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The efficacy of two non-operative rehabilitation programs
was studied in a consecutive randomized controlled clinical
trial of 100 patients after 12 months subsequent to an
acute anterior cruciate ligament (ACL) injury. Follow up
of randomization to two training models was evaluated
after 3 and 12 months: A self-monitored training program
(SM) of traditional mobility and muscle strength training
of the injured leg was compared to a supervised (SV) train-
ing model exercising postural function in closed kinetic-
chains. Nearly 50% of the patients in the SM group re-

The treatment following anterior cruciate ligament
(ACL) injuries remains controversial. The rationale
for repair or reconstruction of the ACL is based on
the prediction that the ACL deficient knee will de-
teriorate with time (McDaniel & Dameron 1983, Ca-
born & Johnson 1993). A non-surgical program is,
however, considered appropriate in many patients
with moderate demands on physical activity pre-
dicting that they will not experience the impairment
of giving way episodes (Buss et al. 1995, Casteleyon &
Handelberg 1996). There is still a scarcity of follow-
up studies of patients treated conservatively and more
studies are needed to improve the quality of such a
program.

In order to examine the effect of non-operative treat-
ment following an acute ACL rupture with and with-
out associated injuries, a randomized controlled trial
was designed. Continuous supervision by physiothera-
pists specialized in the training of patients with knee
ligament injuries was compared to self-monitored
training based on instructions given by a physiothera-
pist at an orthopedic department at discharge after
arthroscopy following the original injury. Randomiza-
tion of the patients was accomplished by a random
number generator and block randomization.

After 6 weeks the male patients in the supervised
(SV) group had significantly higher values in isokinet-
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quired supervision after 6 weeks. An intention-to-treat
analysis was performed and showed significantly better
values in most of the results of the supervised group at 3
and 12 months. An alternative analysis of subgroups
showed a significant difference between transferred male
patients and original SV male patients at 3 months but
not at 12 months, indicating the importance of initial guid-
ing after an ACL injury. No such difference was observed
in the female patients.

ic knee extension, in isometric and isokinetic knee
flexion as compared to the males of the self-moni-
tored (SM) group. No such differences were found in
the female patients. Thirty percent of the patients
were, however, unable to participate in the muscle
tests due to pain and/or joint mobility restriction dur-
ing testing, without difference between the two
groups. No differences were found at this time with
regard to pain at rest or during walking, experience
of giving way episodes, restriction of mobility or Ly-
sholm knee score between the two groups (Zätter-
ström et al. 1998). Without difference between the
two randomized groups, only 2 of the 100 patients
were observed without joint mobility restriction, and
the median value of the Lysholm knee score was 77
(range 22–100). The findings indicate that a longer
period of time is required in order to evaluate the
efficacy of physical therapy rehabilitation.

Therefore the aims of the present study were:
– to evaluate the effect of non-operative treatment

on symptoms and functional capacity after 3 and
12 months;

– to study whether the severity of the injury has an
impact on the training results after 3 and 12
months;

– to study whether the initial therapeutic model has
an impact on the results after 12 months.
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Material and methods
Patients

The prospective study comprised 100 consecutive patients with
an acute ACL injury. A complete diagnosis was made by sta-
bility testing and arthroscopy in all patients.

Inclusion criteria were age between 15 and 45 years and an
acute knee trauma of a previously normal knee, with a com-
plete rupture of the ACL, with or without associated lesions of
other structures of the knee. The contralateral extremity should
be uninjured. Patients on a professional athletic level and those
with an explicit wish to have a ligament reconstruction were
excluded. There were 58 men, median age 25.5 years (range 15–
42) and 42 women, median age 20.0 years (range 15–39). The
median age in the female patients was significantly lower than
in the male patients (P∞0.001). The right leg was injured in 52
and the left leg in 48 cases. In the males, 40 patients (70%) were
injured in ball sports (50% caused by soccer), 9 patients (15%)
in down-hill skiing, and 9 patients (15%) were injured in other
recreational activites, or at work. In the females, 16 patients
(38%) were injured in ball sports, 21 patients (50%) were injured
in downhill skiing, 5 patients (12%) were injured in other rec-
reational activities or in accidents not caused by sport activities.
The patients injured in ball sports had a significantly higher
pre-injury activity level according to Tegner (1985) than the
groups injured in skiing and in other recreational activities (PΩ
0.0001). Stability testing and arthroscopy were performed
within 10 days after injury.

