Research Report

The Efficacy of Perturbation Training
in Nonoperative Anterior Cruciate
Ligament Rehabilitation Programs for
Physically Active Individuals |

Background and Purpose. Treatment techniques involving perturbations of
support surfaces may induce compensatory muscle activity that could improve
knee stability and increase the likelihood of returning patients to high-evel
physical activity. The purpose of this study was to determine the efficacy of
augmenting standard nonoperative anterior cruciate ligament (ACL) rehabil-
itation programs with a perturbation training program. Subjects. Twenty-six
patients with an acute ACL injury or ruptures of ACL grafts participated in the
study. Subjects had to have a unilateral ACL injury, be free of concomitant
multiple ligament or meniscal damage requiring surgical repair, and pass a
screening examination designed to identify patients who had the potential to
return to highlevel physical activity with nonoperative treatments. Subjects
also had to be regular participants in level I activities (eg, soccer, football,
basketball} or level 11 activities (eg, racquet sports, skiing, construction work).
Methods. Subjects were randomly assigned 1o either a group that received 2
standard rehabilitadon program (standard group) or a group that received
the standard program augmented with a perturbation training program
{perturbation group). Treatment outcome was determined from scores on
the Kneé Outcome Survey's Activities of Daily Living Scale (ADLS) and Sports
Activity Scale, a global rating of knee function, scores on a series of single-limb
hop tests, measurements of maximum isometric quadriceps femoris muscle
force output, and the group frequency of unsuccessful rehabilitation. Unsue-
cessful rehabilitation was defined as the occurrence of an episode of giving
way of the knee or failure to maintain the functional status of a rehabilitation
candidate on retesting. Results. More subjects had unsuccessful rehabilitation
in the standard group compared with the pertarbation group. There was a
within-group X time interaction for the ADLS, global rating of knee function,
and crossover hop test scores. These scores decreased from posttraining to the
6-month followup for the standard group. Conclusion and Discussion.
Although both the standard program and the perturbation training program
may allow subjects to return to high-level physical activity, the perturbation
training program appears to reduce the risk of continued episodes of giving
way of the knée during athletic participation, and it allows subjects to
maintain their functional -status for longer periods. [Fitzgerald GK, Axe M],
Snyder-Mackler L. The efficacy of perturbation training in nonoperative
anterior cruciate ligament rehabilitation programs for physically active indi-
viduals. Phys Ther. 2000;80:128-140.]
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onoperative treatment for anterior cruciate
ligament (ACL) imjury usually consists of
rehabilitation that emphasizes joint mobility,
B8 increasing thigh muscle force proeduction,
endurance, agility training, functional activity modifica-
tions, and protective bracing.* These appear to be
successful only for those patients who are more seden-
tary or who are willing to modify their physical activi-
ties.126 Recent studies”'® suggest that patients who
achieve higher levels of functional recovery after ACL
rupture alter their muscle activity in a mauner that
improves the stability of the knee. The success of reha-
bilitation programs for patients who want to participate
in high-level activity, such as sports activities requiring
cutting, jumping, and pivoting maneuvers of the lower
extremity, should improve if treatment techniques that
induce appropriate compensatory alterations in muscle
activity are incorporated into treatment programs.

The challenge in designing treatments that induce com-
pensatory muscle activity is that there appears to be no
single proven compensatory patiern. Individuals who
successfully compensate for a ruptured ACL appear to

adopt idiosyncratic compensation pattérns in several
muscle groups of the lower extremities. Although there
is consistency across sudies with respect to the muscles
that are aitered to improve knee stability (eg, hamstring,
gastrocnemius, quadriceps femoris muscles), the pat-
terns of altered activity are remarkably varied.1%1! Suc-
cessful training strategies, in our opinion, have to pro-
vide the opportunity for development of individualized
compensatory alterations in activity of several lower-

_extremity muscles.

Although there is limited understanding of the neuro-
muscular control mechanisms that play a role in main-
taining knee stability, current theories regarding these
mechanisms should be considered in the design of
treatment. Johansson and Sjolander’* have suggested
that stimulation of mechanoreceptors in joint structures
increases gamma motor activity in a manner that may
increase the sensitivity of muscle spindles in muscles
associated with the joint. This increased sensitivity of the
muscle spindles may result in a higher state of “readi-
ness” of muscles to respond to perturbing forces applied
to the joint, which may, in turn, improve joint stability.*
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The afferent mechanism in this response appears to
respond to moderate levels of force and theoretically
could be activated during perturbations that occur dur-
ing functional activity.’* The implication for treatment
may be that applying potentially destabilizing forces to
the knee during treatment may enhance neuromuscular
responses to destabilizing forces that may be encoun-
tered during function.

Nichols?® proposed a “force-feedback™ hypothesis, based
on a series of experiments in the decerebrate cat, that
may also explain the coordinated response from muscles
to perturbing forces applied to a joint. When a perturb-
ing force is applied to a joint, muscles that would resist
the perturbation are stretched and become activated to
resist the perturbation.’® Simultaneously, there is a
reflex inhibitory influence on muscles that would have a
tendency to pull in the same direction as the perturba-
tion.}® The inhibitory influence reduces; but does not
entirely eliminate, the unwanted stretch reflex from
muscles antagonistic to those that would resist the per-
turbing force.?s The net result is a coordinated coactiva-
tion of extremity muscles affected by the per'turbation to
stiffen. the joint and maintain stability.!®

The proposed mechanisms for neuromuscuiar control
of joint stability described by Johansson and Sj6lander!<
and Nichols'® have several implications for design of
treatment programs. The force-dependent nature of the
mechanisms suggests that exposing the joint to poten-
tially destabilizing loads during training may be the
necessary stimulus to encourage the development of
effective neuromuscular compensatory patterns. Treat-
ment techniques that attempt to promote the develop-
ment of these protective compensatory patterns could be
designed to encourage involuntary muscular responses
to destabilizing forces.

Treatments that involve perturbing support surfaces
{(perturbation training) allow altered forces and torques
to be applied to the lower extremity in multiple direc-
tions and in a controlled manner. These techniques may
induce compensatory muscle activation patterns in
patients with ACL deficiencies.’®-2® The resuits of a
randomized .clinical trial indicated that subjects who
received perturbation training combined with a stan-
dard nonoperative ACL rehabilitation program reported
a greater increase in Lysholm Knee Rating Scale scores
after training than subjects who received only the stan-
dard program.’¥ Although augmenting nonoperative
ACL rehabilitation programs with perturbation training
techniques appears to be a favorable treatment option,
this approach has not been tested on highly active individ-
uals who want to return to preinjury levels of function.
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The purpose of our study was to compare treatment
effectiveness between a standard nonoperative AGL
rehabilitation program and one that is augmented with
perturbation training techniques in returning physically
active individuals to high levels of activity. We hypothe-
sized that subjects receiving the perturbation training
would be more successful in returning to high-level
physical activities following rehabilitation than subjects
who did not receive this treatment.

Method

Subjects .
Patients referred by their physicians to the University of
Delaware Physical Therapy Clinic (Newark, Del) with a
diagnosis of ACL rupture or rupture of an ACL graft
were potential subjects for the study. Individuals were
excluded from the study if: {1} the onset of injury was
longer than 6 months prior to referral, (2) there was
concurrent multiple ligament injury or repairable menis-
cal damage associated with the ACL injury, (3} they did not
participate in greater than 50 hours per year of level I
physical activities (eg, footbalt, basketball, soccer) orlevel IT
physical activities (eg, racquet sports, skiing, manual labor
occupations),? or (4) they exhibited less than 3 mm of
side-to-side difference in passive anterior knee laxity, mea-
sured with maximum manual Lachman. testing using a
ET-2000 arthrometer.*?

A screening examination, which we had developed and
tested in a previous study,? was used in an effort to
differentiate patients who had good potential to succeed
with nonoperative treatment {rehabilitaton candidates)
from those who may be at high risk for reinjury. This
screening examination consisted of a series of single-
limb hop tests described by Noyes et al,>! the Knee
Qutcome Suxvey's Activities of Daily Living Scale2? a
global rating of knee function, and the patient’s report
of the frequency of episodes of the knee giving way from
the time of injury to the time of the screening examina-
tion. The screening examination was administered when
patients were free of knee pain and effusion, exhibited
full knee joint range of motion, were able to perform a
synchronous (smooth and sustained) isometric contrac-
tion of the quadriceps femoris muscles as determined by
palpation and visual inspection, were able to perform a
straight leg raise without the presence of a knee exten-
sion lag, and were able to tolerate hopping on the
involved limb. In order to participate in the training
study, patients had to meet all of the following criteria:
(1) timed hop test score of =80%, (2) Activities of Daily
Living Scale score of 280%, (3) global rating of knee
function of =60%, and (4) no more than one episode of

* MEDmetric Corp, 7542 Trade St, San Diego, CA 99121,

Physical Therapy . Volume 80 . Number 2 . Februory 2000



Table 1.

Group Characteristics for Age, Height, Weight, Anterior Knee Laxity, and Sex

made surgical treatment more convenient than under-
going nonoperative treatment. A total of 26 subjects (14
subjects in the standard group and 12 subjects in the
perturbation group) completed the training. Group
characteristics for age, height, weight, anterior knee
laxity, and sex are shown in Table 1. Subject participa-
tion in level I and II activities is summarized in Table 2.

