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® The efficacy of an early, intensive, supervised rehabilitation program to accelerate knee strength recovery in
the first 3 weeks postmeniscectomy by arthroscopy was evaluated using a randomized controlled trial design.
The maximal voluntary isokinetic strength of 31 men, randomly allocated to either a treatment (EXP) or a control
(CTL) group, was measured twice by a blind rater: preoperatively (pretest) and 3 weeks postsurgery (posttest),
using a computer-controlled Kin-Com dynamometer (Chattecx Corporation, Chattanooga, TN). Strength deficits
of the operated leg at the pretest and posttest were established in percent of the values obtained for the sound
leg at the pretest. In the interval between the surgery and the posttest, the patients of the EXP group (n = 15)
received nine supervised treatments combined to home exercises whereas patients of the control group (n = 16)
had no specific physiotherapy treatment but were given instructions in postsurgical management and prescribed
exercises by the orthopedic surgeons. Patients of the EXP group had better knee extensor strength recovery than
patients of the CTL group (ANCOVA, p < 0.001). The size of the strength difference (3 weeks postsurgery)
between EXP and CTL subgroups (n = 8) matched according to preoperative deficits was as large as 26% and
the residual deficits of the untreated patients were two to three times larger than those of the treated patients.
The results of this study highlight the importance of instituting an early intensive and supervised rehabilitation
program, especially for workers returning to a strenuous job requiring good knee extensor muscle function.
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Rehabilitation

Supervised rehabilitation after arthroscopic meniscectomy
is frequently considered by orthopedic surgeons and physio-
therapists as nonessential because patients rapidly regain
their functional autonomy without specific postoperative
treatment. This lack of emphasis on postoperative rehabilita-
tion is understandable because patients who undergo arthro-
scopic meniscectomy are, in general, operated as outpatients,
have only light postoperative knee pain and effusion, take
little or no medication, and rarely develop postoperative
complications.""* Usually they can walk without assistive
devices within 1 week and return to work after a few days
to 6 weeks,'”*'""'"*** depending on the physical requirements
of their jobs."'*'*!'* Finally, a large proportion of patients
progressively resume recreational and sport activities al-
though only 29% to 62% return to the same sport without
limitations or symptoms.**'"?
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Quantitative evaluations of knee function after arthro-
scopic meniscectomy have, however, clearly shown that re-
covery is still incomplete 4 to 8 weeks postsurgery, when
the majority of the patients have resumed work. Indeed,
abnormalities in leg movements and muscle activations dur-
ing submaximal locomotor activities such as gait, stair
climbing, and descending have been observed up to 4 weeks
postmeniscectomy.'® At 8 weeks postsurgery, even though
movements and knee extensor muscle activations are similar
to normal values, patients still walk and descend stairs slower
suggesting that total locomotor recovery is not attained."
Furthermore, strength evaluations have revealed residual
deficits in the knee extensor muscles as large as 20% to
40%**7*° and up to 20% in the knee flexor muscles’ 3 weeks
postmeniscectomy. In addition, flap meniscal lesions appear
to predispose to larger extensor strength deficits than other
types of meniscal lesions.” Because a 10% residual strength
deficit of the knee extensor and flexor muscles has been
associated to a higher frequency of knee injury,” it is likely
that patients after meniscectomy, in particular those with
flap tears, are exposed to a higher risk of reinjury, especially
when they return to a physically demanding job. These new
findings on the early recovery of motor function postarthro-
scopic meniscectomy highlight the need for a rehabilitation
program to promote a faster recovery in the first month
postsurgery.

The efficacy of such a rehabilitation program, however,
has not been demonstrated in a randomized controlled trial
(RCT). Previous studies have rather correlated retrospec-
tively different rehabilitation methods with long-term post-
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surgical success™ or compared different postoperative man-
agements such as home exercises versus a suPervised reha-
bilitation program without a control group.” Others have
suggested s‘?eciﬁc training protocols to improve muscle
strength™*** or have tested the efficacy of isolated modal-
ities such as transcutaneous electrical nerve stimulation.'”
Although consensus has not been reached on the definition
of an optimal postoperative knee rehabilitation program,
general rehabilitation principles support an early and inten-
sive intervention,”®***!

The main purpose of this study is, therefore, to evaluate
the effects of a new, early and specially adapted physiother-

apy (PT) treatment program, on the magnitude of knee .

strength deficits 3 weeks postarthroscopic meniscectomy us-
ing an RCT design. A secondary aim is to verify if patients
with flap and bucket-handle tears both gain benefit from the
therapy. The main research hypothesis is that the treated
patients, irrespective of the type of meniscal lesion, will have

smaller knee strength deficits than the untreated patients 3 '

weeks postsurgery. These differences in strength deficits
should also be reflected in the scores of knee function ob-
tained with the Lysholm and Gillquist's questionnaire.” Fi-

nally, patient compliance to the PT program and the evolu- .

tion of clinical signs and symptoms during the treatment
period will be outlined.

SUBJECTS AND EXPERIMENTAL DESIGN !

The patients included in the RCT were selected from the -
surgical lists of seven orthopedic surgeons in four hospitals
according to the following criteria: men, aged between 20

to 55 years, scheduled for a partial medial meniscectomy by
arthroscopy, without previous knee surgery, knee ligament
instability, neuromuscular or rheumatological disorders.
From September 1988 to July 1991, 94 men met these crite-
ria but only 56 (60%) volunteered for the study. They gave
their informed consent and then, were evaluated before the
surgery in a single testing session, the pretest. Acceptance
of the patients in the study was, however, contingent upon
the confirmation by the orthopedic surgeon that an isolated
partial medial meniscectomy by arthroscopy was performed
without complications. Only 35 men had the expected surgi-
cal intervention and they were randomly allocated on the
day of the surgery to either a treatment (EXP) or a control
(CTL) group after stratification for the type of meniscal le-
sion (B: bucket-handle and F: flap tears). Because four pa-
tients withdrew from the study in the postoperative period,
31 patients were reevaluated postoperatively (posttest and
follow-up) and completed all steps of the study. The CTL
group (n = 16) was composed of § patients with B and 11
patients with F tears and the EXP group (n = 15) of §
patients with B and 10 patients with F tears. Table 1 presents
selected anthropometric and clinical findings, and gives in-
formation about duration of symptoms, the surgery, the test-
ing sessions, and follow-up.

