36 ,  1.3918
C e 01,2 vs 3,4 0 ScheFfe - 10.36  4.2771
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TABLE 22

Statistical Results for Genu Varum Alignment as it
Compares to the Intraosseous Venous Pressure (IOVP),
the Percentage that the IOVP is of the Mean Arterlal

Pressure (IOVP/MAP x 100), and the '
Presence of Cartilage Degeneration (PFC).

VARIABLE TEST CRITICAL VALUE RESULT
10VP '~ One-way ANOVA 3.21 ' 0.97
I0VP/MAR x 100 One-way ANOVA 3.21 1.71
3ﬁw9ﬁt .- Three-levei x? 7.82 : 0.10
S $ﬂs%g o o )
iy Ly ‘\ TABLE 23
f? “

Statis 'iz Results for Genu Valgum Arignment as it Compares
osseous Venous Pressure (IOVP), the Percentage

to,.
that-tPeyIOVP is of the Mean Arterial Pressure (IOVP/MAP " X
'\Qplr and the Presence of Cartilage Degeneration  (PFC).
i . c,‘JJ s . \‘\.
' ~{W‘ VARIABLE T TEST CRITICAL VALUE RESULT
‘5’ . Yk . :
S e E
‘l“n &”H-i IOVP One-way ANOVA 2.82 1.23
“§§ov§¥§a§~x 100 One-way ANOVA ©2.82 0.77
BFCT Three-level x* . 7.82 3.02
8 | |
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TABLE 24

Statistical Results for Genu Recurvatum as it Compares
to Intraosseous Venous Pressure (1ovP), the Percentage
that the IOVP is of the Mean Arterial Pressure,
and the Presence of Cartilage DegeneratiQn (PFC).

VARIABLE " TEST CRITICAL VALUE  RESULT

10VP One-way ANOVA 2.82 C2.47
1I0VP/MAP x 100 One-way ANOVA 2.82 ) 2,05
PFC ~ Three-level x* 7.82 - 0.88

& ‘ _ - A
s
'

TABLE 25

"

Statistical Results for Rotation as it Compares to
. Intraosseous Venous Pressure (1ovp), the Percentage
that IOVP is of the Mean Arterial Pressure (IOVP/MAP x 100)
+~ and the Pregence of Cartilage Degeneration (PFC) .

-~

VARIABLE : TEST CRITICAL VALUE RESULT

‘e

.;LQIOVPigﬁﬁﬁW. bheanY~ANOVA . . 2.82 L2422
" 10VP/MAP % 100 One-way ANOVA 2.82 . 2.%0
< > PFC _ Three-level X? 7.82 ' 5.96
v
! /"““""\
AN
AN

. N .
. . &
: * &% »
° ) s -



Chapter V

-~ DISCUSSION -

The bhrpose of the present stﬁdy was to examine the
difference in intraosseous venous pressure of the patella
between grades of cartilage degeneration. Itrwas gy so the
intent of the author to see whetheér any of the signs and
symptoms repotted in the literature to aid in the clinical
diagnosis of chondromalacia patellae Qere significant
de¥erminers in whether there was patellar cartilage

degeneration or increased intraosseous venous pressure of

the patella. ‘ o o

X

hed

kﬁ’lntraosséous Venous Pressure ‘
- "“‘,%’* @

Contrary to the prev1ous study by Bjorkstrom et al.

- the data in thlS study did not show a s1gn1f1cant dlfference
in tée patellar intraosseous venous pressu between grades
og{cartilage dpgéneration of the patiila'

Bjorkstrom et“alm;'used;&enisgttomy(batieﬂts only as’ f
 their coatrbl group whereas this study included'patients
with ligamentous inst bility'as well. Early, grosslym¢'
undetectable changes/of the articular cartllage,kor the
underlylng bone, may have already commenced in some of these

unstable knees and may have influenced the results of this
stugy- . : -
,9y' . A . :
Differing anesthetic between and within the two studiec

may have played significant roles in the intraosseous venous

?\):‘
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pressure values obtained. Azuma'’ demonstrated that cerfain .
l
drugs affected the intraosseous venous pressure, but these”

