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ABSTRACT

The routine use of functional knee braces in the ante-
rior cruciate ligament-deficient, injured, or recon-

structed knee, lacks biomechanical support. Although
subjective reports favoring bracing are plentiful, objec-
tive proof of significant control of tibial translation is not.
This in vivo study was designed to assess the effect of
six popular braces on anterior tibial translation, isoki-
netic performance, and neuromuscular function in five
chronically unstable anterior cruciate ligament-defi-
cient knees. A knee stress test was performed on a
specially designed device that allowed free tibial move-
ment while monitoring anterior tibial translation and
muscle function in the quadriceps, hamstring, and gas-
trocnemius muscles. Results show that braces can
decrease anterior tibial translation between 28.8% and
39.1% without the stabilizing contractions of the ham-
string, quadriceps, and gastrocnemius muscles. With
lower extremity muscle activation and bracing, anterior
tibial translation was decreased between 69.8% and
84.9%. Some improvement in spinal level muscle re-
action times was seen with brace use, especially in the
quadriceps muscle. Unfortunately, most braces appear
to consistently slow hamstring muscle reaction times at
the voluntary level.

The clinical role of ACL functional braces continues to be
defined. Recent investigations have focused on the me-
chanical function of braces in the prevention of pathologic
motion (Refs. 2-4, 9-11, 13, 16, 19, 22, 26, 31-33, 38, 42;
R. R. Corn and L. Keppler, unpublished data, 1989; J. C.
Kennedy, unpublished data, provided by the Lenox Hill
Brace Shop) and on their capacity to reduce strain on the

ACL in the uninjured knee. 5,6 Because the objective re-
sults of independent brace testing do not agree with the
subjective testimonials of many brace users and manufac-
turers, questions regarding the clinical role of functional
braces have increased.25,40 Unfortunately, research ef-
forts have not shown functional knee braces capable of
eliminating most pathologic anterior-posterior translation
or internal-external rotation in the ACL-deficient knee,
even at low levels of loading.&dquo;,’o Consequently, the prac-
tice of allowing an individual with an unstable ACL-defi-
cient knee to participate in rigorous sports with a func-
tional brace must be considered hazardous because of the
risk of further injury. 7, 29 Because the most common use of
an ACL functional brace is to protect a reconstructed or
partially torn ACL by attempting to decrease strain in
that ligament, proof of that function is needed. Presently,
no such data are available.
The idea that braces also function in ways other than

providing mechanical restraint to the tibia has been dis-
cussed.9,40 Proprioceptive augmentation could theoreti-
cally improve the dynamic control of unstable knees; there
is little doubt that a well-conditioned neuromuscular sys-
tem can improve the function of an ACL-deficient
knee. 36,39 With these possibilities in mind, the current
study was designed to investigate the effect of bracing on
neuromuscular function, anterior tibial translation, and
isokinetic performance.

MATERIALS AND METHODS

Subjects

Five consecutive patients with chronic, complete tears of
the ACL confirmed by clinical examination and arthros-
copy and having symptoms of instability agreed to partic-
ipate in this study. Four of these patients had elected
nonoperative treatment of their ACL tears and one was
awaiting an ACL reconstruction. These patients (four
women and one man, average age 32.3 years) were each
fitted with six different ACL functional knee braces (Table
1). The braces were fitted by a physical therapist experi-
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TABLE 1
Functional Braces Used in the Study

enced in brace fitting according to the manufacturer’s
strict guidelines. The patients used each brace for several
weeks before testing to ensure proper fit and acclimation.

Testing Protocol

Each patient underwent a subjective functional assess-
ment,27 a physical examination of the knee, knee arthrom-
eter measurements without braces (with the KT-1000 ar-
thrometer, MEDmetric Corporation, San Diego,
California), isokinetic evaluations of strength and endur-
ance at 60 and 240 deg/sec with and without knee braces
(with the Biodex, Biodex Corp., Shirley, New York), and
an anterior tibial translation stress test with electromyo-
graphic (EMG) monitoring with and without knee braces.
All braces were applied by the subject, according to the
manufacturer’s guidelines and in the presence of physical
therapists experienced in brace use.