An isolated ACL injury was found in 18 patients. Common
associated injuries were medial collateral ligament injuries and
meniscal lesions. There was a higher percentage of medial col-
lateral ligament injuries in the female patients (64%) than in
the male patients (47%). A combined medial collateral ligament
and meniscus lesion was noticed in 33% of the male and in 38%
of the female patients. Lateral meniscus lesion was the most
common meniscus injury, found in 46% of the cases without
difference between the male and the female patients. Eleven of
the patients with an associated meniscus injury had a lesion
comprising both menisci. A chondral lesion was found in 11%
of the patients. No patient had a lateral collateral ligament in-
jury.

Meniscal lesions were not sutured at the time of this study.
Resections were performed on menisci with large and unstable
lesions, whereas smaller as well as partial tears were left un-
treated. Collateral ligament lesions were not operated on, and
the anterior cruciate ligament was not reinserted or recon-
structed in any case.

The severity of the injury was graded at two levels, grade I
and II. Grade I knee lesions were patients with an isolated ACL
injury or an injury combined with one associated lesion, such
as a medial collateral ligament (MCL) injury grade 1, or one
associated meniscus lesion or a chondral lesion. Grade II
lesions were patients with more than one associated lesion, with
MCL lesions grade 2 and 3, with or without medial or lateral
meniscus lesions, or bicompartmental meniscus lesions and/or
chondral lesions. There was no significant difference between
treatment groups or gender concerning grades of injury. The
study was approved by the Ethics Committee at Lund Univer-
sity. All patients gave their informed consent to participation.

After 6 weeks follow-up, 23 patients (49%) in the self-moni-
tored group were transferred to supervised training due to re-
stricted joint mobility and/or muscle atrophy. There were 8 male
(31%) and 15 female patients (71%) demanding supervision. Re-
stricted mobility was the cause for transferring in 17 cases, of
which 14 patients had a grade II injury. The age of the trans-
ferred patients was significantly lower than the age of the 24
patients remaining in the self-monitored group (PΩ0.008). The
reason for transferring the remaining 6 patients, all injured in
ball sports, with minor mobility restriction of the injured knee
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was a considerable muscle atrophy of the injured leg, and a
negative reaction towards training without continuous support
(Table 1).

Seven patients left the study for various reasons after 3
months. Four of these patients decided to have an ACL recon-
struction. They had a high pre-injury activity level and were all
injured in ball sports. None of them had a grade II injury. The
male patients leaving tended to be younger than the remaining
males of the study (PΩ0.07). One female patient, not injured
in sports, left the study after 3 months due to a diagnosed tu-
mor. Two of the seven patients left the geographic area and
were unable to engage in the following examinations. The
characteristics of the 93 patients participating in the 12-month
follow-up are presented in Table 2.

Method

The initial randomization was based on two different training
models described earlier (Zätterström et al. 1998). The primary
aim of both training methods was to normalize joint mobility
and restore muscle function as far as possible.

Supervised (SV) training
The training was led by four physiotherapists specialized in
knee injury training. The training sessions comprised repeated
illustrated information about the function of the ACL, injury
mechanisms, symptomatology, the compensatory stabilizing
function of the knee muscles and how to avoid giving way epi-
sodes.

The first months of the training comprised active movements
in synergies for all the joints of the extremities. The movements
started with the uninjured extremity initiating the normal
movement in order to make use of the transfer of motor learn-
ing (Kent 1994) to the injured leg (Bouisset 1991, Dietz 1996).
The movements were performed in a half-prone lying position
comprising the linking of joint segments of the lower extremity
(Putnam 1991). The arms and hands were kept against a mat
and the medial side of the knee was supported by the mat. The
patients were instructed not to force mobility, in order to allow
healing of wounded knee structures. They were also instructed
to perform two exercises daily at home, training the trunk
muscles and both lower extremities.

