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Abstract

v

The present study investigated the crossover ef-
fect of three rehabilitation programs (isokinetic,
isotonic and home exercise), that were focused
on the involved extremity, on the isokinetic per-
formance of knee flexors and extensors and the
functional performance of the uninvolved leg in
subjects who underwent arthroscopic partial me-
niscectomy. Twenty-eight patients (mean age:
28) were measured for isokinetic performance
and functional performance with the single
jump, triple jump and vertical jump 14 days and
33 days after surgery. Peak torque of hamstrings

at 60°/sec (p=.008), hamstrings at 180°/sec
(p<0.001), quadriceps at 180°/sec (p=0.024),
single jump (p<0.001), triple jump (p=0.002),
and vertical jump (p=0.005) were significantly
increased during the final measurement session
compared to the initial measurement session.
The knee flexors exhibited higher gains than the
knee extensors. There were no differences be-
tween the isokinetic, isotonic, and home exercise
program group (p=0.506). Researchers and clini-
cians are encouraged to obtain measurements of
the uninvolved leg at consistent time points be-
tween groups in order to allow for accurate com-
parisons.

Introduction

v

For many years the menisci were thought to be
vestigial structures and were liberally removed
when torn. Removing the menisci increases joint
contact forces by 100% to 300% and frequently
leads to knee osteoarthritis [1].

Therefore, total meniscectomy has been replaced
by partial arthroscopic meniscectomy which is
one of the most commonly performed orthopedic
procedures [5]. The degenerative process after
partial arthroscopic meniscectomy in knees
without ligamentous injuries seems to be slow;
after 12 years there is joint space narrowing in
21% of operated knees vs. 11% of non-operated
knees [11]. The rate at which osteoarthritis devel-
ops depends on a number of factors such as the
volume of resected meniscus, associated injuries,
limb alignment, age, weight, activity level, and
genetic predisposition [2].

Although patients quickly recover from the acute
postsurgical symptoms of swelling, pain, and de-
creased function [20] some authors have re-
ported that strength deficits persist for many
years after surgery. Four years after meniscec-
tomy in a cohort of middle-aged patients, knee
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extensor isokinetic deficits between the operated
and healthy leg persist while there is no differ-
ence in knee flexor isokinetic measurements [3].
Holder-Powell et al. [10] showed persisting knee
extensor strength deficits of 10-15% five years
after knee injury.

The effectiveness of a structured rehabilitation
program for patients who underwent arthro-
scopic mensicectomy is a point of disagreement
between authors. Goodyear et al. [6,7] suggested
that subgroups of patients such as athletes who
desire a rapid return to sports may benefit from
structured physical therapy. They also reported
that adding physical therapy visits to a home ex-
ercise program does not produce superior results
to a home exercise program alone.

The benchmarks of recovery in the involved leg
after arthroscopic meniscectomy have been well
documented [18,20] but no research projects
have investigated changes on the uninvolved leg
of patients who participated in rehabilitation
programs. The results of isokinetic and functional
performance tests are commonly normalized to
the uninvolved leg to account for intersubject
variability. Although arthroscopic meniscectomy
is the most commonly performed orthopedic sur-
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gery in the United States [13], no studies have investigated if
changes occur in the uninvolved leg of patients who follow a re-
habilitation program after arthroscopic meniscectomy. There-
fore, the present study will investigate the effect of three reha-
bilitation programs (isokinetic, isotonic, and home exercise) on
knee flexor and extensor isokinetic torque and functional per-
formance of the uninvolved leg in patients who underwent ar-
throscopic meniscectomy. As postsurgical protocols commonly
consist of isokinetic and isotonic exercises and patients are fre-
quently instructed to home exercises, it is of paramount impor-
tance to clinicians to know the effects of these protocols on
strength and function of the uninvolved extremity that is used
to objectively determine the recovery of the involved extremity.
The findings of this study will provide valuable information for
future studies in respect to the most appropriate objective eval-
uation of improvements in strength and function of the involved
leg by comparing it with the uninvolved leg.