M .
W o

anesthetic agents also alfected the systemic arterial R4 *°A
pressure in a similar way. The present study measured the’w
systemic arterial pressure concurrently with the |
intraosseous venous pressure and included these values ink 
the analyses. However, n0>significent differences were |
found. ‘

The intraosseous venous pressure measurement in the
present study was performed from the lateral aspect of the

patella to avoid damage to the distal fibers of the vastus

~medialis. In the study by Bjorkstrom et al.*‘ the measurement

needle entered the patella from the medial side. Differences
in bony architecture and blood supply in the specific areas

of measurement may exist between the two studies, thereby
.
. S
affecting the intraosseous venous pressure results.

Bjorkstrom et al.% had slightly different grading

L3

criteria for their study. However,. these differences should

not affect the results between the normal group and the

combined degenerative cartilage groups. As can be seen in

Appendix A, Bjorkstrom et al.® did not achieve statistical

-

51gn1f1cance at the .05 level (Author's calculat;pn) in this

" i
comparison. Analy51s of variance between qgades of cart1lage

degeneratidn displayed 51gn1f1cance in their study. In the

présent study, there was no significance found. The only

difference between Metcalf's'’ and Collin' s" gradﬁng ‘ "’

I'

cr1ter1a is that Metcalf breaks up Collln s Grade 3 into his



'7pthe mean age in the study done by Bjdrkstrom et al;‘ was 27

- year‘age range in the study by Bjorkstrom et al.* ' unllke

. .

‘‘‘‘‘
o
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N '
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m

own Grades 3 and 4. Hence, there is one more group entered !

. in the analysis when using Metcalf's classification and this

- \

factor in itself would lower the opportunity to achieve

. significance.

“

The mean age>for the present study was 21.7 years wh}le

years. It is possible, with the inclusion of the BO to 40

the present study, that aging may be one of the key fact

‘ 73,:
in the differences:- between the intraosseous pressures fog

in the two studies. L m#

. o
. . ey
\ .

ns and Symptoms

ELA

A N\n an attempt to isolate a syndrome, the author chose
sigdé/and symptoms indiceted.ih.ﬁhe literature to help in
the olinieal diagnosis of either patellar ohondromalacic?
chang@tofnihcreased intraosseous venous pressures. The signs
and s;mptoms which were found £O'occur significantly more
frequently in patienEs with chongromalacic change of the
patella would aid in the dlfferentlal diagnosis of: the
patlent w1th knee complalntsg Due to the ethlcal constraints
placed on the selection of subjects for the measurement of
the ihtraosseous venous ‘predsure, subjects who had no knee

pathology could not be used for the comparison gropp.

Therefore, the f1nd1ngs 1n thlS study have some cilnlcal <
.

- usefulness in that dlfferentlal diagnosis’ ie only necessary

on symptomatic. knees. ' . .
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.significance at the .05 level of confidence was attained

None of the signs or symptoms examined in this study ~
were‘statistically}significant of the values for the
1ntraosseous venous pressure or the percentage that the
intraosseous venousﬁpressure was of the mean arterlal

pressure. Therefore, ralsed 1ntraosseous venous pressure in

patellae is not detecﬁable us&hg the élgns and symptoms

analysed 1n/th15 vst‘udy, | ﬁ . .% -
‘.
Symptoms
. .

Pain Durihg Stair Climbing

Pain experienced during asceriding or descending stairs
demonstrated a statistically significant comparison with the

frequency of certilage degeneration (Table 4). To the

‘author's knowledge, there is no statistical examination of

this symptom in the literature. All reports havebbeen“'
clinical impressions with, at most, percentages stated;

»
However, on examining Table 3, -although statisticaf‘

with a Chi-square analysis, there are still twelve false
positives and five false Qegatives in ‘the sample of
forty-eight. In essence, this symptom is an‘indicatioq'that
cartilage degeneration is more likely to exjst but is not a

good predictor.

Rest Pain

L ] ‘ ' .
Pain experlenceaﬁﬁ& rest dur1 the day did not

demonstrate a statlstlcally 51gn1



of the three; /);aé’iabies.