The basis of the training method comprised biomechanical
principles applied in movements performed in closed kinetic
chains, training the antigravity postural function of weightbear-
ing muscles. The primary goal was to obtain equilibrium of
the loaded segments in static and dynamic situations without
unwanted compensatory movements. The aim also was to ac-
quire postural control in situations resembling conditions of
daily life and physical activities of increasing demand. To obtain
the desired requirement of postural activity, the body was
placed on a sloping board; the load applied to the injured ex-
tremity aimed at obtaining congruency of joint surfaces by
muscular co-contraction (Shoemaker & Markolf 1985, Baratta
et al. 1988). By systematically using voluntary movements per-
formed by the contralateral lower extremity, the trunk and the
arms, the postural acting muscles of the injured extremity were
brought to react and exercise in wanted patterns. Progression
was provided by varying the angles of the sloping board in re-
lation to the gravity line, and by varying number, direction and
velocity in repetitions of the voluntary movements. By en-
hancing exertion, endurance of the postural working muscles
was generated.

The training consisted of two sessions a week of 50–60 min
and continued for a period of 5–8 months. After 4–6 months
the training sessions became less frequent and were modified
in the course of checking joint mobility and postural control,
including demanding situations like running, jumping, turning
and playing with balls. The training concluded when muscular
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Table 1. Flow of patients with acute anterior cruciate ligament (ACL) injury studied over a time period of 12 months. Initially 58 males (median ageΩ
24.0 years, range 15–42) and 42 females (median ageΩ20.0 years, range 15–39)

Follow-up Supervised group Self-monitored group Transferred patients
53 patients 47 patients

32 male patients 26 male patients
21 female patients 21 female patients

6 weeks » 23 patients
8 male patients

15 female patients

3 mths O Quit 2 female patients 24 patients:
O Op 3 maleπ1 female patient 18 male
O Tumor 1 female patient 6 female patients

12 mths 46 patients 24 patients 23 patients

Table 2. Characteristics of 93 patients with an acute anterior cruciate ligament (ACL) injury participating in the 12-month follow-up

Characteristic Supervised Self-monitored
group (nΩ46) group (nΩ47)*

a. Age (y) 27 (16–43) 25 (16–41) c. PΩ0.7

b. Sex Males 29 (63.0%) 26 (55.0%) d. PΩ0.6
Females 17 (37.0%) 21 (45.0%)

b. Cause of injury Ball sport 28 (61.0%) 24 (51.0%) d. PΩ0.5
Down-hill skiing 12 (26.0%) 17 (36.0%)
Other 6 (13.0%) 6 (13.0%)

b. Severity of injury Grade I 22 (48.0%) 24 (51.0%) d. PΩ1.0
Grade II 24 (52.0%) 23 (49.0%)

* Including 23 patients transferred to the supervised group.
a Median year (range) are given.
b Number (percentage) in each sub-group are given.
c Comparison between training groups; P-value obtained from the Mann-Whitney test.
d Comparison between training groups; P-value obtained from the Chi-Squared test.

postural reactions, provoked by voluntary movements, were
clinically evaluated as coming without delay and were equiva-
lent with the uninjured side. Male and female patients joined
the same training sessions in groups of 2–4 patients. The pa-
tients were continuously supervised in order to adjust intensity
and modalities to their individual activity levels. Fifty-three pa-
tients, 32 men and 21 women, were randomized to this training.

Self-monitored (SM) training
The instructions comprised a traditional program on joint mo-
bilization and knee muscle training to regain mobility and
muscle strength. The patients were instructed not to force mo-
bility, in order to allow healing of wounded knee structures.
After the 6-week scheduled daily training period the patients
were recommended to continue the training until the follow-up
controls after 3 and 12 months. The patients were encouraged
to keep telephone contact with the doctor treating them when-
ever they felt it necessary. Forty-seven patients, 26 men and 21
women, were randomized to this training.

Assessments after 3 and 12 months
All assessments were made by two of the authors (RZ and TF).

Joint mobility
A clinical examination of passive mobility of the joint, in flex-
ion and extension, hyperextension and lack of passive hyperext-
ension was undertaken and the results noted, as compared to
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the uninjured knee. Measurements were performed with a stan-
dard goniometer.