Anterior Tibial Translation Stress Test

The subjects’ knees were placed in a specially designed
device that allowed anterior tibial translation with and
without braces while muscle function was monitored in
the medial and lateral quadriceps, medial and lateral
hamstring, and gastrocnemius muscles by surface EMG
(See Fig. 1, page 428). This tibial translation device has
been previously tested for reproducibility and the results
published.39 The braces were tested in computer-estab-
lished random order. The knee was positioned at 30° of
flexion and the ankle at 10° to 15° of dorsiflexion to sim-
ulate in vivo activities. This position was maintained with
an ischial support that allowed uninhibited hamstring
muscle activity. Thirty pounds of weightbearing was al-
lowed and was monitored with a scale under the subject’s
foot. The distal femur was firmly held by two condylar
supporting pads and the tibia remained unconstrained.
Anterior tibial translation relative to the femur was

recorded with two linear potentiometers in response to an
anteriorly directed 30-pound step force applied to the pos-
terior aspect of the proximal tibia. Previous work with this
system has differentiated between muscle activity gener-

ated by the gastrocnemius muscle deformation during tib-
ial loading and the gastrocnemius muscle activity pro-
duced in response to anterior tibial translation.39 One
potentiometer was placed on the patella and the second
was placed on the tibial tuberosity.
Muscle activity in the medial and lateral quadriceps,

medial and lateral hamstring, and gastrocnemius muscles
was simultaneously recorded using bipolar surface elec-
trodes. The bipolar electrodes were placed over the midre-
gion of each muscle group and spaced 3 cm apart. A Zenith
Data Systems 286 computer (Zenith Data Systems, St.
Joseph, Michigan) was used to record and analyze all raw
EMG signals, which were amplified at 100 ~,V/V. The
EMG recordings were sampled at a frequency rate of 1000
Hz during a 2.5-second period, beginning with the onset of
the anteriorly directed force.
Each test consisted of 20 trials; 10 trials with muscles

responding and 10 trials with muscles relaxed. During the
responding trials, the subjects were asked to resist the
displacing tibial force after they felt its onset. During the
relaxed trials, subjects were asked not to respond to the
tibial displacement by contracting their lower extremity
muscles. Muscle activity was monitored by EMG. Prema-
ture muscle activity in the response test or inadvertent
activity in the muscles-relaxed test led to a repetition of
that test. The largest value for anterior tibial translation
obtained within the first 2.5 seconds after force applica-
tion was recorded for each trial. The anterior tibial trans-
lation in each of the 10 trials of each subset (response and
relaxed) was averaged for each test situation (no brace
and with each of the 6 braces) in each subject. The per-
centage reductions from all five subjects were averaged
together to obtain one value for each brace.

Data Analysis

Muscle Timing. All testing was performed in a random,
computer-controlled time sequence. Muscle reaction time
was defined as the time delay between the onset of the
step force and the initiation of muscle activity. When the
subject was ready, the displacing force was initiated at
intervals ranging between 0.1 and 10 seconds. These var-
ied time sequences were used to decrease the effects of

anticipation by the subject. All visual and audio clues
were eliminated.
Three regions of the EMG tracing were analyzed: spinal

cord reflex, intermediate response, and voluntary activi-
ty.39 Each of the muscle activity regions was identified by
the shape on the recorded tracing and the relative time of
appearance during the 2.5-second sequence that occurred
immediately after the force was applied to the posterior
aspect of the tibia. Spinal cord reflexes were recorded
between 26 and 94 msec after the onset of the anterior
force. These reflexes resemble a tendon tap response on
physical examination and are usually monophasic with
the amplitude of the waveform approximately 5% of that
seen during voluntary activity. The intermediate response
was identified within the 117 to 201 msec interval, and
voluntary activity occurred within the 192 to 466 msec
interval.
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The intermediate response appears to be a spinal reflex,
with interneuronal input from centers higher than the
spinal cord. This biphasic response is very reproducible,
occurring between spinal cord and voluntary activity with
an amplitude range between the levels recorded for the
spinal cord and voluntary activity. Voluntary activity was
always biphasic and of the largest amplitude of the three
measured signals. Movement artifact in the EMG signal
was identified and eliminated.
Most trials produced a spinal response, and all trials