Experimental Evaluations

The patients participated in two testing sessions: a pretest
(mean = 5 * 6 days; median = 4 days presurgery) and a
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posttest (mean = 24 = 2 days: median = 23 days postmenis-
cectomy). During these sessions, knee function was evalu-
ated by means of clinical measures (range of knee motion,
thigh atrophy, knee effusion, and pain), isokinetic (ISOK)
strength measures, and with the Lysholm and Gillquist ques-
tionnaire.* In addition, 3 months (follow-up 1) and 6 months
(follow-up 2) postsurgery. the patients were rescored on the
Lysholm and Gillquist questionnaire. All the evaluations
were performed by the same rater, a physiotherapist, un-
aware of group assignments (blind rater).

At the beginning of each testing session, ligament stability
(valgus and varus stresses, Lachman and anterior drawer
test) and patellar integrity (Clarke’s sign, compression, mo-
bility) were evaluated by specific clinical tests™* to exclude
major ligamentous or patellar problems. Then, clinical mea-
sures were recorded: the passive range of motion in flexion
and extension of both knees was monitored with a goniome-
ter, the circumference of the thighs was measured with a
tape measure placed 20cm above the lateral knee joint line,
and the presence or absence of effusion was estimated with
the patellar tap test and the brush test.™

Thereafter, the maximal voluntary ISOK strength of the
knee extensor and flexor muscles was measured at 30° and
180%sec, using a computer-controlled Kin-Com dynamome-
ter.” Both legs were evaluated (the sound leg was always
evaluated first) at the pretest whereas only the operated leg
was retested at the posttest. Each of the 4 ISOK tests (exten-
sion and flexion at 30° and 180%sec) consisted of three maxi-
mal voluntary contractions (MVCs) through an arc of 90°
(full extension corresponding to 0° to/from 90° of flexion)
interspersed by a | minute rest period. A 2-minute rest inter-
val was given between tests. A maximal static contraction
of 2 seconds preceded each dynamic contraction, to mini-
mize the effect of force development on the dynamic strength
record.'™™ The order of the 4 ISOK tests was randomly
determined for each patient and then, this order was repeated
for both legs at the pretest and the operated leg at the posttest.
Before the tests, the patients performed 10 consecutive sub-
maximal flexion-extension contractions (warm-up period) at
60°/sec to minimize risk of injury and to provide a familiar-
ization period with the testing system. All patients received
the same instructions and were encouraged verbally to give
their maximal effort during tests. The severity of pain was
monitored immediately after each MVC trial with the present
pain index scale: PPI, 0-5 introduced by Melzack.* During
the pretest, only one patient (in the EXP-F subgroup) could
not perform the extension test at 180°/sec because of intense
pain,

General knee function at the pretest and posttest, and at
the 3 and 6 month follow-up evaluations was evaluated with
a knee scoring-scale adapted from the Lysholm and Gillquist
questionnaire.” This questionnaire includes 8 different sec-
tions evaluating knee function: limp (5 points), weight sup-
port (5), stairclimbing (10), squatting (5), giving way (30),
and pain (30) during walking, running and jumping, effusion
(10), and thigh atrophy (5). The sole modification made was
the addition of a level (constant and slight = 20 points) it
the pain section without modifying its total point value ol
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30. This change was guided by previous use of the question-
naire with patients having meniscal lesions. A maximum
score of 100 points corresponded to normal knee function.*

Postoperative Management

Experimental group. The early and intense physiother-
apy (PT) program combined a standardized home exercise
program that began on the day of the surgery with a series
of nine supervised PT treatments provided at the hospital in
the 3 weeks following the meniscectomy. In each of the four
hospital centers where patients had surgery, two physiothera-
pists were specially trained to teach the first section of the
home exercise program about 3 hours following the menis-
cectomy. All patients were required to attend 9 PT treatments
in the Physiotherapy Department of one hospital, where the
same two physiotherapists gave the treatments. These phys-
iotherapists also verified and progressively adapted the home
exercises that were to be performed each day that the patients
did not attend supervised PT treatments at the hospital, to
insure optimal intensity of the home exercises all along the
treatment period. ]

The home exercise program included two main sections,
The first section concerned specific instructions and the exer-
cises prescribed for the first week postsurgery whereas the
second section covered the second and third weeks postmen-
iscectomy. These home exercises were (1) rapid alternated
ankle movements to help prevent circulatory complications
(10 repetitions (rep) every 2 hours for a minimum of 50 rep
per day), (2) active self-assisted knee mobility exercises (5
rep of maximal knee flexion and extension each 2 hours
during the morning and afternoon for a total of 25 to 30
rep), (3) isometric (ISOM) contractions of the quadriceps
with the knee extended (0° of flexion) and then flexed at
about 20° and (4) straight leg raises. The latter three
strengthening exercises were performed twice a day and
were progressed so that after 7 days (1) 10 MVCs were
sustained for 10 seconds and interspersed by 30 seconds of
rest and, (2) 30 MVCs were sustained for 5 seconds and
interspersed by 5 seconds of rest. The patients were told that
the exercises should be relatively pain free (not exacerbating
pain). Moreover, a booklet given to the patients contained
specific instructions about the use of crutches (progressive
weight bearing), ice applications (2 to 3 times per day for
15 minutes each time), limb elevation and compressive ban-
dage. The second section of the home exercise program was
concerned mainly with the progressive addition of weights
(by 1 pound increments) when performing the strengthening
exercises of the quadriceps: isotonic quadriceps contractions
from about 30° to 0° and straight-leg—raising exercises. The
active self-assisted knee mobility exercises were continued
whereas ice applications after exercises were recommended
only if needed. Finally, instructions were outlined and each
exercise was illustrated in the booklet. Patient compliance
to the home exercises and individual progress was recorded
by means of a loghook kept by the patients.