Muscle strength and muscular work capacity
All muscle function measurements and and the one-leg hop test
were performed by one of the authors (RZ). Knee extensors
and knee flexors were measured isometrically and isokinetically
with a Cybex II device (Lumex Inc. NewYork). Isometric
muscle strength measurements in knee extensors and flexors
were registered, the patient sitting with hip flexion of 90æ, and
with 60æ of knee flexion, while the hands were stabilizing the
body by pressing the edge of the bench. After instruction and
test contractions a maximum isometric contraction was per-
formed. The duration of the maximal contraction was at least
5 s. The isokinetic muscular work of knee extensors and flexors
were measured by 40 consecutive contractions at 90æ/s, per-
formed in the same position. The mechanical work (J) of the
repeated contractions was calculated as the product of power
(W) and time (s) within the interval 75–15æ of flexion. The ratio
between the injured and the uninjured leg was calculated.

One-leg hop test
A one-leg hop test for distance according to Tegner (1986), and
modified by keeping the arms free to balance the body, was per-
formed three times, starting with the uninjured leg. The longest
of the three hops was noted. The patients were wearing gym sho-
es. Verbal instructions during the tests were standardized.
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Tegner activity level scale
Activity level was defined by the Tegner activity level scale, com-
prising a 0–10 scale, (0Ωsick leave or disability pension because
of knee problems, 5Ωwork: heavy work, cross-country skiing,
6Ωdown hill skiing, handball, 7Ωsoccer, 10Ωcompetitive
sport – national and international elite).

Lysholm’s knee score
Lysholm’s knee scoring scale (Lysholm & Gillquist 1982) was
used for measuring the subjective rating of experienced loss of
knee function. The subjective evaluations were expressed ver-
bally in the interview administered by the examiner. The items
‘‘squatting’’, ‘‘stability’’, and ‘‘pain’’ in the Lysholm knee score
were also used as separate ratings.

Statistical methods

The study had an intention-to-treat design (Altman 1996) and
the results pertaining to the patients of the study at 3 and 12
months follow-up therefore are presented with the patients allo-
cated to the initial randomized group. Comparisons between
the two groups were performed by the Mann-Whitney and chi-
square tests. For measuring mean differences within the groups
(12 vs 3 months) of muscle strength training effect, paired t-
tests were used. Unpaired t-tests were used for measuring the
mean differences of muscle training effect between the groups.
Paired comparison tests within the groups (Wilcoxon signed
rank) of Tegner activity level (12 months in relation to pre-
injury activity level) were calculated.

In addition to the intention-to-treat analysis an alternative
analysis was carried out in order to evaluate the effect of patient
transferral. Female (nΩ15) and male (nΩ8) patients transferred
to supervised training after 6 weeks were compared with the
original SV-group using a non-parametric test (Mann-Whit-
ney). Transferred men were also compared with those who re-
mained in the self-monitored group (nΩ18). A statistical sig-
nificance level of PÆ0.05 was chosen.

Results
Intention-to-treat analysis

Joint mobility
No significant differences were observed between the
two groups concerning joint mobility restriction at 3
or 12 months. Flexion was most frequently restricted.
At 3 months flexion was restricted in 19 patients with
a median value of 130æ (range 110–140æ) as compared
to the uninjured knee. Of these patients, 15 had a
grade II injury with an associated MCL lesion. In
four of the grade II injured patients, minor flexion
restrictions remained at 12 months. Three of the 19

Table 3. Mean paired compared differences within groups 12–3 months (m) of isometric strength and isokinetic work capacity values of the injured
(inj) leg. Number of patients (n) participating on both test occasions, isometric (isom) and isokinetic (isokin) extension (ext) and flexion (flex), standard
deviation (SD) and P-values of differences within groups

