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generally accepted as being secondary to patellar malalign-
ment. Radiographs of the axial view of the patellofemoral
joint have demonstrated inconsistent findings between pain
and lateral tiit. It is also difficult to explain patelofemoral
pain because hyaline articular cartilage is devoid of nerve
fikers and patellar articular appearance often correlates
poorly with patients’ symptoms.?

Many hypotheses for patelloferoral pain have been pro-
posed. Lateral malalignment is hypothesized to cause hy-
perpressure of the lateral patellofemoral compartment and
hypopressure of cartilage on the pateliar and femoral sur-
faces of the medial patellofemoral joint.1* Hypopressure
and disuse of the medial patellar facet may cause malnutri-
tion and early degenerative changes of the articular cartilage
because of lack of normal kneading and function, This may
eaplain why early chondromalacia patellae is usually noted
on the medial patellar facet, late chondromalacia (after age
30} lesions are noted on both patellar facets, and patellofer-
oral ostecarthritis is more advanced and cominon in the
lateral patellar facet. '

Degeneration or softening of articular cartilage provokes
a chemical synovitis and then effusion, The synovium, which
has a rich nerve supply, may become irritated and produce
pain.® However, many patients with pateliofemoral pain
have an intact articular surface with no evidence of local
synovial irritation.?

The subchondral bone also has a rich nerve supply and
thus may be the origin of pain. Goodfellow et al.? describe a
lesion termed “basal degeneration” that consists of fibrilla-
tion of collagen in the middle and deep zones of cartilage
and does not affect the articular surface initially. An increage
in metaphyseal intracsseous pressure has been shown to
produce pain, Therefore, failure of the energy absorption
function on the articular cartilage should cause an increase
in the intraosseous pressure of the patellar subchondral bone
and thus produce pain ?

It is generally accepted that conservative rehabilitation
brings relief of symptoms to the majority of patients with
patellofemoral pain. The basis of conservative treatment ia
to strengthen the VMQ, whose fibers provide the main
counteraction to lateral patellar tracking. Conservative
treatment often involves a tombination of the following
measures: VMO strengthening exercises, ice, ultrasound,
electrical galvanic stimulation, pateilar mobilizations, non-
ateroidal antiinflammatory medications, faradic stimulation,
biofeedhack, patellar taping, hamstring, iliotibial band, and
gagtrocnemius stretching, shoe orthoses, knee sleeves, infra-
Patellar bracing, and walking aids. 215 10.14.16,17,19,20,25

It is unclear why patellofemoral pain decreases with ex-
ercise. It has been suggested that exercise improves patellar
tracking, decreasea patellofernoral contact forces, improves
the nutrition of the Joint, and decreages edema, but studies
to justify any of these hypothe‘ses are scarce. The purpose
of this study was to determine the effect of exercise on
patellar tracking and pain in patients with latera] patellar
compression syndrome,
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MATERIALS AND METHODS

Population and sample

Fifty-six knees were studied in 28 subjects. Subjects for this
study were those in whom lateral patellar compression gyn-
drome was diagnosed after clinical and radiologic evaluation.
Inclusion in the study required the presence of patellofem-
oral pain for a minimum of 6 weeks, evidence of patellar tilt
on axial view radiographs, and no secondary knee compli-
cations, There were no restrictions on age or gender, Most
of the following symptoms were demonstrated during the
physical exatnination: VMO atrophy, reduced t{ransverse
patellar play, pain with patellofemoral joint compression in
varying degrees of flexion, patellar crepitus, medijal or laterai
patellar facet tenderness, increased Q angle, positive appre-
hension test, tightness in the lateral retinaculum and ilioti- -
bial band, and excessive lateral patellar tracking with quad-
riceps contraction and throughout the range of ke motion,

Following the rehabilitaion program the patients were
divided into three groups: those who were pain-free after
exercise (Group 1), those who had pain after exercise' {Group
2), and a control group {Group 3) made of the uninvolved
knees of five subjects with unilaterai pain. Although anilat-
eral pain was present, the contralateral knee was used to
help determine if there wag malalignment in both knees
when only one knee was symptomatic,

