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: Sllmjtr_n ﬂ?}.:aua: malaligament or instahility is a frequent
n

lasconry. Prtients with persistent symptoms fo-
E:.amﬁm with procedures often req a
cpt‘J

tbial mbercle. Insall described 1 seft-tiasue

ure 10 instability in adults, and others have used

" eatin ictory iny the skeletally immature population, A hngm

sdy was performed to evaluate the effactiveness ‘of
soft-tiisue tealignment for patellar inatability in adolescents.

From 1980 o 1996, 54 patients (65 knees) undarwent Insall
proximal-distal soft-tissue realignment. No concomitant bony
or other soft-tissne procednres were performed. Followsug av-
eraged-5 years (rangs, 2-15 years), assessing siability, strength,
ranpe of motion, and congruence angle on the Merchrnt's view,
Eighty-seven percent had & good to excellent reslt; §%, & fair
result and 59, poor resulss, Key Words: Adolescent—Patcllar
malalignment—Skaleraily immahire—Soft-tissoe realignmsat.

¢ or instability is yecognized jas
common czuses of anterior knee pain{in
t, perhaps due to more vigaregs and athletic

- activities 1) this age group (12,13,15). Patellofemoral

instability répreconts a broad spectrum from mild, abnor-
Tiast tikt to pathologic patellofernoral dissociation.
The iterms jmalalignment, maltracking, and instability
bavdl been Dsed interchangeably in the literanirs. Mal-
eligyment rtpredents an abnormal static rejationship be-
tween the natelle and associated soft-tisane envelope
within the bony femoral boundaries. Maltracking may
oocur secondary to malalignment but represents & dy-
namic even in response to static malalignment, Instabil-

ity is a dynamic clinical stats with loss of normal parel--

lofemoral congruity within a discrets are of motion (17).

Instability secondary to mild rotational and transla-
tiongl abnorraalitiea may be difficult to diagnose. Initial
treatment iy conservative, with only patients not respond-
ing being considered for aurgical corraction. More than
100.surgicyl proceduses have been proposed to correct
patellar instability, achieving realignment theough either
(a) peleasing an abnormal tethering vectar, (b) providing
a balancing medial vector, {¢) distal realignment of the
pawilar mechanism, or (d) & combination of these (3).
Nogmally, soft-tissue procedures ars appropriate in-the
skelesally immamee adolescant, and success has been
achjeved with both lateral retinaculer refeasing and me-
dial reefing procedures, reefing belng accomplished by
capsular imbrication with or without vasts medialis
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obliquus transfer (4,13.18), Unfortunately, no long-term
studies of soft-tissue medial angmentation procedures
have been raported. The se of this article is to ro-
port a Jong-term study evaluating the effectivencss of
soft-tissue realignment for patellar instability in adoles-
cents.

METHODS

The charts of all patients undergoing pamwllar realign-
ment procedures between 1980 end 1996 were reviewed.
Only patients undergoing soft-tssue realipnment were
ineluded in this smdy, Fifty-four patients with a total of
65 knees underwant 2 modification of Insell's proximal-
distal soft-tissus realignment. No additional concomirant
bony or other sofi-tissue procedures such as the Roux—
CGuoldthwait procedurs were performed In thess knees,
Malalignment secondary to neuromuscular CauUSes, Con
genital ligamentous laxity, congenital dislocation, ot se-
vere bony rotational deformites was sxcluded, The av-
erage ape af surgery was 12 years (range, 10=16 years)
with an average follow-up of § years (range, 2-15 years),

Pazellar malalignment included maltracking, subluxa-
tion, or dislocation, diagnosed by clinical and radiclogic
evalvation. Definitive diagmostie clinical findings in-
cluded anterior knee pain, espacially with flexed-knee
actvitles, and increased Q-angle and & positive Fair
banks apprehension sign. Suggestive symptoms included
retroparallar crepims and pain, medial retinacular tender-
ness, “giving way,” and effusion. Moderate femoral an-
teversion associated with mild external ribial torsion was
occasionally noted.

Orthoroantogenographic cvalpation included anterior/
posteriar, lateral, and Merchant's views of the involved
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‘kaees. The Merchant's view wa; used to evaluate both
‘patellsr tiit and the congruence angle. congruence
‘angle i the relationship of the patellar agficnlar ridge at
‘the intracondylar sulcus (Fig. 1). If the apax of the patalla
is Iateral 10 the zero Xine, the sogle is recorded as posi-
tive; if medial to the zero line, the angle!is negative, A

normal congruence angles is =6°, with a jtandard devia- .

tion of 11°. Any congruence angle >+16° was considersd
abnormal (15). A positive rediographic diagnosis con-
sisted of the presence of either an abnormal pateller tilt or
an abnormal congruence angle or both.