produced a cortical response (intermediate response and
voluntary) in each of the five muscle groups. Even though
the intermediate response is generated at the spinal cord
level, for this investigation it was considered cortical be-
cause of the higher central nervous system input needed
for its appearance.&dquo;
The muscles-relaxed trials were analyzed for spinal cord

activity only. Therefore, each subject had 20 spinal cord,
10 intermediate response, and 10 voluntary recordings per
test. These groups of trials for each muscle were averaged
to obtain one number for each phase of activity in each
muscle group. Muscle response time was calculated for
each muscle group in all five subjects for the spinal cord
reflex, intermediate response, and voluntary activity, with
and without bracing.

Reproducibility Evaluation

The reproducibility of this system has been previously
reported concerning trial-to-trial (within a test), test-to-
test (within a day), and day-to-day variability of both the
EMG and anterior tibial translation measurements in un-

injured subjects without braces.39 All statistical signifi-
cance was determined using a multiway analysis of vari-
ance test with repeated measures and post hoc paired
t-tests. Statistical significance was defined at a level of
p :5 0.05.

Isokinetic Strength and Fatigue

Hamstring and quadriceps muscle strength and fatigue
were tested using an isokinetic dynamometer under con-
centric knee flexion and extension settings. Both extrem-
ities were tested before the braces were applied to the
ACL-deficient knee. Each test consisted of two subsets of
5 and 20 repetitions at 60 and 240 deg/sec, respectively.
The short set was used to evaluate peak torque, and the 20
repetitions were used to evaluate muscle fatigue. After 30
minutes of rest, each subject was retested with the knee
brace applied. Previous testing has shown complete mus-
cle recovery occurs after 30 minutes of rest. Consistent
verbal encouragement was given during each test to ob-
tain maximal effort. The testing order of the braces was
randomly established, and a minimum of 2-days rest was
allowed between brace testing sessions. Reproducibility
tests on both the uninjured and ACL-deficient extremities
with and without braces were conducted during each ses-
sion and incorporated into the statistical significance eval-
uation of isokinetic strength.

RESULTS

Muscle Timing

Spinal Cord Reflex. Spinal cord level activity was detected
in 97% of the brace and control trials. Many spinal reflex
times improved with the application of the knee braces
(Table 2). All braces produced improvement in the quad-
riceps muscle response time (range, 4.8 to 38.6 msec). The
medial quadriceps muscle responses were faster with the
application of all six braces, three being statistically sig-
nificant (Bledsoe, Generation II, and Talon). The lateral
quadriceps muscle also performed significantly better
with brace application, the changes with two braces were
statistically significant (Donjoy and Townsend). The spi-
nal reflex in the lateral hamstring muscle was improved
by the application of all six braces (range, 2.4 to 25.2
msec), with the Bledsoe and Townsend braces resulting in
significantly faster response times. The medial hamstring
muscle response times showed mixed results, with three
braces causing improvements and three braces slowing
response times. Gastrocnemius muscle performance was
minimally affected.
Intermediate Response. Bracing produced inconsistent

changes in the intermediate response, with the trend be-
ing a slight slowing of the muscle reaction times in most
muscle groups. Mixed results were seen in the quadriceps
muscle; no brace produced consistent, significant improve-
ment. The gastrocnemius muscle was slowed by all six
knee braces; however, the changes were significant with

TABLE 2

Average Change in Muscle Response Times (in milliseconds)&dquo;

’ Change in muscle response time expressed as Brace - No
Brace (baseline). Positive numbers indicate that the response
time was slower than the baseline, and negative numbers indi-
cate that the response time was faster than the baseline.

b Significant at P < 0.05 level.
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only two braces (Donjoy and Lenox Hill). The Lenox Hill
brace was the only one to significantly delay the muscle
reaction time of the lateral hamstring, medial quadriceps,
and the gastrocnemius muscles.