The supervised PT program was initiated as early as the
second or third day (2.5 = 0.9 days) postsurgery and con-
sisted of nine treatments (treatment 1: T1 to treatment 9:
T9): three treatments per week for the 3 weeks following
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the surgery (table 2). In general, only 2 days (mean 2.3
+ 1.2 days) interspaced two consecutive treatments and the
last treatment was given 21.3 = 1.6 days postsurgery. At
each PT treatment, the patients were supervised and knee
joint responses (range of motion, pain, effusion) were moni-
tored to optimize the effects of the PT treatments and to
minimize the possibility of knee joint irritation. The goals
of these treatments were to reduce knee pain and effusion,

regain knee mobility, and strengthen the knee extensor and .

flexor muscles. In the initial rehabilitation phase, ie, in the

first week postsurgery (TI to T3), attention was given to the

reduction of postoperative pain and effusion to promote, as
soon as possible, better knee mobility and muscle control.
Thus, modalities such as transcutaneous electrical nerve

stimulation (TENS), ice applications, and a compressive

bandage were used in conjunction with knee maobility exer-
cises (performed in the pain-free range of motion) and multi-

ple angle-specific ISOM exercises for the knee flexor and 3

extensor muscles. The ISOM exercises were performed at |

multiple angles because strength gains are known to be spe-

cific to the trained positions™*

and they were performed at |

30? and 60° of flexion because less muscle inhibition occurs

with the knee flexed,**

The second phase of rehabilitation (T4 to T9) included |

dynamic exercises to increase muscle strength and endurance

(ISOK exercises and bicycle ergometer) and began about 10
days postsurgery, when the patients were less aware of the

need to protect the knee and there was less pain and effusion.
The ISOK strengthening exercises were performed on a Cy-
bex I dynamometer” at three different velocities because
strength gains are known to be speed-specific.”’*'*' The ex-

ercises were first performed at 60° and 120°sec (second |
week: T4 to T6) and then at a higher speed (200°/sec) in the
last week (T7 to T9) of training, Low velocities of training |

{under 60°fsec) were not used to avoid higher compressive |

forces that could irritate the healing knee joint.”** The ISOK
exercises were progressed from one to three sets of 10 maxi-
mal alternated flexion and extension contractions in the full
available range of knee motion. Bicycle ergometry began,
as for the ISOK exercises, at T4 (9.7 + 1.1 days postsurgery)
and the duration of the exercises was gradually increased
from 5 to 30 minutes. More details about the supervised PT
program are shown in table 2.

Control group.
had no supervised PT treatments. They were, however, given
instructions about the use of crutches, the compressive ban-
dage, and the use of ice to reduce the immediate postopera-
tive knee pain and effusion. In addition, home exercises
prescribed by the orthopedic surgeons (ISOM contractions
of the quadriceps and/or straight-leg —raising exercises) were
taught to the patients by a nurse the day of the surgery, as
was the usual practice.

DATA ANALYSIS

The extent of the movement limitations and thigh atrophy
at the pretest and posttest was determined by calculating the
difference between the sound and the injured legs for the
amplitude of passive knee flexion and extension and the
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circumference of the thigh. Knee effusion was judged pres-
ent or absent from the clinical tests.

Force, angle, and angular velocity signals from the Kin-
Com dynamometer were recorded at a sampling frequency
of 400Hz and fed o0 an IBM AT computer.” The forces
measured during the ISOK tests were corrected for passive
forces due to limb weight and the lever arm.'®* For each
patient and each ISOK test, the best MVC tnial, as deter-
mined by the magnitude of the area under the moment of
force-angle curve, was retained for analysis. Specific areas
under segments of the moment-angle curves that corres-
ponded to constant velocity phases of the movement
were then calculated. For the flexion tests, the segment

ranged between 20° and 80° and for the extension tests, it |
ranged from 10° to 70° except in one patient with a flexion
contracture of 10°. In the remainder of this text, the variable

“‘area under the moment of force-angle curve’” 1s referred

to as “‘work.”” For each patient, work deficits of the injured ,

lag at the pretest and posttest were established as a percent

of the values obtained for the sound leg at the pretest. Work |

deficit values for both groups (EXP and CTL) and subgroups
of patients with bucket-handle (B) or flap (F) tears (EXP-

B, EXP-F, CTL-B and CTL-F) were then expressed as a

mean percent + 18D in bar graphs (figs 1-3).
STATISTICAL ANALYSIS

The anthropometric data (age, weight, and height), the .

duration of symptoms before surgery, the duration of surgery

and tourniquet time, and the intervals between surgery and =
the evaluations (pretest and posttest, follow-up | and 2) were -
compared between patients of the CTL and EXP groups (F '
+ B, F, B) using independent Student ¢ tests (table 1). The

level of significance was set at & = 0.05.

The significance of the effect of treatment (group effect) |
on the magnitude of the postoperative work 'deficits was

tested with an analysis of covariance (ANCOVA, p < 0.05)
in the 31 patients. This statistical analysis provided a method

to adjust for preexisting differences in the preoperative work .

deficits among groups, and thereby increased the precision
of the analysis by removing bias due to the groups not being
perfectly matched. Thereafter, the effect of treatment was
reexamined (ANCOVA) in eight patients of the CTL group
and eight patients of the EXP group matched by the magni-
tude of their preoperative extension work deficits (4% of
extension work deficit at 30%sec; range 0.4 to 3.6%) and
their type of meniscal lesion. It was only possible to match

eight pairs of patients with these criteria. These patients were

chosen without knowing the magnitude of their postopera-
tive work deficits. Lastly, the significance of the effect of
treatment (ANCOVA) was tested separately for each of the
two types of meniscal lesions: bucket-handle (B) and flap
(F). All the analyses were done after verifying that the vari-
ables were normally distributed in the groups compared.
Power analyses were done for all nonsignificant results.*
The difference between groups (6) judged as clinically im-
portant was fixed at 50% of the mean residual postoperative
deficit without treatment.