' Pain exgefiéhced at ‘rest dufing the night, did not ;hgw
signifiéance Qhen compared to the intraosseous venous |
pressure at the .05 level. Night pain was again not
significant of’ca;tilage degeneration at themwOS‘l%yel,
however, the probability was less than . 10. This
significance level for night‘pain may be consistent with

\ _ _
Helal's’® description of the venous pain in primary

S ) )

osteocarthritis:

»

A duil-aching or throbbing.pain felt diffusely about
the knee, usually worse towards the end of the day

and persisting for a while after . retiring to bed.

' Helal's statement was based on clinical observatiod and not

on a controlled study*®.

Clicking | , )

The symptom of cliqking did not demonétrate a
statistically significant comparison with any.of the threé
variables analysed. Therefore, it appears that clicking can
be caused by other factors bésides patellar cartilage
degeneration. Reports.in the literature include clicking as
a*symptom\of patellar‘sublu#atioh and dislocation®* and

p§thologicalasynoyjal plicae?’.

Locking
The complaint .of locking of the knee did not compare .
signiﬁfcantly to any of the three variables. This lac

significance i's consistent with reports in the

'
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’ .
literature’* '’ in that locking was more frequently

indigative of meniscal pathglogy.

Catchlng , / * s ‘ /; S

r .
The symptom of‘fatchlng demonstrated no 51gn1f1cance
(N

with any of the three variables examlned. This flndlng‘was

not consistent with previous reports in the 1iterature.

N . -
. Cu

Catching, or pseﬁdolocking,‘has been described as one of the
N .-'

compla1nts,1nd1cat1vé of patello- femoral ]01nt

/ }

pathology RN Perhaps catchlng occurs ]USt as freguently

in other knee joint pathologies?’,

Givihg Way

Another symptoh show1ng no stat15t1ca1 difference
between groups for any of the three/varlables examined was
the complaint 'of giving way (Tablef9) Although this
compla1nt is reported by one author§§okbe a symptom of
patello-femoral jOlnt.pathology_ , it is also described as a

symptom of ligamentous instability in the knee by another

author’®.

Pain Following Activity

N

Painrfollowing activitghdid not demonstrate statistica}
significance when ana}Ysed with regard to tbevehree
variables. These findings were contrary té reports in tﬁéw’\\\
literatufe From Heﬂal‘s‘“ descriptienvof venous pain, one

1

would suspect that activity irncreased ‘the 2;%raosseous

»
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R ' e

venous pressure. Also, ih most repgrts on chondromalacia

patellae, this symptom is»consi&ered to hel ifﬁerentiate
chondromaiacia patellae from other knéb/pathoiogy. Perhaps

if the definition of activity is this study had been more

. . . x
. specific to high patello-femoral joint loading activities,

- the results would differ. Also, the subject population was

limited in the activities they had performed over -the
.preceding months when examined preoperati;ely due to the

avoidance of aggravatlng activities as part of their _ -

v
-

conservative treatment.

. N ~
o Y g

‘~\. 4

Pain While Sitting With ‘the Knees Flexed
: :
The ”moyie‘sign", or pain expetienced while sitting
with the knees fiexeg/ior a prolonged period of time, did
~not demonstrate stii%stical significance when compared to

the three variables\ examined. Although this symptom was

~..

commonly  described in the literature as.an indication of
patello-femoral jdg\t pathology?®°,’ perhaps‘ii/Boes not
actually d1fferent1ate\pathology of this 301nt from other
knee joint pathologles.\ =

-

b

Signs

Three of the clinical signs assessed demonstrate@)/,\
, - 7
statistical significance at the .05 level of conf%dence when

/

* compared to the presence of patellar articular cartilage

degeneration.