Voluntary. In general, both quadriceps and hamstring
muscle reaction times were slowed by the knee braces.
Five braces significantly slowed the muscle reaction times
in the medial and lateral quadriceps muscle (Bledsoe,
Generation II, Lenox Hill, Talon, and Townsend); the Don-
joy brace was the only exception, with insignificant change
in the lateral and medial quadriceps muscle. Four braces
significantly delayed medial hamstring muscle activity
(Bledsoe, Donjoy, Lenox Hill, and Townsend), and two
braces significantly slowed lateral hamstring muscle re-
sponse time (Bledsoe and Talon). The Generation II brace
was the only one that did not produce statistically signif-
icant slowing of medial or lateral hamstring muscle reac-
tion times.

Anterior Tibial Translation

In the muscles-relaxed tests, the six knee braces de-
creased anterior tibial translation by an average of 33.1%
from baseline (range, 28.8% to 39.1%) (Table 3) (Fig. 1). In
the muscles-contracted test, the braces were more effec-
tive in reducing translation; anterior tibial translation
was decreased by an average of 80.1% from baseline

(range, 69.8% to 84.9%). The reduction in anterior tibial
translation was significant (P < 0.05) in both the muscles-
relaxed and muscles-contracted tests.

Isokinetic Testing

One notable trend was seen in the isokinetic results: brace

application decreases hamstring muscle performance (Ta-
ble 4). With the application of each of the braces, each of
the four hamstring muscle test variables showed de-
creased performance: peak torque/body weight (6 of 6
braces); average work/body weight (6 of 6 braces); average
power (5 of 6 braces); work fatigue (5 of 6 braces). The six
knee braces reduced the amount of torque generated by an
average of 2.4% in the quadriceps muscle (range, 0.0% to
5.7%); two braces reduced torque significantly (Bledsoe
and Lenox Hill). In addition, the torque produced by the
hamstring muscle was also inhibited by all six braces, by
an average of 5.8% (range, 0.2% to 10.7%); four reduced

TABLE 3
Anterior Tibial Translation Comparisons with and without

Braces

’ Measurements in millimeters.
b Indicates significance at P < 0.05 level.

Figure 1. Comparison of average anterior tibial translation
between knee braces. Each test was performed at 30° of
flexion with 15 to 30 pounds of weightbearing.

torque significantly (Bledsoe, Lenox Hill, Talon, and
Townsend).

In terms of average work/body weight, there was no
significant change in the quadriceps muscle performance
with brace application, but all six braces produced reduc-
tions in hamstring muscle performance (five being
significant).
Average power measurements showed no significant

change in quadriceps muscle function with five of the six
braces, but a significant decrease in hamstring muscle
power with four of six braces. Average work fatigue cal-
culations showed no significant positive or negative
change in the quadriceps muscle, but hamstring muscle
work fatigue rates increased with five of the six braces.

DISCUSSION

The most important stabilizers of the knee are the quad-
riceps, hamstring, and gastrocnemius muscles, which
cross the joint. Studies by Goldfuss et a1.,17 Markolf et
al.,24 and Wang and Walker 37 have demonstrated the
powerful dynamic effect of these muscles, which can de-
crease tibial translations and rotations while stiffening
the knee joint. This dynamic joint compression system,
which protects the knee ligaments, should be preserved or
enhanced whenever possible. In fact, this protective joint
compression effect should be one of the training and con-
ditioning goals for athletes in rigorous, contact sports.
Unfortunately, because this internal protection system is
frequently deficient or altered by injury to the knee joint,
external supports have become quite popular.