Design

A pretest-posttest design was used for this atudy. The pa-
tients were referred for physical therapy, after witich they
were set up with individoalized exercise Progimns, At the
time of the initial and final physical therspy visjts the
following information was recorded: subs ive paip, age;
sex, weight, height, duration of physical the , stage of
treatment, normal activity level, thigh differenca, ing. -
flexibility, iliotibial band flexibility, sclerotic subchondral
bone, foot bronation, sulcus angle, leg-lenpth difference,
patellofemoral congruence angle, patellofemora) index, and
Q angle. When the affected knees became pain-free or when
conservative measures were unsuccessfisl, follow-up radio-
graphs were taken. . :
Information for the clinical physical therapy evaluations
was obtained using the following methdds, Subjects com-
pleted the histosy and pain form. Thigh mensurementa were
taken bilaterally at 20% and 50% of the distance from the
lateral knee joint line to the greater trochanter. Hamstring
flexibility was measured with the subjects supine and hips
flexed to 90°. Complete knee extension in this position wn§
considered normal and deficits were measured with a goni’
ometer. Iliotibial band flexibility was measured with the ',
subjects in Ober's position and was defined as the distance
between the medial patella and the tahie. A goniometer was
also used to measure Q angle with the proximal arm peei-
tioned toward the anterior superior iliac- spine, the Ppivat
point over the center of the batella, and the distal arm along
the patellar tendon to the tibial tuberosity. This measure-
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uent was taken with subjects in two positions: supine, with
both legs fully extended and the quadriceps relaxed, and
standing, which is a more functional position.

. Pronation was evaluated both statically, with subjects in
the standing position, and dynamically and was rated as
normal, mild, maoderate, or severe, Leg length was measured
from the anterior superior iliac spine to the media] malleolus
with the subject supine, and by ohservation of the anterior

" superior iliac spine, posterior superior iliac spine, iliac crest,

gluteal folds, fibular head, and malleoli bilaterally with the
subjects standing. Radiographic evaluation of sclerotie sub-
chondral bone and suleyus angle was made by axial view,
Sclerotic subchondra] bone on the medial and lateral pateliar
facets of the initial and fina] radiographs were examined by
an orthopaedic surgeon and a radiologist. The suleys angle
was measured from the highest point of the medial and
lateral femorail condyles and the lowest point of the inter-
condylar sulcus,

Radiology

The axtal or tangential projection, which is frequently re-
ferred to as the “sunset” or “skyline” view, provides the best
information regarding the patellofemoral Joint and was ysed

the congruence angle was negative, The average congruence
angle in normal subjects iz —g° (SD, 11°). Merchant et 5], 2
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found no significant difference when analyzing for 8ex, age,
and side; that a congruence angle of +16° is abnormal at the
95th percentile; and that the average congruence angle of 25
knees with recurrent dislocation was +23°. :

The patellofemoral index js the ratio between the thick-
ness of the medial patellofemoral interspace and the Lstara]
patellofemoral interspace. The lateral patellofemorat iner.
Space corresponds to the shortest distance between the
lateral patellar facet and the articular sarface of the laternl
femoral condyle. The medial patellofemoral interspace is
measured by calculating the shortest distance between the
lateral limit of the medial patellar facet and the medial
femoral condyle.”® Again, each measurement was repeated.
Laurin et al!s demonstrated, in axial view radiographs. of
the patellofemoral joint at 20° of flexion, that normal suh- -
jects have ratios of 1.6 or below and subjects with chondro-
malacia of the patella have ratios of 16 and above. This .
abnormal patellofemoral index, noted in 93% of chondro- -
malacia Patients, is likely due to a mini-tilg) of the patells
with relative widening of the media] intergpace,i® \

At 30° of knee flexion, the patella should be wll seated -
and centered in the sulcus; this is the position most likely -
to show any subluxation radiologically.* Merchani's congry-
e€nce angle is an excellent indicator of pateliar centralizatios
and subluxation and may be applied to tangentia! radig- - .
Braphs at any degree of knee flexion as well ag the 45° angle
originally described by Merchant.® The Laurin view!s (at 20°.
of knee flexion) is difficult to obtain. For these reasons, and

observe change in congruence angle or patellofemoral index:
as well as differences among groups, a 30° knee flexion angle
was chasen, : ;o 9