All patisnts underwent a 4- to 6-month trial of con-
servative treatment consisting of quadrieps rehabilits-
tion, salicylates or nonsteroidal antiinflammatory drugs,
if tolerated, and activity restriction. Approximately 80%
of parients responded to conservative therapy alone.

. Persistence of symptoms was basis for operstive in
tervention, sither a lateral retinacular releass alone or a
soft-tissue realignment procadure. Symptomatic knees
with a normal Q-angle, normal radiographs, and normal
congruence angle or just with patellar tilt:underwent lat-
eral rerinacular release alone and were excluded from
this smdy, Soft-tisswe realignment wag performed in
symptomatic knees with an sbnormal Q-angle and evi-
dence of patellar it and abnormal congryence angles on
radiographs, as well as those with failed pravious latera)
retinacular releases. .

Technique '

The operative tachnique is similar 1o thit degeribed by
-Tnsall et al. in 1976 (11) and MeCall and Gavioli (13) in
'1981. The approach 1o the knee is through a lataral para-
-parellar skin incision, avolding possible damage to the

infrapatellar branch of saphenoug serve end exposing the
lateral aspeoct of the cepsule and patsller tandon. A lon-

i

'MG. 1, Congruanoa angla formed by Bisecting pulcus anghe (SA)
to sstablish O fine and a line from Eﬁu of mﬁs fo lowest point
on arficutar ridge of the patsi|m, :

gitudina) incision is then made through the patellar ren-
don bepinning at the level of the vibial bercle at the
junction of the medial one third and lateral two thirds of
the tendon and extending proximally across tha patells
into the quadriceps tendon. The medial third of the pa.
teliar tendon is sharply dissectad feom the patslls, leav-
ing undisturbad the aptachment of the tendon ac the tibia]
tubercle. This allows the interior of the joint to be in.
spected. The only consistent finding in this series Was the
presence of chondromalacin, and no other aperative pro-
cedures were performed. A lateral release is begun ar the
level of the tibial tubercle, passing along the lateral sdge
of the patella into the quadriceps tendon, leaving the
synovinm intact Jaterally,

The madial ons third of the patellar tendon is ad-
vanced Iaterally, with the Jateral adgs being sutured invo
the lateral third of the pate]lar tondon by using 2 pants-
over-vast repair (Fig. 2). This statieally tranaposas the
patella medially and wethars it. A medial pertion of the
quadriceps tendon proximal to the patells is likewise
advanoced and reefed, thus moving the insertion of the
vastus medialis obliquus larsrally and distally on the pa-
tella. The distal patellar tendon is elso slightly yesfed.
The knee is brought through a full range of motion to
evaluate patellar tracking, ond if i¢ is savisfactory, closure
is begun, The patient is immobilized in a cylinder cast
with the knee fully extandad, the cast being removed at
10-14 days, followsd by physical therapy for cange-of-
motion and quadriceps- ning exercises.

Physical therapy is begun the day of east removal and
consists of isometric and isotonic quadriceps exercises.
Isometric quadriceps exercises are done with the knes in
extension, and progressive resistance quadiiceps exercise
is done through the last 30° of extension, to avoid in-
creased patellofemoral loading that can cocur with exer-
cisss performed through a full 90° range of motion.
Hamsiring exercises can be {sometric or isotonic.

Initial follow-up was 6 weeks postoperatively and then
every 3 mouths, the patient being scen both by physician

“'and therapist for'evaluation of manual mmscle testing and

range-of-motion measurements, Cybex testing not being
available at our institutlon. The Merchant's view was
vepeated at 6 moaths and compared with the preoperative
radiographs for evaluating changes in patellar 1l and
congruence angle.

RFSULTS

The follow-up included assessment of patellar stabil-
ity, muscle srength, range of motion, and measurement
of both the congruence angle and pateller tilt on radio-
graph. Postoperative assessment of patellar function was
ratad ms axcellent! no complsiots, pain, or instability,
with normal function; good: mild pain, no ingtability, and
normal function; fair: moderate pain, feeling of Instabil-
iry, mildly limited function with partial improvement of
preopararive eendition; and paor: moderars to severs
pain, instability that Limits funttion, and no change in
precperative condition. Of 65 knees, 57 (87%) had
good to excellent results; five (8%), fair results, all with

