Journal of Ormopaedic & Sports Physical Therapy
2000;30(4):194-203

Proposed Practice Guidelines for

Nonoperative Anterior Cruciate Ligament
Rehabilitation of Physically
Active Individuals

G. Kelley Fitzgerald, PhDD, PT, OCS!
Michael J. Axe, MD? '
tynn Snyder-Mackler, ScD, PT?

" Nonoperative management of anterior cruciate ligament (ACL) rupture has not been a
successful option for those who participate in high-level physical activity. However, there
are instances when patients may want to atiempt to retum to physically demanding activities
with nonaperative rehabilitation for an ACL injury. The purpose of this commentary isto
describe guidelines for nonoperative management of physically active individuals with ACL
injuries who wish to return to preinjury levels of physical activity. The guidelines are based
on the results of 2 clinical studies that improved the overall success of nonoperative
management of physically active individuals with ACL ruptures. A decision-making process
for selecting appropriate candidates for nonoperative management {rehabilitation candidates)
is described. Individuals are classified as rehabilitation candidates if they have no

concomitant figament or mensical damage associated with the ACL injury,

have a unilateral

ACL injury, and meet all 4 of the following criteria: (1) timed hop test score of 80% or more
of the uminjured limb, (2) Knee Qutcome Survey Activities of Daily Living Scale score of
80% or mare, (3)-global rating of knee function of 60% or mare, and (4) no more than 1
episode of giving way since the incident injury to the time of testing. individuals meeting
the criteria of a rehabilitation candidate undergo an intensive rehabilitation program before
returning to high-level activity. The rehabilitation program consisting of lower extremity
muscle strength training, cardiovascular endurance training, agility and sport-specific skill
training, and a training program using balance perturbations is described. J Orthop Sports

Phys Ther 2000;30:194-203,

Key Words: anterior cruciate ligament, knee, rehabilitation

t Assistant professor, University of Pittsburgh, Department of Physical Therapy, Schoof of Rehabili-

tation and Health Sciences, Pittsburgh, Pa.

2 First State Orthopaedics, Medical Arts Pavilion, Newark, Del.

s Associate professor, Department of Physical Therapy,

Send correspondence to G. Kefley Fitzgerald, University of Pittshurgh,

apy, School of Rehabilitation and Health Sciences,

Kfitzger+@pitt.edu

6035 Forbes Tower,

University of Delaware, Newark, Del.

Department of Physical Ther-
Pittsburgh, PA 15260. E-mail:

onoperative man-

agement of anterior

cruciate ligament

(ACL) rupture has

had limited success
for those who participate in high-
level physical activity.!»*%%* Many
patients experience continued epi-
sodes of instability and reduce
their activity levels as a result of
their knee condition, even after
undergoing rehabilitation. 1457102
The evidence supports surgical
management as the treatmnent of
choice for those who want to re-
turn to high-level physical activity
.after ACL rupture 1¢ There are
special circumstances, however,
when individuals may want to at-
terapt to return to physically de-
manding activities, at least tempo-
rarily, without undergoing surgery.
Fxamples may include the athlete
who has exhausted eligibility or
who needs to compete to demon-
strate worthiness for athletic schol-
arships or an all-star team or sea-
sonal laborers who regularly sub-
ject the knees to climbing, lifting,
and working on uneven surfaces
and would like to postpone sur-
gery until the busy work season is
completed.
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We identified 2 areas and conducted studies that
have allowed us to improve the odds of successful
outcome of nonoperative management of ACL rup-
ture for physically active individuals. The first area
deals with selecting appropriate candidates for non-
operative treatment. In previous studies where the ef-
fectiveness of nonoperative management of ACL in-
juries was shown to be limited, subjects attempted to
return to high-level activity with nonoperative man-
agement on a self-elected basis {without the use of

evaluation criteria to select subjects for nonoperative -

management).}1%*? We knew from previous work,%27
as well as reports from other investigators,’# that
some individuals can successfully return to high-level
physical activity with nonoperative management. We
hypothesized that nonoperative treatment outcome
could be improved if individuals with good potential
to succeed with nonoperative management could be
identified early after injury.

We have developed and tested decision-making cri-
teria based on scores from a composite of functional
tests and self-report surveys to identify patients who
have potential to succeed (rehabilitation candidates)
with nonoperative treatment.!! During a 2-year peri-
od, 03 patients with acute, unilateral ACL or graft
ruptures without concomitant multiple ligament inju-
Iy or repairable meniscal damage were tested. Thirty-
nine (42%) of 93 patients tested were categorized as
rehabilitation candidates and 54 (58%) of 98 were
noncandidates based oxn. test scores. Twenty-eight of
the 39 patients categorized as rehabilitation candi-
dates elected nonoperative management of the inju-
ry. Twenty-twe (79%) of 28 patients were able to re-
turze to premorbid levels of activity and complete the
season successfully. Success was defined as the ability
to complete the season without an episode of giving
way or buckling of the knee. None of the patients
who elected nonoperative management in our study
extended the injury to the knee as a result of partici-
pation in rehazbilitation or athletic competition.