Rehabilitation program o |
An individualized, comprehensive, five-stage physical
apy program was designed to meet each subject’s specific .
needs using the exercizes and rationale presented in Table

RESULTS ' i
Descriptive statistics _
Eighty-four percent of the knees beeame pain-free wrth

conservative exercise brograms (Group 13-Sixteen percent - i
of the nees did not respond to exoreise {Group 2). Tab - u
Provides the means and standard deviations for Group 1 {25
subjects, 43 knees), Group 2 (5 subjects, 8 knees}, and Growp
3 (the control group). The aversge ages of the subjects in

these groups were: Group 1, 22.9; Group 2, 21.7: and Group -



TABLE 1
Therapeutic exercize program for lateral patelloferoral copnpression syndrome

Therapeutic Exercise® . Rationale Therapeutic Exercise” Rationale
| Stage 1 Cartilage compression/distraction and Nutrition of the carti-
i vities: hiki ey 1 is ent b
Instruction in proper body mechanics  From full knfae extension iﬁ:ﬁ;ﬁﬂ?ﬁfg»gg%:ﬁgnhﬁh ﬁﬂtlfnf)tion ";:t ¥
(avoid hyperextended and fully to full flexion, the pa- extended leg), toe clips, and pro- squeezes synovial finid

tella moves along a
pattern of an arc that

extended knees, knee flexion be-
yond 69°, kneeling, squatting,

in and out of the carti-
lage matrix to allow

gressing from 0 to moderate re-
sistance. Also, cross-country

prone lying, etc.} is open laterally. Pa- skiing, flutter kick swimming, adequate diffusion to
tellar contact stress is walking, eté. the chondrocytes. Bik-
usually greatest at : ing with toe ¢lips
65°.° By maintaining a enhances VMO stimu-
position of knee flex- falion.

{ ion hetween 20° and

i 60° there will be a de-

3 crease in lateral pate]-

lofemoral compression

Ice, electrical galvanic stimulation, ul- Modalities used to de-
trasound, antiinflammatory medi-  crease edema and pain
cation, knee sleeves (with open in the acute knee
knee and lateral buttress)

Orthoses To decrease excessive

E foot pronation

Stage 3

Advanced VMO strengthening:
Open chaip exercise: Continued
SLR and SAQ from 5 pounds to
~10% of body weight. Middle and
high-speed isokinetic exercises
with extension and flexion stops

These open chain exer-
cises (the foot is free)
are isolated move-
ments used specifi-
cally for VMO
strengthening using
primarily concentric
muscle contractions in

Stage 2 a gingle plane. Exten-
VMO strengthening: 1) isometric Exercise to strengthen sign and ﬂe:l;ion ?top_s
quadriceps sets at 20° of flexion; the VMO, the major are used for isokinetic
; 2) SLR supine with femur exter- medial dynamic stabi- strengthening in a
nally rotated and knee at 20° of lizer of the patelia. Ciosed chain exercises: progres- The extensor mecha-
flexion and oppoesite knee bent The femur js in an ex- sive steps, squats, hip sled, abber  nism acts to extend
(slowly raise leg); 3) SAQ Supine ternally rotated posi- tubing exercises such as the the knee and deceler-
with roll under thigh and knee tion because most of sented leg press, single knee dips, ate the body’s momen- ;
flexed to 50° and leg externally the VMO originates double knee dips, resistive walk- tum. These ciosed

ing, balance board activities for
foot supinators and inverbors.