Training Programs

Siandard program. The standard rehabilitation pro-
gram consisted of resistive exercises for the quadriceps
femoris and hamstring muscle groups, cardiovascular
endurance training, agility skill training, and sport-
specific skill training. The resistive exercises consisted of
leg extensions, leg curls, and leg press progressive resis-
tance exercises on a hydraulic resistance exercise device.
A l-repetition maximum was established at the begio-
ning of the resistance exercise. The subject was
instructed to perform 2 sets of 10 repetitions at 50% of
the l-repetition maximum, 2 sets of 8 repetitions at 75%
of the 1-repetition maximum, and 2 sets of 5 repetitions
using maximum effort. These guidelines were used for
all 3 resistive exercises. The leg extension exercise was

* SYSTAT Inc, 1800 Sherman Ave, Evanston, IL. 60201
- :
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Standard Group "Perturbation Group
X 5D Range X sD Range
Age {y) 27.6 1.8 15-34 29.2 1.5 18-57
Height fem] 1750 - 2.1 154.9-185.4 i78.3 7.1 167.6-190.5
Weight [kg) 78.9 134 56.8-102.3 83.6 16.1 61.4-115.9
Laxity® (mm) 5.5 2.0 3-10 51 1.5 3-6 .
Sex 3 female, 11 male 3 female, 9 mcle :
 Laxity measurement is the difference in passive anterior knee Iaxity between the involved and uninvolved knees.
the knee giving way from the time of injury to the time  pghle 2. _
_of the screening examination. Group Characteristics for Activity Level
Twenty<ight subjects qualified for the training study. ' Standard Perturbation
These subjects were randomly assigned to either a group Activity Group Group
that received a standard rehabxhtauc:.nn program (stan- Collegiate football 1 2
dard group) or a group that recen.fed thg s'tandard Semiprofessional football ] 1
program combined with a perturbation training pro- Collegiate lacrosse 1
gram (perturbation group). A computer-generated ran- Collegiate field hockey 1
dom number list was used to randomly assign subjects to Collegiate ';‘I:Ck{:‘:;cﬁ‘ |
groups (SYSTAT Design module, version 2.07). All sub- E:g: :z:zz% s:gbah “ ! 1.
ject:'s sig?led an informed consent fox:m, apprc_wed by the High scheol field hockey i
University of Delaware Ifuman Subjects Review Board, Semiprofessional basebal! a1
. prior to participating in the study. One subject in the Senior Olympic volleyball !
standard group was dropped from the study because he Basketball é°
was unable to maintain a regular treatment schedule. .Ii.{ec:fnki? : }
One subject in the perturbation group did not complete Sofiball _ 15 2
the study because she decided that time constraints Yolleyhall 1

¢ Two subjects also worked as construction wockers (leval IT occupation).
’Subject was alse a candidate for the local police academy (level 1L
occupation).

perfotmed through a joint excursion from 90 to 45
degrees of flexion to minimize anterior tibial shearing
during the exercise. Subjects whose maximum voluntary
quadriceps femoris muscle isometric force for the
involved™ limb was less than 80% of the uninvolved
quadriceps femoris muscle force received a high-
intensity electrical stimulation training protocol.2® The
protocol consisted of 10 electrically stimulated isornetric
contractions of the quadriceps fernoris muscles, 10 sec-
onds on and 50 seconds off, with a 2,500-Hz stimulus
defivered at 75 bursts per second and an amplitude
equivalent to the current needed to produce 50% of
maximum voluntary isometric torque of the injured
limb’s quadriceps femoris muscle. The electrical stimu-
lation protocol was continued until the maximum vol
untary isometric force of the injured limb’s quadriceps
femoris muscle was 80% of that of the uninvolved limb’s
quadriceps femoris muscle.

Cardiovascular training techniques were selected based

on each subject’s sports activities. A graded running
program was used for subjects involved in running
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sports. The running program began with treadmill run-
ning and progressed to level surface running, then hill
running, and finally sprinting and figure-eight running.
A graded skating program was used for subjects involved
in skating sports. This training began with sliding-board
skating simulation and progressed to straight ice
skating and then quick stops and starts, cutting, and
changing directions.

Running activities were progressed based on subject
tolerance for the activity. Tolerance was determined by
monitoring complaints of pain during or following the
activity or an increase in swelling after the activity. When
subjects tolerated treadmill running for 10 to 15 minutes
without inducing pain or swelling, they were progressed
to level-surface running on a track or road. Subjects were
instructed to add hill running when they were able to
tolerate 20 to 30 minutes of level-surface running with-
out pain or swelling. Sprinting and figure-€ight running
was added to the program when the subjects were able to
perform the agility training techniques at maximum
effort without pain or swelling. )
The skating program was progressed in a manner similar
to the running program. Tolerance was determined by
monitoring complaints of pain during or following the
activity or an increase in swelling after the activity. When
subjects tolerated 10 to 15 minutes of the sliding board
simulation, they were progressed to straight skating by
doing laps around the rink. When they could tolerate 20
to 30 minutes of lap skating and they were able to
tolerate maximum-effort agility training, quick stops and
starts, cutting, and changing directions were added to
the skating program.

For subjects who were not involved in running or
skating, stationary cycling was used. The subjects were
instructed to cycle 20 to 30 minutes per day at a cycling
rate of 60 to 80 rpm, with moderate resistance, as
determined by the subjects.

Agility training techniques were used to improve lower-
extremity coordination and the ability to quickly change
movement direction. The techniques included side slid-
ing (moving lateraily in right and left directions, empha-
sizing quick change in direction every 4.5 m [6 ydl),
cariocas (forward and backward leg crossovers while
moving laterally in right and left directions, emphasizing
quick change in direction every 9 m [10 yd]), forward
and backward quick startand-stop shutile runs, multi-
directional quick start-and-stop runming, figure-cight
running, and a 45-degree cutting-and-spining drill.
Agility training was initiated at approximately one half of
their maximum effort and progressed to full-effort activ-
ity when they tolerated one half-effort agility raining
. without pain or swelling.

PN T T =L TV [ R |

Sportspecific skills were initiated when subjects toler-
ated full-effort agility training without pain or swelling.
Sportspecific tasks, such as ball catching, passing, and
kicking, were added during the agiiity training phase,
Sportspecific skills were also practiced in the context of
playing situations. For example, basketball players would
begin practicing dribbling skills, jump shots, and layups.
Hackey players would perform stick handling, passing,
and shooting drills during their skating workouts. These
activities were initiated without an opponent and then
progressed to practice with an opponent. All subjects
wore a custom-made knee brace during the runming,
agility training, and sport-specific skill training activities.

Perturbation training program. The perturbation train-
ing techniques were: (1) anteroposterior and medio-
Jateral perturbations on a Balance Master motorized
force platform,? (2) anteroposterior- and mediolateral
rotary perturbations on a tiltboard, (3) multdirectional
perturbations while the subjects were standing with one
lower extremity on a roller board and the contralateral
lower extremity on a stationary platform, and (4} multi-
directional perturbations while the subjects were stand-
ing in single-Jlimb support on a roiler board.

The motorized force platform was used for the first few
training sessions to deliver the perturbations in a comnsis-
tent manner with respect to speed and dispiacement,
allowing the therapist to focus on each subject’s
response rather than the stimulus. The platform, accord-

~ing to the manufacturer, delivered a 6.35-cm {2.54n}

translational displacement in approximately 0.5 second.
The subject stood on the platform, and the therapist
programmed the platform to be perturbed in anterior
and posterior translations in 2 random manuer. Medial
and lateral translations were performed by having the
subject stand on the platform, facing the lateral edge of
the platform. The subject initially stood on the platform
with bilateral Jower-extremity support, with his or her
hands supportéd on the crossbar for balance. The
therapist informed the subject of the direction that the
perturbation would occur so that the subject would be
allowed to become familiar with the perturbations. As
the subject became comfortable with the perturbations,
arm support was eliminated and finally only single-limb
support was used. This progression occurred within the
first session. Once the subject could maintain balance
during single-limb support, the translations were applied
unannounced and in a random order with respect to
direction and timing. Approximately 15 to 20 transla-
tions occurred per session. '

When the subjects were able to maintain balance without
difficulty during the motorized force platform transla-

¥ Neurocom International Inc, 3570 SE Law‘nﬁcld Rd, Clackamas, OR 97015.

Physical Therapy . Volume 80 . Number 2 . February 2000



Figure 1.

Roller board perturbation technicue. Reprinted with permission of the
Orhopoedic and Sports Physical Therapy Sections of the American
Physical Therapy Association from Fitzgerald GK, Axe M{, Snyder-
Mockter L Proposed practice guidelines for nonoperative anterior
cruciate ligament rehabilitation of physically active individuals. } Orthop
Sporis Phys Ther. In press,

tions (usually in 4 or b sessions}, the motorized force
platform was replaced with, 2 roller board. The roller
board was a 35- X 38-cm platform supported by 4 swivel
rollers, with a roller placed on each corner of the
platform’s underside. Each subject stood on the roller
board in singlelimb support while the therapist manu-
ally perturbed the roller board randomly in multiple
directions, at varying speeds (Fig. 1). The displacement
of the board during the perturbations varied between
approximately 2.5 to 5 em (1-2 in). The speed of the
perturbations varied from quick displacements to slow,
gradual displacements. A. training bout lasted approxi-
mately 1 to' 1.5 minutes. The activity was initially per-
formed in parallel bars so that the subject would have
anm support, if needed. When balance improved, the
training was performed outside the parallel bars.

During the tiliboard perturbations, the subjects stood on
the tiltboard with bilateral lower-extremity support and
were asked to maintain a balanced position on the board
(Fig. 2). Once a subject gained a balanced position on
the board, the therapist manually applied anterior and
posterior tilting perturbations at random to disturb the
subject’s balanced position. The surface of the tilthoard
was approximately 7.5 cm (3 in} in height from the
surface of the floor. The amount of tilting during the
perturbations vaxied from approximately 2.5 to 7.5 cm
(1-3 in). The timing and speed of the perturbations
were also randomly varied by the therapist. The timing
between perturbations varied from approximately 1 t0 5
seconds. The speed of tilting perturbations varied from
a guick application to a slow, gradual application of
tilting. Subjects were instructed to respond by regaining
the balanced position on the board. The therapist
provided standby assistance in the event that the subjects

Physical Therapy . Volume 80 . Number 2 . Februory 2000

Figure 2.

Tillhoard perturbation technique. Reprinted with permission of the
Orthopaedic and Sports Physical Therapy Seclions of the American
Physical Therapy Association from Fitzgerald GK, Axe MJ, Snyder-
Mackler L. Proposed practice guidelines for nonoperciive anterior
cruciate ligament rehabilitation of physically active individuals. J Orthop
Sporits Phys Ther. In press.

Figure 3.

Roller board and stationary platform perturbation technique. Reprinted
with permission of the Orthopaedic and Sports Physical Therapy
Sactions of the American Physical Therapy Association from Fitzgerald
GK, Axe M, SayderMackler L. Proposed practice guidelines for
nonoperative anferior cruciate ligament rehabilitation of physically
active individuals. J Orthop Sporfs Phys Ther. In press.

stepped off the board. The same process was repeated
for medial and lateral tilting perturbations. Each bout
lasted approximately 1 to 1.5 minutes. When subjects
were able to perform this activity with minimal difficulty
in double-limb support, the reaunent was progressed to
single-limb support.