In previous studies where patients selfelected non-
operative management for ACL injury, success rates
for returning patients to high-level physical activity
were 23% (9/39),1 80% (12/40),' and 39% (12/
31). Although direct comparison of our rate of suc-
cess with previously reported studies is limited be-
cause of differences:in methods, it appears that our
decision-making criteria show promise as an alterna-
tive way of selecting appropriate candidates over a
self-elected basis for nonoperative treatment. We cur-
rently are using these criteria as a decision-making
tool to determine which patients will be allowed to
delay surgical treatment and temporarily return to
high-level physical activity.

The second area of study was directed at improv-
ing the quality of nonoperative rehabilitation strate-
gies. Traditionally, nonoperative ACL rehabilitation
programs have been primarily impairment based,
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TABLE 1. Numbér of patients who had successful and faited rehabilitation
for perturbation and standard groups.

Group Successfuf* Failedt Total
Perturbation 11 (2.08)% 1(-2.08% 12
Standard 7 0.0} 7 {0.0} 14

Total 18 8 i

¥ Successful rehabilitation is defined as having ne episades of giving way
and maintaining functional status as a rehabilitation candidate. Candidates
must meet ail the foliowing criterfa: (1) timed hop test score of 80% or
more of the uninjured limb, (2) Activities of Daily Living Scale score of
80% or more, (3) global rating of 60% or more during a 6-month postinjury
follow-up period.

T Failed rehabilitation is defined as having at least 1 episode of giving way
or a reduction in functional status to a noncandidate, Candidates must be
unable to meet ali the following critiera: (1) timed hop test score of 80%
or more of the uninjured limb, (2) Activities of Daily Living Scale score of
80% or mare, {3) global rating of 60% or more during a 6-month postinjury
follow-up period.

# The residual values for the perturbation group cells indicate that the sig-
nificant value of x? is due to the high proportion of subjects who succeeded
and the low proportion of subjects who failed rehabilitation in this group
compared with the standard group.

emphasizing lower extremity muscular strength and
endurance, restoring knee joint mobility, agility train-
ing, activity medification, and bracing.871217.5 How-
ever, recent studies have indicated that successful re-
turn to high-level activities after ACL rupture was
correlated with alterations in lower extremity muscle
activity patterns.52320.27,30.81,53 There is evidence that
treatment techniques, involving perturbations of sup-
port surfaces, can be used to induce compensatory
alterations in muscle activity patterns in patients who
are ACL deficient.2818 We hypothesized that aug-
menting standard nonoperative ACL rehabilitation,
which includes lower extremity muscular strength
and endurance exercises, knee joint mobility exercis-
es, and agility and sport-specific training,571237.8 with
perturbation training techniques would improve the
probability of successful return to high-level activity.
We conducted a randomized clinical trial that com-
pared the effectiveness of a standard nonoperative
ACL rehabilitation program with one that was aug-
mented with a perturbation training program.!! The
perturbation training program consisted of applying
destabilizing forces to the patent's involved lirab -
while the patient stood on tilt boards and roller
boards. All subjects met the criteria for a rehabilita--
tion candidate, Twenty-six subjects completed the
study. The frequency of successful and failed rehabili-
tation between groups is illustrated in Table 1. Failed
rehabilitation was defined as having at least 1 epi-
sode of giving way at the knee or a reduction in
functional status to a noncandidate during a 6-month
postinjury follow-up period. A x? analysis® (x%, =
5,27, critical value = %.84, P < .05) indicated that a
significantly greater number of subjects in the stan-
dard group failed rehabilitation (7/14) compared
with subjects in the perturbation group (1/12). The
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FIGURE 1. Patient selectfon algorithm for nonoperative freatment.

perturbation training resulted in greater long-term .
success in returning patients te high-level activity.

The results of both the study in which we devel-
oped and tested patient selection criteria'* and the
randomized trial concerning the perturbation train-
ing program!! have prompted us to establish treat-
ment guidelines for returning patients, at least tem-
porarily, to high-level physical activity after ACL rup-
ture. High-level activity is defined as regular partici-
pation in sport or recreational activities that require
Jumping, cutting, and pivoting or occupations that
require physically demanding labor.? The purpose of
this commentary is t describe the guidelines for pa-
tient selection and rehabilitation. These guidelines
are applicable to individuals with unilateral ACL rup-
ture who de not have concomitant ligament or re-
pairable meniscal damage associated with their inju-
ry. The guidelines do not necessarily apply to individ-
uals who are ACL deficient and wish to partake in
long-term participation in high-level activity {r6
months) or those who do not meet the criteria of a
rehabilitation candidate.

