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ABSTRACT

The purpose of this study was to examine individuals
5 years after ACL reconstruction and analyze changes
involving strength, stability, function, and sports activi-
ties. Nineteen males and six females, mean age =31.4&plusmn;
7.31 years, participated in this study. Fifteen subjects
had received extraarticular and ten subjects had re-
ceived intraarticular ACL reconstructions. Subjects
completed a 100 point subjective functional activity
questionnaire and a sports participation survey. Knee
ligament stability was assessed during an objective
knee examination. Isokinetic quadriceps and hamstring
muscle strength were tested at 240 and 120 deg/sec
using the Cybex II dynamometer. Anterolateral rotatory
instability and positive Lachman were elicited on the
operated leg for 80% of the subjects. No significant
relationship was found between objective instability and
the functional activity score. For the intraarticular group,
a significant correlation (P < 0.05) was found between
increased quadriceps and hamstring strength on the
operated leg and return to functional activities. Sub-
jects’ functional activity score was positively correlated
(P < 0.001) with their ability to participate in sports.
Subjects participating in sports involving cutting and
twisting motions were less successful in returning to
their preinjury participation levels and reported more

subjective complaints of pain, swelling, and/or instabil-
ity. These results indicate that long-term progressive
rehabilitation emphasizing increased quadriceps and
hamstring strength to approximate the nonoperated leg
may enhance successful return to functional and sports
activities after ACL reconstruction.

Management of the patient with an ACL injury has been a
challenge to orthopaedic specialists for decades. The ACL
provides 86% of the primary restraint to anterior tibial
excursion.’ Extensive damage to this ligament leaves the
knee joint vulnerable to progressive deterioration possibly
resulting in chronic instability, meniscal tears, articular

degeneration, and arthritic changes. 7,14 The goal in the treat-
ment of ACL-injured patients is to prevent this detrimental
progression and return individuals to their preinjury func-
tional status. Surgical reconstruction of a damaged ACL
attempts to structurally compensate for decreased knee sta-
bility. Postoperatively, patients often become involved in a
strengthening program to rehabilitate atrophied thigh mus-
cles. Follow-up studies on patients with surgically repaired
ACLs have shown that both increased knee stability11,13,14
and thigh muscle strength 3,16 on the operated leg are asso-
ciated with a satisfactory return to preinjury activities.

Investigators assessing knee stability have shown that the
subjective 13 and objective clinical signs of anterior instabil-
ity, such as a positive pivot shift/1 Lachman,ll and/or an-
terior drawer test,11, 14 are associated with poor functional
results. Lysholm et al. 13 conducted a 1 to 8 year follow-up
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study of 175 patients treated for various combinations of
ligament injuries involving the ACL, PCL, and collateral
ligaments. They found that patients who complained of
instability frequently did not return to athletics when com-
pared to subjects without complaints of instability (P <

0.001).
Johnson et ail.&dquo; examined the relationship between objec-

tive anterior stability and functional return for 87 patients
who had undergone ACL reconstruction an average of 7.9
years prior to the study. Patients were classified as having
excellent, good, fair, or poor functional results based upon
incidence of pain and instability and modification of athletic
activities. Patients in the excellent and good functional
groups had significantly less tibial excursion during the
anterior drawer (P < 0.05) and Lachman tests (P < 0.025)
than patients in the fair or poor groups. In addition, a
moderate or marked positive pivot shift was associated with
fair or poor functional results (P < 0.05).

Marshall et a1.14 investigated the relationship between
objective anterior instability and return to sports activities
for 70 patients 2.5 years after primary surgical ACL repair
(surgery within 1 month of injury). At followup, 69% of
these patients had returned to full participation at their
preinjury sports competition level. The Lachman test was
recorded postoperatively for all 70 patients with 92% show-
ing no difference between legs or only a slight increased
tibial excursion in the operated leg. The pivot shift test,
which was recorded for 63 of the 70 subjects, was negative
in 75% of the patients. The authors did not report if any
difference in stability existed among patients who returned
to sports competition and patients who did not. However,
followup for these subjects was only 2.5 years. Ellison’

reported that 20% of the subjects classified with excellent
results at 2.5 years postsurgery dropped to the good results
classification at 3.5 years because of increased instability
associated with increased discomfort and swelling.