The effect of treatment on four clinical factors—pain dur-
ing ISOK tests, knee effusion, thigh atrophy, and movement
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limitations—was verified with Fisher’s exact test. At first,
the difference between groups (EXP and CTL) was tested
for the presence or absence of these negative clinical factors
(two categories) at the posttest. Secondly, the patients were
classified into three categories according to changes ob-
served between the pretest and the posttest for the severity
of pain, presence of effusion, amount of thigh atrophy, and
degree of knee movement limitation. These categories were
(1) improvement from pretest to posttest, (2) no change, and
(3) deterioration.

The functional knee scores obtained from the Lysholm
and Gillquist questionnaire™ were analyzed by means of a
two-way analysis of variance for repeated measures (MA-
NOVA) to determine the effects of group (CTL and EXP; n
= 31 or n = 16 matched-patients), time (two testing sessions:
pretest and posttest; and two follow-up evaluations: 3 and
6 months postmeniscectomy) and the group by time interac-
tion.' An analysis of covariance was also used to evaluate
the effect of treatment (group effect) on the posttest scores
in regard to the scores obtained at the pretest. Finally, the
relationship between the magnitude of work deficits at each
testing session (pretest and posttest) and the corresponding
functional knee scores was evaluated by Pearson correlation
coefficients.

RESULTS

Patient Characteristics

The age, weight, and height of the patients in both groups
(CTL and EXP) and subgroups (CTL-F and EXP-F; CTL-B
and EXP-B) were comparable (table 1), Similarities between
groups were also found for the side of the injured knee (right/
left: CTL, 9/7; EXP, 7/8), mechanism of injury (sudden/
insiduous onset: CTL, 10/6; EXP, 10/5) and prevalence of
osteo-articular degenerative changes of the femoral condyles
and/or tibial plateaus (CTL: 25%; EXP: 20%) determined
by arthroscopy. As shown in table 1, no significant differ-
ences were found between groups and subgroups in the dura-
tion of preoperative symptoms and surgery or of tourniquet
time. All patients were operated on as outpatients with the
surgical procedure being performed using a tourniquet in all
cases, under general anesthesia in 26 (84%) and under spinal
anesthesia in 5 patients (16%:; 2 EXP, 3 CTL). None had
intraoperative or postoperative complications. Finally, pa-
tients of both groups were evaluated at similar intervals be-
fore and after surgery except for patients in the EXP-F group
at the posttest (table 1). They were evaluated about 2 days
later than patients in the CTL-F group.

Effect of Treatment on Postoperative Work
Deficits

Figures 1 and 2 illustrate the mean knee extension and
flexion work deficits (30° and 180°/sec) at the pretest and
posttest in patients of the CTL and EXP groups, as well as
the results of the analysis of covariance. As shown by the
bar graphs in figure 1, patients of the EXP group had higher
extension work ' deficits (independent Student 7 tests, p
< 0.05) preoperatively than patients of the CTL group at
both 30° and 180°sec. These differences in the magnitude
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Table 1: Patient Characteristics and General Information About Surgery, Pretest, Posttest, and Follow-up Evaluations

[ b 8 EXP

F+B F B F+B F B

n =16 n=11 n =35 n =15 n =10 n=15
Age (years) 38 (T 39(7) 36 (7) 42 (9) 41 (9) 44 (9)
Weight (kg) 81 (12) 83 (13) 77 (10) FT( 79 (1) T4 (14)
Height {(cm) 175 (8) 177 (9) 171 (5) 174 (6} 176 (6) 170 (5)
Duration of symptoms before surgery (weeks) 96 (133) 120 (154) 44 (41) 119 (220 165 (260) 27 (21)
Duration of surgery (min) 30(16) 27(13) 35(23) 27 (9) 29 (10) 22 (8)
Tourniquet time (min) 31 (16) 28 (13) 373N 321D IS 26 (7
Interval between pretest and surgery (days) 4 (4) 5(5) 33 6 (8) 5(3) 10 (14)
Interval between surgery and posttest (days) 23(2) 23 (2) 24 (2) 24 (2) 25 (2) 23(2)
[nterval between surgery and follow-up | (days) 90 (6) 90 (6) 90 (7) 90 (5) 92 (6) 88 (4)
Interval between surgery and follow-up 2 (days)' 177 (9) 176 (B) 182 (13) 178 (12) 179 (13) 176 (11)
* Values represent mean (1SD).
" Mean (SD) of 14 patients of the CTL group (B, n = 3; F, n = 11) and of 13 patients of the EXP group (B, n = 4, F, n = 9).

" Patients with flap tears were evaluated later (about 2 days) in the EXP group than in the CTL group; independent Student ¢ test, p = 0.02. No other
~ignificant differences (p = 0.05) between EXP and CTL groups and subgroups were found.

Abbreviations: B, bucket-handle meniscal tear; F, flap meniscal tear.

of the preoperative deficits between groups were statistically
taken into consideration by the analysis of covariance. In-
deed, 1t was suspected that the magnitude of the preoperative
deficits might influence the postoperative recovery, espe-
cially because a close relationship existed between the preop-
erative and postoperative deficits in the whole group of pa-
tients (n = 31; extension 30%sec: r = 049, p = 0.006;
extension 180%sec: r = 0.65, p = 0.0001). The results of

" the analysis of covariance clearly show that patients of the

'EXP group had a better extension work recovery than pa-
tients of the CTL group at 30° (p = 0.0001) and 180%sec
(p = 0.0008). This: is illustrated by the direction of the
changes in the mean deficits for both groups. The magnitude

+ of the work deficit after surgery increased in the CTL group
whereas it decreased (30°sec) or was similar (180°/sec) to
preoperative levels in the EXP group.