SELECTING PATIENTS FOR NONOPERATIVE
MANAGEMENT

The patient selection algorithm is summarized in
Figure 1. The first order of decision making is to de-
termine the extent of damage to the knee, It has
been shown that patients who sustained damage to
other ligaments, repairable meniscal damage, or
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TABLE Z. Outline of pretesting rehabititation program,

Medication, ice, other modalities as
needed

Pain and inflammation

Eifusion Ace wrap, limb elevation, isometric
muscle pumping, retrograde mas-
sage of lower extremity

Joint mability Supine wall slides {patient places

feet on wall and slides feet down
the wall to increase knee flexion),
flexion and extension active range
of motion, patetlar mobilizations,
stationary cycling {low resistance),
iow-load prolonged stretching,
emphasis of normal knee flexion
and extension excrsions during
gait- .

Muscle performance Isometric quadriceps and hamstring
contractions, stralght leg ralsmg,
electrical stimulation quadriceps
strength training protocol {if indi-
cated by presence of diminished
isometric quadriceps contraction,
knee extensor lag on straight leg
raising, or inabilsty to perform a
straight leg raise), resisted leg ex-

- tensions (30-45°) and leg curls
with theraband

Partial squats (045, heel raises,
fateral step-ups, trampoline jog-
ging and hopping, encourage
walking program and stair climb-
ing, progress to skipping and short
single leg hops on floor when tol-
erated without pain in preparation
for hop tests

Weight-bearing

chondral defects with the ACL rupture have not
been successful with nonoperative management!”?
and are therefore candidates for surgical treatment.
This decision making is performed by the surgeon. If
these patholog:ca] conditions have been ruled out,
the patient is referred to physical therapy for testing.

Preparing the Patient for Testing

Testing procedures include a series of single-leg
hop tests. Testing is usually performed within 1-4
weeks after the initial injury; therefore, joint effusion
and pain, limijtations in knee joint motion, and quad-
riceps femoris weakness must be resoclved before test-
ing. Patients may participate in a pretesting rehabili-
tation program until these impairments are resolved.
Table 2 outlines the pretesting rehabilitation pro-
gram. The criteria used to determine readiness for
testing include the following: (1) no evidence of
Jjoint effusion, (2) full passive knee joint range of
motion, (3) full knee extension during a straight leg
raise on the involved limb, (4) a quadriceps femeoris
maximum voluntary contraction force on the in-
volved limb equivalent to 75% of that on the unin--
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wived limb, and (5) telerance for single-leg hopping
on the involved limb without pain.

Quadriceps femoris weakness has been shown to
be correlated with poor outcomes and is of great
concern following ACL injury.®®* Quadriceps femor-
js weakness should be resolved promptly. If the in-
ability to perform a voluntary quadriceps isometric
contraction or the presence of an extensor lag on
straight leg raising persists for more than 1 week of
voluntary exercise, then the use of high-intensity
electrical stimulation of the quadriceps femoris mus-
cle group is recommended as an adjunct to the pre-
screening rehabilitation program. The high-intensity
electrical stimulation quadriceps femoris strength
training protocol has been described by Snyder-
Mackler et al®? Use of this protocol as an adjunct to
voluntary strength training exercises has been shown
to be more effective in improving quadriceps femoris
strength. than voluntary exercise alone.® The high-in-
tensity stimulation treatrent is discontinued when
the quadriceps force output of the involved limb is
equivalent to 80% of that from the uninvolved lirab.

Test Procedures and Criteria for Patient Selection

The patient selection process includes 4 tests ad-
ministered.in the following order: (1) single, cross-
over, triple, and timed hop tests*%; (2) reported num-
ber of giving way episodes from the time of injury to

- . the time of testing; (3} the Knee Outcome Survey

Activities of Daily Living Scale!$; and (4) a global rat-
ing of knee function. The hop tests used in this
study have been described by Noyes et al* as perfor-
mance-based measures of knee function. The tests
are all single-leg hops and include (1) a single hop ~
for distance, (2) a triple cross-over hop for distance
in which the subject crosses over a B-in-wide tape
with each consecutive hop, (3) a straight triple hop
for distance, and (4) a timed hop in which the sub-
ject hops a distance of 6 m as fast as possible. In our
clinic, all patients wear a functional knee brace dur-
ing the hop tests. Patients perform 2 practice trials
followed by 2 measured trials of each hop test on
both limhs. The hop test score for each Hmb is re-
ported as the average of the 2 measured trials. The
single hop, cross-over hop, and triple hop scores are
expressed as a percentage of the injured extremity
score divided by the uninjured extremity score. The
timed hop score is expressed as a percentage of the
uninjured extremity score divided by the injured ex-
tremity score. :