Since the early 1970s, ACL braces have become a com-
mun method of attempting to stabilize injured, deficient,
or reconstructed knee joints. Clinicians incorporated
braces into operative and nonoperative treatment proto-
cols to improve knee stability. Although there is ample
subjective evidence of brace function,25,29 objective mea-
sures are not as favorable.5,6,11
The most common use of ACL functional braces today is

after reconstructive surgery. However, at this point clini-
cians must ask themselves, &dquo;Is the brace effective in re-

stricting tibial motion and therefore shielding the ACL
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TABLE 4
Isokinetic Performance of Subjects Wearing Different Brace Types’

a Percent difference (%)-[(Braced - Unbraced)fUnbraced] x 100. Average of four subjects. A negative number indicates a decrease in
performance with the brace applied.

b Significant value (P < 0.05 level).

from damaging forces or is it placating the fears and
concerns of the surgeon after ACL reconstruction?&dquo; Now
that the results of operative treatment have improved and
the limitations of nonoperative treatment are better de-
fined,7,29 it is time to reconsider the clinical role of these
costly orthoses.
Because the lower extremity muscles are the most im-

portant stabilizers of the knee, it is also important to
consider the effects of bracing on lower extremity muscle
performance. Branch et al.8 used a surface electrode tech-
nique to investigate the muscle function of 10 patients
with isolated ACL tears and 5 uninjured subjects. They
evaluated the effect of the CTi (Innovative Sports, Irvine,
California) and Lenox Hill knee braces during a side-step
cut maneuver. They were interested in determining
whether muscle firing, amplitude, timing, or duration
changed with brace application. Branch et al. demon-
strated that ACL-deficient patients without braces
showed a significant increase in hamstring muscle activ-
ity but decreased activity in their quadriceps muscle dur-
ing testing. When wearing a brace, the patient with an
ACL-deficient knee showed a further reduction in the

degree of quadriceps muscle activity, along with a de-
crease in hamstring muscle activity. Muscle timing during
cutting maneuvers did not change between the braced and
unbraced tests during swing or stance phase. Because the
pattern of muscle use did not change with brace applica-
tion, the investigators concluded that bracing did not aug-
ment proprioception. The decrease in muscle activity re-
ported by Branch et al. can be explained in two ways. The
braces may have stabilized the knee and subsequently
lessened the need for muscle control, or the braces may
have directly inhibited the performance of the muscles
crossing the knee joint.
Because the hamstring, quadriceps, and gastrocnemius

muscles cross the knee joint, they are capable of knee joint
stabilization through joint compression. The hamstring
muscles have long been considered the most important
muscle group in patients with ACL-deficient knees be-
cause of their ACL agonist ability, but recent investiga-
tions by Lass et al. 21 have highlighted the importance of
the gastrocnemius muscle in stabilizing the ACL-deficient
knee. The functional role of the quadriceps muscle in an

ACL-deficient knee, however, remains poorly defined. In
simple terms, the quadriceps muscle is an ACL antago-
nist. Therefore, isolated, strong, quick quadriceps muscle
contractions seem unwanted. However, true isolated

quadriceps muscle responses probably rarely occur in
vivo.

Balanced quadriceps muscle activity is needed in the
ACL-deficient knee to restore a normal gait pattern after
ACL injury,29 but eccentric quadriceps muscle function
plays an important role in shock absorption during axial
loading of the lower extremity. Because very little is

known about the effects of combined muscle activity pat-
terns, further investigation is needed into the effects of
muscle co-contraction on joint stabilization and shock ab-
sorption in the ACL-deficient knee. At this point, it is not
known which muscle response pattern is best suited to
control anterior tibial translation during daily activities or
sports. Furthermore, the time sequence parameters for
muscle responses needed to prevent injury remain

unknown.
The clinical significance of the degree of change seen in

the muscle reaction time in this study remains in question
but is cause for concern (Table 2). The delays in voluntary
muscle response time in this study are of the same mag-
nitude as the time sequence from force application to ACL
failure in an in vitro mode1.41 Although these data are
preliminary because only five subjects were tested with
braces in this study, the differences in the muscle reaction
times reported here imply that further investigation is
reasonable. If significant muscle reaction time slowing is
produced by functional braces, especially in the hamstring
muscle, there is cause for concern, especially in competi-
tive athletes.