During the roller board/stationary platform exercise,
each subject stood with one Jimb on the roller board and
the other limb on a box that was approximately the same
height as the roller board (Fig. 3). The subject was
instructed to maintain a steady position of the roller
board when the therapist attempted to move the board.
The subject attempred to resist the therapist’s force on
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the board by pushing the lower extremity on the roller
board in the opposite direction while maiching the
speed and magnitude of the therapist’s perturbation
force. The therapist perturbed the reoller board in vary-
ing directions, amplitudes, and speed. The subject’s
ability to match the therapist’s perturbations was moni-
tored by the therapist by observing the movement of the
roller board. If the subject matched the therapist’s
perturbations correctly, there should have been minimal
movement of the roller board as the therapist applied
and released forces or changed the direction and speed
of forces on the roller board. This technique is similar to
a proprioceptive neuromuscular facilitation-rhythmic
stabilization technique.2* A training bout consisted of
approximately 1 to 1.5 minutes of perturbations. Sub-
jects performed one training bout with the involved limb
on the roller board and a second bout with the involved
limb on the stationary box. Training bouts were cor-
ducted with the subject assuming a straddle”stance, a
forward diagonal stance, and a backward diagonal
stance, These stances were used because we believed
they simulate stance positions used during many athletic
activities. In addition, the diagonal stances increased the
level of difficulty for the subject in controlling the roller
board perturbations. The total treatment tme was
approximately 6 1o 9 minutes for this activity.

The level of difficulty of the dltboard, roller board with
stationary platform, and single-limb roller board pertur-
bation techniques was progressed by adding sport
specific tasks during the perturbations. These tasks were
added to encourage carryover of possible learned com-
pensatory responses to functional activity. Schmidt® has
suggested that practicing an acquired skill in the context
of a functional task could enhance the carryover of the
skill to fanctional performance. The sportspecific tasks
were added during tiltboard perturbations when subjects
were able to withstand the, perturbations with minimal
disturbance in their balance. Sportspecific activities
were added to the roller board/stationary platiorm
technique when subjects were exhibiting minimal co-
contraction responses to the perturbations (determined
by the therapist via visual inspection).

All subjects were treated for 10 sessions, ata frequency of
2 to 3 sessions per week, depending on scheduling
constraints. All subjects completed the training program
within 5 weeks. Subjects in both groups were encouraged
to begin a partial return to their sport at the eighth
treatment. Full return to athletic competition was
aliowed at the completion of the training program.

Dstermination of Treatment Outcome :

Unsuccessful rehabilitation was operationally defined as
either the occurrence of an episode of the knee giving
way or a subject’s reduction in status from being a
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candidate for rehabilitation to being at high risk for
reinjury on retesting, based on the criterion measures of
the screening examination. Recurrent episodes of the -
knee giving way have been associated with increased
potential for doing further damage to knee struc-
tures.?627 We believed, therefore, that the occurrence of
an episode of the knee giving way would be a strong
indicator that the subject would be unable to safely
continue participation in high-level physical activity.
Clinical tests of treatment outcome were: (1) measure-
ment of maximum voluntary isometric force output of
the quadriceps femoris muscles, (2) the ability to do a
series of single-limb hop rests,?! and (3) measurement of
passive anterior knee laxity using a KT-2000 knee
arthrometer.!® Quadriceps femoris muscle maximum
isometric force output was measured using a burst
superimposition method.?® The subject was seated on a
Kin-Com H isokinetic dynamometer,’ and the dynamom-
eter force arm was secured to the subject’s ankle. The
knee was held in 90 degrees of flexion. Self-adhesive
electrodes were applied to the quadriceps femoris mus-
cle so that an electrical stimulus could be applied during
muscle contraction. The subject was asked to exert as
much force as possible while extending the knee against
the force arm of the dynamometer. An electrical stimu-
lus (amplitude=130 V, pulse duration=600 microseconds,
pulse interval=10 microseconds, train duration=1 sec-

'ond) was applied during the contraction to ensure that

the muscle was maximally activated during the test. The
force test score was expressed as an index representing
the injured limb’s quadriceps femoris muscle force
divided by the uninjured limb’s quadriceps femoris
muscle force and multiplied by 100.

The hop tests used in this study have been described by
Noyes et al?! as performance-based measures of knee
function, although they appear to reflect impairment.
The tests are all single-timb hop tests and include: (1) a
single hop for distance, (2) a triple crossover hop for
distance in which the subject must cross over a 15.2-cm-
wide (6-in-wide) tape with each consecutive hop, (3) a
straight triple hop for distance, and (4) a timed hop in
which the subject hops a distance of 6 m as fast as
possible (Fig. 4). Subjects did 2 practice trials followed
by 2 measurement trials of each hop test on both limbs.
The hop test score for each limb was reported as the
average of the 2 measurement trials. The single hop,
crossover hop, and triple hop scores were expressed as 2
percentage of the injured extremity score divided by the
uninjured extremity score and multiplied by 100. The
timed hop score was expressed as a percentage of the
uninjured extremity score divided by the injured extrenr

ity score and multiplied by 100.

§ Chattanooga Group Inc, 4717 Adams Rd, Hixson, TN 37343,

Physical Therapy . Volume 80 . Number 2. February 2000




Single Hop Crossover Hop Triple Hop Timed Hop
_ _ _ N |
IF I ]
! - -
U | ' 3
] 1 i |
Figure 4.

Diagram of singledimb hop fest series. Redrawn with permission from
Noeyes et al.2)

. Passive anterior knee Jaxity measurements were taken to
determine whether there was a change in laxity with
participation in nonoperative management of the injury.
The KT-2000 is an instrumented arthrometer that mea-
sures the degree of anterior tibial displacement (in
millimeters) with respect to the femur when the exam-
iner applies an anterior translational force to the poste-
rior aspect of the subject’s -leg. The instrument was
strapped to the anterior aspect of the subject’s leg while
the subject was positioned supine. The examiner pulled
on the handle of the arthrometer with maximum man-
ual force, creating an anterior translational force on the
posterior aspect of the leg. The passive anterior knee
laxity measurement is expressed as the difference in
anterior displacements between the invoived and unin-
volved knees. Results from a previous study performed at
the University of Delaware involving 10 subjects with
ACL injury indicated that measurements obtained with
the KT 2000 were reliable.2®

Selfreport measures of knee function were: (1) the
Knee Outcomne Survey’s Activities of Daily Living Scale,2?
(2) the Knee Outcome Survey’s Sports Activity Scale,?
and (3) a global rating of knee function. The Activities
of Daily Living Scale of the Knee Outcome Survey
assesses how a person’s knee condition affects daily
activities such as ambulation, stair climbing, kneeling,
sitting, and squatting. The Sports Activity Scale of the
Knee Ouicome Survey assesses how a person’s knee
condition affects participation in sports activities and
sportselated tasks such as running, jumping, cutting,
and quick starting and stopping. Scores for both the
Activities of Daily Living Scale and the Sports Activity
Scale are reported as percentage scores, determined by
dividing the subject’s score by the total possible score
and multiplying by 100 for each scale. A global rating of
knee function was used to assess the subjects’ overall
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Table 3. : _
Contingency Table of Frequency Daka for Successful and Unsuccesshul
Rehabilitation Between Groups

Successful Unsuccessful

Rehabilitation Reheobilitation Total
Pertubation group 11 1 12
Standard group 7 7 14
Total 15 8 26

knee function. Subjects rated kniee function on a scale of
0% to 100%, with 100% representing preinjury function.

Data Management and Analysis
The number of subjects from each group classified as

“having unsuccessful rehabilitation was recorded. A chi-

square analysis was used to determine whether there was

a difference between groups in the number of subjects

who were classified as having unsuccessful rehabilitation

at the 6-month follow-up test session. Likelihood ratios®®

were also calculated on these data to determine the

probability of a successful outcome when receiving per-
turbation training or the standard treatment. The for-

mula for a positive likelihood ratio is: (sensitivity/

1-specificity).® The formula was applied to the

frequency data in this study in the following manner.

Based on the results of the chi-ssquare analysis, we

expected that subjects in the perturbation group would

be more likely to have successful rehabilitation and

subjects in the standard group would be more likely 10

have unsuccessful rehabilitation. Therefore, sensitivity .
would equal the number of subjects in the perturbation

group who successfully completed the study divided by

the number of subjects in both groups who successtully

completed the study. Specificity would equal the number _
of subjects in the standard group who had unsuccessful
rehabilitation divided by the number of subjects in both
groups who had unsuccessful rehabilitation.

Group means and standard deviations were calculated
for each of the clinical tests and for self-report scores for
pretraining, immediately posttraining, and 6month
postinjury testing sessions. A Z-way, group X time,
repeated-measures multivariate analysis of variance was

used to determine whether there were group differences

in the test variables. The level of statistical significance
for all analyses was P<.05,

Results

Frequency of Success Versus Failure

Table 3 js a contingency table of the frequency of success
or failure of rehabilitation in each group at the time of
the G-month postinjury follow-up test session. One sub-
Ject in the perturbation group had an episode of the
knee giving way while playing football prior to the end of
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Figure 5, _
Plot of Activities of Daily Living Scale [ADLS) interaction. Significant
interaction (P <.03). .

the training period. All other subjects in. this group bad
not experienced an episode of the knee giving way on
return to full activity. Seven subjects in the standard
group were classified as having unsuccessful rehabilita-
tion. One of these subjects experienced an episode of
the knee giving way during training. -Five subjects
reported an episode of the knee giving way on return to
full activity, and 1 subject regressed to being at high risk
for reinjury based on test scores at the 6-month post
injury follow-up test session. The chisquare analysis
indicated that a greater number of subjects in the
standard group had umnsuccessful rehabilitation
(x2=5.27, critical value=3%.84, P<.05). The positive
likelihood ratio was 4.88 ([11/18]/1~[7/8]). This find-
ing indicates that subjects who received the perturbation
training were 4.88 times more likely to succeed have a
successful outcome with nonoperative treatment than
subjects who did not receive the perturbaton training.