chain exercises {foot js
in a fixed poeition) are
more functionsal be- e
cange they provide ec-
centric, concentrie,
and isometric musele
contractions. They

from the tendon of the
adductor magnus,

rotated, extend knee to 20°; 4}
Hip adduction—side lying on in-
volved side with 20° bend in knee,
lift toward eeiling, progress from 5
sets of 10 repetitions to 10 of 10.
SLR and SAQ progressed from 0
to & pounds of resistance. Patellg-

femoral discomfort was a con- work the quadriceps in
! traindication to exercise. functional movesnent .
4 Neuromuscular stimulation of the May be used to enhance patterns, which exer:
VMO tnuscle contraction cise joints and muscles
s and to help educate svnergistically. This
patient to location of facilitates propriocep-
i - ; VMO tive and kinesthetic
{ Medial patellar taping? At lower flexion angles, AWATENE3S.
! the effect of a lateral
i imbalance manifesta Stage 4 o
ag a rotation of the Advanced VMO strengthening contin-  Full range strengthening Uiy
patella in the coronal ued: Full-spectrum, full knee ia incorporated since i
plane, while at higher range of motion isckinetics and 60% more muscular R
flexion angles, the im- double rubber tubing exercises. effort is required to
balanee is more likely extend the knee
to produce a change in through the last 15
tilt of the patella in than is i
the sagittal plane. Pa- through the rest of the
: tellar taping often al- knee joint range of,
i lows pain-free exercise motion P
by decompressing and §
derotating the patella. Stage 5 [
Stretehing: Return to sports participation. Inde- Independent program of
Hamstring, gastrocnemius, and hip  Improve flexihility to de- pendent maintenance home exer- VMO strengthening,
flexor crease patellofemoral cise program. flexibility exerciaes,
compression during and cartilage compres.
dynamic activities. sion/disteaction and
Hiotibial hand (Ober’s position and ~ Stretch structures pro- gliding activities to
standing with involved leg poste- viding lateral stabili- ensure proper patellar
rior and across epposite leg and zation, tracking and to en-
leaning toward opposite leg) and hance cartilage nutri-
lateral retinaculuin (via patellar tion are important to

mohilizations with tilts and me- maintain a pain-free
dial glides) stretching status.

“8LR, straight leg raising; SAQ, short arc quadriceps,
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TABLE 2
Means and SDs of pateilar tracking variables
Group 1 Group 2 Group 3
Variable®
Mean 8D Mean SD  Muzn SD
Quad Tendon/BW % 62.80 14.90

Ape 22.8011.19 21.75 9.72 18.00 2,55
Pain duration (days) 55.00 74.45 38,13 24.18

Initial pain rating® 512 193 6.38 1.77

Post pain rating 0.06 7.12

Pre congruence angle 8.0220.14 ~8.6313.42 —21.10 19.98
Post congruence angle 1.4120.20 2.1313.63 -18.10 21.40

Pre PFI L7 0.58 1.47 0.28 111 .07
Post PFI 171 0.69 165 0.30 113 007
Q angle
Pre, supine 17.65 3.81 18.62 2.87 17.20 2.68
Post, supine 16.53 5.32 18.50 2.93 16.80 3.35
Pre, standing 17.86 3.31 1975 205 17.00 2,585

16.55 5.06 19.38 2.56 17.00 3.39
Pre hamstring flexibility* 20.86 15.88 25.5018.27 24.40 16.601
Post hamstring flexibility 9.091:.11 15.2517.30 3.80 12.26
Pre ITB flexibility (cm) 15.86 525 13.00 4.69 1460 6.31
Post. ITB flexibility (cm) 11.23 4.27 1650 6.41 1100 5.24
Thigh measurement (em})

Post, standing

Pre 20% 39.21 349 4248 430 39.26 275
Post 20% 39.52 3.30 44.00 650 39.62 250
Pre 50% 49.32 387 53.51 4389 4938 2.67
Post 50% 48.74 368 54.36 7.90 4022 283
Pronation? 205 095 213 099 280 110

142268 7.55140.75 4.40 137.40 3.85
433 1.17 275 231
211 1.67 359 1.80

PT visits 1L0014.30 11.00 4.47

Normal activity levels* 230 071 1.88 064

. " PFI, patellofernoral index; ITB, iliotibial band,

® Subjective ratings taken on a seale of 0 to 10, with 0 being no
pain and 10 being the worst pain ever experienced.

