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Team Physicians, trainers and therapists employ knee appliances as a
mean o preventing injury to the knee joint in high risk activities, protect-

ing the knee during rehabilitation or to provide support to deficient knee
joints. Unfortunately, while there hasbeen agreat deal o interest in, and

subsequent use of these orthoticsthe research has remained very confus-
ing. Epidemiologica studies designed to evauate the effectiveness of

prophylactickneebracingin high risk sports have arrived at contradicting
conclusions. One side d the argument supports the use o prophylactic
braces as a means of decreasinginjurieswhile the other side believe that
prophylactic bracingis o little value (Hewson €t d., 1986; Rovere et d.,

1987). They even venture to suggest that employing braceswhen there is
noinjury may give theathlete afa sesensed security resulting in reckless
behaviour and an increase in injuries. Investigators have also suggested
that knee braces can in fact " prel oad the knee resultingin increasing the
risk 0 injury during contact (Pauloset d., 1987). What is being suggested
& that when the kneeis placed in a brace, the shaped the bracewill cause
the knee joint to be positioned at the end d its range d motion. It is
primarily when the transl ational componentsaf the kneejoint areinvolved
that the joint ligamentsare compromised. A seminar report published by
the American Academy of OrthopaedicSurgeonsin 1984 stated that the
usedf braces as prophylacticdevices have not proven effective. However
| they go on to support the use o rehabilitativeand functional bracesasef-
fective devicesin treating kneeinjuries. Clearly thewidesupport enjoyed
by prophylactic bracing isin part due to aggressiveadvertising but aswell

there is some logic to the strategy o protecting the knee with arigid or
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semi-rigid orthotic. The problemsinherent with developing a brace that

will accommodate the intricate dynamics of the knee as well as meet the
fit parameters are enormous. Therefore the purpose of thisinvestigation

was to evaluate the interaction between three custom fit, double hinged
knee braces and the joints.

METHODS

This study involved ten subjects with diagnosed third degree anterior
cruciate ligament damaged knees, all unilateral. The subjectsreported to
the biomechanicslaboratory at McGill University where they were tested.
Thefirst seriesdf testsinvolved afunctional analysisd the braced knee.
The effect the brace had on the range of motion o the knee inflexion, ex-
tension, internalrotation and external rotation was recorded followed by
on andysis o the influence o the brace on the stiffness and laxity
parameters of the kneejoint throughout itsranged motion (Emery et d.,
1989; Oliver and Coughlin, 1987).

FUNCTIONALTESTS

The subjects knee braces were evaluated using the following measures:
activeinward rotation with thekneeflexed90 degrees, activeoutward rota:
tion with the kneeflexed90 degrees, maxima knee extensionduringanin-
step kick and the migration of the brace after running fifteen minuteson
atreadmill. Theinjured knee was measured with and without the brace as
wel the contralateral knee was measured without abrace. Thesubject was .
then evaluated on the Genucom Knee Analyser. The apparatus provides
three dimensional stiffnessand laxity characterizationsdf the knee joint
(Oliver and Coughlin, 1987). Anterior and posterior laxity, and midrange
stiffnessvalueswere obtained at 20,30, 40 and 90 degrees of kneeflexion
under aload range of 130 Newtons. The amount of internal and external
rotation expressed by thekneejoint under 11.N-m of torquewas recorded
as was the trandlation of the lateral tibial plateau during medial rotation
of thetibiaat 90° of flexion and the medial tibial plateau translationduring
lateral rotation of thetibia

BRACES

In this study three commercialy available functional knee braces were
evaluated. Brace #1 consisted of an extensionstopper to prevent full knee
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extension and aclose fitting tibial mold to control internal rotation of the
libia.

A pressuresystem consisting of afemoral and tibial mold aswell asfour
posterior non-elastic straps help to control anterior translation of thetibia
on the femur. A sliding hingejoint providesfurther control of rotation and
extension. Brace #2 had a polycentric joint with an extension stop and a
lateral tibial mold to decrease abnormal tibial rotation and lateral tibial
subluxation. Brace #3 wasmadefrom a plaster cast taken of thelegflexed
to approximately 30 degrees and the foot completely dorsiflexed. All or-
thoses had a 15 degrees extension stop which prevents the knee from ex-
tending completely. The plastic pre-tibial shell hel ped to suspend the or-
thosisand provides adistribution of pressure over the anterior tibia asthe
orthosis reaches its extension stop and thus prevents pain from tibial im-
pingement. Rotational control was obtained by the shape and close fit of
the plastic pre-tibial shell. The posterior strap maintained the subject's leg
inside the orthosis and prevented the joint from extending beyond 10-15
degrees of flexion.