Muscle tests Supervised group Self-monitored group

n Nm/J 12–3 m (SD) Mean diff P n Nm/J 12–3 m (SD) Mean diff P

Isom ext 12–3 m 43 175.6 (81.8)–159.0 (55.1) 13.4 0.11 43 144.0 (55.5)–135.8 (55.8) 8.4 0.28
Isom flex 12–3 m 43 86.7 (35.9)–76.6 (36.6) 8.6 0.02 43 75.8 (26.5)–60.2 (25.6) 15.1 0.0007
Isokin ext 12–3 m 43 3442 (857)–3153 (992) 236 0.004 42 2976 (649)–2580 (513) 378 0.005
Isokin flex 12–3 m 43 2348 (818)–2137 (822) 229 0.005 43 1937 (649)–1731 (513) 229 0.003
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patients also had an extension restriction of 5æ at 3
months. Extension restriction had disappeared to a
restricted passive hyperextension after 12 months. In
the dominant part of the injured knees passive hyper-
extension was restricted as compared to the uninjured
side. Only five injured knees in the study had a pass-
ive hyperextension equal to the uninjured knee.

Muscle strength and work capacity within groups
Paired comparison t-tests within the groups were
made in those patients who were able to participate
on both test occasions (43 patients). Significant in-
creases were observed in isometric flexion strength
and in work capacity (J) of repeated contractions in
both groups without differences between the two
groups (Table 3).

Comparisons between groups: isometric muscle strength
Isometric flexion at 3 months demonstrated a sig-
nificantly higher value in the SV group (PΩ0.006),
and tended to be higher in isometric extension (PΩ
0.07). At 12 months a significantly higher value was
found in isometric extension (PΩ0.03) but not in
flexion in this group. Also the knee muscles of the
uninjured leg of the SV group tended to have signifi-
cantly higher values at 3 and 12 months (Table 4).

Isokinetic mechanical work (J) of the repeated con-
tractions was significantly higher in nearly all values
of the SV group than those of the SM group at 3 and
12 months in the injured as well as in the uninjured
leg (Table 5). Grade of injury did not influence these
values.

Mean ratio injured/uninjured extremity
The mean ratio showed a deviation from the normal
limb symmetry index (Noyes et al. 1991) with regard
to isometric and isokinetic values at 3 months. The
ratios reflected a similar improvement in the two
groups and the ratios were increasing over the follow-
up time. It appeared that the percentages were with-
out significant differences in isometric and in isoki-
netic extension and flexion. At 3 months 54% of the
subjects had a ratio below 0.90. At 12 months the
percentage with a ratio below 0.90 was 45%. Grade
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Table 4. Isometric muscle strength values of the injured and uninjured leg of the supervised and the self-monitored group at 3 and 12 months (m)
follow-up. Number of patients (n), isometric (isom) extension (ext) and flexion (flex) values of the injured (inj) and uninjured leg (uninj) in newtonmeters
(Nm). Mean values, standard deviations (SD), mean ratios injured/uninjured leg (inj/uninj). P-values of differences between the two groups

Isometric muscle strength Supervised group Self-monitored group P

n Mean (SD) (Nm) Ratio inj/uninj n Mean (SD) (Nm) Ratio inj/uninj

Isom ext inj 3 m 50 159.8 (72.0) 0.85 45 135.8 (55.7) 0.80 0.07
Isom ext inj 12 m 45 175.6 (81.8) 0.93 46 144.0 (55.5) 0.90 0.03
Isom ext uninj 3 m 50 193.6 (75.5) – 45 169.4 (59.6) – 0.09
Isom ext uninj 12 m 45 189.5 (79.0) – 46 162.7 (57.9) – 0.07
Isom flex inj 3 m 50 78.6 (36.6) 0.87 45 67.4 (51.1) 0.82 0.006
Isom flex inj 12 m 45 86.7 (35.8) 0.93 46 75.8 (26.5) 1.06 0.10
Isom flex uninj 3 m 50 90.8 (35.2) – 45 79.2 (30.6) – 0.09
Isom flex uninj 12 m 45 91.8 (32.6) – 46 75.1 (27.5) – 0.01

Table 5. Isokinetic muscle work capacity values of the supervised and self-monitored groups at 3 and 12 months (m). Number of patients (n), isokinetic
(isok) extension (ext) and flexion (flex) values of the injured (inj) and uninjured (uninj) leg in joules (J). Mean values, standard deviations (SD), mean
ratios injured/uninjured leg (inj/uninj), P-values of differences between the two groups