“ Norm for hamstring flexibility is .

“ Scale; 0, normal; 1, mild; 2, moderate; 3, severe.

* Scale: 1, Jow: 2, moderate; 3, high,

Suleus angle (deg)
Exercise stage
Duration of exercize

280 0.21

53, 16. Eighty-nine percent (25) of the_'subjects WEere womern.
+ Thirty-five percent of Group 1 initially described the pain
-8 constant, while 65% described it as intermittent. [n Group

2, 12% described the Pain as constant, and 88% described it

(53% and 100%), dull {19% and 90%), aching (72% and
76%), and throbbing (28% and 50%). Both Groups 1 and 2
found the following activitjes painful: walking (47% and
50%), running (81% and 75%), climbing stajrs (7%% and
756%), and sitting (51% and 75%), respectively. Jumping,
squatting, kneeling, bending, and stooping were also re-
ported as painful activities, Both Groups 1 and 2 reported

pain before activity (47% and 12%), after activity (93% and

88%), during activity (100% and 100%), and at rest 47%
and 63%). Twenty-eight percent of Group 1 and ajl of Group
2 were taking antiinflammatory medications,

. Hamstring flexibility improved in all groups. The-thigh
measurement increase in Group 2 may be attributed to one
subject (two knees), who gained 30 pounds. A leg-length
difference was observed in 14% of the subjects. An ortho-
Paedic surgeon and a radiologist were unable to observe any

American Journal of Sports Medlcme

differences in sclerotic subchondral bone in patellar facets
on pretest and posttest radiographs. There were no signifi.
cant differences found between groups in sulcus angle.

Subjects in Group 1 became pain-free after an average of
8 weeks of treatment, while Group 2 subjects showed no
decrease in symptoms after an average of 14 weeks. Both
Groups 1 and 2 had an average of 11 physical therapy visits,

Of the eight knees that did not respond to conservative
treatment, 50% had arthroscopic surgery for lateral retina-
cular release. From this group, 75% also had removal of
medial synovial plicas, 25% had excisions of impinging fat
Pads, and 25% had synovectomies,

Analysis of variance

One-way analysis of variance (ANOVA) was performed on
the differences in the dependent variabiles between pretest
and paosttest for each group. For all tests, alpha was set at
0.05 for a 95% confidence interval, A signifidant difference
Was seen in pretest to posttest congruence angles in Group
1. Group 1 demonstrated 8 mean decrease in_congruence
angles of 6.62°, indicating more medial tracking, which waa
significant (P = 0.0066). '

A significant difference was found between pretest and
posttest iliotibial band flexibility, which improved an aver-
age of 4.63 cm in Group 1 (P = 0.0017).

The Fisher Protected Least Significant Difference
(PLSD}, a multiple comparisons test, was used to determine -
differences between pretest and posttest group scores. There
were differences between Groups 1 and 2 for congruence
angles, and between Groups 1 and 2, as well as Groups 2 -
and 3, for -iliotibial band flexibility at a %%Esig_niﬁm-

level.

or standing, the patellofemora} index, or hamstring flexibil-
ity. -
One-way ANOVA was also performed on these groups for
each dependent variable to help establish significance among
the three groups. Initial congruence angles were significantly
different among groups (P == (.0028), Initia] measurement
averages demonstrated Group 1 to be most laterally tilted
at -+8.0321°, Group 2 to be more centrally positioned at
—8.625°, and Group 3 more wedially positioned at ~-2L1°, 7
The Fisher PLSD test demonstrated significant differences
between Groups 1 and 2 and Groups 1 and 3. L
One-way ANOVA demonstrated significant differencesin -
initial patellofemmoral index between Groups 1 and 3 ®=
0.04886; Fisher PLSD = 0.4967). Group 1 was more laterally -
tilted at a mean of 1.7 and Group 3 more centrally pogitioned
at 1.1. T e
The control group demonstrated means for congruence
angie and patellofemoral index at 30° of knee flexion that
were closely related to the normatijve data presented by
Merchant et al.?* at 45° and Laurin et al.’® at 20 of knee

flexion. Groups 1 and 2 demonstrated means that were more .
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closely associated with Laurin’s chondromalacia patients
and less [aterally tilted than Merchant's recurrent disloca-
tion patients.