Postsurgical evaluations of the quadriceps muscle group
have shown that increased strength in the surgically treated
knee is positively associated with improved functional re-
turn.3,16 Arvidsson et a1.3 found that 7.9 years after ACL
reconstruction the maximum torque produced by the quad-
riceps at 120 deg/sec was significantly less in the involved
leg than the uninvolved leg for the fair (P < 0.001) and poor
(P < 0.05) functional groups. Maximum quadriceps torque
was not significantly different in the good or excellent
groups. Arvidsson et al. did not report stability test results
for their subject population. These studies did not discuss
whether individuals with fair or poor functional return had
decreased knee stability in addition to decreased muscle
strength.
Odensten et ail. 16 found that successful return to preinjury

functional status was positively correlated (r = 0.62) with
increased quadriceps strength at 120 deg/sec. In addition,
subjects who demonstrated instability in the lateral pivot
shift or Slocum maneuvers had a significantly greater quad-
riceps strength deficit in the operated leg (P < 0.01) and
significantly lower functional scores (P < 0.05) than subjects
with more stable knees. Odensten et al. included subjects
with medial collateral ligament (MCL) damage which has

been shown to negatively affect functional return.&dquo; There-
fore, the relationship between functional return and insta-
bility following ACL reconstruction without additional lig-
ament damage is unclear.
Whether a patient is successful in returning to sports

activities after surgical ACL reconstruction has been found
to depend upon a number of factors, one of which is the type
of sport the patient wishes to pursue. Warren and Marshall19
assessed the success of surgical treatment of 79 patients
with ACL and/or MCL injuries. The predominant recrea-
tional activities the patients participated in prior to injury
were skiing (22 cases) and football (20 cases). Postopera-
tively, 14% of the injured skiers and 30% of the football
players had complete return to their respective sport. Dis-
continuation of the original sport was seen for 46% of the
skiers and 60% of the football players.

Currently, there are no published reports that have stud-
ied individuals surgically treated for ACL injuries and pro-
vided a complete assessment of the patient’s preinjury and
postinjury participation levels in conjunction with the sports
activity pursued. Giove et a1.8 addressed the issue of sports
participation following nonsurgical treatment for ACL in-
jury. Few individuals were able to return to activities requir-
ing quick turns, cutting maneuvers, and sudden stops.
The purpose of this study was to examine individuals 5

years following ACL reconstruction surgery and to analyze
the following relationships: 1) Changes in muscular strength
versus changes in knee ligament stability. 2) Changes in
muscular strength versus functional status. 3) Changes in
knee ligament stability versus functional status. 4) Changes
in preinjury and follow-up patient participation levels for
sports activities.

MATERIALS AND METHODS

Subjects

The subject population was obtained from patients who
underwent intraarticular or extraarticular ACL reconstruc-
tion by orthopaedic surgeons at the Southwestern Ortho-
paedic Medical Group (now known as the Kerlan-Jobe Or-
thopaedic Clinic) during the period from January 1979 to
December 1980. These subjects met the following criteria:

- No evidence of collateral ligament or PCL damage or
repair at the time of surgery.

· 
No previous ACL knee surgery or subsequent knee

surgery on the involved leg.
· No history of surgery or traumatic injury to the contra-

lateral knee.
0 No history of a medical problem that limited activities

within the 6 weeks prior to testing.
0 Participation in a physical therapy rehabilitation pro-

gram for the injured knee following knee surgery.
One hundred one possible subjects were contacted by

letter and follow-up phone calls. Fifty-one individuals had
moved without leaving forwarding addresses or phone num-
bers and were lost to followup. Twenty-five individuals lived
out of the area or were for other reasons unavailable to

participate. A total of 25 patients participated in this study.
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Materials

Each subject completed a subjective evaluation of his or her
functional activity and sports participation levels. The func-
tional activity questionnaire (Appendix 1) developed and
tested in this study used aspects of the functional scales
described by Lysholm and Gillquise2 and Noyes et a1.15 The
100 point numerical distribution used in this study was
shown by Lysholm and Gillquise2 to be valid for the ACL-
injured population. The presence of pain, swelling, and
instability were classified according to six activity levels
following the guidelines set by Noyes et al. 15
The sports participation survey (Appendix 2) used in this

study was patterned after the survey used in the Giove et
al.’ study. Subjects rated their activity level for 13 sports.
Points were assigned to each activity in the following man-
ner :

4 = full activity with no significant signs or symptoms in
the injured knee

3 = full activity with occasional or recurring mild epi-
sodes of pain, swelling, or instability