Self-Report Surveys

The scores of 3 subjects were not included in the °

analysis. One subject from the standard group was lost to
follow-up because he received surgery prior to the
follow-up tést session. Two subjects, one from each

group, had an unsuccessful outcome before the end of

the training program and did not receive a posttreat-
ment examination, resulting in incomplete data for this
analysis. The analyses, therefore, were based on data for
11 subjects from the perturbation group and 12 subjects
from the standard group. There were no differences in
group means for pretreatment, posttreatment, and
follow-up test sessions (P>.05). Interactions were
present for the Activities of Daily Living Scale and global
rating of knee function scores (P <.03) (Figs. 5 and 6).
There was a reduction in the Activities of Daily Living
Scale and global rating of knee function score means

T2 Foeaewodd o1 oot

wengens Parturbation Group
~@— Standard Group

100 ~

a8 -

0 -

Mean Global Rating

T

60 -

50 1 1 i ]
Pretreaiment Postireatment Follow-up

Figure 6.
Plot of global rating of knee function interaction. Significant interaclion

(P<.05).
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Figure 7.
Piot of Sports Activity Scale [SAS} interaction. Interaction was not

significant {P=.12}.

from the posttreatment test session to the follow-up test
session in the standard group, whereas no change in
these means occurred during this time frame for the
perturbation group. A similar trend was observed in post
treatment and follow-up Sports Activity Scale scores; how-
ever, the interaction was not statisticaily significant (Fig. 7).

Hop Tests

The 2 subjects who had an unsuccessful outcome prior
to the end of training did not have a positrecatment
examination. One subject in the standard group was lost
to follow-up because he had surgery prior to the
follow-up examination. A second subject in the standard
group was unable to perform the hop tests at the time of
follow-up due to a back injury. A third subject was unable
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Figure 8.
Plor of single-limb crossover hop test interaction. Significant interaction

{P<.08).

to perform the hop tests at the time of follow-up due to
leg cramps. The analysis was performed on data from the
remaining subjects (11 subjects in the perturbation
group and 10 subjects in the standard group). Subjects
who refused to perform the hop tests on retesting
because of pain or fear of reinjury were given a score of
0 for the hop tests (4 subjects in the standard group
refused to hop). There were no differences between
groups for pretreatment and posttreatment hop test
scores. The perturbation group scored higher on the
follow-up single and triple hop for distance tests (single
hop test: X=101%, SD=14%; triple hop test: X~=99%,
$D=12%) than did the standard group (single hop test:
X=68%, SD=48%; triple hop test: X=59%, SD=51%)
(P <.05). There were no differences in group means for
follow-up crossover test (P=.07) and timed hop test
(P=.09). There was an interaction. for the crossover hop
test scores (P<.05). Standard group crossover scores
decreased from the posttreatment test session
(X=100%, SD=15%) to the follow-up test session
(X=64%, SD=55%), whereas perturbation group scores
were maintained during this time period (posttreatment
test session: X=105%, SD=13%; follow-up test session:
X=104%, SD=16%) (Fig. 8).

Quadriceps Femoris Muscle Force Index and Anterior
Knee Laxity

Data were not obtained for 4 subjects (1 subject in the
standard group and 3 subjects in the perturbation
group) at the posttreatment test session. One subject
from each group had an unsuccessful outcome before
the end of training and did not receive a posttreatment
examination. The Kin-Com II dynamometer was in
repair at the time of posttreatment examination for 2
other subjects from the perturbation group, and the
examinations were not rescheduled. Data were not
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obtained for 5 subjects (3 subjects in the standard group
and 2 subjects in the perturbation group) at the fol-
fow-up test session. Three subjects in the standard group
and 1 subject in the perturbation group could not be
scheduled for force testing prior to their surgeries. One
subject in the perturbation group had a scheduling
conflict for the follow-up testing session and was never
rescheduled. Therefore, a meaningful group X time
repeated-measures analysis could not be conducted.
Standard t tests were used to compare group mean
differences at each testing session for the available data.
There were no differences between groups for quadri-
ceps femoris muscle isometric force indexes at the
pretreatment testing session (perturbation group:
X=91%, SD=17%; standard group: X=86%, SD=8%),
the posttreatment testing session (perturbation group:

- X=94%, SD=156%; standard group: X=90%, SD=13%),

or the follow-up testing session (perturbation group:
X=96%, SD=15%; standard group: X=92%, SD=10%).

- Pretraining group means for anterior knee laxity

(reported as differences between involved and umin-
volved knees) are provided in Table 1. Follow-up exam-
ination mean anterior knee laxity was 4.9 mm (SD=1.7)
the perturbation group and 5.4 mm (SD=2.3) for the
standard group. There were no differences between
groups in anterior knee laxity, and there was no change
in laxity from the pretreatment test session to the
follow-up test session within either group (F>.05).

Discussion

The results of the chi-square analysis indicate that more
subjects in the standard group had unsuccessful rehabil-
itation compared with the perturbation group. The
subjects either experienced an episode of the knee
giving way or regressed to being at high risk for reinjury
during the follow-up period. The likelihood ratio calcu-
lated for the frequency data for success or failure of
rehabilitation suggests that patients would be almost 5
times more likely to successfully return to high-level
physical activity if they receive the perturbation training
than if they receive only the standard training program.
Adding the perturbation training to current standard
nonoperative ACL rehabilitation programs more pre-
dictably returns patients to level I and II activities. The
higher scores for the perturbation group for follow-up
single and triple hop tests further support this finding.

Interactions were found for the Activities of Daily Living
Scale, global rating of knee function, and crossover hop
test scores. Subjects in both groups improved their
scores from the pretreatment test session to the post-
treatment test session. Subjects in the perturbation
group maintained their scores on these measures from
the posttreatment test session to the followup test
session, whereas the scores of the subjects in the stan-
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dard group fell. Both treatment programs were capable
of returning subjects to level I and IT activities; however,
the perturbation program allowed for longer-term suc-
cess of rehabilitation.

There were no differences in passive anterior knee laxity

between groups prior to training and at the follow-up
examination. There was also no change in mean laxity
measurements from the pretraining test session o the
follow-up test session for either group. It should be
noted, however, that follow-up laxiiy measurements were
not obiained for 1 subject in the perturbation group and
4 subjects in the standard group. All 5 subjects had had
an episode of the knee giving way between the pretrain-
ing and follow-up examination periods. Ttis possible that
antexior knee laxity measurements could have increased
in these subjects as a result of the episode of the knee
giving way. However, of the remaining 2 subjects in the
study who had an episode of the knee givifig way, passive
anterior knee laxity was unchanged in 1 subject and was
reduced in the other subject from the pretreatment test
session to the follow-up test session. Several studies??3-34
have indicated that passive anterior knee laxity is not
correlated with functional outcome following ACL
injury. Therefore, we believe that even if a difference in
passive anterior knee laxity existed between groups, it
would probably not explain differences in treatment
outcomes between groups. '

The perturbation training may provide some protective
effect for continued participation in high-level physical
activities following nonoperative ACL rehabilitation.
Although the mechanism for this protective effect can-
not be determined from the results of this study, it could
be related to adaptations in neuromuscular control of
knee stability. Subjects in the perturbation program were
given additional exposure 10 potentially destabilizing
forces about the knee in a controlled, yet progressive,
manner. This additional exposure may have provided an
additional opportunity for the neuromuscular system to
adapt to these forces by developing successful compen-
satory muscle activity patterns. Future stadies are needed
to compare pretraining and posttraining changes in
muscle activity during functional activities. These studies
may be useful in describing the underlying mechanisms
for the success of the perturbation training program.

The method of application of the perturbation training
techniques may also have contributed to the success of
the perturbation training program. As individuals
acquire new motor skills, muscie activity responses will
progress from strong co-contraction patterns to more
selective muscle activity and movement patterns.® Dur-
ing the roller board and stationary platform perturba-
tion, most subjects appeared to respond with strong
co-contractions of lower-extremity muscles during early
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treatment sessions (based on visual inspection and pal-
pation). Subjects were asked not to overcome the forces
applied by the therapist, but rather to maich the forces
as they were applied and released. This method of
instruction resulted in more selective lower-extremity
muscle contractions in response to the applied loads.
This method of instruction during the roller board and-
platform technique may have better prepared the sub-
jects for higher-skilled muscuiar responses to destabiliz-
ing forces when they returned to full athletic competiion.

Applying the perturbation techniques during perfor-

mance of sportspecific tasks may have added to the

success of this treatment. If the perturbation techniques
allowed subjects to acquire protective COmMpensatory

neuromuscular adaptations, application of these tech-

niques during sportspecific tasks may have provided for

carryover of the protective responses 1o functional situ-

ations. Practicing learned motor skills in the context of

functional tasks has been suggested to ensure carryover

during functional activities.?®

Subjects were treated for 10 sessions, at a frequency of 2
to 3 times per week. Although this treatment dosage
seemed to be adequate over a 6-month period from the
time of injury, the optimal dosage for extended partici-
pation in level I and II activities cannot be determined -
from the results of this study. Future investigations that
use varied numbers and frequencies of training sessions
may be useful in identifying an optimal dose-response
relationship for the perturbation training program.

We were the first researchers to use a screening exami-
nation to select patients with good potential to-succeed
with nonoperative management for participation in a
study of this type. In previous studies,1 26273186 subjects
self-elected nonoperative management for their injuries.
Many subjects in these studies experienced continued
episodes of instability and had reduced their activity
levels as a result of their knee condition, even after
undergoing rehabilitation. Engstrom et al®! reporied
that only 23% of their subjects were able to remrm to
preinjury activity levels with nonoperative management.
Andersson®® reported that only 30% of subjects electing
nonoperative management were able to return to prein-
jury actvity levels within 1 year of injury.

The best success rate for returning patients to high-level
physical activity was reported by Shelton et al.%7 Subjects
in their study self-elected nonoperative treatment and
were excluded only if multiple ligament or repairable
meniscal damage was associated with the ACL injury.
Thirty-one of the 43 subjects in Sheiton and colleagues’
study returned to athletic competition. Only 12 (39%) of
the 31 subjects who returned to athletic competition
were able to do so without experiencing an episode of
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giving way at the knee. Comparing this result with ours,
69% (18/26) of all subjects in our study returned to full
activity and did not report an episode of giving way at the
knee at the time of the follow-up examination. The
success rate was 92% (11/12) in the perturbation group
and 50% (7/14) in the standard group. The success rates
for subjects in our study were superior to that of the
study by Shelton et al, regardless of treatment group
assignment. The evidence suggesis that use of the
screening examination to select appropriate patients for
nonoperative management of ACL rupture improves the
probability of successful return to high-level activity in
this patient population.