83
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Patellar Compression at 20 Degrees Flexion

Paln experlenced by the patient when the patella was
§

compreséég against the ieméral trochlea w1th the knee flexed
t;\twentyidegrees was statlstlcally351gn1f1£ant_at the 05
levei«when compared to the presénce of cartilage
degeneration on the patella (Tables 12 & 13). When this test
was performed with the knee relaxed in eﬂtensién (zero
degrees Tlexieao, the results were not)significant (Table
14). These results were consistent with the recent trend in
the literature'® now descrlblng this test in varylng degrees
of flex1on rather than in full exten51on.

The severity of crepitus during both passive and
resisted knee mofion was statistically significant of
eartilage degeneration at the .05 and .01 levels
respectively (Tables 15 - 18{. on closer examinapion of
Tables 17 and 18, one can.see that a mild amount. of crepitus
did not differentiate between the presghce and absence of
cartilage degénexalion. However, either no crepitus;og'
severe crepitus during either passive or resisted movemen
of the knee, was significant of the absence dr'presenée o)
‘cartilage degeneration gespectively. Reports in the
literature vdry in their opinion of the validity of crepitus
as a c}inical sign in,&ifferéntial diagnosis of the
. - . :

knee' 2°, The important aétail in the results of this study

is the severity of the crepitus, with only absence of, or
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gross crepitus, being significant.

'Dynamlc Patellar Compre551on e ” , 4
3 Clarke's Slgn, or the dynamic patellar comp ession
teét, perfprmed at either twenty or zero degrees of flexion
was not statfstitélly §ignificant for'anixof the’thrée
variables.ﬂPe:haps gr;ater angles of glexion, as Fuggested
by Maiékbet‘al.3‘ andfMaldne”,"woula give diffé;énp‘
results. However, this autﬁbr had‘difficulty performing the

test reliably at angles gréater'than twenty degrees.

- Alignment
None of the allgnment categories ‘analysed (Q- angle,
valgus, varus, recurvatum or rotatlon) demonstrated
statistical significance to any of the three- variables.
These results are contrary 59 the glinﬁcaliobsetvations
\reported in the literature®* ’9"‘.'However, in another
study5‘ performed on a large populatlon,.allgnmigt dxd not

/-
it

appear to predispose. individuals to anterior knee pain.



Chapter VI

SUMMARY AND CONCLUSIONS

‘

!The mainlpurpose of thé’pregeﬁt study was to assess the
difference in the iptraosseoﬁs venous pressure of the

“ patella between grades of cartilage degeneration on the
getropatellar surface; The;secohd purpose of the study was

to asséss the difference in thevaforementioned variables
between groups exhibiting various levels of the following
clinical s}éns and'symptoms ﬁ clicking, locking, catching,
giving way, pain duf?ﬁg stair climbing, péiﬁ while sitting
with the knees flexed, pain following activity, pain,at rest
dﬁring the day of night, alignment, refqopaéé&lar
compression, dynamic pafellar compréséion, guadriceps angle,
 and\crepitus.

"The clinical sign%land symptoms were assessed the day
prior to surgery and the intraosseous‘venOUS pressure
measurement and cartilage grading were evaluated at the time
of sufgery. The subjects ranged in age from fifteen to
~thirty years and were categorized by the grade of cartilage
degeneration on their patellae according to the
classification of Metcalf'’.

~Ong-way analysis of variance was performed to examine

T .
the difference in the intraosseous venous pressure between
grades of the cartilage degegeration, between alignment
vériables, and between saéerity levels of érepitus. The

4

difference in the quadriceps ‘angle -between grades of

86
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cartilage degeneration was dnalysed also using a'one—way
ANOVA

The dlfference in the dntraosseous venous pressure
between groups wjth and without other clinical signs and
symptoms was aPalysed witp;Student's t-tests. The
frequencies of all signs ghd symptoms were compared to the
presence or absence of cartilags degenefat}en»usihg one-,
two- or three-level Chi-square tests.

The refatlonshlp between the guadriceps angle and the

1ntraosseous venous pressure was analysed using a Pearson

4
Product Moment correlation coefficient.

In accordance with the limitations ang,delimitations
imposed on this study; the intraosseouskﬂeszus pressure of
the patella did not ' prove to be 51gn§f1cantly dlfferent
between grades of cartllage degeneratlon or between levels
of any_pf the}cllnlcal signs and symptoms examlned. These
results afe not in agreement with tﬁe first and second
hypotheses set forth priot to eonducting this study.