A4

% v



FEB.22.2002  4:3zPM

HEALTH LIBRARY

NO. 198 P.4-5

ADOLESCENT PATELLAR SOFT-TISSUE REALIGNMENT 351

FIG, 2, Fostapsrative appesrance of iha knes ftar the rainacu-
lar felaase and mecial ndvancement, Nota that the madial tird of
thapaisllarkandon with sxt=naion inta tha quadrieeps tandan and
dowr into the pateliar fendon ielf has been advanced latarafly

almiost to the (ateral sdge atelln. ts-avar-yast rapal
e o Fartonmed, ge of e patelln. A pan yast rapalr

aam:gmmﬁc residnal subluxation; and three (§%), poor
veshlts with symptomatic residual subluxation. The Exm
paﬁnﬁ bmth symptomatic residual subluxation under-
went tibial tubercls wonsfers after bony maruricy with
eventual good reaults. No surgical complications oc-
curred in 4his series.

-;:smpmﬁw radiographic evaluation demonstrated
i vement in the patellar tilt and congmence angle in
alipatients in the good and fair categoriss, with less im-
provement in patients with residual subluxation, It was
thought that poswperative radiographic evaluation was
{mjportant in documenting imnprovement but did nor al-
ways acoyrabely reflect the degres of ¢linical improvement.

DISCUSSION :

Petelldr subluxation and twanaitional abnormalities
1upy be very difficult to diagnose. Accuracy in diagnosis
ard evaluation of paretlofemoral dysfunction is essgntial
tojprevent inappropsiate weatment, which could result in
further damage to the joint or persistence of malalign-
mpnt. Typically, the onset of symptoms occurs in ado-
leRcence, with girls predominating (8,18), Symptoms
secondary to patellar malalignenent are diffuse, aching
pain, usyally enteromedial, occurring during & flsxed-

Knee eetivity or in association with a new sperts actiyity
{9.11), The patient may alto complain of cispitus, “giv-
ing way,” psendolocking of the knee, or intermirent ef-
fusions around the joint (7,9). Worsening of symptoms
may be due to further quadriceps weakness secondary 10
elther poor campliance with rehabilitation programs, per-
gistent apatomic abnormality of the knes, or deficiency
of the extensoy mechanism (12). :

Clinieal examination consists of eyaluation of the en-
tite Jower extremity to assess deficiencies affecting the
exiensor mechanism and auatomic factoss such as tibial
torsion, 1ateral insertion of the patellar rendon, genu val-
gum, patella alta, or femoral abnormalities. Structoral
abnormalides are evidenced by an abnormal Q angle,
angles »20° being snggestive of maltracking (6,7). As-
sessment during active flexion and extension of the knee
helps reveal medial or lateral shift of the patells, and
visual assessment While standing evalustes the position
of the patells in relation to the jong axis of the leg (5)-
Two major clinical signs of malalignment arc retropatel-
Jar pain elicited by applying firm pressure agrinst the
Iateral pars of she p causing direct compression of
the patella. against the femur (5,10), or a positive Fair-
banks apprehension test (12),

Radiographic imaging is essential in confirming the
diagnosis of patelisr malalignment. Standard anterior/
posterior and lacaral radiographs may reveal joint disor-
dars auch 25 osteoacthritis but do Httle to identify patellar
dysfunction. Tangential or “synrise” views have heen
used to assess the patelln, but these methods have diffi-
culty in being technically consistent, making analysis
arbitrary (5). The Merchant view allows consistent
evaluation and dersrmination of patellar rilt, sulens
angle, and congruence angle (14). Recently, use of both
compuserized tomography (CT) and magnetic resonance
imaging (MRI) bave been advocated, the advantage be-
ing that they offer beter evaluation of the canilaginous
surfaces of the patella, which are not well seen with

. - -gtandard crthoroentogenographie views, Unformnately,

normative data conoerning the patstlofemoral angular re-
Iarionships by ugsing these techniques have yet to be ae-
cumulated (14,17). Arthroscopic assessment of instabil-
ity is sphjective, dependent on B number of variables
including joint position, amount of joint distention, and
arthrosoopic telescope portal cheiee (17).

Tha initial approach to patellar malalignment should
he conservative management for a minimum of 4-6
months, with >80% of the patients rssponding to therapy
(1,5,6,13). Attention should be paid to both quadriceps
strengthening and hamstring streiching. Multiple surgical
procedures have been advocased for the remaining symp-
tornatic segment, proceduzes consisting of cither (a) lat-
eral retinacular releasing procedures, (W) medial augmen-
tation procedures, (c) bony realignment procedures fo-
¢using either on the tibial mbercle or osteotomies of the
distal fesnur and proximal tibia to correct malaligument,
or {d) a combination of these.