Conclusions

Aungmenting nonoperative ACL rehabilitaton programs
with the perturbation training techniques described in
this report enhances the probability of successful return.
to high-level physical activity. Although both training
programs used in this study allowed subjects with iso-
lated ACL ruptures to return to high-level physical
activities, subjects who received the perturbation train-
ing demonstrated greater long-term success than sub-
Jjects who did not receive this training. The greater
proportion of successful return to activity in both treat-
ment groups compared with. previously reported success
rates indicates the screening examination enhanced
ireatment outcome by identifying patents with good
potential to succeed with nonoperative management.
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Conference

Invited clinicians and
researchers discuss a
research report’s
implications for practice,
research, ecfucaiion, and

administration.

esearch reports answer
questions—and often
raise new ones. Mark
A DeCarlo, James Irrgang,
and Kcvm Wilk join Editor Jules
Rothstein in a discussion about the
clinical and research implications of

+“The Efficacy of Perturbation Train-

ing in Nonoperative Anterior Ciuci-
ate Ligament Rehabilitaton Pro-
grams for Physically Active

Individuals.”

Rothstein: Fitzgerald, Axe, and
Snyder-Mackler make a strong case
that people with anterior cruciate
ligament [ACL] injuries can be clas-
sified as belonging to one of two
groups. One group is described as
being relatively sedentary and as
having success with rehabilitation.
The other group is described as
being far more active and as having
less success with rehabifitagon. Is
that what you find, both in your
practice and in your reading of the
literature?

Wilk: Noyes et al! proposed the
“rule of thirds.” They found that

one third of their patients with ACL -

tears compensated and did well, one
third modified their participation in
sports and did not do very well, and
one third could not retwmn. to sports
at all. When I see a patient with an
ACL injury, I always ask, “What level
of function is the patient returning
to? Is the patent returning to a
sport that requires a lot of hard
pivoting or cutting, or is the patient
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returning to straight-ahead running
or jogging?” I attempt to assess the
patient’s level of functional activity,
such as work and sports. And 1 find
that, for people who have torn their
ACL and are involved in hard run-
ning and catting, the likelihood of
returning to the previous- level of
function is diminished as compared
with the likelihood for those return-
ing to a lower level of function.

Rothstein: Are there any data on
this rule of thirds, or was it based
only on a general clinical
impression?

DeCarlo: 1 don't know of any
study that substantiates the rule. In
my own practice, the rule of thirds
doesn’t apply.

Rothstein: What are your fracions?

DeCarlo: First, what types of
patients with ACL injuries are we
talking about? Are some patients
sedentary individuals who want to
maintain that lifestyle? Are some
very active individuals who want to
maintain that level of activity? Are
some fairly active but want a nonop-
erative approach and, because of
their injuries, become sedentary? In
my clinical experience, not every
person. 18 a candidate for ACL
reconstruction; however, more than
2 third of my patents with torn
ACLs—perhaps as many as two
thirds—ultimately have ACL recon-
struction.
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lrrgang: Patients who are referred to my facility have
already determined that they want surgery; therefore, a
very high proportion of my patients have surgery! Daniel
et al? provided some data suggesting that the rule of
thirds may not be accurate. Individuals who are return-
ing to high levels of activity probably have a greater need
for ACL reconstruction than those who aren’t returning
to high levels of activity.

Rothstein: All three of you manage patients who are of
a homogeneous type. That is, regardless of whether
they're coming for surgery, they—and you—have high
expectations for function. We don’t know the “rule” for
the “average orthopedic setting.” An orthopedic physical
therapist in a hospital setting, for example, may not see
the proportion of ACL reconstructions that you see. A
physical therapist’s expectations regarding reconstruc-
tion therefore may depend on the nature of his or her
practice.

rrgang: We also have to remember why is at risk for
ACL injury. Most ACL injuries happen as a result of
physical activity. If these physically active patients return
to their previous levels of activity, they’re going to be at
greater risk for reinjury than patients who dom’t return
to previous levels.

Wilk: Helping a patient decide whether to have ACL
reconstruction poses a real dilemma, whether the
patient is a high school athlete or a 40-year-old skier who
was injured on the slopes. Both types of patients ask,
“Should I have the surgery, or can 1 cope with this
problem? What are my chances of full recovery with and
withont surgery?” As a physical therapist, I look at age
and level of activity. For the 40-year-old skier with 2 torn
ACL who is never going to ski again but who wants to be
able to participate in workout sessions, an ACL recon-
struction may not be necessary. For someone younger
who is involved in a more aggressive sport or work
activity—such as a college sadent—1I"d probably recom-
mend reconstruction. I would base that recommenda-
fion on my clinical experience, which tells me that,
without surgery, a person invelved in strenuous sports is
likely to have knee instability, such as “giving way”
episodes, and may develop meniscal pathologies.

Irrgang: The decision on surgery also has to do the
with the patient’s willingness to make lifestyle modifica-
tions. Let's reconsider that 40-year-old skier. If he is not
going to give up the activity that caused his knee to give
out in the first place, he probably needs to have ACL
reconstruction.

DeCarlo: A patient may bave experienced other knee
trauma at the time of the ACL tear. What is the status of the
menisci and the articular surface of the femoral condyles?

Even if the patent isn’t very active, what would be the
long-term ramificatons of a well-done ACL reconstruction
for a person with articular suxface damage? Would surgery
prevent major problems down the road in terms of degen-
erative changes in the knee? There are other factors to
consider, such as whether the patient is likely to adhere to
rehabilitation in the preoperadve phase.

wilk: Do orthopedic surgeons who perform a high
volume of ACL reconstructions even think about trying
nonoperative intervention first? In my experience, they
think about nonoperative intervention only if the patient
is adamant about pursuing it. I think that most surgeons
believe, rightly or wrongly, that the majority of people
will experience problems or cause further damage and
that therefore the best intervention is reconstruction.

Rothstein: One of the founders of sports medicine, an
orthopedist, used to say that there were only two types of
patients in his waifing room—pre-op and postop.
Apparently there axe still settings where that philosophy
exists.

Wilk: Years ago, reconstructive surgery typically was
performed only if nonoperative interventions failed—
which may or may not have been the best approach.

Rothstein: There also were many failed operations in
those days, more s0 than today.

DeCarlo: In some areas of the country, physical thera-
pists still may not have access to orthopedic surgeons
who can reconstruct the knee with a predictably high
success rate; in thoSe areas, trying a nonoperative pro-
gram first may be indicated. Over the past 15 years, there
has been an increase in the number of fellowship-trained
orthopedic surgeons with high-level surgical skills as
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related to performing ACL reconstruction. With this
increase, and with the greater competition, I think it’s
rare to not be able to find a technically proficient
surgeon. . . . There also is a timing issue. A nonoperative
program may be appropriate for an athlete if the injury
occurs in the beginning of the sport season.

Irrgang:  Many of the subjects in this study are focusing
on what they can do to get through the season. For the
high school senior who has a scholarship on the line,
what’s the probability of completing the high school
season without a reinjury after undergoing this nonop-
erative program? In all likelihood, after the season ends,
that student athlete will end up getting a reconstruction.
I believe the authors are proposing a program that may
provide a temporary solution that will aliow the athlete to
return to play without surgery.

Measuring Performance

Rothstein: The program described by Fitzgerald and
colleagues may restore patient function and reduce
vulnerability to new injuries. If it worked for one season,
why wouldn 't it work for the next season?

DeCarlo:  The training was described as consisting of 10
visits. Would the patients néed to continue with this kind of
aining in order to maintain the same high level of
performance they had before they were injured? The
authors posed that question at the end of the article when
they talked about the need for further study. Another
question involves the wearing of a brace by padents who are
ACL deficient. What is the level of satisfaction with wearing
a brace? And how successful were they as far as their
athletic skills and participation in their sport during the
season? All of these questions are related,

Rothstein: We're asking about the long-term future
and a qualitative measurement—which is problematic.
Even for surgery, we don’t have very good gualitative
measures. Our discussion reminds me of the expiraticn
dates that are stamped on consumer goods: “If you really
want to be safe, use before this date.” Bug often, the item
is perfectly good for 2 more years after the use-by
date.... It's as though this article is reporting on an
intervention that offers successful rehabilitation that may
or may not expire over time, at which point the patient
may need some other treatment. '

Will:  Fitzgerald and colleagues used “giving way" epi-
sodes, clinical tests, and knee scores as the criteria for
determining success. But what is the best ultimate mea-
sure? Did these subjects participate at their preinjury lLevel or
Something less? Just “getting through the season” isn’t
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good enough if you're looking for a program that will
reestablish a higher level of knee function.

Rothstein: Obviously, time is one measure. The
patient may still be on the football team but may not
have played a minute since the injury, whereas before

.~ the injury he might have been playing 40 minutes per

game.
Willke: Effectiveness in the sport is another measure.

Rothstein: How do we measure quaiity of sports perfor-
mance as part of our patient management?

Wilk: With a basketball player, we might measure
performance in terms of points per game. What was the
player’s average points per game or number of assists
preinjury versus postinjury? Using the Cincinnati Knee
Rating System,® we can compare the average preinjury
and postinjury knee scores. If a player’s knee score was
100 points prior to injury, what is the postinjury knee
score at 6 months into the nonoperative program?

DeCarlo: With all sports, 1 look at specific perfor-
mance. My facility uses the Cincinnati knee score exten-
sively. I believe it gives a good indication of overall level
of function because of the 100-point scale and the many
different questions that it asks,

" Irrgang: ‘When measuring performance, I also rou-

tinely ask patients how the knee was doing prior to the
injury. How does the patient Jeel it’'s doing now? .

Individualized Muscle-Firing Patferns?

Rothstein: Early in this article, the authors @lk about
designing treatments that induce compensatory muscle
action, *but they say that the compensation for the
ruptured ACL is idiosyncratic. Even though the authors
recommend a protocol of rehabilitation, they suggest
that, when all is said and done, the specific compensa-
tions vary from patient to patient. Do you agree?

