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Over the past twodecadesknee bracing, in variousforms, has becomeacommon
method of buttressing aknee joint that isweek or subjected to excessiveforces. Much
controversy exigts over the beneficid or perhgpseven harmful effects o their use.
Prophylacticbracesar e used to preventinjuriesor lessen theextentdf injuriesthatoccur
during either contact and non-contact Sporting activities (Podesta & Sherman, 1988;
Millet & Dres, 1987; 1988). Consequently, individuals with uninjured or otherwise
normd knees are the prinary users of this type o brace. The prophylactic brace,
designed to prevent injuries, must aso be lightweight, inexpensive, and not restrict
movement or they will nat be wom by theathlete.

Many methodshavebeen usad totest theefficacy of knee braces, includingin vivo,
cadaver, and mechanica modd sof the knee joint rangingfroms mpletocomplex. Each
gpproach has benefitsand limitations. Numerous researchers (France, 1987; Paulos,
France, Rosenberg, Jayaraman, Abbott, & Jaen, 1987) have compared one bracestyle
to another attempting to determine which design provides better protection. These
comparisons, however, sidestep the more fundamentd issue o which variables make
onebracedesign more effectivethan another. To thisend, the present sudy tested the
effect of asinglevariable, materid strength of the brace uprights, usng asinglebrace
desgn. The objective o this sudy weas to determine if the materid chosen for
manufacturing bi-latera prophylactic brace uprightsinfluencest he level o protection
provided the medid collateral ligament (MCL) by the brace.

MVETHODOL OGY

Theapparatus used cons edd awoodenframenork whichsupported apendulum,
an artificial |eg, and sensor s. A computer was used to collect and andyzethedata. This
supporting framewas congtructed to support asolid hf inch diameter steel pin which
held theleg at hip height whiletheankle pin washdd in aseparate hinged framewithin
themain frame.

The pendulum pivoted on an axleinserted into bearing d eevesplaced at thesame
heightasthehip pin and waslocated so that itimpacted thekneejoint at thelowest point
of its swing.

The leg was mede from square duminum tubing with one eighth inch wal
thickness The lengthdf theleg waschosen to maich theestimatedaverage mae (Webb



& Asodiates, 1978): atibiad 35.1 amn and femur of 45.7 cm, givingatotal leg length
from ankleto hipdf 80.8 cm. Thethigh and calf circumferenceswered so constructed
to match theaverage maeto providethe proper soft tissue bulk underthe cuffsof the
brace(59.5 an and 37.5 cm, respectively). Thekneejointitself wasmoddedasasimple
hinge. The pendulum impacted on thesided theleg hdd by the hinge (thelateral Sde
o the modd knee) causingitt o bend open on themediad side. Thisbending action was
ressted by anartificial MCL. The MCL was modded by a three-eighth inch diameter,
seven by nineteen stranded sted cablewithaworkingload rating o ninehundredeighty
poundssimilar to Mason, et al. (1989). Theproximd endd the cablewasclampedonto
abar atached toaset d six gpringswhich tranamitted pressureviaasted U bolt and
flat plate toaquartz load cdl.

Thebrace style usad in this research wes the Ampro Knee Guard. a bi-lateral
prophylactic brace whose uprightsare fabricated of nylon (Randdl, Miller, & Schurr,
1984). The Ampro Knee Guard was modified for use in the two other experimenta
conditionshy replacingtheorigina uprightswith6061-T6 auminumaswd| asgraphite
fiber. A loadcell, capabled sensngforcesupto22.000 N), wasused tomessuretenson
in thecable. Theload cdl wasconnected toaKistler Modd 563 Universal Electrogtetic
ChargeAmplifier toconvertthestati cel ectrica dischargeds thequartz loadcdl intoDC
voltsper unit o forceon thecdl. Thisoutput wasfed intoaKethley andoguetodigital
converter and then to apersona computer. In addition to theload cdll. adigplacement
sensor was used during the lower weight impacts: The transducer wasdamped to the
framed thetesting gpparatuswith the moving core rod attached to theknee joint. The
voltageoutput o the transducer was connected directly t 0 a Keithley A/D converter.

Thependuluminitiated thestart o t he datacollectionloopin thedat a acquisition
program. A photo cdl gate, fixed to the frane d the apparatus in the peth of the
pendulum. wasconnectedtotheK eithley /D converterand constantly monitored by the

program. Just prior toimpact, thephotoce | wastripped by t he pendulum tostart thedata
collection.

RESULTS

Thestudy involved four casesdf cable(ligament) tensondat a for eech o thetwo
pendulum weights (low and high momentum). Thefour cases represented the control
data (impactson the leg with no brace). the rnylon Ampro brace (as manufactured). the
Ampro modified with duminum uprights. and the Ampro modified with grgphite
uprights. There were fifty impacts on each brace, with each ma having two hundred
samples. Thesesampleswereaveraged over theset d mal sfor eech case and compared
to the other cases under the same pendulum impact condition.

The brace materid results for both the lov and high momentum cases are
summarized in thefollowing tebles
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Table 1. Low Momentum Tension Results(Plastic-Contr ol difference not
significant; all other valuessignificant at p <0.01)

=‘
Nension | Deviation | % o7 Control| 7t el
Control 98.561>. | 0.765m. 100 0
Nylon 98.43 Ib. 0.513 Ib. 99.9 0.1
Aluminum | 80.63 M. 548 81.8 182
Graphite | 81.621b. 0225 Ib. 82.8 17.2 "

Table 2. High Momentum Tension Results. (All valuessignificant at p<0.01)

“teasion | Deviation | ® €000l | %t Sl
Control 299.84 1b. 5.76 1b. 100 0
Nylon 326.57 1b. 3321 108.9 -89
Aluminum 249.70 1b. 7.87 1b. 833 16.7
Graphite 268.26'1b. 4.18 1b. 895 105
DISCUSSION

The present research investigated bracerigidity asonefactor in preventing MCL
injury. Common intuition suggeststhat astronger and stiffer material would protect the
MCL toagreater degree. Theresultsadf the present research did demonstratea marked
reductionin forcetransferencetotheknee strengthad thebracemateria increased. These
results suggest a similar reduction might be expected on an actual living subject.
However, further study would be necessary 1o confirm these results.

Past research has indicated the importance of brace mechanical and materia
properties, particularly relating to the factors of force distribution, absorption. and
transmission. It hasbeen noted that theimportancedf bracerigidity isin distributingthe
impact forceaway from theknee and that most current bracesarelessthan hdf asrigid
as theknee itsdlf (Paulos, et al., 1987). The data collected in this study support this



hypothesis. Basedon theresultsof thisstudy, controlling the duration of theimpact by
mani pul atingthe materialsand design of thenext generation df braceswill bedf critical
importance. Materiasthat provide both increased bending strength and incressed
impact duration areneeded to protect theknees of tomorrow’s professiond and amateur
athletes.
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