2 = limited activity due to moderate or severe episodes of
pain, swelling, or instability

1 = does not participate in activity due to the injured
knee

0 = does not participate in activity, but not because of
the injured knee

In addition, subjects rated their preinjury and present
participation levels by frequency and duration. Points were
assigned to participation levels as follows:

1 = Competitive: participation in a sports activity six to
seven times per week and/or regular participation in
organized competition or activity of a similar inten-
sity

2 = Recreational: participation in a sports activity three
to five times per week or two times per week and

greater than 2 hours per session, or participation in
seasonal sports (e.g., skiing) an average of 5 or more
days per month

3 = Weekend: participation in a sports activity two or
less times per week with each session lasting approx-
imately 1 hour, or participation in seasonal sports
(e.g., skiing) an average of 4 or less days per month.

The subjects were instructed to engage in no exercise on
the day of testing. Demographic information and details
regarding the date and mechanism of injury, diagnosis, sur-
gery date, and surgical procedure were obtained through
interview and confirmed by medical records. The following
parameters were examined and recorded on the knee exam-
ination form (Appendix 3): effusion, total range of motion
(ROM), thigh girth, joint line tenderness, swelling, and
crepitus.
The following ligament tests were performed bilaterally

on each subject: 1) varus stress in 0° extension,9 2) varus
stress in 30° flexion,9 3) valgus stress in 0° extension,9 4)
valgus stress in 30° flexion,9 5) anterior drawer with the
tibia in neutral rotation,’ 6) anterior drawer with the tibia
in 15° external rotation,9 7) Lachman, 17 and 8) lateral pivot

shift.11 Each ligament test was administered first to the
control leg followed immediately by the involved leg. Except
for the lateral pivot shift, a grade of 1+ (0 to 5 mm of
excursion), 2+ (5 to 10 mm), or 3+ (>10 mm) was assigned
after each test. The lateral pivot shift test was recorded as
either negative or positive.
A Cybex II (Division of Lumex, Ronkonkoma, NY) iso-

kinetic dynamometer interfaced with a NorthStar Computer
System (NorthStar Inc., San Leandro, CA) was used to
evaluate quadriceps femoris and hamstring muscle strength.
The subjects were positioned for testing as outlined in the
standard Cybex protocol.5 5

Knee flexion and extension were tested at 120 and 240

deg/sec. Before data collection began, the subjects performed
four practice repetitions at each speed setting at 75% of
their subjective maximal effort. The warm-up phase was
followed by a 1 minute rest period. The evaluation phase
consisted of four maximal reciprocal extension and flexion
repetitions of each leg. Subjects were first tested at 240 deg/
sec followed by a 2 minute rest period prior to testing at 120
deg/sec. Testing was completed on the control leg before
testing the operated leg. Each subject had a 5 minute rest
period before the warm-up phase commenced on the oper-
ated leg.
To reduce the risk of experimenter bias and maintain

consistency throughout data collection, each examiner was
responsible for separate sections of this study. The func-
tional activity and sports participation surveys were admin-
istered by JLS. The knee and stability examination was
conducted by MCM. The Cybex test was executed by ASO.

Data analysis

A functional activity score was determined for each individ-
ual based on responses to the functional activity question-
naire. An average preinjury and follow-up participation level
and an average sports activity score were calculated for each
subject from the sports participation survey. The 13 sports
were divided into two categories: cutting and noncutting.
Cutting sports were defined as basketball, football, racquet-
ball, downhill skiing, water skiing, softball, tennis, and vol-
leyball. Noncutting sports were defined as bicycling, golf,
running, swimming, and weight lifting.
For all subjects, the maximum quadriceps and hamstring

torque generated at 120 and 240 deg/sec were compared
during each of the four trials. The quadriceps and hamstring
strength data used in this study were the torque values
generated during the highest work output for a contraction
set. Work output was defined as the sum of the area under
the knee flexion/extension torque curve. Data was normal-
ized for each subject by reporting the operated leg’s torque
as a percentage of the control leg’s torque.
The stability tests were assigned the following points: one

point for a grade of 1+, two points for a grade of 2+, and
three points for a grade of 3+. A negative lateral pivot shift
was assigned one point and a positive lateral pivot shift was
assigned two points.
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Significant differences between strength and stability
measurements on the operated and control legs were deter-
mined using paired t-tests. Significant relationships between
variables were determined using the Pearson product-mo-
ment correlation coefficient.