Isokinetic muscle work capacity Supervised group Self-monitored group P

n Mean (SD) (J) Ratio inj/uninj n Mean (SD) (J) Ratio inj/uninj

Ext isok inj 3 m 50 3153 (992) 0.88 44 2580 (649) 0.88 0.002
Ext isok inj 12 m 45 3415 (867) 0.98 46 2977 (608) 0.96 0.006
Ext isok uninj 3 m 50 3561 (851) – 44 3099 (726) – 0.005
Ext isok inj 12 m 45 3525 (911) – 46 3241 (860) – 0.12
Flex isok inj 3 m 50 2137 (822) 0.96 44 1731 (513) 0.87 0.006
Flex isok inj 12 m 45 2321 (830) 0.93 46 1937 (649) 0.99 0.01
Flex isok uninj 3 m 50 2297 (911) – 44 2036 (680) – 0.12
Flex isok uninj 12 m 45 2500 (841) – 45 2020 (761) – 0.005

Table 6. Hop values in centimeters, grade I and grade II, injured and uninjured legs at 3 and 12 months (mths) follow-up, mean values, ratios injured/
uninjured (inj/uninj) legs and P-values

Hop length values Supervised group Self-monitored group P

n Mean (SD) (cm) Ratio inj/uninj leg n Mean (SD) (cm) Ratio inj/uninj leg

Hop injured leg 3 mths grade I 27 169 (43) 0.86 23 160 (37) 0.90 0.44
Hop injured leg 3 mths grade II 26 159 (39) 0.86 21 137 (39) 0.79 0.06

Hop injured leg 12 mths grade I 20 183 (39) 0.95 22 179 (33) 0.94 0.71
Hop injured leg 12 mths grade II 24 187 (39) 0.96 22 170 (36) 0.91 0.03

Hop uninjured leg 3 mths 46 190 (38) – 46 178 (36) – 0.11

Hop uninjured leg 12 mths 46 191 (33) – 45 181 (34) – 0.14

of injury did not influence muscle strength ratios of
injured/uninjured leg either at 3 or at 12 months.

One-leg hop test
Paired comparison groups at 12 months in relation
to 3 months (Wilcoxon signed rank test) was calcu-
lated for those patients who were able to participate
on both test occasions. Significant increases in hop
lengths of the injured leg were seen in the participants
of both groups (P∞0.0001). When examining the im-
pact caused by grade of injury, a significant increase
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was noticed in the grade I injured patients of the SV
group (PΩ0.04), but not in the SM patients. In the
grade II injured patients a significant increase was ob-
served in both the SV and SM treatment groups (PΩ
0.009 and PΩ0.003 respectively).

Comparison between groups tended to be higher
in the grade II injured patients in the SV group at 3
months (PΩ0.06) and was significantly higher at 12
months (PΩ0.03). No significant difference was ob-
served in the grade I injured patients of the two
groups. In the uninjured leg of the grade II injured
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Fig. 1. Box plot describing the distribution of Tegner activity
level (1–10 levels) of the supervised (SV) group and the self-
monitored (SM) group before injury (inj) and at 12 months
(mths) of 46 patients participating in the clinical follow-up tests
at 12 months. All values above the 90th and below the 10th
percentiles are plotted separately in order to demonstrate out-
liers.

Fig. 2. Box plot describing the distribution of Lysholm knee
score values at 3 and 12 months (mths) of the supervised (SV)
and self-monitored groups. At 3 months a significant difference
in favour of the SV group was observed (PΩ0.03) but not at 12
months. All values above the 90th and below the 10th percen-
tiles are plotted separately in order to demonstrate outliers.

patients in the SV group, hop length value tended to
be significantly higher in relation to the SM group
(PΩ0.07) (Table 6).

Tegner activity level
The activity level did not exhibit any significant dif-
ferences between the two groups at any of the two
follow-up controls. Paired comparison within groups
(Wilcoxon signed rank) (12 months in relation to the
pre-injury activity level) showed a significantly lower
level in both groups, in the SV group (P∞0.0001) and
in the SM group (P∞0.001) (Fig. 1).
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Lysholm knee score
The knee score showed a significant difference in fa-
vour of the SV group at 3 months (PΩ0.03) but not
at 12 months (Fig. 2). The median values of the items
‘‘pain’’, ‘‘instability’’ and ‘‘squatting’’, included in the
score, did not show any difference between the two
groups at these two examinations.