The positive effect of the treatment on the magnitude of
the extension work deficits can also be illustrated by studying
the relationship between the magnitude of the preoperative

' and postoperative extension work deficits (fig 4) with simple
regression analyses. The slope of the regression lines was
steeper for the CTL group than for the EXP group confirming
that with a similar level of preoperative work deficit, patients
in the CTL group had larger postoperative deficits than pa-
tients in the EXP group. In fact, for the same range of preop-
erative deficits, nearly all patients in the CTL group had
higher postoperative deficits than patients in the EXP group
(fig 4).

Finally, to estimate the size of the difference in the postop-
erative deficits associated to the treatment, eight patients of
the CTL group were matched with eight patients of the EXP
group by the magnitude of their preoperative extension work
deficits at 30%sec (see upper graph of fig 4) and the type of
meniscal lesion. As shown in figure 3, with a similar magni-
tude of preoperative deficit (about 18% at 30°sec and 12%
at 180%sec; paired Student 1 tests, p = 0.05), patients in the
CTL group (n = 8) had about a 40% deficit at the posttest
whereas patients in the EXP group (n = 8) had a residual
deficit of only 15%, at both speeds of movement.

The direction of changes in the mean flexion work deficits
(fig 2) from the pretest to the posttest in each group of
patients, was similar to that observed in the extension tests
(fig 1). Indeed, the patients of the CTL group had an increase
in the magnitude of flexion work deficits from the pretest to
the posttest whereas, concomitantly, patients of the EXP
group had a decrease, even though both groups had similar
flexion deficits preoperatively (independent Student ¢ tests,
p = 0.05). The statistical analysis, however, did not reveal
significant differences between groups (ANCOVA, p
> 0.05) although a tendency (ANCOVA, p = 0.08) to lower
postoperative deficits in patients of the EXP group was found
for the flexion test at 30%sec (fig 2). The results of the
statistical analysis cannot be conclusive because the power
of these statistical tests (ANCOVA) to detect an 8% (50%
of the mean postoperative residual deficit without treatment)
difference between groups, was estimated to be only 22%
and 11% for the flexion tests at 30° and 180°%sec. Groups
of 64 and 168 patients for the flexion tests at 30%sec and
180°sec, respectively, would have been needed to conclude
about therapeutic effects with a power of 80%.

Effect of Treatment According to the Type of
Meniscal Lesion

Comparison of the extension work deficits between sub-
groups (B or F) demonstrated that patients with both types
of meniscal lesions gained benefit from the PT treatments.
Patients in the EXP subgroups (B and F) had a better exten-
sion work recovery (extension tests at 30° and 180°%sec,
ANCOVA, p < 0.05) than patients in the corresponding
CTL subgroups, except for the extension test at 180%sec in
the patients with B lesions (tendency, p = 0.06). In the latter
case, the probability of revealing differences between groups
was, a priori, very low because the power of the statistical
test was only (6 = 22%) 30%. Larger groups (n = 15) would
have been needed for the analysis to be conclusive with a
power of 80%,

Effect of Treatment on Clinical Factors
At posttest, the patients of the EXP group tended to have
a lower prevalence of pain during the extension tests both
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Fig 1—Bar graphs illustrating the mean (*=18D) extension
work deficits (30°/sec: upper graph; 180%sec: lower graph) at
the pretest (stripes) and the posttest (black) in patients of the
control (CTL; n = 16) and experimental (EXP; n = 15 except

for the mean preoperative deficit of the EXP group at 180°/.

sec, n = 14) groups. At the pretest, patients of the EXP group

had higher extension work deficits (30°/sec and 180°/sec) than

patients of the CTL group (independent Student ¢ tests, p

< 0.05; statistical results are not reported in the figure). Results

of the analysis of covariance (p values) are given on the hori-
zontal line.

at 30%sec (p = 0.08) and 180%sec (p = 0.07). In fact, 69%
and 56% of the patients of the CTL group felt pain during
the extension tests at 30° and 180°sec, respectively. In con-
trast, only 33% and 20% of the patients of the EXP group
experienced pain during these tests. Moreover, a signifi-
cantly (p = 0.03) larger number of patients of the EXP
group had an improvement in the intensity of pain from the
pretest to the posttest when performing the extension test at
30%sec. As much as 60% of the patients of the EXP group
felt less intense pain at the posttest than at the pretest whereas
only 19% of the patients of the CTL group had such improve-
ment. Conversely, the intensity of pain was worse at the
postiest in 38% of the patients of the CTL group, and in
only 7% of the patients of the EXP group. The amplitude
of knee flexion also tended to be improved (p = 0.08) at
the posttest in a larger number of patients of the EXP group
(EXP, 33%; CTL, 13%) and deteriorated in a larger number

Arch Phys Med Rehabil Vol 75, April 1994

WORK DEFICIT (% of the sound leg )

EFFICACY OF PHYSIOTHERAPY AFTER MENISCECTOMY, Moffet

of patients of the CTL group (EXP, 13%; CTL, 50%). No
other significant differences between groups were found in
the clinical factors studied.

The Lysholm and Gillquist Questionnaire

No significant differences between groups were found in
the functional knee scores obtained at the posttest for the
whole sample of patients (n = 31; ANCOVA, p = 0.56),
nor for the subgroups of patients with bucket-handle tears
(n = 10, p = 0.18) or flap tears (n = 21, p = 0.28). In
addition, when the scores obtained at the four evaluation
periods were compared, no differences between groups (two-
way ANOVA for repeated measures; effect of group, p
= 0.82) or group by time interaction (MANOVA, p = 0.88)
were found although a significant effect of time (MANOVA,
p = 0.0005) was demonstrated. The scores of the CTL and
EXP groups were similar at each evaluation (mean + 1SD,
CTL/EXP: pretest = 74 = 23/70 = 19; posttest = 78 * 19/
80 = 14; follow-up 1 = 88 = 14/9]1 *= 10; follow-up 2
= 89 + 16/91 = 14) but the scores tended to increase from

1001 30 '0/3
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60 1
p=0.08

40

o]

100 7 180 °/s

80

p=0.18

60 1
40 1

20}
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Fig 2—Bar graphs illustrating the mean (= 1SD) flexion work

deficits (30°/sec: upper graph; 180°sec: lower graph) at the

pretest (stripes) and the posttest (black) in patients of the con-

trol (CTL; n = 16) and experimental (EXP; n = 15) groups.