Patients

v

The study was performed in an outpatient physical therapy clin-
ic with a group of recreational athletes. The activity responsible
for the meniscal injury is presented in © Fig. 1. The sample con-
sisted of 28 consecutive volunteers (25 men/3 women) who
underwent arthroscopic partial meniscectomy and met the fol-
lowing inclusion criteria:

» had surgery within 90 days from injury

» had no other knee injury or pathology

» had no neuromuscular or systemic disease

Methods

v

After completing an informed consent form, the participants
were placed into one of three groups; group A followed an isoki-
netic exercise program, group B followed an isotonic exercise
program, and group C followed a home exercise program. The
subjects were placed in one of the first two groups with the use
of the matched pairs method based on the following character-
istics: age, location of meniscal injury (medial/lateral), pre-in-
jury activity level, and orthopedic surgeon. Group C consisted of

runnirg

patients who chose not to follow a formal physical therapy pro-
gram. The randomization process is graphically depicted in
OFig. 2.

Groups A and B received treatment of the involved leg that con-
sisted of electrotherapy, joint mobilizations, and proprioception
exercises. Group A additionally received isokinetic training
while group B received isotonic training. Both isokinetic and iso-
tonic training were performed on the Cybex Norm 770 (Henley
HealthCare, Medway, MA, USA) and therefore subjects were
blinded to treatment group allocation. Group C was instructed
by the orthopedic surgeon to a home exercise strengthening pro-
gram for the involved leg.

Isokinetic and functional test measurements for the uninvolved
leg were taken twice; 14 days and 33 days after the surgery. All
patients were pain-free in the uninvolved leg prior and during
testing. The rehabilitation protocol was introduced four days
after surgery and consisted of TENS, ultrasound, laser, isometric
exercises for the quadriceps, straight leg raises, 8 - 10 min of sta-
tionary biking, and cryotherapy. Isokinetic or isotonic training
was introduced after the initial measurement session. The home
exercise group was instructed to do isometric exercises for the
quadriceps, straight leg raises, start biking on the 14th day, and
start gym exercises on the 21st day. As in common clinical prac-
tice for patients after arthroscopic meniscectomy, structured re-
habilitation started on the 4th day after surgery; however, it was
deemed necessary to wait until the 14th day for baseline isoki-
netic and functional measurements. Taking measurements ear-
lier would increase the possibility of not getting true maximal
effort from the participants due to pain inhibition from the co-
contraction of the involved leg.

All isokinetic measurements were performed on the Cybex
Norm 770 isokinetic machine (Henley HealthCare, Medway,
MA, USA). Prior to the test, subjects warmed up by riding a sta-
tionary bike for 8 min at 65 rpm and 0.8 Watt and by stretching
the quadriceps and hamstrings of both lower extremities. Place-
ment of subjects was standardized by placing their hip at 90°,
their trunk and upper thigh were stabilized by belts, and the dis-
tal end of the moving arm was attached immediately superior to
the lateral malleolus. The axis of the dynamometer was aligned
with the axis of the knee and allowed a range of motion from 0°
to 105° of flexion. Gravity correction was applied to allow accu-
rate comparisons between subjects. The protocol included three
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submaximal trials followed by three maximal trials with the dy-
namometer set at 60°/sec. After a 30-sec break three submaxi-
mal and three maximal trials at 180°/sec were performed. The
maximum concentric torque for knee extensors and flexors in
each angular velocity (average of three trials) was normalized
to the subject’s weight. All subjects attended two practice ses-
sions on the isokinetic device in the two days preceding the ini-
tial test in order to minimize any learning effects.

Three functional tests were also performed:

» The single leg jump has high reliability (ICC=0.96) [26] and is
performed by instructing the subject to jump on one leg as far
as possible with the arms behind the back.

» The triple jump as described by Risberg et al. [23] was used
(ICC=0.92). The subject was instructed to perform three con-
secutive jumps by starting in bilateral stance and landing on
one leg, then jump only on one leg and land on the same leg,
and finally jump with the same leg and land on both legs.

» The modified vertical jump test [16] was used. A tape measure
is secured around the subject’s belt who is then instructed to
jump vertically and maximally on one leg.

Three trials were performed for each one of the jumps and the

best trial was used for the statistical analysis.

Statistical analysis
Descriptive statistics for the characteristics of the volunteers
were calculated and presented in © Table 1. The effect of the in-

Koutras G et al. Crossover Training Effects... Int] Sports Med 2009; 30: 144-149

Table 1 Characteristics of volunteers
Isokinetic Isotonic Home exercise
group group program group
Ageinyrs. (SD) 28.1(9.0) 28.0(11.0) 27.8(8.0)
Weightinkg (SD)  77.9(10.5) 78.7 (15.1) 75.7 (10.5)
Uninvolved leg 5/5 4/6 6/2
(right/left)
Meniscectomy* 8/3 8/4 6/2

(medial/lateral)

* Some subjects had meniscectomies of both menisci

dependent variables time (initial measurement/final measure-
ment) and group (isokinetic/isotonic/home exercise) on the de-
pendent variables (peak torque of knee extensors and flexors at
60°/sec and 180°/sec, single jump, triple jump, and vertical
jump) was evaluated with the use of MANOVA. The o level was
a priori set at 0.05. Univariate tests were performed for the vari-
ables that were statistically significant in the MANOVA.