The existence of patellar caftilege degeneration
compared significantly at the .05 level to the frequency of
occurrence of pain experienced while ascending or descending
steirs, and to the freguency of pain with patellar
compression at twenty degrees of knee flexion. The severity.
of erepitus during both passive and resisted movement proved
to be significant of cartilage degeneration at the .01 and
.05 levels of confidence respectively. These results support

- v
these parts of the third hypothesis set forth prior to



i ¥
conducting the study.

A. Conclusionsg
With the\aegg’availabte from the Present study, the -

following conclusions were made :°

1. The intraosseous venous pressure of the patella was not
significantly different between grades of.patellar
cértilege degeneration.

2. The intraosseous venous pressure of the”patellavwas net
significantly different between groups with or without

any of the signs or symptomq'analysed.

3. The frequency of positivg\g&inical findings in the

v R
following signs and symptoms : 1) pain whilei®

climbing, 2) pain with patellar coWbression at tﬁeeiy _
» degrees of flexion, and 3) severe crepitus during both
» passive and resisted kgee motion, were signifiqant when
subjects with carfilage degeneration were compared to
those with érossly normal articular cartilage.
fhe results of this study suggest that aegenerative
changes on the patellar articular cartilage do not compare
consistently with thevintraos!pous venoug pressure of the
patella. Rest pain does not appear to indicate increased
intraosseous venous pressure of the patefﬁa. This study
strongly suggests that in the differentiaﬁ diagnosis of knee
pain, few of the signs and symptoms reporéed in the |
literature help'differehtiate between other knee pathology

and true chondromalacia patellae.
€
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B. Recommendatiops

g The major recommendations that can be made from the

current study are as follows : J

1. Further research should be performed’before fenestration
is used for treatment in retropatellar pain. |

2. A controlled study should be performed to e;tabl'iéh
normative data for Q-angle measurement in several of the
described positions now present in the literatére.
Following the completion of that study, an attempt

should gpe made to correlate deviations from the norm

with patello-femoral pain.
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TABLE A

4

Group C1a551f1cat10n, Size, Méans, and Ranges of
Intraosseous Venous Pressure for Bjorkstrom
Goldie, and Wetterqv1st t.

¢

GROUP ‘ n MEAN . RANGE
(mmHg)
(mm Hg)
PFC 1 : 3 41 26-60
PFC 2 . | 7 37 21-60
T
PFC 3 3 - 64 | 48-86
0 A 3 , 37 . 15-74

Control 13 ' 19 4-42

t Bjorkstrom S, Goldie IF, Wetterqgvist H : Intramedullary

pressure of the pgtella in chondromalacia. Acta Orthopaedica
Scandinavica 97 :Qxi—SS; 1980.



100

-y
TABLE B
Statistical Tests and Results Calculated from Raw Data
Presented in Bjorkstrom, Goldie and Wettergvist t.
.GROUP TEST CRITICAL VALUE RESULT
PFC vs Control & Student's t-test 1.71 a=.05 - 1.6495
0,1,2,3 One-way ANOVA £.82 a=.01  9.46%%
-0 vs 1 Scheffe 14.46 a=.01 - 5.75
0 vs 2 Scheffe 9.15 a=.05 7.29
0 vs.3 Scheffe 24 .,80%x
1 vs 2 Scheffe " 0.153
1 vs 3 Scheffe . 4.07
2 vs 3 Scheffe 7.83
** significant p<.01
e These calculations were performed by the author for