Several investigators have documented the importance
of good hamstring muscle function in preventing abnor-
mal anterior tibial translation in stable and unstable
knees. 34,36,39 Walla et a1.36 examined 38 patients who had
nonoperative treatment of ACL tears for at least 24
months. Their goal was to identify the parameters that
would provide the examining physician with guidelines for
selecting the appropriate course of management for each
patient after an ACL tear. They concluded that in the
ACL-deficient knee, the presence of &dquo;reflex level&dquo; ham-
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string muscle control was most closely associated with
high functional rating scores. Interestingly, the power and
strength measurements in that group of patients did not
correlate well with the functional status of the knee.

Wojtys and Huston39 showed a direct correlation be-
tween hamstring muscle function and subjective and ob-
jective knee performance in 100 patients with ACL-defi-
cient knees and 40 uninjured subjects. The functional
rating of most knees was directly related to the subject’s
ability to initiate a stabilizing hamstring muscle contrac-
tion during anterior tibial translation.
Bagger et al.’ evaluated the effect of functional knee

bracing on quadriceps and hamstring muscle EMG activ-
ity during anterior tibial translation in an ACL-deficient
knee. Using a computerized electrogoniometer system,
they concluded that anterior tibial translation was signif-
icantly reduced by hamstring muscle activity in all three
knee flexion positions tested.
Based on the conclusions of these studies, it is likely

that the hamstring muscles are capable of protecting an
ACL graft by relieving strain in the postoperative set-
ting.1,36,39 Therefore, enhancement of this ability should
be part of all rehabilitation protocols after ACL injury or
reconstruction, and eliminating or minimizing inhibition
of hamstring muscle function seems advisable.

In this study, bracing appeared to improve spinal reflex
time in response to anterior tibial translation to some

extent (Table 2). All six braces produced improvement in
the lateral hamstring muscle times, and two braces im-
proved medial hamstring muscle function. Unfortunately,
only 2 of those 12 changes in hamstring muscle function
were statistically significant. Quadriceps muscle function,
however, improved in all 12 categories at the spinal reflex
level, with five changes being statistically significant. Al-
though the improvement in hamstring muscle function
seems desirable, improved reaction time of the quadriceps
muscle may be unwanted and may have an undesirable
effect on anterior tibial translation if not balanced by
simultaneous hamstring or gastrocnemius muscle

activity.
At the voluntary muscle reaction time sequence (Table

2), the very frequent slowing of the muscle reaction times,
especially of the hamstring muscles, is a persistent con-
cern, especially for those athletes in sports requiring piv-
oting, quick starting, and stopping. Although it may rep-
resent only a minor or no concern for those patients using
the brace for activities of daily living, for those in rigorous
or contact sports, the delay in voluntary muscle reaction
time may change the outcome during an injury situation.
Interestingly, the brace that produced the largest de-
crease in anterior tibial translation when muscles were

relaxed, the Donjoy, also produced the longest delay in
voluntary hamstring muscle reaction time. With ACL
functional bracing, this may be the price paid for improved
tibial translational control. Further research on the pre-
ferred muscle response to anterior tibial translation at the

spinal cord and cortical level should help clarify this issue.
Because biomechanical data on ACL strain reduction

with bracing does not support the routine use of functional
knee bracing in ACL-deficient, injured, or reconstructed

knees, the use of ACL functional braces in these situations
must be justified in some manner.5° If functional knee
braces are not capable of restricting pathologic tibial-fem-
oral motion adequately during high stress activities, their
routine use in the postinjury or postoperative setting may
be exposing patients to unreasonable risks by providing
them with a false sense of security. Current work by
Beynnon et al. 5,6 casts doubt on the possibility that braces
can relieve in vivo ACL strain at functional loads. How-