- The report of episodes of giving way is the num-
ber of times the patient experiences buckling ot sub-
huxation of the tibiofernoral joint that results in pain
and joint effusion from the time of injury to the
time of testing. This report does not include the giv-
ing way episode that occurred at the time of the ini
tial injary. The frequency of episodes of giving way
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TABLE 3. Knee Qutcome Survey Activities of Daily Living Scale.'

To what degres does each of Ihe following symplomns affecl your level of daily aclivily?
{theck one answer on each line)

Havar Bave, bul does | Affects Allects ARacls
have nol aflect acllvily activity aclivity
- [ activity allghlly modarately

Pravents
mg feor
severaly | alf dally
aclivity

Pain

Grinding or
Grating

Biltiness

Swelling

Siiaplng or
Parlal Gliving
Way of ihe
Knee

Buchling or
Full Gdvinp
Way of Knea

Virsaknnss

Limging

How does yaur knee affect your ability la ...{check one answsar an gath line)

Unable Te

Mol Minimally | Somewhat Falrly Very
Difficult | Do

Difficult 23 F Diffeult Difficult Miflguit
all

Wakk

Go up atalrs

G4 dowm slaks

Sitand

Knee! on the
irant of your
knea

Squal

SH with your
knee bent

Rite Iram &
chalr

has been shown to be associated with the risk of fur-
ther damage to the knee.?>#*

The Knee Qutcome Survey is a selffreport survey
that is used to determine the functional level of pa-
tients with koee injuries.'® The Activities of Daily Liw-
ing Scale portion of the Knee Qutcome Survey (Ta-
ble 3) assesses how the patient’s knee condition af-
fects daily activities, such as ambulation, stair climb-
ing, kneeling, sitting, and squatting.'® There are 16
items in this survey in which patients will rate their
knee function. There are 6 possible ratings for each
jtern, which range from 0-5, with b representing the
best functional score for the item (eg, for the pain
item,“a score of b is applied if the patient marks the
box under “never have,” and a 0 is applied if the pa-
tient marks the box under “prevents me from all dai-
ly activity”). The ratings for each item are then
summed, which would result in a highest possible
rating of 80 (5 X 16 items). The final score for the
Activities of Daily Living Scale is as follows: (the sum
of the patient’s ratings/80) X 100. For example, if
the sum of the patient ratings equaled 75, the calcu-
lated Activities of Daily Living Scale score would be
(75/80) X 100 = 94. '

A global rating of knee function is used to assess
the patient’s overall perception of his or her knee
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TABLE 4. Guidelines for progression of nonoperative rehabilitation pro-

gram.

Type of fraining

Milestones

Activities

Muscle performance

Endurance training

Agility training

Sport-specific training

Quadriceps strength
<80% of unin-
jured leg

Quadriceps strength
=50% of unin-
jured feg

Tolerate <10-15
minutes without
pain, swelling

Tolerate >10-15
minutes without
pain, swelling

Initial treatment ses-
sian

Tolerate half-speed
training without
pain or apprehen-
sion

Initiate when tolerat-

ing fuil-speed agili-

ty training without
pain or apprehen-
sion

Tolerate unopposed
practice without
pain or apprehen-
sion

Toletate opposed
practice without

Electrical stimulation
protocol, leg curls,
ieg press

Discontinue electrical
stimulation, contin-
ue with feg exten-
sicns, leg curls, leg
press

Treadmill running,
stationary cycling,
of sliding board
raining

Progress to road run-
ning or cycling or
ice skating

Half-speed agility
skill trainin%

Progress to full-speed
skill training

Unopposed practice
of spart-specific
skills*

Progress to one-on-

. one opposed prac-
tice of sport-specif-
ic skillst

Begin full practice
activity with team

TABLE 5. Guidelines for progression of perturhation training,

Perturbation
technique Milestones Activities
Roiler board transla- initial treatment ses-  Double limh sy
tions sion perturbations
Conlrolied balance  Progress to sing
with double limb limb perturhz
support in parallel ba
Cantrolled balance  Progress to sing
with single limb limb support
support In parallel parallel bars

Titt board perturbations

Roller board and sta-
tionary platform per-
turbations

bars

Initial treatment ses-
sion

Controlled balance
with double limb
support

Controlled balance
with single limb
support

Initial treatment ses-
. sion

Match therapist’s fore-
e without exces-
sive movement of
the roller board

Match therapist’s forc-
es fn diagonal
stance without ex-

cessive movement
of the roller hoard

Double [imb suy
perturbations
Progress ta singl

limb perturbat

Add functional t
performance c
perturbations

Perform perturha
in straddle star
position

Propress to diage
stance perturh:
tions

Add functional ta
performance d
perturbations

pain or apprehen-
sion

* Unoppased practice refers to practice of skill without a training partner
attempting to defend against or inhibit the performance of the skill.