RESULTS

Nineteen males and six females, with a mean age of 31.4 ±
7.3 years and a range of 22 to 48 years, participated in this
study. Thirteen males and two females received extraarti-
cular Pes/Ellison 17 ACL reconstructions (N = 15) and six
males and four females received intraarticular reconstruc-
tions (N = 10) with associated ACL procedures (Table 1).
Knee injury occurred during sports activity for 23 subjects:

noncontact injury (N = 13) and contact injury (N = 10).
Two subjects had knee damage related to motor vehicle
accidents. Thirteen subjects reported sustaining knee injury
in their nondominant leg and 12 subjects to their dominant
leg. The average time period from injury to surgery, injury
to followup, and the number of weeks of rehabilitation for
the extraarticular and intraarticular groups are reported in
Table 2.

Objective knee examination

Results from the objective knee examination found that
neither surgical group showed a significant difference for
the symptoms of effusion, crepitus, or joint line tenderness
between the operated and control leg. The only significant
ROM difference was found for the intraarticular group
which had significantly less (P < 0.05) knee flexion ROM i
= 6.5 ± 7.1°; range, 5° to 20°) on their operated leg as
compared to their control leg.

Stability examination

The stability examination results (Table 3) are tabulated
according to the number of subjects whose operated leg had
no grade difference, a one grade, or a two grade increase
when compared to the control leg. The lateral pivot shift
test was recorded as either positive or negative. Nine of the
ten subjects from the intraarticular group had a one or two
grade increase for the anterior drawer test in neutral rota-
tion, anterior drawer test in 15° external rotation, and
Lachman test. In the extraarticular group (N = 15), a one
or two grade increase was seen in 12 subjects for the anterior
drawer test in 15° external rotation and 11 subjects for the
Lachman test. In addition, two-thirds of the extraarticular
group had a one or two grade increase in the valgus stress
test in extension. Statistically significant differences (P <

0.05) were found between the control and operated knee for
all stability tests except for the varus test in extension in
the extraarticular group and for the varus test in extension
and 30° flexion and the valgus test in extension for the
intraarticular group.

TABLE 1

Type of surgical procedure for the extraarticular and intraarticular
groups

° These surgical procedures were augmentations to the intraartic-
ular ACL reconstructions.

TABLE 2

Average age and time from injury to surgery, injury to followup, and weeks of rehabilitation

TABLE 3
Stability tests for extraarticular (EXTRA) and intraarticular (INTRA) groups

° Indicates a negative lateral pivot shift.
b Indicates a positive lateral pivot shift.
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TABLE 4
Peak quadriceps and hamstring strength (foot-pounds) at 240 deg/sec 

_

TABLE 5
Peak quadriceps and hamstring strength (foot-pounds) at 120 deg/sec

Strength

The quadriceps and hamstring data recorded from each
subject’s maximum work set are listed in Tables 4 and 5.
The operated leg’s quadriceps strength was significantly less
than the control leg’s quadriceps strength at 240 and 120
deg/sec for the extraarticular and intraarticular groups (Ta-
ble 6). The hamstring strength of the intraarticular group’s
operated leg was significantly different than the control leg
at both 240 deg/sec (P < 0.05) and 120 deg/sec (P < 0.01).
There was no significant hamstring strength difference be-
tween the control and operated legs in the extraarticular
group.

Functional activity score

The average functional activity scores of the extraarticular
and intraarticular groups were 89.20 ± 7.34 and 73.80 ±

17.31, respectively. Subjects indicated their highest activity
level attained before the onset of pain, swelling, and insta-
bility using the functional activity questionnaire. The ex-
traarticular group reported functioning at significantly
higher (P < 0.05) activity levels without symptoms of pain
or swelling than the intraarticular group (Fig. 1).
No statistically significant relationship (P < 0.05) was

found between the functional activity score and the time
period from injury to surgery, injury to followup, or number
of weeks of rehabilitation. There was no significant differ-
ence in the functional activity score, strength, or stability
for subjects injuring their dominant versus nondominant
leg. Neither surgical group showed a significant correlation
between the functional activity score and symptoms of ef-
fusion, crepitus, or joint line tenderness. Although there was
a significant difference (P < 0.05) between the intraarticular
group’s operated and control leg’s flexion ROM, there was
no significant correlation between flexion ROM and the
functional activity score.