Willk: Research has shown that once the ACL is torm,
proprioception is diminished,* and a “quadriceps avoid-
ance gait” develops—people walk with a slightly flexed
knee and use the hamsirings more than they use the
quadriceps femoris muscles.5-7 Even though there may be
some individualized musclefiring patterns, the literature
shows that people who injure their ACL tend to “turn off”
their quadriceps femoris muscles and use their hamsirings
more, particularly the lateral hamstrings. Walla et al?
reported that people who learn o use primarily the lateral
hamstrings to control the knee achieve dynamic stability of
the knee joint more effectively.
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Irgang: When Rudolph et al® looked at “copers” and
“non-copers” among people with torn ACLs, they found
that the non~copers had greater co-contraction stiffniess
of the joint, whereas the copers could more selectively
activate the hamstrings or other muscles to stabilize the
knee. People with an ACL-deficient knee may have differ-
ent ways of reacting to that condition from a neuromuscu-
lar control point of view, Maybe that explains why some
people can cope, and some people can’t.

Wilk: Several research papers published in peer-
reviewed journals show that patients with torn ACLs use
their hamstrings more than their quadriceps fermoris
muscles. #8912 For the perturbation training that Fitzger-
ald and colleagues described—we’ve conducted the
same training in my facility using surface EMG [electro-
myography] as well as in-dwelling EMG—patients
assume a flexed position, otherwise they can’t stabilize
the knee. Having 25 to 30 degrees of kned flexion
definitely gives the hamstrings a big advantage. So I'm
surprised by this study’s emphasis on individualized pat-
terns. In my clinical experience, most patients exhibit a
consistent pattern. '

DeCarlo: If the three of us were able to look at a high
volume of patients with ACL injuries who opt for a
nonoperative program—we don’t have that high vol-
ume, because most of our patients have surgery—I
suspect that we would find a consistent compensatory
gait pattern. There may be individual variables, however.
Several researchers!-1¢ have reported that if patients
hyperpronate, they may be more apt to having an ACL
tear. And if someone hyperpronates and has an ACL
deficiency, there may be varations. By “hyperprona-
tion,” I mean significant subtalar pronatory motion
resulting in internal tibial rotation beyond contact or
heel-strike phase.’s But I believe that, in general, the
quadriceps avoidance gait is consistent.

Rothstein: Perturbation training presents a stimulus
and asks for a response. These authors basically report
that they instructed patients to “do this” and that the
result was greater function. -

Wilk: I'm sure the authors gave more detailed patient
instructions than “do this,” however! When a padent is
on a dlt board, the physical therapist creates perturba-
ttons by either tapping the board or having the patient
throw a ball. In the clinic, I explicity instruct the patient
to “stay in a flexed position, hold the platiorm as
horizontal as you can, and, when I rock it, bring it back
to the horizontal as fast as you can.” My instruction is to
“keep your knee flexed to about 25 to 30 degrees”—
because that's usually where the patient is the most
comfortable—"but keep your chest over your knees, so
you have hip flexion.” That’s the only way the patient
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can stay on the board if I'm really “thumping™ it, If I'my
only lightly tapping the board, the patient can stabilize in

any position he or she wants, including completely uprighe. -

But once you start rocking that board and creating strong
perturbations, the patient should be in the hip flexion or
knee flexion position, otherwise the patient is never going
to stay upright to do a scaled activity.

lergang:  But the key to this activity is what’s happening
at the level of muscle, and patient instructions don't tell
us how patients are using their muscles. Do they use 2
co-contraction of the quadriceps femoris muscles and
the hamstrings, a selective activation of the hamstrings,
or a selective activation of other involved musclesy
Fitzgerald and colleagues are saying that individuals may
use different strategies to stabilize the knee.

Rothstein: Wilk's description of patient instruction
suggests that there may be a continuum in how Physical
therapists instruct patients. That is, we provide a stimu-
lus—in the case of this study, on a nonmechanized
basis—with which we can shape patient behavior. The
therapist has two options: give only enough guidance so
that patients don’t hurt themselves, or give patients
detailed guidance. This implies that there can be differ-
ent ways of using a similar approach in managing
patients. To what extent is it better to guide patients or

to let patients find their own methods?

Wilk:  You can utilize perturbation fraining in one of
these two ways—using instruction or allowing patients to
seek their own method—and perhaps still end up at the
same point. We've conducted EMG siudies using the
Balance Master* system, similar to what Fitzgerald and
colleagues used, and we'vé found very high jevels of
hamstring activity, parucularly of lateral hamstring activ-
ity, which confirms the studies by Berchuck et al?® and
othersS7® on quadriceps avoidance gait. We see thijs in
the clinic all the time: People often walk with a flexed-
knee gait. Co

Not Your Average Patient?

Rothstein: The authors believe they found a unique
patient group for the nonoperative program. They used
the hop test!? to differentate patients. Do you use this
test, and, if so, do you think it makes that differen tiation?

Wilk: T believe that the heart of this study is patienf
selecton. In these subjects, the single-leg hop test sco’
was 80% or greater than that of the unaffected leg,
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special. My speculation is that they had good functional
stability and excellent muscle co-contractions and that
they basically had recovered from their inital mjury.
This is very good information for screening purposes.
That is, if patients with a torn ACL can do 2 hop test at
80% of the unaffected leg, maybe they can deal with ACL
deficiency at least for a month or two, enough to play out
a season. | wonder how much time transpired in this
study from the time of injury to the screening test?

irrgang: Based on my personal knowledge of the
authors’ program, by the time the hop test was con-
ducted, these patients had recovered from the acute
episode, had started relabilitation, had regained their
range of motion, and had started some sirengthening
exercises. That would be approximately 3 or 4 weeks

postinjury.

DeCarlo: We use the hop test as part of postoperative
rather than preoperative screening. Our patients who do
not bave reconstruction but who want to return to
activity typically have made a choice to modify their
activity level, We therefore don't use this test in making
decisions on return to sports.

Rothstein:  According to our discussion, the patients in
this study are not representative of the “typical patient”
with a torn ACL. The screening protocol used by Fitzger-
ald and colleagues apparently did a good job of identi-
fying those who could be helped by the nonoperative
program. This study is a wonderful example of the
difference between an outcome study—for a select

group of patients there was a positive outcome—and a

study that clinicians can use for evidence-based practice,
Based on the use of the hop test, this study appears to
have limited generalizability. Many therapists wouldn’t
find “their” specific patients among these subjects. But
for those physical therapists who do treat this type of
patient, there is strong evidence about the benefit of the
intervention.

Wilk: That's why the study is valuable. But if a physi-
clan sees a patient with a torn ACL—for example, a high
school or college athlete, recreational or scholastic—and
the patient wants to know whether surgery is necessary, I
seriously doubt that a physician would say, “I don’t know.
Go to physical therapy for a series of tests to determine
whether you need it.”

Irrgang:  This also applies to the question, “Can I play
out the season?” There may be a reason why the patient
needs to play out that season. Maybe it’s his or her last
season of eligibility. Fitzgerald and colleagues are saying,
“Let’s give it a little bit of time. Let’s see whether the
patient qualifies for the nonoperative program, and
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ther, if the patient can successfully complete the pro-
gram, let's see what happens.”

Wilk: After a patient tears the ACL, the physical ther-
apist might take 2 or 3 weeks to reduce the swelling and
restore some range of motion, Next, the therapist might
do the screening test, which may take a day or two. Then,
the patient may undergo rehabilitation——according to
this study, three times per week for 5 weeks. This brings
us to 7 or 8 weeks postinjury. Given this scenario, the
patient may ask, “Why don’t I just have the surgery first?

It would be 8§ weeks before I could go back to play

anyway.” In most sports, the season essentially wouid be
over by then. That's where the treatment dilemma Hes.
Most athletes, and maybe even the general population,
de not want to spend the time in nonoperative treatment
if they're only going to need surgery anyway. As we've
already noted, that’s the mindset of many surgeons
today.

Rothstein: How long it would take to get an avid
skier—not a professional skier—back to skiing post-
ACL reconstruction?

Wilk: Scholastic and professional athletes are some-
what more predictable than recreational athletes. We
can't be sure about the recreational athlete’s level of
motivation or conditioning, both of which facter into
how long the rehabilitation is going to take. Skiing is one
of the spoxts for which it takes longer, just because of the
nature of the sportand the type of person the skier tends
to be. The ultimate answer is that these patients return
to skitng when they're ready—but I would estimate at
least 5 or 6 months.

Rothstein: What about for simpler activities, such as
pick-up football?

Wille:  Again, I would always add the caveat, “Patients
return when they're ready.” But I would estimate 4 or 5
months,

Rothstein: That's a little less than twice as long as the
protocol used in this study.

Irrgang: At my facility, the approach is not as aggres-
sive as the one used in this study. Our time frame is
probably closer to 6 months. The athletes starz returning
at 4 or 5 months, but full participation tzkes at least 6
months.

DeCarlo: As a general rule, I find that recreational
skiers won't be able to return to the slopes until the
following winter. But as I think about recreational and
professional athletes in other sports and about our
clinical experience during the past 3 or 4 years—using
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the patellar tendon graft from the opposite knee for
primary ACL reconstruction—I can say that football
players who are injured in the preseason are playing that
same season, and basketball players begin their agility
training within 6 weeks postsurgery. We're aggressive
even with the recreational athlete who may not have a
defined season, because within 6 weeks or so of the
operation, they are doing the agility program, and within
3 months or so they are reasonably competitive.

What's “Standard”?

Rothstein; Here’s a quesiion that relates not only o
this study but to any sitnation when we want {0 compare
interventions. The authors say that they used 2 “standard
program” for comparison. In conduciing research, I've
found it difficult to determine what a “standard pro-
gram” is, and 1 usually have to depend o1 colleagues for
an expert opinion. Is the program described in this study
a “standard program”?