1 Qpposed practice refers to practice of skill with a waining partner at-
tempting to defend against or inhibit the performance of the skil.

function. Patients rate knee function based on the
following question: “How would you rate your cur-
rent level of knee function on a scale from 0%
100%, with 100% being your level of knee function
before your injury?” :

Rehabilitation candidates are those patients who
meet-all 4 of the following criteria; (1) timed hop
test score of 80% or more of the uninjured limb, (2)
Activities of Daily Living Scale score of 80% or more,
(3) global rating of 60% or more, and (4) no more
than 1 episode of giving way since the incident inju-
ry to the time of screening. Patients who fail to meet
any of these criteria are classified as noncandidates.
Rehabilitation candidates are allowed the option of
pursuing a nonoperative treatment approach for
their injury. Noncandidates are referred back to
their surgeons for consultation. We have no evidence
for the effectiveness of our rehabilitation program
for patients classified as noncandidates.
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NONOPERATIVE REHABILITATION

The goal of the rehabilitation program is to rei
patients to full ;participation in high-level physical -
tivities. The focus of rehabilitation is to restore mu
cle performance, cardiovascular endurance, agility
and coordination skills, and sport-specific skills.
Guidelines for the progression of treatment are ov
lined in Tables 4 and 5. Patients receive 10 trainin
sessions at a frequency of 2-3 sessions per week, d
pending on individual scheduling constraints. Rett
to part-time competitive sports or work activity is al
lowed the last week of training (sessions 8-10). Pa-
tients return to full activity at the completion of th
training prograi.

Muscle Performance Training

The muscle performance training program empl
sizes increased capacity for muscle force output of
the quadriceps femoris and hamstring muscle
groups. If the involved limb quadriceps femoris ma
murm voluntary isometric force output is less than
80% of that from the uninvolved limb, the high-in-
tensity electrical stimulation protocol described by
Sayder-Mackler et al*® is continued until this criteri
on is met. Non—-weighthearing resisted leg extensic
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exercises are performed in a limited range of 90-45°
of flexion. The evidence suggests that resisted leg ex-
tensions can be performed in this range without in-
ducing significant anterior shear forces on the tibi-
ofemoral jomt.3!* Resisted leg curls are used for
hamstring strengthening. Leg press and squat lifts
are also used for general lower extremLty muscula-
ture strength training. These exercises are per-
formed in a limited range of 0-45° of flexion to min-
imize excessive stress on the patellofemoral joint and
to minimize excessive anterior shear that may occur
with greater flexion ranges in these exercises.!55457
We use high-load, low-repetition application of the
exercises (eg, 10 repetition maximum), which has
been shown to be optimal for inducing improve-
ments in muscle force output.}*?® Patients perform 3
sets of each exercise, including 1 set of 10 repeti- .
tions at 75%, 1 set of 7-8 repetitions at 85%, and 1
set of 5-6 repetitions at 95% of the 10 repetition
maximum load. Patients are encouraged to perform
strength training exercises at least 3 times per week,
Training loads are increased as their 10 repetition
maximum load increases.

Cardiovascular Endurance Training

There is evidence that endurance capacity is specif-
ic to the type of training that is performed.?325
Therefore, the type of endurance training selected
should be related to the patient’s sport or work activ-
ity. Many of our patients are involved in sport activi-
ties that require running. A graded running program
is used for these patients for cardiovascular endur-
ance training. The program begins with oreadmill
running. When patients can run 15-20 minutes with-
out pain or swelling, they progress to level road or
track running and finally to road or field hill run-

. ning. If patients are volved in cycling activities, we
initiate the endurance training program with station-
ary cycling. When they can ride 15-20 minutes of
stationary cycling without pain or swelling, they pro-
gress o road or track cycling workouts. For patients
whose sport activity requires skating, we begin the
endurance training on a sliding board to simulate
skating motions. They progress to actual skating
workouts when they perform 5-10 minutes of the
sliding board workout without pain or swelling.