Results

v

There were no statistical differences between the three groups
for any of the baseline dependent variables (p > 0.05). The results



of the MANOVA showed that time (p <0.001) had a significant
effect but group (p=0.506) or the interaction of time x group
(p=0.659) were not significant. Univariate tests revealed that
between the initial and final measurements, peak torque of
hamstrings at 60°/sec increased by 8% (p=.008), hamstrings at
180°/sec increased by 12% (p <0.001), and quadriceps at 180°/
sec increased by 3% (p=0.024) while there was no significant
change in quadriceps torque at 60°/sec (p=0.168). Additionally,
single jump (p<0.001), triple jump (p=0.002), and vertical
jump (p=0.005) were significantly increased during the final
measurement session compared to the initial measurement ses-
sion. All results are in reference to the uninvolved leg.

Discussion

v

The findings of the present study demonstrate that the isokinetic
and functional performance of the uninvolved lower extremity
in patients who underwent arthroscopic meniscectomy signifi-
cantly improves between the 14th and 33rd postsurgical day.
Additionally, there were no significant differences between the
isokinetic, isotonic, and home exercise program group suggest-
ing that all three types of exercise protocols can produce benefi-
cial effects on the uninvolved extremity. However, it is important
to note that the small sample size may have prevented statistical
significance between the three exercise groups.

Significant increases in isokinetic torque were detected in all
groups between the initial and final measurements. The rehabil-
itation program was focused on the involved extremity with very
few exercises involving both lower extremities. Additionally, the
isokinetic and isotonic exercises for the first two experimental
groups were performed exclusively in the involved lower ex-
tremities. Therefore, the increases in the uninvolved extremity
are likely due to a crossover effect. Although a “no exercise” con-
trol group was not included in the present study, Matthews et al.
[18] have reported on the natural history of isokinetic torque
after meniscectomy in the uninvolved leg of a group of patients
who did not follow a structured physical therapy program. Their
findings show that knee extensor torques at 60°/sec and at 180°/
sec remain practically unchanged (within 1%) for six weeks after
surgery while knee flexor torque at 60°/sec and at 180°/sec in-
creases by 3%. The gains for knee flexor and extensor torque in
the present study are well above the differences observed in the
study by Matthews et al. [18] providing further support to the
notion that the gains were due to exercising of the contralateral
leg and not a result of natural history.

The findings of the present study are in agreement with studies
that were performed in healthy subjects and also showed a
crossover effect in the untrained leg [12,14,15,27]. Krotkiewski
et al. [15] showed that a five-week unilateral isokinetic protocol
causes 4-13% increases in knee extension torque output of the
untrained leg. In a study of monozygous twin pairs, Komi et al.
[14] showed that a 6-week isometric training protocol causes
11% increase in isometric knee extension strength of the un-
trained leg. Kannus et al. [12] also demonstrated increases in
torque production for the untrained leg after an 8-week isotonic
strength training program of 11% for knee extensor torque and
5% for knee flexor torque. Smaller increases of 1.5-3.5% have
been shown for the untrained ankle musculature of healthy sub-
jects following an 8-week isokinetic training program [27].
Machover et al. [17], in one of the few studies of crossover effect
in a patient population, showed a 17.6% increase in knee exten-
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sor isometric strength in middle aged patients with rheumatoid
arthritis who followed a seven-week isometric exercise pro-
gram. As these studies were not performed with subjects that
had knee surgery, their findings may not be directly comparable
to the findings of the present study that was performed on pa-
tients who underwent arthroscopic meniscectomy, especially
since it has been demonstrated that arthroscopic surgery results
in 3% decreased knee extensor isokinetic torque in the unin-
volved leg [18].

It is beyond the scope of the present study to investigate the
mechanism responsible for the crossover effect. Other investiga-
tors have suggested that it is due to increased impulses from the
motor cortex of the brain [14], slight isometric contractions [9],
or central psychological effects [ 14]. Moritani et al. [19] reported
that the crossover effect of an eight-week isotonic program is al-
most exclusively due to neural factors.