Results of the analysis of covariance (p values) are given on
the horizontal line.
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Fig 3—Bar graphs' illustrating the mean (+15D) extension
work deficits (30°/sec: upper graph; 180°/sec: lower graph) at
the pretest (stripes) and the posttest (black) in eight patients of
1he control (CTL) group and eight patients of the experimental
(EXP) group paired by the magnitude of their preoperative
extension work deficits and their type of meniscal lesion. Re-
sults of the analysis of covariance (p values) are given on the
. horizontal line.

the pretest to the last evaluation, 6 months postsurgery. Poly-
nomial contrast analysis revealed a significant linear (p
= (.0001) and quadratic (p = 0.004) trend over time, but
no group effect. Similar results were obtained in the matched
EXP-CTL groups (n = 8 patients per group) except that the
quadratic trend over time was not significant (p = 0.32).
Preexisting differences in the level of impairment between
groups could therefore not be responsible for the results.

Lastly, the relationship between the extension work defi-
cits and the functional knee scores was examined. Significant
correlations (p < 0.05) were found between scores and the
magnitude of extension work deficits at 30° (r = —0.51) and
180° (r = —0.40)/sec at the posttest and, only at 30%sec (r
= —0.40) at the pretest. The strength of these relationships
was, however, questionable (r < 0.60)."

Compliance to the Supervised PT Program

Only one patient of the EXP group failed to attend all 9
treatments planned. The majority of the patients followed
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the supervised PT program. More than 90% of the patients
received TENS and ice, and performed knee mobility and
strengthening (ISOM and ISOK) exercises. Moreover, all
the patients did bicycle ergometer exercises at the expected
sessions and durations, Finally, only few variations were
made to the planned treatments among the patients
(table 2).

Evolution of Clinical Signs and Symptoms in
Patients of the EXP Group During the
Treatment Period

Figure 5 A illustrates the prevalence and intensity of pain
at rest before and after each PT treatment. Only the patients
with pain (intensity 1 to 5) are displayed in the figure. The
number of patients without pain (intensity 0) corresponds to
the difference between the total number of evaluated patients
{(n = 15 from Tl to T7; n = 14 for T8 and TY) and the
number of patients with pain. In general, the prevalence and

100
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80+ @

601

40+
r = 0.88

p < 0.0001

201
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]
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80t
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-20 + t : ; 4
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Fig 4—Simple regression lines characterizing the relationships
between the magnitude of the preoperative (horizontal axis)
and postoperative (vertical axis) extension work deficits at 30°/
sec (upper graph) and 180°/sec (lower graph) in patients of
the control (CTL; dot) and experimental (EXP; cross) groups.
Pearson correlation coefficients and corresponding p values are
reported. The eight pairs (CTL/EXP) of patients matched for
the magnitude of their preoperative extension work deficits
(30°/sec) and their type of meniscal lesion are designated by
similar numbers.

100
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Table 2: Description of the Nine Supervised Physiotherapy Treatments (T1 to T9) and the Compliance of the 15
Patients (EXP) to These Treatments (at T8 and T9, n = 14 patients) and to the Home Exercise Program

Modalities Duration-Intensity T1 T2 T3 T4 TS T6 T7 T8 T9
[Cl: lsmin * ¥ * * * * * * *
TENS 20min—HF ¥ T y Fi T 7% 7%
Exercises
1. Ankle mobility 10 rep ¥ i ! 73% 3 73% 3% 7% 71%
2. Knee mobility 10 rep ! ! T f L t t t !
3. ISOM—Ext 30° 10 rep/10s * * * 7%
30 rep/Ss * * * 33% T% 1%
4. ISOM —Ext 60° 10 rep/10s : 3 ®
30 rep/Ss ! * * 7% 7% T%
5. [SOM—Flex 30° 10 rep/10s; 30 rep/5s ! * "
6. ISOM—Flex 60° 10 rep/10s; 30 rep/Ss | f * * 7% 7%
7. ISOK 60%s I to 3 ses of 10 rep * ¥ ¥ * * *
8. ISOK 120%s 1 10 3 sets of 10 rep ol ! : * * *
9. ISOK 200%/s 2 sets of 10 rep * * *
Bicycle ergometer 5 to 30min * ¥ * * ¥ *
Home program Days without treatments J ! 1 ! * ! ! T9% 70%

Abbreviations: HF, high frequency; ISOK, isokinetic; ISOM, isometric; min, minutes; rep, repetitions; s, seconds: TENS, transcutaneous electrical nerve

stimulation,

Few variations were made 1o the planned treatments as indicated by the low percemage of patients who received a modality at owside the planned
periods. For example, TENS was continued in one patient (7%} from T4 to T7 because of persistance of knee pain.
* 100% of the patients received the modality with the expected duration and/or intensity.

" >90%.
t=80%.

intensity of pain were similar or decreased after each PT

treatment, confirming that the treatments did not intensify '
the pain. The highest prevalence of pain occurred at T3 and |
T4. Most likely, this was related to the increased level of |

activity (ADL), cessation of medication or the use of

crutches, or the return to work (40%, fig 5B) of the patients |

in this period. Moreover, from T1 to T9, progressive de-
creases in the mean (+1SD) flexion (45 *+ 27°to 1 = 5%
and extension (11 = 4° to 2 = 3%) movement deficits were
observed. The prevalence of inflammatory signs (heat, red-
ness, effusion) also decreased from 93% (14/15 patients) at
T1 to 57% (8/14 patients) at the end of the treatment period.