Agility and Sport-Specific Skill Training

The agility training program is designed to allow
the patient to adapt to quick changes in direction,
quick starting and stopping, and cutting activities. It
is recommended that patients wear their functional
knee brace during these activities. Side slides and
carioca drills are used to promote quick changes in
direction in lateral movement. Shuttle runs are used
to expose the lower extremites to quick starting and
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stopping forces. Patients also practice 45° cutting and
cutting and spinning techniques. Agility training is
initiated at half speed and progresses to full speed
activity.

Sport-specific skills are incorporated into the pro-
gram when the patient can perform fullspeed agility
training without pain, swelling, or hesitation. Sport-
specific tasks (eg, ball catching, passing, kicking) are
added during the agility training techniques. Sport-
specific skill practice is also performed in the con-
text of playing sittations. For example, basketball
players begin practicing dribbling skills, jump shots,
and lay-ups. Hockey players perform stick handling,
passing, and shooting drills during their skating -
workouts. These activities are initiated without being
opposed by a training partner and then progressed
to practice with one-on-one opposition. Patients are

‘allowed to begin full practice activities when they tol-

erate the opposed sportspecific skill training without
difficulty.

Perturbation Training Program

Three types of perturbation techniques are used in
the training program. The first is the application of
translational perturbations to the involved limb
through a roller board (Figure 2). Patients begin this
technique standing in double limb support on a roll-
er board within parallel bars. The therapist applies
translational perturbations of the roller board in an-
terior and posterior, medial and lateral, and rotary
directions. Patients are instructed to maintain their
balance during the perturbations. The direction and
magnitude of the perturbations are applied by the
therapist in a random fashion. Only small perturba-
tions are needed to disrupt the patient’s balance.
When patidnts have adapted to.the perturbations in
double limb support, the treatment is progressed to
single imb support on the involved limb. This pro-
gression usually occurs within 1-2 treatment sessions.
As skill improves, patients are instructed to perform
this activity without the use of arm support on the
parallel bars,

Second, a tilt board technigue is used to apply ro-
tational perturbations in anterior and posterior and
medial and lateral directions (Figure 3). Treatment is
initiated with the patient standing on the tilt board
in double limb support. When the patient has gained
a balanced position on the board, the therapist ap-
plies anterior and posterior tilting perturbations at
random to disturb the patient’s balanced position.
The therapist provides standby assistance in the event
that the patient steps off the board. The timing and
speed of the perturbations are randomly varied by
the therapist. The same process is repeated for medi-
al and lateral ulting perturbations. When the patient
can maintain balance without difficulty during the -
perturbations, freatment is progressed to single limb
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FIGURE 2. Roller board translational perturbation technique.

support on the involved limb. Once the patent is
able to maintain balance during single limb support
perturbations, treatment is progressed by having the
patient perforin a sportspecific task, such as ball
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catching and throwing, during the perturbation

reatment, '
The third type of treatinent technique used in the

program is a roller board and stationary platform




FIGURE 4, Roller hoard and stationary platiorm perturbation technique.

technique (Figure 4). This treatment techirique is
similar to a rhythmic stabilization proprioceptive neu-
romuscular facilitation technique.” The patient
stands with one limb on the roller board and anoth-
er limb on a box (stationary platform) that is ap-
proximately the same height as the roller board. The
patient is instructed to maintain a steady position of
the roller board when the therapist attempts to move
the board. The patient attempts to resist the thera-
pist’s force on the board by pushing the lower ex-
tremity on the board in the opposite direction while
matching the speed and intensity of the therapist’s
perturbation force. Patients are instructed to match,
rather than overcome, the therapist’s perturbation
force. This is done to encourage a selective muscle
activation response from the patient instead of a
strong co-contraction response of the lower extrernity
musculature. The therapist perturbs the board in an-
terjor and posterior, abduction and adduction, and
left and right rotational directions. The direction, in-
tensity, and speed of the perturbations are randomily
applied. A training exercise hout consists of approxi-
mately 1-1.5 minutes of perturbations. The patient
will perform a training bout with the involved limb
on the roller board and a second bout with the int-
volved limb on the stationary box. Training is initiat-
ed with the patient assuming a straddle stance then
progressed to forward and backward diagonal stances
when the patient becomes competent in matching
the therapist’s perturbation forces. Sport-specific
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" tasks are also added during the perturbation treat-

ment when the patient exhibits the ability to match
the therapist's perturbation forces during the diago-
nal stance techniques.