: ﬁ;f»,comparison

with the results of the present study.
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KNEE ASSESSMENT AOAM () Wdson Nov 19873
Name Subject Rigt Lefr
Mdsbhm £ Cateqgory Ligament Acute Chromnig
noB Age Menisectomy  Azute Chrorc
Height Weight ) P-F C LRR TTY Patellecto
History
Duration of Symptoms imonthsi
Triggering Mechanmisms - Growth spurt
Increased activity
External trauma
Comments
Prior Physical Therapy
Drug Therapy !
Previous Knae Surgery
Symptoms . ,
Ciicking Catching Pseudo-lockingi
Locking Giving  way
Pain ’
On chmbing stawrs . .
On siting with knees flexed
Followmng- activity
Rest Pain
Day Releved by ice
Night Relteved by heat
Swelling w
No‘ne Occasiongt Freguent Consgtant
'-’_‘leavv AChvity: iday  activitys
Examinator
B IEVIN S as Voogessie YT
BTN TR Sl Y g1 v
3
O Ll Ci e in PAr,anc3te reree e
RESIS IR rone el Noaergte sreearan
Medis Cateral

Poa



Retropatallar pan on pressure

20 temion Ycos
O*flexion Yes
Clarké' s Sign .
20° flexion Posttive
0 flexion Posttive
Etfusion None Mild
Atrophy None 1-2 ¢m
L R=
Quadriceps angle
Range of Moton
Sitting
Full & Pannfree Full with pain in
last 20° extension
Supine ¢
Fult & Painfree Full with pan n
last 20* flexion

Resisted ROM (maximal manual i sitting!

Painfree

Pamn between 390845

Crepitus
Passive None
Resisted None
Squatting
No pan
Pain 0*-30°
60°-90°
Ir\SIa‘Dmtv
vaiqus Sttess None
. 217e5S Mozl
N
VIvan o, Test NGnE
Aress Tegaan ione
Postenicr Uravier Nane

Pivor Smare ) None

30°-60°
90¢e-

No
No
Negative
Negative
Modaer ate
2 cm -

Severm

Limited extension

(degrees

Limited flexion

(degrees

Pain between 45°80°

Pain throughout ROM

Mild

Miid

Mg
S
Mg
~ig
i

Mild

}

Severs

Devers
Sevars
Severe

Severe

103
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McMurray's Test

Positive Equivocol Negative

{Chch & Pamni IChck of Pan

Palpation

MEDIAL " LATERAL :

Radiological Findings
Suicus Angte
Congruence Angle
Lateral Patellar Displacement
Laurin's Angle-
PT/P Ratio
Shape

Anesthetic Agents

)
Systemic Blood Pressure
intraosseous Venous Pressure
Patella
Tibia
Cartilage Degeneraton Graae

Locanon
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blNTRAOStEOUS VENOUS PRESSURE
L]

Al

IN CHONDROMALACIA PATELLAE

OUTLINE OF PROCEDURES (retained by subject)

Recent articles in the medical literatuce have indicated that
increased pressure vithin the patella (kneecap) may be one al the
contributing tactocs in the pain expecrienced by people sultering
fcom chondcomalacia patellae (sottening of the cartilage on the
back of the kneecapl). Although numerous studies have been done
investigating this aspect in the condition of osteoacthritis
(degenecative joint disecase), only a small amount ot data has
been collected for chondcomalacia patellae.
Since many people sulter ftcom chondromalacia, 1t 1s essential
that more information is obtained about its causes 50 the most

appropriate treatment may be given to achieve pain relief.

ested to pacticipate vill

The study in vhich you are being requ
1a (kneecap) of the knee in

measuce the pressure inside the patel
vhich you acre about to have surgery.

in this study vill be measuring pressuces in
undecrgoing knee sucgecy for various
¢ people vith the diagnosis of

ts of people having
{cacrtilage) oc b}

The investigators
patellae (kneecaps) of people
reasons. One group consists ©
chondromalacia; the second group consis
sucgery foc a) removal of a tocn meniscus
repair of torn ligaments.

(asleep) ftor your opecation, a needle

lla to a depth of approximately 2
When thils has been

Once you are anesthetized
vill be entered into your pate
cm so the pressure measurement may be done.
completed your operation vill be performed.

The risk of additional pain beyond that from your ocriginal
operation is minimal. This procedure has been carcried out on wmany
patients vith osteoarthritis and no complaints have been

repocted.

Risk of infection wvill be minimal as this procedure is being
carcried out under the same sterile conditions as any sucrgery 15

pecrtormed.