DISCUSSION

The results of this study demonstrate that an early, inten-
sive, supervised physiotherapy (PT) program, provided in
the first 3 weeks after arthroscopic memswctomy promotes
faster knee extensor strength recovery. The positive effect
of the treatment on the strength was impressive because after
only 9 supervised treatments combined with a home exercise
program, the size of the difference in postoperative extension
strength deficits between the groups was as large as 26%
(fig 3), and the residual deficits of the untreated (CTL) pa-
tients were 2 to 3 times larger than those of the treated
(EXP) patients, Patients in the EXP group recovered their
preoperative level of extension strength in only 3 weeks as
compared to 7 to 12 weeks for patients who did not receive
supervised treatments.*"'%*

The faster rate of strength recovery in patients of the EXP
group can be attributed to the effect of the PT program
because it is not likely that surgical procedures or other
clinical factors biased the postoperative recovery. First, fac-
tors such as the type of surgery and the procedures
used”!""*1%248 could not have affected the results because
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all patients underwent an isolated partial medial meniscec-
tomy under similar arthroscopic surgical procedures. More-
over, the duration of surgery'*?’ and tourniquet time** did
not differ between groups (table 1) and none of the patients
had intraoperative or postoperative complications.*'* Like-
wise, the age of the patients,**'*'*" the prevalence of associ-
ated degenerative changes,'®*'*'*'"*" and the duration of
preoperative symptoms™'*'"** were comparable in both
groups. Finally, patients of both groups were evaluated
preoperatively and postoperatively within similar delays
(table 1).

A factor thal was different between groups was the size
of the preoperative extension strength deficit. It was larger
in the EXP group and one can argue that patients with the
largest strength deficits are more likely to demonstrate the
largest strength improvements.* > The results of the statisti-
cal analysis, however, did not support this assumption. First,
the analysis of covariance clearly showed that despite this
difference in preoperative deficits between groups, great im-
provement occurred in the EXP group. Secondly, compari-
son of the subgroups of patients matched for the preoperative
strength deficit further confirmed that recovery was greater
in the EXP group. Thus, the difference in the size of the
preoperative strength deficits cannot explain the superior re-
covery of the EXP group.

Other unspecified environmental or motivational factors
may have partly contributed to the benefits of the PT pro-
gram (Hawthorne effect’”). For instance, it is well known that
motivation, self-perception of capabilities, therapist-patient
interactions, and the belief in the efficacy of the treatment
can influence the physical performance or therapeutic oul-
come.™ Thus, one can argue that similar positive effects
could have been obtained with any other nonspecific typr
of intervention (or a placebo) providing the patients with thc
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Fig 5—(A) Prevalence and intensity of pain at rest before (B)
and after (A) each supervised physiotherapy treatment (T1 to
T9) in the group of 15 patients (at T8 and T9, n = 14 patients).
The intensity of pain was evaluated with the Present Pain Index
(PPI) introduced by Melzack (1975). A score of five reflects an
intolerable pain; 4, severe pain; 3, moderate pain; 2, discom-
forting pain; 1, light pain, and 0, absence of pain. Only the
patients with pain (scores 1 to 5) are displayed in the figure
whereas those without pain (score 0) are not represented. (B)
Number of patients who had taken an analgesic medication
used a compressive bandage and/or crutches and returned to
work during the rehabilitation period (T1 to T9) in the group
of 15 patients. Abbreviation: 8, surgery.

same amount of attention and reinforcement. It is, however,
difficult to attribute to nonspecific motivational factors the
physiological effects observed in the patients of the EXP
group. Indeed, the specific positive effects of the modalities
used (ice application, TENS, strengthening exercises, bicy-
cle ergometer) in the rehabilitation program have been pre-
viously documented®*** and some of the modalities, such as
TENS, have been shown to be more effective than a placebo
in relieving pain®*® and accelerating strength recovery.'
There is also a wide body of literature on the specificity of
strength training.”’

An important finding from our study is that an intense
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and early exercise program did not induce ill effects. On the
contrary, it appears that our program achieved a good bal-
ance between rest and exercises’' because impressive
strength gains were found in patients of the EXP group
without concomitant increases in pain, effusion, or loss of
joint motion. In fact, the treated patients had a lower preva-
lence of knee pain during the isokinetic tests than patients
of the CTL group. Moreover, always in comparison to the
CTL group, improvements in the intensity of pain and in
the amplitude of knee flexion from the pretest to the posttest
were found in a larger number of patients of the EXP group
whereas the prevalence of knee effusion was similar in both
groups of patients. Modalities such as TENS,'*®* jce applica-
tions, and use of a compressive bandage in combination
with progressive and adapted exercises most likely helped
to control and reduce, especially in the first week post-
surgery, the undesirable effects of knee pain and effu-
sion****** thereby favoring efficient strength training even
in the early stage postmeniscectomy.

Though a good balance between exercises and rest is es-
sential in an early and intense exercise program,’' choice of
the type of training that will best promote functional gains
is also important. For this reason, the exercise program took
into consideration the specificity of training that is known
to be related to the type of contraction,”****7*7* joint posi-
tion,™* and velocity of contraction.’™'™*7177 Although
both static and dynamic contractions are necessary, the pro-
gram was started with isometric contractions at different
angles to minimize the stresses on soft tissues and
joint.?**"**! Then, when pain and effusion were less, pro-
gressive isokinetic exercises and bicycling were introduced
to promote improved dynamic control and endurance ******%
Interestingly, the treated patients were found to have impres-
sive strength gains at both tested velocities of movement
(30° and 180°/sec) confirming that ultimately the therapeutic
exercises used were efficient to increase strength during both
slow and fast velocity movements. The treated patients no
doubt had the advantage of lrammg and being tested on
similar isokinetic devices.

Strength gains induced by exercises have been attributed
to two major adaptations in healthy subjects. The first in-
volves morphological changes in the contractile tissue itself,
that is, muscle fiber hypertrophy. The second, referred to
as ‘‘neural adaptations™ or ‘‘neuromotor learning,”” implies
changes at different levels of the nervous system that contrib-
ute to an improved recruitment (larger number of motor
units, higher firing frequency and synchronisation) and coor-
dination of muscles.”**”™* In the present study, it is likely
that the improvements in strength are mainly due to this
second type of adaptation because neuromotor learning has
been shown to predominate in the first 2 to 4 weeks of
training,”** whereas hypertrophy is a delayed process that
becomes the dominant factor after 4 to 8 weeks.”’%"*%
Moreover, no significant differences between groups were
found in the change in thigh circumference from the pretest
to the posttest 3 weeks postsurgery.