TABLE 6

Quadriceps and hamstring strength (foot-pounds): operated knee
versus control knee

I P < 0.001.
b P < 0.01.
c P< 0.05.

No statistically significant correlation was found between
the functional activity score and the eight stability tests for
either the extraarticular or intraarticular group (P < 0.05)
(Table 7). No statistically significant correlation was found
between quadriceps and hamstring strength and the func-
tional activity score of the extraarticular group. Positive
correlations were found between the intraarticular group’s
functional activity scores and quadriceps and hamstring
strength parameters (Table 8).

Sports participation survey

The average sports activity level for the extraarticular and
intraarticular groups were 2.93 ± 1.10 and 2.71 ± 0.99,
respectively. No statistically significant difference was found
between the two groups’ average sports activity scores. Due
to the limited number of subjects participating in each sport,
results from the sports participation survey were reported
for the entire subject population. A positive correlation was
found between the functional activity score and the average
sports score (r = 0.78, P < 0.001) for all 24 subjects. At the
time of followup, 24 subjects participated in 13 different
sports. Figures 2 and 3 illustrate the percent of participants
at each activity level for the cutting and noncutting sports.
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Figure 1. Percent of participants (%) versus the incidence of
pain, swelling, and instability for the extraarticular (N = 15)
and intraarticular (N = 10) groups.

TABLE 7
Correlation between the average functional activity score for the
extraarticular (x = 89.20) and intraarticular (X = 73.80) groups

and stability tests

TABLE 8

Quadriceps (operated/control leg) and hamstring (operated/
control leg) muscle strength (foot-pounds) versus functional

activity score

I p < 0.01.
b P < 0.05.

Athletic participation was classified according to one of
three categories: 1) competitive, 2) recreational, or 3) week-
end athlete. There was no difference in the preinjury and
follow-up participation levels for the extraarticular or intra-

--

Figure 2. Percent of participants (%) versus activity level of
noncutting sports.

Figure 3. Percent of participants (%) versus level of cutting
sports.

articular groups. For each sport, the percent of individuals
who improved or returned to the same participation level,
went down a participation level, and quit participating due
to the injured knee is shown in Figures 4 and 5. More than
60% of the subjects participating in bicycling, weight lifting,
swimming, racquetball, and softball were able to return to
or improve their preinjury participation level. Sports with
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Figure 4. Percent of participants (%) who maintained or
changed their preinjury participation level following ACL re-
construction in cutting sports.

Figure 5. Percent of participants (%) who maintained or
changed their preinjury participation level following ACL re-
construction in noncutting sports.

the largest percentage of decreased participation were foot-
ball (87%), tennis (70%), downhill and water skiing (62%),
and basketball (57%). Fifty percent or more of the individ-
uals who decreased their preinjury sports participation levels
in basketball, football, softball, and racquetball quit due to
related knee problems.

DISCUSSION

One of the major treatment goals after ACL injury is to
return to the individual to preinjury functional status. The
major purpose of this study was to assess the relationship of
functional status to static knee stability and dynamic mus-
cular contraction in a surgically treated group of ACL-
injured individuals. An additional goal was to compare this
group’s preinjury and postsurgery sports activity patterns.
A better understanding of these relationships will help the
clinicians assess the patient’s prognosis and aid in devising
individualized rehabilitation programs.
The results of this study indicate that there was a signif-

icant loss of stability in the operated knee as compared to
the control knee. However, this instability had no statisti-
cally significant relationship with the subjects’ functional
activity level (P < 0.05). The functional rating questionnaire
used in this study was patterned after that used by Lysholm
et a1.12 Contrary to our results, they reported a significant
correlation between functional loss and the presence of
either a pivot shift sign and/or varus or valgus instability in
knee extension. It is important to note that their population
included subjects with combined ligament damage and sub-
jects who were not surgically treated. Other studies using
different functional rating systems have noted a positive
relationship between stability and function.lln4
The integrity of static knee functional stability, as meas-

ured in this study, was the result of passive restraints offered
mainly by the ligaments that surround the knee. The ability
to function, on the other hand, is influenced by other struc-
tural factors in addition to ligamentous stability such as
muscular strength, coordination, proprioception, and the
integrity of the joint components (e.g., synovium, joint cap-
sule, bursae). Walla et al.18 found no significant relationship
between passive stability and function, but noted a signifi-
cant relationship between functional level and the ham-
strings’ ability to control tibial excursion. Passive tests of
stability may not accurately predict joint responses during
functional activities since ligaments act in conjunction with
muscles to provide dynamic stability.
The quadriceps femoris and hamstring muscles are the