Grade of injury did not influence the Lysholm
score values and no difference was observed between
the groups.

Alternative analysis

In the female patients transferred to SV training after
6 weeks (nΩ15), no significant differences were no-
ticed at 3 and 12 months in the observed muscle par-
ameters nor in the one-leg hop test when compared
to the original SV group, and no significant differ-
ences could be observed in relation to the six patients
remaining in the SM group.

In the eight male patients transferred to SV train-
ing after 6 weeks, significantly lower isometric exten-
sion and isokinetic work capacity in extension and
flexion and hop test results were observed at 3
months as compared to the values in the male pa-
tients of the original SV group. At 12 months, how-
ever, a significantly lower value persisted in work ca-
pacity of isokinetic flexion only (PΩ0.03). In relation
to the male patients remaining in the SM group the
transferred male patients showed a significantly lower
value in isometric extension at 3 months (PΩ0.005).
At 12 months no significant differences were observed
between these two subgroups in either muscle or hop
test results.

The 18 male patients remaining in the SM group
demonstrated significantly lower values in isokinetic
extension and flexion in relation to the original SV
male patients at 3 months (PΩ0.04 and 0.01, respec-
tively) and at 12 months (PΩ0.0001 and PΩ0.01, re-
spectively). Also in isometric flexion a significantly
lower value was noticed in this group in relation to
the original SV male patients at 12 months (PΩ0.04).

In the hop test, no significant difference was seen
in comparison with the original SV group at 3
months, but at 12 months significantly lower values
were observed in the remaining SM male patients in
comparison with the original SV males (PΩ0.02).

Discussion

The aim of the study was to evaluate rehabilitation
of unoperated patients with an acute ACL injury
after 3- and 12-month follow-up. Based on clinical
assessment, 49% of the patients in the self-monitored
group (23 patients) were considered in need of super-
vision after 6 weeks. The main reasons for transfer
were muscle atrophy and reduced range of motion
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(ROM) and reluctance to comply with the self-train-
ing program by a majority of the female patients and
by 31% of the male SM patients.

In the SV training group, muscle atrophy and re-
duced joint mobility were also observed in many pa-
tients after the first 6 weeks, but in comparison with
the SM group the treating physical therapists could
conduct appropriate training. Restriction of mobility
prevailed in 19 of the 100 patients at 3 months. In
these patients, 14 had a grade II injury and in four
of these patients a minor flexion restriction persisted
at 12 months. Ligament trauma occurs when loading
of the collagenous tissue causes structural damage
and the inflammatory response demands a healing
period of at least 6 weeks (Hawkins 1993). Thus, a
normalization of mobility within 6 weeks may not be
a desirable goal when treating ligament lesions con-
servatively. In order to compensate for stability, a
moderate restriction of joint mobility (avoiding a
passive hyperextension and permitting a slight flexion
restriction) was purposely maintained even after the
first 6 weeks and continued during the whole rehabili-
tation period.

The results of the muscle strength and isokinetic
work capacity, comparing the individual results at 12
months with those at 3 months, displayed a signifi-
cant increase in most muscle values in both groups.
The larger differences in improvement were mostly
seen in the SM group. This fact may be explained
by the higher values in the SV group at 3 months,
consequently not increasing as much as those of the
SM group. The many significantly higher values of
the uninjured leg in the SV group are likely an effect
generated by the training model aiming at symmetry
of postural function. It is conceivable that the initial
weeks of training may have given the SV group a
better start in the process of restoring muscle func-
tion.

Since an intention-to-treat analysis makes it diffi-
cult to draw relevant clinical conclusions, an alterna-
tive analysis of subgroups was added. The signifi-
cance of rehabilitation during the first weeks follow-
ing an ACL injury is supported by the observation
that most muscle test results in the transferred male
patients at 3 months had significantly lower values
than those of the original SV training male patients.
Similar results were found with regard to the one-leg
hop test. No such differences were, however, found in
the transferred female patients either at 3 or at 12
months. Not even at 6 weeks was any observable dif-
ference seen in muscle test results between the orig-
inal SV females and the other female patients. One
explanation for this fact may be that the SV training
model suited the male patients better than the fe-
males. It also is conceivable that the social training
situation, mixing male and female patients, may have
been a disadvantage for the female patients. The pre-
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injury activity level of the male patients was signifi-
cantly higher than that of the females and the male
patients were likely more used to training than the
females. Gender differences in reaction towards the
SV training model were not, however, the object of
this study and needs to be examined in further
studies.