CONCLUSION

Patient selection and treatment guidelines for re-
turning physically active individuals te high activity
levels with nonoperative ACL rehabilitation have
been proposed in this commentary. The guidelines
include decision-making criteria for selecting appro-
priate candidates for nonoperative ACL rehabilite-
tion and treatment guidelines that include the addi-
tion of perturbation training techniques to the reha-
bilitation program. The effectiveness of these treat
ment guidelines on long-term participation jn
high-level physical activity with nonoperative ACL re-
habilitation is not known at this time. :

Further study is needed for continued validation
of the proposed treatment guidelines. We have not
encouraged patients who did not meet the criteria
for a rehabilitation candidate to participate in non-
operative rehabilitation. The validity of our selection
criteria could be more clearly defined if noncandi-
dates were allowéd to attempt nonoperative rehabili-
tation in future studies. It is not known at this time if
the perturbation training program would inprove
the likelihood of successful return to high-level activi-
ty for patients classified as noncandidares based on
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the

test criteria described in this commentary. Future

studies in which treatment application variables for

the
the

perturbation training program (ie, magnitude of
perturbations, frequency and duration of treat-

ment sessions, etc) are varied between groups may
help to determine optimal treatment prescriptions.

We

hope that the information presented in this com-

mentary will assist clinicians in improving their suc-
cess and foster continued research in nonoperative
management of individuals with ACL ruptures.

REFERENCES

1.

10.

11.

12,

14,

15,

Andersson AC. Knee laxity and function after conservative
treatment of anterior cruciate ligament injuries: a pro-

spective study. Int f Sports Med. 1993;14:150-153.
. Beard BJ, Dodd CAF, Trundle HR, Simpson AHRW. Pro-

prioception enhancement for anterfor cruciate ligament
deficiency. J Bone joint Surg Br. 1994,76:654-659.

. Beynnon BD, Fleming BC, Johnson R, Nichols CE, Ren-

strom PA, Pope MH. Anterior cruciate ligament strain be-
havior during rehabilitation exercises in vivo. Am J Sports
Med. 1995;23:24-34.

. Buss DD, Min R, Skyhar M, Galinat B, Warren RF, Wick-

iewicz Tl.. Nonoperative treatment of acute anterior cru-
ciate ligament injuries in a selected group of patients. Am
J Sports Med. 1995;23:160-165.

. Ciccotti MG, Kerlan RK, Perry ), Pink M. An electromy-

ographic analysis of the knee during functional activities:
part if. Am J Sports Med. 1994,22:651-658.

. Ciccotti MG, Lombardo Sf, Nonweiler B, Pink M. Non-

operative treatment of ruptures of the anterior cruciate
ligament in middle-aged patients. f Bone Joint Surg Am.
1994,76:1315-1321.

. Daniel DM, Stone ML, Dobson BE, Fithian DC, Rossman

D), Lephart SM. Fate of the ACL-injured patiént: a pro-
spective outcome study. Am J Sports Med. 1994;22:632—
644,

. Di Fabio RP, Graf B, Badke MB, Breunig A, Jensen K.

Effect of knee joint laxity on long-loop postural reflexes:
evidence for a human capsular-hamstring reflex. Exp
Brain Res. 1992;90:189=200.

. Eastlack ME, Axe M, Snyder-Maclder L. Laxity, instability,

and functional outcome after anterior cruciate ligament
injury: copers vs non-copers. Med Scf Sports Exerc. 1999;
31:210-215. -

Engstrom B, Gornitzka ), Johansson C, Wredmark T. Knee
function after anterior cruciate ligament ruptures treated
conservatively. Int Orthop. 1993;17:208-213.

Fitzgerald GK. MNon-operative management of anterior
cruciate ligament injury in physically active individuals
[dissertation]. MCP Hahnemann University, Philadelphia,
Pa, 1998. '

friden T, Zatterstrom R, Lindstrand A, Moritz U. Anterior
cruciate insufficient knees treated with physictherapy: a
three year follow-up study of patients with late diagnosis.
Clin Orthop. 1991;263:190-199,

. Gauffin H, Tropp H. Altered movement and muscular ac-

tivation patterns during the one-legged jump in patients
with an old anterior cruciate ligament rupture. Am J
Sports Med. 1992;20:182-192.

Henning CE, Lynch MA, Glick KR. An in vivo strain guage
study of elongation of the anterior cruciate ligament. Am
J Sports Med. 1985;13:22-26.

Hungerford DS, Lennox DW. Rehabilitation of the knee
in disorders of the patellofemoral joint: relevant biome-

- chanics. Orthop Clin N Am, 1983;14:397-402.

202

16.

17.

18.

19.

20.

21,

22,

23,

24,

25.

26,

27.

28.

29.

30.

31.

32.

33.

34,

lhara H, Nakayama A. Dynamic joint control training fc
knee ligament Injuries. Am J Sports Med. 1986;14:309
315.