Brace #1 was designed to restrict anterior lateral instability. If there
was an increasein translatory or rotatory motion causing the knee axisto
shift into an unstable position the brace would act to restrain the shift.
Anterior tranglation of the tibia was restrained in Brace #1 by forces
created by the pre-tibial bar, the derotation strap, thedistal knee loop and
the circumference rubber band. A hyperextension stop prevents move-
ment into the unstable position of full extension. Rotatory instability was
restrained by the contour and placement of the lateral leg pads, the medial
knee disc, the circumferential rubber band above and below the knee and
the derotation strap. The dliding axis of motion corresponded to the axis
o movement in the knee and helps control rotatory instabilities.

RESULTS

The anterior mid-range stiffness and anterior end point stiffness values
vary throughout the range of kneeflexion angles. At 40 degrees of flexion
both mid-range and end point stiffness values were the lowest with the
valuesat the other three anglessimilar (Table 1). As expected thelowest
dtiffnessvalueswererecorded for theinjured kneewith theintact kneeand
Brace #1 demonstratingsimilar stiffnessvaues. The next greatest amount
d stiffnesswas demonstrated by Brace #2 with Brace #3 having the
greatest amount of stiffness. Thelowest amount of laxity was at 20 degrees
o flexion with the other three anglesdemonstrating similar levelsof laxity.
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However cach brace demonstrated a unique laxity profile with Brace #3
demonstrating very low luxity values (Table 1), Mid-range and end point
stiffness values Tor internal and external rotation revealed similar effects
under the bracing conditions (Table 2). As expected the involved knee did
not exhibit increased laxity or decreased stiffness when compared to the
intact knee condition. However the brace conditions resulied in an in-
crease in stiffness with a subsequent decrease in laxity. One excepiion in-
volved medial and lateral tibia platcan translation, Both Braces #1 and #3
demonstrated an increasein tibiai plateau iransiaiion beyond that occur-
ring in the unbraced intact knee (Table 2).

Active range of motion alowed under the three brace conditions
revealed that each brace demonstrated its own movement control profile.
Brace #2 adlowed theleast amount of flexionand external rotation yet the
mogt internal rotation. Brace #3 alowed the greatest amount of knee
flexion, extension and external rotation (Table 3). When the angle of the
Brace and knce were compared lor cxtension during an instep SOCCE kick
it was revealed that only Brace #3 was different. It followed the knee more
closely (Table 4). After jogging on treadmill for ten minutes brace # 1 dis-
placed vertically 1.85 cm, Brace #2_ 0.33; while Brace #3 did nol move
(Table 3).
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Tuble 1

Anterior Stiffncss (Mfmm) and Laxity (mm) Values for Four Knee Flewion

Angles (Means and Standard Deviations)

[Negrees BPrace #1 Brace #2 Bram #1
of Kneo
Fexion
AMRS R0 1567 (368 HLig (ILST) SLM (34.41)
(N/mm) 4 907 (475  WOF {344y 4302 (22RD)
30 1318 (1172) 1102 (490} 6275 (2RO
20 1198  (7.74) 180T (919 HL™ (30E4)
AEPS PD 1510 (587) 325 (41000 345 [15.6)
(Fm) 40 82 (27) T4 (OETY 2416 (1447
D 1855 (2528) I1M (XS4T) 465 (1537)
20 1485 (1556) 23E (3B 02 (2354
ALAX 0 868 (2200 ElX (A%} 3= 2™
(Mimen ) 40 8.05 (645) 1357 (379) 388 (LT%)
D 614 (5220 1200 (314 276 (280)
20 627 (388) 711 (5.96) 269 (348)
Involved (N=1) INTACT (N=13)
AMRS D 1221 (453) 1991 (1642)
(N/mm) 40 667 (188) 889 (452
D 746 (254) 1077 (423)
20 1157 (563) 2528 (1959
AEPS D 1930 (1745 19.76 (12.37)
(N/mm) 40 942 (358) 1694 (17.13)
D 1649 (1418) 1369 (531)
20 1863 (11120 3B14 (1899)
ALAX 0 1009 (226) 816 (359
(mem) 40 1222 (555) 1301 (457
<) 1379 (387 1116 (479
20 943 (4490 617 (384