When preexercise paired i-tests were used to compare the
pain-free knee with the contralateral painful knee, there was
no significant difference in patellofemoral index or in con-
gruence angle. This may be due to the small number of
subjects with umilateral pain in this study; thus, further
research is warranted.

Postexercise iliotibial band flexibility was shown to be
significantly different among groups (P = 0.0174). Average
postexercise means of Groups 1, 2, and 3 were 11.2, 16.5,
and 11.0, respectively. The Fisher PLSD test result was
significant at 95% for Group 1 versus Group 2, and for
Group 2 versus Group 3.

Significant differences (P = 0.0605) were seen between
groups on exercise stage attained and duration of exercise.
Group 1 averaged Stage 4.33 and 8 weeks of exercise, whereas
Group 2 averaged Stage 2.75 and 14 weeks of exercise. A
chi-square test was performed and demonstrated no signifi-
cant differencea between male and female subjects. One-way
ANOVA wasg performed on sex versus dependent variables,
and the differences between pretest- and posttest-dependent
variables. There was 2 significant difference (P = 0.004)
seen in quadriceps strength to total bedy weight ratio, with
a mean of 61% for women and 86% for men. The only other
significant difference was the change in hamstring flexibility
{P = 0.033). Women demonstrated an average improvement
of 21.67°, while men improved an average of 10.58°.

Fourteen percent of the subjects had leg-length discrep-
ancies. One-way ANOVA was performed on right versus left
lega for the dependent variables. The only significant differ-
ence observed was that right legs were generally longer than
the left legs (P = 0.065).

DISCUSSION

It appears from the significant differences between before
and after exercise congruence angles in the group with no
pain that exercise does influence patellar tracking, This
group demonstrated an average decrease in congruence angle
of 6.6°, indicating & more medial tilt of the pateila after
attaining an average exercise stage of 4.33. Ahmed et al.l
have demonstrated that if the tension in the VMO is re-
moved, the pressure zone shifts almost entirely to the lateral
facet of the patella. Any variation in the lateral balance of
the patella created by an alteration in the lines of action or
in the magnitudes of the tensions in the VMO and vastus
medialis longus has been found to have a pronounced influ-
ence on the location and orientation of the pressure zone.!
This study confirms that centralization of the patella is
possible with VMO strengthening in lateral patellar
compression syndrome.

Moller et al.* found significant decreases in patellar con-
gruence angles after 3 months of isumetric quadriceps setting
exercises (15 minutes four times a day) in 15 knees with
patellar subluxation, but no significant changes wers seen
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in 21 knees with anterior pain or in 50 nonsymptomatic
knees. Only 7 subjects were pain-free after 3 months of
isometric quadriceps exercises, A diagnosis of lateral patellar
compression syndrome was made of the sulfjects in this
study, who are more closely related to the group with ante-
rior knee pain in the study by Moller et al. Our findings are
contradictory to that study in that we found significant
differences in congruence angles before and after testing:
however, this study used & more comprehensive exercise
program, including aggressive VMO sirengthening tech-
niques and stretching procedures.

Although 43 knees became pain-free, no significant pretest
to posttest differences were demonstrated in the patellofem-
oral index. Laurin et al.** demonstrated that knee flexion
beyond 20° will bring some abnormally aligned patellae back
into the trochlear sulcus. Taking tangential radiopraphe at
30°of knee flexion, natead of 20°, may have caused some
subtle tracking differences to have been missed.

Iliotibial band flexibility is a factor that is often over-
locked in many rehabilitation programs. Signiﬁmn; pretest
to posttest differences in ilictibial band flexibility were seen
in the group with no pain. The patients in Group 1 were
able to improve their flexibility pretest to postiest by an
average of 3.8 cm, while those in Group 2 decreased in
flexibility by an average of 3.5 cm. Postexercipe iliotibi
band flexibility lacked an average of 16.5 em for Group 2
and 11.2 em for Group 1. The majority of subjecta.in all
groups had poor initial hamstring flexibility, but were im-
proved after exercise. Iliotibial band flexibility was one of
the few differences that could be measured clinically between /
subjects that improved and those that did not.. 5 .