major dynamic knee stabilizers. We expected that strong
quadriceps femoris and hamstring musculature would be
significantly related to functional status. In this study, a
significant relationship between thigh muscle strength and
functional status has been noted only in the intraarticular
group. These results support previous findings in an intra-
articular study’ but conflict with previous findings in an
extraarticular population.&dquo;
Further analysis of the data offers various explanations

for the absence of a significant relationship between strength
and function in the extraarticular group. It is interesting to
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note that the extraarticular group’s quadriceps strength
deficit was far less dramatic than the intraarticular group’s.
For example, at 240 and 120 deg/sec the extraarticular
group’s mean quadriceps strength ratios, operated to control
leg, were 82.5% and 88.7%, respectively. The comparable
figures for intraarticular group were 59.3% at 240 deg/sec
and 67.6% at 120 deg/sec. Perhaps function related not only
to a decrease in quadriceps strength, but also to the degree
of that strength deficit. In addition, the extraarticular group
did not show a significant loss of hamstring strength in the
operated leg. The hamstrings may act to decrease the degree
of anterior tibial excursion in the ACL deficient knee. The

dynamic stability offered by this muscle group helped to
positively influence the patient’s functional status.
Walla et al.l8 have noted a positive relationship between

the ability of the lateral hamstrings, the biceps femoris, to
reflexively control anterolateral rotary instability and im-
prove the individual’s functional capacity. No significant
relationship was found between isokinetic hamstring
strength and functional ability. The ability of a muscle to
prevent instability is determined by more than its force-
producing capacity. Other factors that may affect the joint
stabilizing ability of the muscles may include the speed in
which the muscle responds to the unstabilizing force, the
influence of muscle length to the tension generated, and the
muscle’s ability to resist fatigue. Further research is needed
to delineate the components constituting the muscle’s ability
to stabilize a joint, and to determine the relative importance
of these factors.
Giove et a1.8 found an interesting relationship between

excessive strengthening of the hamstrings and function.
Subjects whose hamstring strength was greater than or equal
to the quadriceps strength of their involved limb returned
to higher levels of sports participation than subjects whose
hamstring strength was less than their quadriceps strength.
In our study, subjects in the intraarticular group had ap-
proximately a 1:1 hamstring to quadriceps ratio. However,
unlike the Giove et al. study, subjects in our study had a
significant quadriceps strength deficit in their involved leg.
Thus, our hamstrings to quadriceps ratios do not represent
excessive hamstring strengthening. A valid correlation be-
tween the hamstring to quadriceps ratio and function cannot
be made for our sample.
One of the most striking findings in this study was the

difference in the functional activity score, specifically con-
cerning the onset of pain and swelling, between the intra-
articular and extraarticular surgical groups. The intraartic-
ular group complained of significantly greater degrees of
pain and swelling during activity (Fig. 1). Intraarticular ACL
reconstruction is a more invasive surgical technique than
extraarticular reconstruction and may have caused residual
internal scarring in the knee joint which contributed to this
difference.
Warren and Marsha1119 compared functional results be-

tween subgroups who had received various extraarticular
and intraarticular procedures. No one surgical procedure
was more successful in returning individuals to their prein-
jury status. The discrepancy between the results of Warren
and Marsha1119 and this study may be due to the use of

different functional activity scales which can produce vary-
ing results. In addition, the intraarticular group had losses
in quadriceps and hamstrings strength in the operated leg
which has been shown to influence function.3,16
Two possible interpretations may explain the relationship

between the symptoms of pain and swelling and the strength
deficits. First, loss of strength may result in decreased dy-
namic knee stability leading to complaints of pain and
swelling. Second, subjects experiencing pain with activity
will typically function at a lower activity level which can
lead to or perpetuate decreased muscle strength. Further
research is needed to determine the cause and effect rela-

tionship between these factors.
A more recent innovation in analyzing the functional

status of the individual patient is the use of a sports partic-
ipation survey. This survey is used to assess the patients’
preinjury and postinjury participation levels in conjunction
with the sports activities pursued. In this study, many indi-
viduals in both surgical groups decreased their sports partic-
ipation level due to their injury (Figs. 4 and 5).
The limitation in sports activities was most evident in the