Grade of injury did not influence the performance
of the muscle tests in the two groups and the original
injury did not have a negative influence on muscle
function.

There was no difference in Tegner activity level be-
tween the two groups at any of the two follow-up
occasions. Lysholm knee score did, however, show a
significant difference in favour of the SV group at 3
months (PΩ0.03), which may reflect the recovery of
knee function when observed in a shorter perspective.
In the particular items ‘‘squatting’’, ‘‘stability’’, and
‘‘pain’’ no significant differences were seen, and thus
the significant difference in total score between the
two groups may be interpreted as a summation effect.
At 12 months no difference in scores was seen be-
tween the two groups, which may have been caused
by insufficient sensitivity of grading of the items. The
Lysholm knee scoring scale has been criticized for a
lack of sensitivity in ACL patients, for whom it was
originally designed (Bengtsson et al. 1996).

The four patients who requested an ACL recon-
struction after 3 months were young patients. Their
ambition was to return to the same level of physical
activity as before the injury. The results of their
muscle strength and hop tests were above the mean
values when they interrupted the training. All four
patients had trained in the SV group but could not
accept a future activity modification. This outcome is
in agreement with other results (Barrack et al. 1990,
Engström 1993). None of these patients had a grade
II injury and none of them was troubled by giving
way episodes. Their argument for interrupting the
training, in all cases, was that they ‘‘could not trust
the knee’’ in provoking situations in sports. This frus-
tration made a conclusive point in the decision to
have an ACL reconstruction made.

In physical therapy, comparisons between training
methods with quantifiable methods are few. In re-
search, it has been claimed that muscular strength
performance is specific, i.e. muscular strength im-
provement will be greatest for the strength modality
exercised (Harris & Watkins 1993). Neither of the two
groups was training in a manner compatible with that
of the isokinetic device which was used in the test
situations. The muscle strength results and the one-
leg hop test results in favour of the supervised group
are likely highly influenced by the organized training
sessions guided by physiotherapists specialized in
knee injury training, a more structured training form
with professional guidance, enhancing, holding back
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and controlling the different steps of progression in
training. The psychological support provided by en-
couraging and stimulating the self-confidence of the
patients while training should not be underestimated.
The training of the remaining patients in the SM
group had no guidance and therefore to a large extent
was dependent on individual motivation and energy.
It is not possible to decide to what extent other fac-
tors might have influenced the outcome of the muscle
test results, since these factors could not be con-
trolled.

In conclusion, despite the transfer of nearly 50%
of the patients in the self-monitored (SM) group to
the supervised (SV) program after the first 6 weeks’
follow-up, the intention-to-treat analysis showed sig-
nificantly better results in nearly all muscle tests and
in the hop test of the original SV group at 12 months.
However, these results were valid only with regard to
the male patients. No significant difference was ob-
served between the women of the two groups at any
of the three follow-ups (6 weeks, 3 and 12 months)
despite transfer to supervised training. The two dif-
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ferent training methods can only partially be com-
pared since only the SV training program was con-
trolled and the social set-ups of the two models were
quite dissimilar. The drawback of the SM training
program was the lack of opportunity for professional
guidance and also the absence of psychological sup-
port provided by contact with other patients. It is
likely that non-surgically treated ACL patients with
complex injuries should be recommended supervised
training and that mobility restrictions at the initial
stage should not be forced in order to allow healing
and cicatrization of the injured knee. The topic of
joint mobility restriction after a non-surgically
treated ACL injury is, however, a subject calling for
further research. The more complex injuries did not
result in an inferior performance. Patients unwilling
to accept future activity modification should only be
prescribed conservative treatment as a preparation
awaiting ligament reconstruction.
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