Even though the rehabilitation program contributed to bet-
ter knee extensor strength recovery, one third of the patients
of the EXP group who had large preoperative knee strength
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deficits still presented strength deficits larger than 25% 3
weeks postmeniscectomy. Considering that such large defi-
cits were related to abnormalities in the leg movements and
muscle activations when stair climbing,*' it seems important
to reduce these deficits before returning to heavier work-
related or sport-related activities, It is also likely that these
large strength deficits are due, at least in part, to muscle
atrophy. Thus, a longer period of training should favor mor-
phological changes in the contractile tissue itself (hypertro-
phy), as well as neural adaptations. Therefore, it is likely
that a prolongation of the strength training program would

lead to a more satisfactory level of recovery in the patients .

with large deficits (>25%) 3 weeks postsurgery.

Although the knee extensor and flexor muscles were cho-
sen as the target muscles of the early and intensive rehabilita-
tion program, other muscles, especially those contributing
to lower limb support and propulsion, may also have been
affected by the meniscal lesion, the surgery, and the conse-

quent reduced activities. In our study, bicycling was most |

likely beneficial for promoting functional lower limb recov-
ery. A more prolonged and complete rehabilitation program

should, however, include work for all segments of the lower.

limb.

As expected, the type of meniscal lesion did not influence
the response to the treatment because both the patients with

flap (F) and bucket-handle (B) meniscal tears gained benefit
from the rehabilitation program. This positive effect of treat-
ment does not mean, however, that strength gains are similar

in patients with F and B tears, 3 weeks postsurgery. Patients '
with B tears, who had larger knee extensor strength deficits |

preoperatively than those with F tears, tended to remain with
weaker knee extensors 3 weeks postsurgery. This tendency
was consistent with the finding that the preoperative level of

deficit is predictive of the postoperative level. These results .

disagree with the reports of Hamberg and colleagues® who
found patients with F tears to have larger extension strength
deficits than patients with B tears. 4 weeks postmeniscec-
tomy: the former having a mean deficit of 40% and the latter
of 30%. Their conclusion, however, was based on smaller
groups of patients (5 patients with B vs 9 with F tears) of
different ages with variable prevalences of associated degen-
erative changes and the size of preoperative strength deficits
was not considered in their analysis.

In contrast to the knee extensor muscles, it was not possi-
ble to reveal, in the present study, a significant effect of
treatment in the rate of strength recovery of the knee flexor
muscles (fig 2). A positive trend did, however, occur espe-
cially during movements at 30%sec. Considering that the
direction of changes from the pretest to the postiest observed
in the knee flexors was similar to that of the knee extensors
(figs 1 and 2) and because both groups of muscles were
trained, it 1s likely that the treatment influenced in the same
way the rate of strength recovery in both the flexor and
extensor muscles. The probability of revealing differences
between patients of the EXP and CTL groups in the size of
postoperative flexor strength deficits was, however, low. The
lack of power is mainly due to the small size of the residual
flexion strength deficits of the CTL group (6 = 8%). A larger

Arch Phys Med Rehabil Vol 75, April 1994

EFFICACY OF PHYSIOTHERAPY AFTER MENISCECTOMY, Moffet

number of patients will be needed to confirm the effect of
treatment in the rate of flexor strength recovery.

Finally, the results of the present study suggest that the
Lysholm and Gillguist questionnaire™ is not sufficiently sen-
sitive to evaluate the degree of knee impairment or to follow
the strength recovery process. No differences in functional
scores between patients of the EXP and CTL groups were -
found at the pretest even though a large disparity between
groups was demonstrated in the size of the preoperative
strength deficits. In fact, at the pretest, a difference of more
than 20% in mean strength deficits (extension 30%sec) cor-
responded to a small difference of less than 3% (4%; CTL
=74 = 23%; EXP = 70 = 19%) in the mean functional
knee score. At posttest, the difference between groups in the
functional scores (2%; CTL: 78 = 19%; EXP: B0 * 14%)
was also four to five times smaller than for the extension
strength deficits (10%; CTL: 36 = 20%; EXP: 26 * 20%).
Thus, even though a significant relationship (r = —0.40 to
—0.51; p < 0.05) existed in the whole group of subjects
between the magnitude of extension strength deficits and the
functional knee scores, the functional score seems poorly
responsive and only offers an approximative estimate of the
maximal knee strength capacity. Thus, one can question the
use of such a questionnaire to evaluate postoperative results
or to estimate the impact of various surgical interventions
or postoperative therapies on knee strength recovery.

In conclusion, the results of the present study convincingly
support the institution of an early intensive and supervised
rehabilitation program postmeniscectomy by arthroscopy.
The rehabilitation program developed was found to be effi-
cient and realistic because it resulted in large strength im-
provements in a short period of time (nine treatments in 3
weeks) and it was well tolerated by all of the patients. In
addition, it offers the advantage of being easily applicable
because the modalities of treatment used are well known
and available in numerous rehabilitation centers. Thus, the
originality of this work was not to propose a new and revolu-
tionary method of treatment but rather to develop, in light
of previous works'"*>*" and the general concepts of rehabili-
tation,™*****17 an integrated PT program and to demon-
strate its efficacy in a randomized controlled trial. The fact
that the PT program was provided, for the majority of the
patients, during sick leave no doubt influenced the compli-
ance to the treatments. Finally, although the long-term ef-
fects of such a rehabilitation program are still not known,
the benefits of returning patients to work with better knee
function, in the same or perhaps even a shorter delay postsur-
gery than is usual practice, should justify the economic im-
plication of such an approach.
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