ever, it is important to note that this work was performed
on knees with normal ACLs using a Hall effect transducer.
How these studies relate to an ACL that is injured or
reconstructed is unknown. Nevertheless, at present we
are unaware of any objective evidence that functional
knee braces can reduce strain in an ACL graft. If an ACL
load-dampening effect could be documented, it may justify
postoperative ACL functional bracing. In the absence of
such mechanical justification or evidence of protection, the
possibility of muscle inhibition by bracing warrants fur-
ther caution and investigation.

In terms of isokinetic performance, other studies have
examined the effect of functional knee braces in ath-
letes. 18, 23 Houston and Goemans 18 examined seven male
athletes with various knee problems, including medial
and anterior instability. Three braces were used: the

Lenox Hill brace in four patients, the Toronto brace in one,
and the Kelly brace in two. The mean maximal torque
output during isokinetic knee extension contractions with
braces was found to decrease by 12% to 30%. The differ-
ences between the braced and unbraced conditions in-
creased at the faster speeds of testing. Interestingly, the
maximal attained velocity in knee extension was 20%
higher when the patients did not wear the brace, and the
vertical velocity during a short, all-out stair run was also
slower in patients wearing braces. All of these patients
were thoroughly accustomed to their prescribed braces,
having worn them during athletic training and competi-
tions as well as during work and recreational activities. In
spite of this familiarity, performance measures during all
of the dynamic one- and two-legged tests were poor for all
patients while wearing braces. Of note is the fact that a
15-minute ergometer bicycle ride with and without knee
braces showed that lactate concentrations were 41%

higher in patients who wore the knee braces.
Most isokinetic muscle parameters in this study (peak

torque, average work, average power, work fatigue) did
not improve with bracing. Only one category (quadriceps
muscle average work fatigue) improved with bracing. The
improvement was not statistically significant.
Of particular interest in this study was the performance

of the Generation II brace, which was the only single-
hinge brace in this study. The Generation II brace did not
produce a significant decrease in anterior tibial transla-
tion with muscles contracted or in any of the isokinetic

performance parameters, and it was the only brace that
did not produce a significant slowing of the hamstring
muscles in the three phases of the muscle reaction time.
Marans et al.23 also used functional testing to evaluate
the Generation II brace in a study of both subjective and
objective parameters in 10 chronic, unilateral, symptom-
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atic ACL-deficient knees with three custom and three
off-the-shelf braces. The authors concluded that the later-

ally hinged braces were as effective as the more commonly
used double-hinged models. In the study by Marans et al.,
the Lenox Hill and Generation II braces were the only
braces to improve performance of ACL-dependent activi-
ties, but all of the braces impaired the subject’s ability to
run straight ahead. The most subjectively restrictive
brace (the Donjoy) impaired running the most. Because
the McDavid knee guard (McDavid Knee Guard Inc., Clar-
endon Hills, Illinois) and Generation II braces (lateral
hinge only) did as well as the double-hinge braces, Marans
et al. concluded that there was no advantage to the more
expensive double-hinge braces.

Conversely, performance testing on some double-hinged
braces in select situations has been quite impressive. Cook
et a1.12 examined the effect of the CTi brace on 14 ACL-
deficient athletes while running and cutting. They used
high-speed photography and force plate analysis. The re-
sults were very encouraging, with an increase in running
velocity while wearing the brace reported. Unfortunately,
the majority of studies, when comparing braces side by
side, actually show no change or a decrease in

performance. 19, 25, 30, 32, 35
The anterior tibial translation reduction data in this

study (Fig. 1) suggests that muscle contraction augments
the ability of the brace to control tibial motion, because the
best control of anterior tibial translation occurred when
braces were used and the muscles were contracted. This
muscle activity most likely improved the brace-soft tissue-
bone interface, providing a more rigid thigh and leg com-
posite. Unfortunately, we cannot be certain when or if this
idealized situation occurs in vivo. It is not known if those