All records and photographs will be the property of the
investigators. No records ocr photographs vhich vould permit your
identification vill be made public and/or used :n a medical
publication vithout your vcit-en consent to do So. Access o atl
cecords vill be resgricted to those individuals associated w:ith

~he investigation.
in rthe event that fucther Juesiions ar:ise concerning the study,
please feel tree to contact the 1nvestigatars: Do D.C. ded
(432-6233) or J. Wilson (&13-2844l.

r

Should you decide., at any time,

he study. this
vill in no. way influeace the medical care you v

to withdraw lrom L
reZe!

e .

Please retain this explanation foc your ovn records.
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rd !
¢ & - ‘ < oa )
" University of Alberta ’ : November 1983
e . o : . ) ’
faculty of Rehabilitation Medicine Department of Physical Thecapy .

\" . .
¥ . Department of Sucgery

~

Faculty of Medicine

INFORMED CO%SENT FORM FOR INVESTIGATIVE STUDY
@ . .

X&TRAOSSEOUS VENOUS PRESSURE IN CHONDROMALACI A PATELLAE

ﬁg \ ™y e ” X

g j i . : Lot
SUBJEGT CONSENT (retained by investigatocs)
) ‘ E ,

\ \
R .do hereby agree to participate as” 2
subject in. the study entitled *Incraosseous Venous Pressuce in
Chondromalacia Patellae” tp'be conducted by Dr. D.C. Reid and J. ’
. Wilson. The nature of the study has been explained to me and I
ypdqrstand that it -is not intended as a torm of remedial
treatment for any condition vhich I may have. [ have been-advised "
» n ‘:‘ N ’ o - . ) : ; \
. that ~ I may wvithdrav oy participation at any time ‘vithout
" influencing the medical care | receive. .
AN .
\ o
....................... A G e o m e
. Subject™s Signature o . Date :
. %\\\{Qircnt or Legal Guacrdian if under 18) o .
\ : ' : \ ) !
: L
!
. - .
_Address Phone Number
| vas witness during the explanation ceferred 10 above and to. the
.4: o ’ u. ’
: signature.
) ' ¥ R

Witness Signature
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Correlation of Reliability
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Correlation of Reliability b

/

Pearson product moment correla;idnﬁtoefficient,
-comparing the author's measures of systemic blood pfessure
by auscultation to those of a designated expert, were

performed using the following equation :'

NZXYy-ZXZY

v INZX*-(ZX:)INZY - (£Y):] .

‘Ferguson 1976 %

—_—

t+ Ferguson GA : Statistical Analysis in Psychology and
Education. 4th ed. Toronto, McGraw=-Hil® Inc., 1976.
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In Table C, .X represents the expert's measurements and Y

represents the author's measurements. The r equals the

Pearson Product Moment Correlation Coefficient value

obtained and the p is the significance of the correlation

value,
TABLE C
Correlation of Reliability for Blood
>ressure Measurement by Auscultation.
N
SYSTOLIC DIASTOLIC MEAN :
X Y X Y X Y

150 148 80 80 103.1 102.4
132 130 88 86 102.5 100.5
120 124 70 74 - 86.5 © 90.5
120 118 70 ~. 12 86.5 87.2
124 122 - 80 O 82 94.5 95.2
90 90 52 - 54 64.5 65.9
110 110 70 68 .83.2 81.9
112 120 64 68 79.8 85.2
112 112 68 68 B2.5 82.5
140 138 70 72 93.1 93.8
140 138 88 84 105.2 101.8
130 128 - 70 72 89.8 90.5

r = .98 = ,97 r = .98

p<.001 p<.001 p<.001
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The measurement of quadriceps angle by the author was

112

repeated'on fourteen individualS(at a one week interval. In

Table D, X represents the initial measurement and Y

represents the measuremeft when it was repeated after one

week.

TABLE D

Correlation of Reliability for Quadriceps Angle Measurement

X Y '
28 27
26 29
23 25
20 24
16 18
19 16
18 21
13 11
16 20
17 15
20 18
16 15
17 16
21 20

r

= 0.876
p<.005