Latersl retinacular release procedutes appear 1o be
very affective in patellar-tile syndromes but lese effective
in subloxation or dislocation (4,18). The most effective

J Peddierr Orthom, Vol 19, Ne. 4, 199%
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edures for meltracking are those that involve sither
mbasue or distal bony ny procedures. Proge-
dures involving the fibial wbercle are not spproprisfe for
the skeletally immature adolescent, Distal femoral/
proximal tibial derotationsl osteotomies are indicated
only in the patent with fhe so.called “miserable mal-
alisnment syndrame” (2), in which the malalignment is
secondary 1o a combination of zignificant femoral ante-
verglon and external tibial torsion (16).

Consequently, only soft-tissue raslignment procedurss
ate indicated ia the skelstally immatore adoleseent, con-
sisring predominantly of medial angmentation or recfing-
rype procadures invelving realignment of the vastus me-
dialis obliquus or the pateilar tendon such as the Roux~
Goldthwait procedure or 4 combination of the two. In
1981, MeCall and Gavioli (13) reviewed 33 patients, a
total of 35 kneas, undergoing modified Insall proximal~
dispa] soft-tissue pamllar realignment with 91% good re-
sults and 9% fair resuls. There were no paor results,
wound infections, or other complications. Follow-up was
only 18 months,

A pepart by Vahasarja et al. (18) reviewed soft-tissue
reglipnment performod on 57 knees in adolescents, Thras
different techniquea (lateral release, lateral release with
medial reefing, and the Roux—Goldthwait patallar tendon
transposition) were used, medial reafing being performed
in 29 cases alone, Follow-up time was 4 years, but the
rasults wers not broksn dawn into specific groupe as to
surglcal procedures, althopgh the authars did snggest that
lateral release alone was appropriate for mild malalign-
ment, but soft-tissue realignments were indicated for
more severe degrees of malalignment.

In a reporr to the Pediatic Orthopaedic Socjety
(Chambers et al. Results of proximal soft tissue realign-
ment for adolescent patellar ingtabilicy. Presented at the
Pediatric Orthopaedic Sccisty of North America Annual
Meeting, Banff, Alberta, Canada, May 17, 1997) re-
viewed 18 patients, with a total of 22 knees, The surpical
procedure consizted of the Insall realign-
ment i all patients, with the addition of the Roux~
Goldthwair procedure in five. Follow-up was shott, 77%
of patients having good to cxccllent results, but no dis-
tinction was made between the patients having the Insall
procedure and those with the Insall procedure plus the
Rouwx-Goldthwait,

n our series, 54 patients with 2 total of 65 knees
undervwent a modification of the Insall proximal-distal
realisnment procedure, No concomitamt bony or other
soft-fissue procedurss were performed. Eighty-seven
percent of the knees demonstrated good o excallent re-
sults, with an average follow=up of G years; the longest
follow-up was 15 years, Eight percent of the knccs dem-
onstrated fair results, and 5% demonstrated poor results.
The Insall soft-tissue realignment transposes the patella
medially and tethers ir sratically by & combination of
lateral release and medialization of the patellar tendon
both proximally aud distally, and dynamicaily by ad-
vancing the vasmus medialis obliquus during the resfing
of the quadriceps tendon (11). This procedure results in
immediate postoperative stability, allows early immobi-

4 Padictr Ortiop, Vol, 19, No, 4, 1993
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lizatlon of the knee, and does not interfere with the pa
tellar tendon attachment to the tibial tubercle.

CONCLUSION

Patellar malalignment ¢an be 4 significant problem i
the adolescent population. Ten percent of patients will
not respond to conservative managsment, and operative
intexvenron will become necessary. BeGause of skeleral
immgrity, malalignment cannot be addressed with -
bony procedures. Soft-tissue patellar realignment proce-
dures such as the Insall proximal-distal realignment with
a lateral release and medial yeefing appears to be well
suited for this particular parient population. Mild mal- :
alignment appears 1o respond to lateral retinacular re- |
lease alone, but more severs malalignment, including
subluxation and dislocation, requires soft-tissue realign-
ment for comection and stabilization. In our smydy of 65
knees treated with the modifiad Insall procsdure, 87%
demonstrated excellent ta good results, 8% demonstrated
fair results, and only five results demonstrated poor xe-
sults. Sofpfissue patellar realigoment by medial reefing
and lateral retinacular release appears (o ba an excsllent
surgical procedure for addressing patellar malalipnment
in the adolescent population.
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