patients with ACL-deficient knees who are plagued by
giving way episodes can generate hamstring, quadriceps,
and gastrocnemius muscle contractions when needed. In
fact, data from this study indicate a generalized slowing of
the hamstring muscle at the intermediate and voluntary
level when braces were used, resulting in further ques-
tions about the status of these important stabilizers when
needed the most.
An important factor to consider when evaluating brace

data obtained during testing is the level of force used to
induce tibial displacements. The level of force used in this
study, compared with those anticipated during activities
of daily living and rigorous sports,28 was quite low (30
pounds, or 133 N). Markolf et al. 24 reported that a force of
at least 200 N (45 pounds) would be needed just to over-
come the stiffness of the soft tissues crossing the knee
when evaluating anterior tibial translation and the effect
of bracing on a knee with a reconstructed or injured ACL.
Patient safety prevented the use of these anterior dis-
placement forces in our testing system. Based on the re-
sults of previous studies, less tibial control would be ex-
pected with higher anterior displacement forces.
Another cause for concern with the use of ACL func-

tional braces is the increased axial forces Devita et al. 14
and Knutzen et a1.2° reported during gait with bracing.
This factor may be most important in those patients with
chondral defects and meniscal loss. The &dquo;quadriceps avoid-

ance gait&dquo; seen in patients with ACL-deficient knees 35
and the further decrease in quadriceps muscle function
reported with bracing9 suggest a possible decrease in neg-
ative quadriceps muscle work performed (shock absorp-
tion), which could result in higher axial forces at foot
strike. The inhibition of this protective mechanism could
accelerate degenerative changes as a result of increasing
impact loading.
In terms of today’s postoperative ACL scenario, current

methods of aggressive rehabilitation can produce near
normal motion and strength in 3 to 6 months after ACL
reconstruction. The dilemma facing the clinician then be-
comes when to allow jumping, turning, twisting, or contact
sports. This is a complex decision that should be based on
several factors, including the strength of the ACL graft
and the known biological factors affecting healing, graft
fixation, and the success of rehabilitation efforts. A knee
joint adequately stabilized with a strong, isometric graft
should not need a functional brace to prevent pathologic
motion in a controlled rehabilitation environment. Fur-

thermore, it is unknown whether graft stretching can be
prevented by brace use in the early phases of graft revas-
cularization and maturation. If functional braces do not
reduce ACL strain or augment proprioception,8 if they do
increase vertical impact loading, and, in fact, inhibit knee
joint muscle stabilizing activity, then the routine use of
functional knee bracing in ACL-reconstructed or deficient
knees should be seriously questioned.
On the other hand, it is possible that the positive sub-

jective results seen with bracing are due to a stiffening of
the entire lower extremity, which decreases the likelihood
of large extension torques at the knee that may precipitate
subluxation or giving way episodes in the absence of ade-
quate muscle stabilization. Further studies on functional
bracing may benefit from examining this bracing effect on
the entire extremity from hip to ankle. Also, if an ACL
stress-shielding effect can be demonstrated by bracing in a
reconstructed or injured knee, then this benefit may out-
weigh the apparent negative effects on muscle function.
However, at this point, no such proof of ACL protection is
available.

SUMMARY

The routine use of ACL functional braces in sports needs
to be researched further because it is difficult to justify on
the basis of biomechanical data currently available. Al-
though the tibial control data reported here are encourag-
ing, these studies were performed at low levels of force (30
pounds). It is not known what degree of tibial control is
present at higher, functional levels. In terms of the delays
in voluntary muscle reaction time with brace use, it can be
argued which is more important, tibial control or muscle
inhibition, especially during activities of daily living. Fi-
nally, data on the ACL strain-reducing capability of braces
in the reconstructed knee are lacking. This information
could help further determine the role of functional bracing
after ACL injury or surgery.
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