cutting sports: football, tennis, downhill skiing, water skiing,
and basketball (Fig. 3). Giove et al.8 reported similar limi-
tations in sports of football and basketball while also noting
great limitations in volleyball and racquetball. One distinct
characteristic common among these sports is that cutting,
turning, and lateral movements are required during partici-
pation. It is not surprising that subjects with ACL injury
have difficulty in these cutting sports since anteromedial or
anterolateral instability would hinder the execution of a
side-step or cross-over cut, respectively. Furthermore, the
lateral pivot shift and reverse lateral pivot shift motions are
reproduced during cutting and pivoting motions.&dquo; In short,
dynamic muscular stabilizers, as well as the stabilization
offered by surgical intervention, may not be sufficient to
limit the unstabilizing forces that occur during cutting ma-
neuvers.

The successful return to cutting versus noncutting sports
should be considered when advising the ACL-injured athlete.
In contrast to sports requiring a high degree of cutting, few
individuals participating in sports that do not require a high
degree of cutting (i.e., bicycling, golf, swimming, and weight
lifting) decreased their preinjury sports participation level
or quit due to associated knee problems (Fig. 5). This finding
is in agreement with previous results.’

Rehabilitation specifically aimed at increasing the ham-
strings’ ability to control tibial excursion may offer the joint
stabilization necessary for cutting. In rehabilitation, the
hamstrings are trained by resisted knee flexion exercises.
Andriacchi et a1.2 reported that ACL deficient individuals
cut with the knee and hip in a position of greater flexion.
They proposed that this compensation may be used to place
the biceps femoris in a more effective mechanical position
to stabilize internal tibial rotation and an anterior drawer.
As previously discussed, Walla et al.18 showed that func-
tional return did not relate to hamstring strength but was
related to the hamstrings’ ability to contact reflexively.
Therefore, the focus in rehabilitation should include more
than resisted knee flexion. Rehabilitation should also in-
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clude resisted tibial internal and external rotation as well as
reflex training of the medial and lateral hamstrings to de-
crease anteromedial rotary instability and anterolateral ro-
tary instability, respectively.
Two other points of interest were found through the sports

participation survey. First, the subjects in the two surgical
groups did not differ significantly in their ability to return
to sports. This indicates that, in respect to this one specific
evaluation method, the intraarticular procedure is no more
beneficial than the extraarticular technique in returning the
individual to athletic participation. More research in this
area is needed using a larger subject population as well as a
control group to attain a better assessment of the effects of
these two surgical procedures on sports participation.

In addition, a significant positive correlation (P < 0.001)
was noted between the functional activity and sports partic-
ipation scores. This finding, although not surprising, raises
the possibility that the ability to function in daily activities
may be a reliable predictor of successful return to sports
activities. In the clinical setting a common component of
the evaluation used prior to return to sports is assessment
of whether functional activities are symptom-free prior to
return to sport. Our results indicate that this practice should
continue.

CONCLUSIONS

Defining the relationship between objective strength and
stability on the operated leg and subjective functional out-
come may help determine areas to emphasize in treatment
and long-term progressive therapy of patients with ACL
injuries. Despite a high percentage of subjects with objective
signs of anterior instability, a more important factor influ-
encing function was quadriceps and hamstring muscle
strength in the involved limb. For the intraarticular group,
as the thigh muscle strength on the operated leg approxi-
mated that of the control leg, the subjects’ functional activity
score increased. The specific role the hamstrings may play
in providing dynamic stability of the knee was not investi-
gated in this study. However, considering the importance of
increased isokinetic strength in returning individuals to
their preinjury activity level, further investigation is war-
ranted.

Determining preinjury and present sports participation
levels are important in assessing a patient’s successful return
to athletics. Reporting the individual’s present participation
level does not indicate full recovery. The average sports
participation level at followup was not significantly different
from preinjury level in this study. The sports that were
played at the time of followup were not always the same
sports played prior to injury. Twenty-five percent of the
subjects who were active in sports involving cutting motions
quit due to knee problems. Subjects engaged in sports with
less cutting motions reported full activity with few symp-
toms of pain, swelling, and/or instability. However, some
individuals were able to participate in new sports, including
cutting sports, on a regular basis at followup. Further inves-

tigation examining the amount of cutting and twisting move-
ments involved in different sports is important to: 1) deter-
mine the varying forces placed on the knee and, 2) how the
compromised knee responds to these forces.
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