DeCarlo: The authors addressed such issules as moton,
swelling, and gait early in the article. As far as the
training program, however, they didn’t give a remen-
dous amount of detail, probably because it would have
been too lengthy. There could be a lot of discussion
regarding quadriceps- femoris muscle and hamstring
strengthening. Did they use open and closed chain
exercise or isolated functional strengthening? As a gen-

eral rule, strengthening of the lower extremity, endur- -

ance training, agility training, and sports-specific work
would constitute a “standard program.” In terms of the
specifics of the exercises, however, there could be quite
a bit of variation. The electrical stimulation protocol
* yused in this article was described in the literature by
Snyder—Maclder,‘B but there is no expert consensus on
that protocol as part of the standard program.

Rothstein: Is it even practical to consider elecirical
stimulation as part of the standard program?

DeCuarle: Under managed care, and with restrictions
on patient access to physical therapy, that’s a very real
question. My patients live 60 miles away on average. It
wouldn’t be realistic to expect them to visit the clinic
three times a week for electrical stimulation.

Irrgang:  If a patient starts functioning well with activ-
ities of daily living, the physical therapist would have 2
hard time justifying this higher level of intervention to
payers.

Wilk: “Standard program” means different things to

different people. And sometimes what we write for
publication is different from what we do in the clinic.
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Since 1995, at my facility, we have made a conscious
effort with all patients who have ACL injuries—both
reconstructed and unrecoastructed—to work on propri-
oception, neuromuscular training, perturbation train-
ing, and improvement of limb confidence. Anecdotally,’
I’ve noticed tremendous improvements at a faster rate.
So, although our standardized program would include
all of the things described in this article—strength,
cardiovascular, agility, and sportsspecific training—in
hetween the lines we are using a great deal of neuromus-
cular and motor control waining. In my opinion, that’s
the key with all patients with ACL injuries, whether they
have surgery or not. .

Rothstein: Js “standard” different for your facility from
what'’s reported in this paper?

Wilk: T'm not sure. When the authors talk about
“agility skill training,” for instance, they do not inchude
details, probably because the description would be too
cumbersome. But I would speculate that it inciuded
some proprioceptive training. In my facility, our pro-
gram consists of approximately 50% or 60% strength
and cardiovascular training and 40% or 50% proprio-
ceptive training. That’s how important proprioceptive
training has become to our “standard program.”

Rothstein: It could be argued that using the limbs
inherently involves propriocepiion. What does “propri-
oceptive training” mean to you?!

Wilk: One day postACL reconstruction, we may ask
patients to do weight bearing activities such as putting
equal weight on both legs, using a force platform to
determine weight distribution. When they do closed
chain squats, we may have them ook at a screen so that
they maintain equal weight on both sides. I believe that
this is a proprioceptive activity, because it involves aware-
ness of how much weight the leg is bearing and the
location of the knee joint in space. Within 7 days,
patients begin standing on foam half circles, doing
lunges and weight bearing, and then move on 1o the
Biodex Balance System,’ doing squats on an uneven or
unsteady surface, finally working toward the tlt board.
This is the “standard program” for our clinic. Every
patient receives it.

Irrgang: | In this study, however, the control group did
not use nlt boards.

Rothstein: By virtue of these particular patients and

their need to get back to sports within a brief period of
time, the study represents a “special niche.” Our discus

t Biodex Medical Systerns Inc, Brockhaven RED Plaza, 90 Ramsey Rd, Box 702
Shirley, NY, 11967.6702.

Physical Therapy . Volume 80 . Number 2 . February 2007



sion now suggests that there may another niche—the
niche of having enough time! Not only must there be
enough visits but enough time per visit for electrical
stimulation, which can be very time consuming.

Wilk: The perturbation training also is time consum-
ing—and labor intensive. First, the therapist has to train
patients in this type of activity to reduce the risk of
injury. Even if patients are just balancing on a platform
while throwing a ball into 2 bounce-back system, they

‘should be supervised to ensure their safety. In perturba-
tion training, the therapist creates a simulus by tapping
the platform, which means that the therapist must observe
the padent while creating the perturbation stmulus.

DeCarlo: At my facility, about 40% of our caseload is
covered by managed care plans, bur we still are different
from the norm because patients can come in whenever
they need to. Many travel a great distance. But that’s not
just a time issue. It's a resource issue. Particularly for
high school students, considerable family resources are
. involved; for instance, parents may have to take time off
work to bring their kids to therapy.

Rethstein: Exercises are modified in this study on the
basis of complaints of pain and swelling. Are these the
- general guidelines thas your clinics use?

; lrrgang: In addition to pain and swelling, I look at the
_ quality and correctness of movement, I evaluate patient

-.-. performance qualitative}y. .

. DeCarlo: From z theraplst s standpomt it is important
to ‘know whether there is pain and swelling, because
these symptoms relate to meniscal trauma and articular
surface damage. In my-experience, figure eight running
and agility training are easier for patients to resume than
traditional running activittes. The sportsspecific and
agility programs are more challenging, so I focus on
those.

Wilk: In modifying the exercises, I ask the patient,

“How did your knee fzef? Did you have any episodes in
which you felt like your knee was going to give way? Did
you feel any instability or shifting in the knee?”

Multiple Outcome Measures: Which Ones
Determine Success?

Rothstein: Fitzgerald and colleagues gave operational
definitions of “unsuccessfui rehabilitation,” and the first
one is “knee giving way.” Do you consider this to be a
Teasonabie outcome? What about arthrometer scores?
Why would they change when nething is being done to
the ligament?
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DeCarlo: In the long term, the arthrometer score
certainly could change, but not in the short term. . ..
“Giving way” is important in determining outcomes. In
this study, if the patient’s knee gave way at any time

- during rehdb or return to activity, the patient was

excluded from further nonoperative treatment. Every
time the knee gives way, the patient risks further intra-
articular damage that could become a long-term prob-
lem,'?% such as arthritic changes--which is why 1
disagree with recommending nonoperative treatment to
the high-level athlete. 1 believe that therapists can return
athletes to activity within a reasonable time frame, even
within a season, following a well-performed ACL recon-
struction, and that the surgery decreases the potential
for greater intra-articular problems.

Wilk: Again, another big factor is whether the athlete
is satisfied with the level at which he or she is able w0
competre. Is the athlete functioning near the preinjury
level? If the knee is stable but the athlete stll isn't
competing at the desired level because of lack of confi-
dence in the limb or because of some other performance
problem that has compromised strength, I view thatas a
failure. “Enee giving way” and . arthrometer scores
shouldn’t be the only criteria. Some people in this seudy
did fail, both with the standardized treamment and with
the perturbation training. Of those individuals who
failed, I want to know which ones were participating in
sports—and what type and level of sports. Was there a
correlation between a certain sport or level of participa-
tion and ultmate failure? .

" Rothstein: When we have so many measures, as in this

study, how do we decide when we've succeeded and’
when We ve failed?

Irrgang: “Knee giving way” is a good definition of poor
outcome, at least for the purposes of this study. Wilk
added the outcome of whether patients are feeling
apprehensive or baving other symptoms, pain, and swell-
ing with an-attempt to return to activity. These measures
could be put into some type of a cluster. If patients have
two out of the three, for instance, that could be the

'¢riteribn for failure.,

Rothstein: s there a hierarchy of cutcomes criteria?

Wilk: Giving way and the performance would have to be
close to the top and would have to go hand in hand.

Rothstein: But aren’t there measures that would be
“nice to know” versus indicative of success or failure?

DeCarlo: If strength isn’t good, for insiance, none of
the other variables is going to be good either.
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Rothstein: There are no data to support that supposi-
tion, however.

Witk: One of my padents, a National Football League
lineman with an ACL reconstruction, has a 43% deficit
compared with the opposite leg. He’s been practicing,
and he knows he can play; he’s just waiting for clearance
to play. He has a big strength deficit, but functionally he
has no giving way. His knee is stable, his quadriceps
femoris circumference measurements have decreased,
he has no effusion, and he's been running and doing
one-on-one drills for 4 weeks.

Rothstein: What, then, is the relationship between
impairment—in this case, weakness—and disability?

DeCarlo: If strength isn’t at a certain level, patients
generally are more predisposed to knee ache and to
increased swelling in the joint. As a result, they may not
be able to perform effectively. So, those vartables are
somewhat interrelated. '

Irrgang:  They are interrelated, but I don’t Know how
strong those relationships are. Performance is what ulti-
mately determines success or failure. If athletes are not
performing up to their expecrations—if they’re having
instability or other symptoms—1'd define that as failure,
as opposed to inadequate quadriceps femoris muscle
strength or a poor arthrometer test score. Again, we
should look at how patients are doing from a functional
point of view.

Wilk: Using giving way as the criterion for success or as
the ultimate ontcome doesn't tell you the padent’s status
in terms of activity level. A patient might not have an
episode of giving way, and she might have returned to
skiing; but perhaps she can handle only the “bunny hill”
or is able to ski only once every 2 weeks as opposed to
twice per week. In the case of a football player, perhaps
he’s playing, but only for a few minutes per game. In
other words, the athletes may still be participating at the
same sport, but not at the same level or frequency.

Rothstein: When patients take preempiive action to
decrease their- risk for reinjury, it's harder for the
physical therapist to do an evaluation. But that's their
right. They’re the ones who feel the pain. So, when some
patients have fewer problems than others, maybe it’s
because they're doing less. That’s why a thorough history
and discussion are critical. When a patient says, “T'm
100% suceessful at everything I did this week,” you may
find out that all he did was go to the store twice. We need
more descriptive information from the patient interview;
otherwise, the context in which we make our clinical
judgments is weak
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Irrgang: Again, for me the big quesiion is whether th‘-é N

patient is participating at the preinjury level. If not, the
outcome may not he adequate.

Wilk: Injudging these two groups—the standard treat-
ment group and the perturbation training group—I see
some disparity. The standard group seemed io have a
higher level of sport participation than the perturbation
group did. The standard group included one person
who played lacrosse, which is a high-level activity; one
who played soccer; one who played field hockey; six who
played collegiate basketball; and one who played high
school basketball. The perturbation group included one
field hockey player and one volleyball player—no bas-
ketball players. That has implications. Basketball is prob-
ably one of the toughest sports because of the jumping,
the frequency of cutting and pivoting, and the coeffi-
cient of friction between the gym floor and the sneakers.
At what level and how often are these subjects playing?
Are the six basketball players in the standard group
recreational or scholastic athletes? Are they playing once
per week or 7 days per week? Noyes® proposed grading
functional activiies—at level one, level two, or level
three—based not only on the type of sport, but on the

. frequency of the sport. If patients are retuming to

basketball at a college level, which involves playing 7 days
per week, they're going to have different needs from
those of patients who play recreational basketbali once
or twice per week.