Fuliterson and Hungerford® describe excessive Interal
pressure syndrome (ELPS) as the result of chronic Jateral
patellar tilt, adaptive lateral retinaculum shortening; and;
the resultant chronic imbalance of facet loads. They state,
“After considering all the evidence, one is led to the convie- . .
tion that excessive tension in the lateral retinaculum is,
indeed, a major contributing factor in most cases of
ELPS.”%?1% Qur gtudy confirms the importance of iliotibial
band flexibilify in patellar tracking problems with signifi-
cant improvements in flexibility seen in 43 patients with no
knee pain after exercise. The greater part of the lateral
retinaculum originates at the iliotibial band, and thus
stretching of both structures is an important aspect of )
rehabilitation of the patient with patellofemoral pisin, <+ . . -

Cartilage chondrocytes die from excessive presmire, lack
of pressure, or absolute immobilization, a1l of which prevent
fluid flow.® To improve articular cartilags nutrition iii the
patellofemoral joint, intermittent compression and e
compression and gliding mobility exercises shoyld be in-
cluded in the rehabilitation- program. Exercise decreanes
synovial fluid viscosity and increases diffusion uf tutrients
to cartilage.“* In addition, it has been shown radiographi-
cally that the thickness of the cartilage layer can incremse
during exercise.”® Therefore, a comprehensive £Xercise pro-- -
gram must include lateral retinaculum and iliotibial band
stretching to eliminate excessive lateral patellar facet hy-
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perpressure, VMO strengthening to correct medial facet
hypopressure, and joint mobility exerciges to improve carti-
lage nutrition.

Based onthe measured variables, there was no way to
predict which subjects would become pain-free and which
would require sUrgery. As a group, subjects who were pain-
free after exercise had a more laterally positioned patella for
initial congruence angle and patellofemoral index, so a more
severe lateral patellar tilt was not the reason for the lack of
response in Group 2. This group demonstrated average
increases or more lateral tilt from pretest to posttest in
congruence angle and patellofemoral index.

There are several possible explanations for the increase
in lateral tilt and pain observed in Group 2, including a
decrease in iliotibial band flexibility, an adaptively short-
ened lateral retinaculum, an increased inflammatory re-
sponse, and secondary knee complications. Ilotibial band
tightness may be responsible for an increased lateral patellar
tilt and lateral patellofemoral compression forces. An adap-
tively shortened lateral retinaculum will not only perpetuate,
but may actually aggravate an existing patellar lateralization
or tilt of the patella.® With inflammation, polymorphomu-
clear granulocytes, which are responsible for phagocytosis
of foreign or damaged materials, may attack cartilage and
joint tissue.” Also, during inflammatory states there is de-
creased absorption of essential nutrients by the cartilage.
This increased inflammation may be responsible for the
increase in pain rating by irritating the fibrous capsule’s
richly endowed nerve endings or by increasing the intraos-
seous pressure of subchondral bone. The increase in pain
may also be dus to other complications such as irritation to
the medial synovial plica, fat pad impingement, or synovitis.

Traditionally, patellofemoral pain has been thought of as
a condition that affects overweight adolescent girls with
genu valgum. Eighty-nine percent of the subjects in this
study were adolescent girls, but the majority were thin and
athletic. Hughston et al.** also found patellar tracking dys-
function in an athletic population, but the dysfunction in
their study was more eveniy distributed between men and
women, T'wenty-four percent of the subjects in their study
were adolescents. Conservative care is important with this
group since the patellofemoral joint can undergo further
development during the last several years of growth."?

In this study, 84% of the subjects with lateral patellar
compression syndrome demonstrated improved patellar
tracking with VMO strengthening, iliotibial band and lateral
retinaculum stretching, and joint mobility exercises. A trial
of therapeutic exercise seems appropriate since there was no
way to predict the success of conservative care based on
patellar position. .
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