Irrgang J). Modern trends in anterior cruciate ligament re
habilitation: non-operative and post-operative manage
ment. Cfin Sports Med. 1993;12:797-813.

Irrgang JJ, Snyder-Mackler L, Wainner RS, Fu FH, Harne
CD. Development of a patient-reported measure of func
tion of the knee. j Bone Joint Surg Am. 1998;80:1132-
1145,

Jones DA, Rutherford OM, Parker DE Physiologica
changes in skeletal muscle as a result of strength training
Q] Exp Physiol. 1989;74:233-256.

Kalund S, Sinkjaer T, Arendt-Nielsen L, Simonsen O. Al
tered timing of hamstring muscle action in anterior cru
ciate deficient patients. Am f Sports Med. 1990;18:245-
248.

Knott M, Voss DE. Techniques for facilitation. In: Knott M
Voss DE, eds. Proprioceptive Neuromuscular Facilitation
Fatterns and Technigues. 2nd ed. Hagerstown, Md: Harp
er & Row; 1968:83-110.

Lephart SM, Perrin DH, Fu FH. Relationship between se
lected physical characteristics and functional capacity ir
the anterior cruciate ligament-insufficient athlete. j Or
thop Sports Phys Ther. 1992;16:174-181.

Magel JR, Foglia GF, McArdle WD, Gutin B, Pechar GS
Katch Fi. Specificity of swim training on maximum oxy
gen uptake. } Appl Physiol. 1975;38:151-155.

Moyes FR, Barber SD, Mangine RE. Abnarmal lower limk
symmetry determined by function hop tests after anterio
cruciate ligament rupture. Am J Sports Med. 1991;19
513-518.

Noyes FR, Mocar PA, Matthews DS. The symptomatic an
terior cruciate-deficient knee. part 1: the long-term func:
ticnal disability in athletically active individuals. J Bone
Joint Surg Am. 1983,65:154-162.

Portney LG, Watkins MP. Analysis of frequencies: ch
square. [n: Portney LG, Watkins MP. eds. F0undat£ons o}
Clinical Research: Applications to Practice. Norwalk,
Conn: Appleton & Lange; 1993:485-504.

Rudolph KS, Eastlack ME, Axe M, SnyderMackler L
Movement patiefns after anterior cruciate ligament injury.
a comparison of patients who compensate well for the
injury and those who require operative stabilization. |
Flectromyogr Kinesiol. 1998;8:349-362.

Rutherford OM, Janes DA. The role of learning ‘and co-
ordination in strength training. Eur J Appl Physiol. 1986
55:100-105.

Shelton WR, Barrett GR, Dukes A. Early season anterio
cruciate ligament tears. Am J Sports Med. 1997;25:656-
658. : .
Shiavi R, Zhang L, Limbird T, Edmonstone MA. Patterr
analysis of electromyographic linear envelopes exhibitec
by subjects with uninjured and injured knees during free
andl fast-speed walking. f Orthop Res. 1992;10:226-236.
Sinkjaer T, Arendt-Nielsen L. Knee stability and muscle
coordination in patients with anterior cruciate ligament
injuries: an electromyographic approach. J Electromyog:
Kinesiol. 1991;1:209-217.

Snyder-Mackler L, Delitto A, Bailey 5L, Sfralka SW.
Strength of the quadriceps femoris muscle and functional
recovery after reconstruction of the anterior cruciate lig:
ament. J Bone Joint Surg Am. 1995;77:1166-1173.
Solomonow M, Baratta R, Zhou EE, et al. The synergistic
action of the anterior cruciate ligament and thigh muscles
in maintaining joint stability. Am J Sports Med. 1987;15:
207-213. :
Steinkamp LA, Dillingham MF, Markel MD, Hill JA, Kauf

J Orthop Sports Phys Ther«Volume 30 «Number 4. April 200



man KR. Biomechanical considerations in patellofemoral
joint rehabilitation. Am f Sports Med. 1993;21:438-444,

35. Stromme 38, Ingjer F, Meen HD. Assessment of maximal ~ 37.
aerobic power in specifically trained athletes. J App!
Physiol. 1977;42:833-837.

36. Wilk KE, Andrews [R. Current concepts in the treatment

J Orthop Sports Phys Thers Volume 30 «Number 4. April 2000

of anterior cruciate ligament disruption. / Orthop Sports
Phys Ther. 1992;15:279-293.

Yack HJ, Collins CE, Whieldon TJ. Comparison of closed
and open kinetic chain exercise in the anterior cruciate
ligament deficient knee. Am J Sports Med. 1993;21:49—
54.

208