Patient Motivation

Rothstein: All of you have made it clear that you don’t
believe you succeed with' this type of patient unless you
meet the patient’s unique needs. This philosophy isn’t
necessarily limited to patients who play sports. But
should a therapist be held responsible because a patient
with 2 low back problem doesn’t go back to work—
especially when the patient didn’t like his job to begin
with?

Irrgang:  Sports patients are very motivated to get back
to what they were doing. We don’t usually have the
psychological or other variables that may affect the
outcome in other types of patients.

PeCarlo: The principle that drives sports physical ther-
apists, both from a clinical standpoint and a research.
standpoint, is getting these individuals back to their
previous level of activity.

Rothstein: Given those expectations, are you surprised

“by the results of this study?
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will: 1 was surprised, but T was also delighted. I fxmly
believe in neuromuscular training, and the results of this
study help support what I do clinically.

Rothsfein: ‘What about the fact that the groups may not
be quite equal in terms of sport and participation level?

Wilk: Even the standard group had a 50% success rate,
according to the criteria. Compare that with the resuits of
most other studies. According to the literature review

‘conducted by the authors, the success rate ranges between

93% and $9%. We'd probably all agree that about 20% of
our patients cope or adapt to their ACL deficiency. In that
context, a B0% success rate using conventional treatment
without perturbation training seems very high. And the
perturbation group had a 92% success rate at the 6-month
mark. These results are amazing. They are almost triple the
rates reported in previous studies.

Rothsteint Would the difference in the sample
account for that?

Irrgang: The way they selected patients for this pro-
gram might account for some of the success. The
selection method has to be taken into account when
generalizing results to practice.

Is It Evidence for Your Patients?

Rothstein: 'We might like a study’s resuits because they
reinforce our opinion or because we like the way the
study was done, but if our own patients don’t meet the
eligibility criteria that the study uses for its subjects, we
are not treating the same type of patients. In the case of
this article, the results do not necessarily constitute
evidence for what a given therapist is doing. They may
provide inspiration, but not evidence. What about this
study best indicates that the subjects were special?

Wilk: The fact that the authors were able to conduct
the hop test with patients who were only 3 or 4 weeks
Postnjury is surprising. I assume that the patients had no
meniscal pathology or significant bone bruises. Even
with magnetic resonance imaging, however, meniscal
lesions are not always obvious. At 3 weeks, most patients
with ACL deficiency may have normal gait, but they may
stll feel uncomfortable about their knee and feel appre-
l_lensive about quick movements. They may have joint
!me pain because of the bone bruise or capsular
mflammation.

DeCarlo:  With bone bruising, and given that the swell-
ng has only recently been reduced, the gait has only
fecently been normalized, and the leg control has only
Tecently been improved, I would be very apprehensive
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about having the patient do a single hop, let alone-the
other hop tests that were described.

Rothstein: The authors don’t report patients having
any problems with these tests. That seerns miraculous.

Irrgong:  They may have had newromuscular control
or, at least, the propensity toward it before they even
started rehabilitation.

Wilk: The subjects weren’t consecutive patients. Per-
haps Dr Axe {orthopedic surgeon .and co-author]
unconsciously “preselected” for patients who had less
inflammation and a truly isolated injury and who didn’t
have a big bone bruise. Such patients would natuzally da
better than others mighe. . . . For readers who treac ACL
injuries only occasionally, and even for readers who treat
many ACL injuries, this study makes the case that they
should consider propricceptive, neuromuscular, pertur-
bation-type training in all phases of the rehabilitation.
And perhaps not just for patients with ACL injuries, but
for all patients. This study supports the idea that
dynamic stabilization is important to the knee--and
probably to all joints in the body. '

DeCarlo: As with all research mvesﬁgﬁﬁons, this study
raised some questions. This particular approach uvsing

perturbation training was geared toward a. shortterm

option for specific patients. It would be interesting to
continue this study to determine the long-term success of
these particular patients who have chosen 2 nonoperatve
approach. These individuals were able to return to their
sport. But for a patient with an ACL-deficient knee who is
wearing a custom-made brace, what is the level of activiey

Irrgang: The authors did a good job of identifying a
problem and designing and testing an intervention. It
does provide some evidence for the perturbation train-
ing. It would be interesting apply these same types of
techniques in 2 randomized way to support their use for
other conditions, including post-op. We may believe that
these techniques work, but a randomized trial would
provide a higher level of evidence then just our opin-
jons. The authors provide a first step—and a framework
that other researchers can apply to studying other
conditions.

Rothstein: This study describes an intervention that
should be m the physical therapist’s repertoire, to be
used not with all patients but with the appropriate patient.
Appropriateness is based not only on the screening, the
ACL status, and the functional status, but on what the
patient needs to be able to do in the short term and the
long term. You three are experts who at imes may be the
last resort for people with ACL injuries, so you don't
necessarily see patients like those in this study; but then
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again, we don’t know who does, because we as a profes-
sion don’t yet have enough data about our patterns of
practice. In cur rush to have outcomes data, we may not
think about these unique differences between patients
and individual physical therapy practices. But if we don’t
factor in these differences, the information we collect
will not give us the answers that we need and that
insurers demand.
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® Author Comment -

We appreciate the opportunity to respond to and clarify
some of the issues raised during this provecative discussion
of our article. The program we described is designed to

- help clinicians both identify and manage athletes with an
anterior cruciate ligament (ACL) injury who may have the
ability to return, at least temporarily, to premorhid levels of
physical activity after nonoperative treatment. We view our
treatment approach not as an alternative to ACL recon-
struction but'as a method for improving the risk/benefit
ratio for nonoperative management in special circumstanc-
es—that js, when patients want to delay surgery and play
out the remainder of the season.

150 . Conference

Mr Wilk questioned whether the randomization failed
with respect to the level of physical activity to which our
subjects returned after rehabilitation. He also ques-
tioned whether the screening and rehabilitation are
timely enough for an athlete to return for a competitive
season. At the time subjects returned to full sports
participation, mean scores in both groups for the global
rating of knee function (Fig. 6) and the Sports Activity
Scale (Fig. 7) were greater than 90%. As indicated in
Table 2, 5 subjects in the standard group and 7 subjects
in the perturbation training group returned to compe-
tition at the collegiate, high school, semiprofessional, or
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senior Olympic levels. Nine subjects in the standard
group and 5 subjects in the perturbation group returned
to recreational athletics. In addition, one of the colle-
giate football players (defensive end) in the perturba-

tiont group made second team All-Conference Team,

event though he missed the first half of the season. The
second football player (kick-off return specialist and
running back) in the perturbation group not only
completed the season, but opted not to have surgery and
completed the entire football season the following year
without an incident of injury. The high schoo! field
hockey player in the standard group made the Al
Conference Team in her season following rehabilitation,
and the recreational tennis player in the perturbation
group placed second in a regional singles tennis tourna-
ment within the &month period following rehabilita-
tion. We are confident that the distribution in activity
Ievels between groups was similar and that our program
allowed subjects in both groups to return to premorbid
levels of physical activity.

Mr Wilk suggested that subjects m this study were not
consecutive patients and may have been unconsciously
“pre-selected” by Dr Axe for participation in the study. In
fact, Dr Axe referred, and contdnues to refer, qlf patients
with a new ACL injury who meet the screening criteria
(regular participants in level I and II sports, no concurrent
grade I or I multiple Ligament injuty, no meniscal
damage requiring surgical repair, and no evidence of
chondral defects larger than 1 cm associated with the ACL
injury).’ We examined more than 90 patients with our
screening examination to obtain the 28 subjects who met
the inclusion criteria in the study. Patients who were
screened and who did not meet the eriteria for participat-
ingin the study ultimately went on to have ACL reconstruc-
Qve surgery.

Dr Rothstein contended that our study may provide inspi-
ration but not evidence for all patients with ACL injuries
because subjects in our study were not necessarily repre-
sentative of the typical patient with an ACL injury who is
examined and treated by most physical therapists. The
subjects in our study—whom we classified as rehabilitation
candidates after passing the screening examination and
who ultimately attempted nonoperative management of

their injuries—are indistinguishable, we believe, from the .

typical patient with an acute ACL injury in most ways. They
are young, active, and anxious to get back to full activity.
They are part of the §0% who do not have concomitant
significant pathology, those whom therapists and surgeons
are most likely to allow to “uy” to play out the season.2®

The results of our randomized clinical tial provide ample
evidence that a subgroup of patients with ACL injuries

Physical Therapy . Volume B0 . Number 2 . February 2000

benefited from the intervention program; however, evi-
dence exists to suggest that the overall approach we used is
applicable to all patients with ACL injuries. We are now in
the midst of the fourth year of performing preoperative
screening examinatons on patients with an acute ACL
injury. Data from-the first 2 years of this demographic
study,' in which af patients in a population were accounted
for, demonstrated that the patients who pass the screening
examination comprise more than 20% (39/181) of the
population of those with acute ACL injuries, including
these with concomitant serious pathology, and more than
40% (39/94) of those with “isolated” ACL injuries. In our
opinjon, this percentage is hardly insignificant. The Con-
ference discussants expressed an opinion that our subjects
belong to a population of individuals who would not be
typically examined or treated by physical therapists; we
believe that the demographic data do not support that
opinion.

The comments that few. patients need this approach
because most bave surgery right away are culturally
biased. Although this scenario may be true in the United
States, Europe, and Canada, patients elsewhere often

wait a year or more for elective surgery such as ACL

reconstruction. The patient classification process used
alone and the patient classification used in combination
with the treatment procedures described in our journal
article better the odds over the historical success rate, as
pointed out both in the paper and by Mr Wilk and Dr
Irrgang. The screening and treatment procedures can
be performed by physical therapists in virtually any
clinical setting. We are happy that our results may be
inspiring. The results of our randomized clinical trial
also provide evidence that matching appropriate
patients with the intervention program outlined in'this
study improves the likelihood thata significant subgroup
of individuals with an ACL injury can safely return to
high-level sports for the season without surgery.

G Kelley Fitzgerald, PT, PhD
Michael J Axe, MD
Lynn Snyder-Mackler, PT, ScD
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