AMRS -anterior mid range stiffness
AEPS. anterior end point stiffness

ALAX - anterior laxity
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TABLE2

Inigrnal and External Roiation Stiffness (NmiDegrees) amd Lasity
{degrees and mm) at 9 degrees of knee Mexion (Means and Standard

Dieviations)

INT INV Bracel Brace 2 Brace3
IMRS AT8 543 025 14000 613
(Nmidegrees)  (.106)  (261)  (.728)  (.711) = (:262)
IEPS 8712 868 13 1047 65
(Nm/degrees) (409)  (.594)  (312)  (.112)  (.281)
EMRES A68 A2 ToR 1210 30
(Nm/degrees) (.092)  (.120) (479) (.7736)  (.260)
EEPS 642 779 A2 987 1200
(Nm/degrees) (301)  (:304)  (.539)  (538)  (309)
MTRANS 648 761 1070 3467 282
{mm) (796)  (909) (616) (3536)  (.464)
LTRANS 1.458 810 3233 3347 775
(mm) (1.325) (2008) (4.670) (9.376) (.896)
INTLAX 1670 1738 1032 1191 1292
{(mm) (6290 (520) (844) (189 (4.37)
EXLAX 1908 1788 1155 1507 1114
{mm) (451) (584 (7.60)  (91) (225

IMRS - interna rotation mid range stiffness
IEPS - internal rotation end point stiffness
EMRS - external rotation mid range stiffness
EEPS - external rotation end point stiffness
MTRANS - medial plateau tranglation
LTRANS- lateral plateau translation
INTLAX - interna rotation laxity
EXLAX - external rotation laxity
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TABLE 3

Active Range of Motion of the ACL Delicient Knee - Braced ACL Defi-
cienl Knee (Mean, SD [degrees])

Brace 2 Brace I Riace 3
Flexion 0.7 {9.8) 100 (5.6) 233 (43)
EXT 32 {5.1) B0 (5.0) 154 (3.6
IR 1.5 (3.3) 40 (4.3) 1.8 (3.4)
l_:_IR LR (2T 23 (.47 4.4 (25)

TABLE 4

Congruency of Brace Angle and Knee Angle During Kicking {Mcan, 5D
[degrees])
BRACE ANGLE - ENEE ANGLE

BRACE 2 540 [1.5)

BRACE 1 50 (20}

BRACE3 210 (1.2)

TABLES

Total Displacement of Brace After Running (Mean, SD [cms])
BRACE 2 185 (1.93)

BRACE1 0.33 (047)

BRACE3 000 (0.00)

SUMMARY

Theresultsin thisresearch project produced some noteworthy comments.
First, knee appliances do indeed alter the stiffness and laxity parameters
at the knee joint. They also produce unique stiffness and laxity profiles
when measured throughout the range of motion. There is no doubt that
each brace model interacts with the knee resulting in unique restraining
characteristics throughout the range of motion. In addition the anterior,
medial plateau translation of thetibiaduring external rotation and anterior
lateral plateau translation during the internal rotation increased rather
dramatically under Brace #1 and #2 conditions. This is quite disturbing
asit imposes a stress on the knee joint that is not present in the unbraced
condition. Results characterizing the range of motion alowed by the
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braces alsoreveal ed profiles uniqueto each brace. These datasupport the
contention that each knee braceis unique.

Thereisno doubt that the stiffness, laxity and range of motion charac-
teristicsof theinjured knee changes depending on the type of knee brace
employed. In fact each brace expresses a unique profile when evaluated
throughout the rangecof motion. In some casesthe braces provide support
similar to the intact knee however in most cases the characteristics are
dramatically different under the bracing condition. While the majority of
the changesreflectimproved support thereisevidencethat the braceisin
fact causing abnormal laxity values. Clearly thisisaconcernand requires
further investigation.
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