It is possible that a learning effect contributed to the increases in
peak torque of the untrained leg. However, all subjects per-
formed two training sessions on the isokinetic dynamometer
prior to the initial measurement session in order to minimize
the learning effect. Additionally, the isokinetic group did not ex-
hibit higher increases in peak torque compared to the other two
groups. It is also unlikely that the increases were a return to
baseline values due to a gradual resumption of premorbid activ-
ity level after surgery. Matthews et al. [ 18] reported that changes
between prior to surgery and two weeks after surgery in knee
flexor and extensor isokinetic torque were less than +2%.

The findings of the present study show that knee flexor torque
increases are 3-4 times higher than knee extensor torque in-
creases. The findings of Matthews et al. [18] are consistent with
our findings in that the gains are greater for knee flexor torque
than knee extensor torque, possibly reflecting a higher crossover
effect for the hamstrings than the quadriceps. In contrast to our
findings, Kannus et al. [12] found a greater increase in knee ex-
tensor torque (11 %) than knee flexor torque (5%). They suggested
that this may be due to the differences in the types of fibers; the
quadriceps consists mainly of fast-twitch type II fibers while the
hamstrings consist of slow-twitch type I fibers. A possible ex-
planation for the discrepancy between the studies in respect to
the muscle group that exhibits greater increases may be related
to the different samples; Kannus et al. [12] used healthy subjects
while the present study and the study by Matthews et al. [18]
used subjects who underwent meniscectomy. It is possible that
the muscle inhibition of the quadriceps due to postsurgical pain
and swelling in the operated leg [24] may have limited the cross-
over effect in the quadriceps of the healthy knee.

Besides the increases in isokinetic torque, significant increases
were also observed in the three functional tests (© Figs. 3 to 5).
This finding suggests that the crossover effect translates to func-
tional improvements. To our knowledge, this is the first study to
demonstrate that functional test performance of the uninvolved
leg increases significantly in patients who underwent arthro-
scopic meniscectomy. Functional jump tests have been shown
to positively correlate to isokinetic measurements in patients
with ACL reconstructions [28] and healthy subjects [22]. Addi-
tionally, Pincivero et al. [22] reported higher correlations be-
tween single leg hop and knee flexor torque output than knee
extensor torque output. However, Ostenberg et al. [21] suggested
that functional jump tests and isokinetic measurements should
not be used interchangeably.

It is common practice among researchers to normalize the per-
formance of the involved leg to the isokinetic and functional test
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monly observed between subjects. Some studies take baseline
measurements of the uninvolved extremity and normalize to
that [25] while other studies take measurements of the unin-
volved extremity at every point in time that they measure the in-
volved extremity [4]. The findings of the present study have
demonstrated increased isokinetic and functional performance
scores of the uninvolved leg between the 2nd and the 5th week
in subjects after arthroscopic meniscectomy who follow an iso-
kinetic, isotonic or home exercise program. Therefore, it is im-
portant that normal measurements are taken at consistent
points of time between groups.

Limitations

v

An important limitation of the present study is that, due to the
small sample size, it was underpowered to detect an effect size
that was lower than 1.33, therefore there was a high chance of
committing a type II error. However, none of the differences in
the means between the three groups was higher than the stan-
dard deviations suggesting that an effect may not exist if the
sample was representative of the larger population. Large clini-
cal studies are needed to determine if different exercise pro-
grams result in different outcomes in patients after arthroscopic
meniscectomy.

An additional limitation of the present study was the lack of ran-
domization of the home exercise group. It is likely that the pa-
tients who refused to participate in a structured physical therapy
program had fewer symptoms or were more motivated than the
subjects in the other two groups. Although there was no statisti-
cal significance in the baseline measurements between the
groups, the isokinetic group had the lowest score in six out of
the seven outcome variables with scores that were as high as
10% less than the scores of the other two groups. Therefore, cau-
tion should be exercised in the interpretation of the lack of sig-
nificance in respect to the group effect.

Additionally, concentric isokinetic torque at two speeds was
used as representative measure of muscle strength. Some au-
thors suggest that using a ratio of quadriceps concentric: ham-
strings eccentric torque may be a more “functional” measure [8].

Conclusions

\/

A group of patients who underwent arthroscopic meniscectomy
exhibited significant crossover effects as manifested in increases
of isokinetic torque and functional performance. The knee flex-
ors exhibited higher gains than the knee extensors. There were
no differences between the isokinetic, isotonic, and home exer-
cise program groups. Researchers and clinicians are encouraged
to obtain measurements of the uninvolved leg at consistent time
points between groups in order to allow for accurate compari-
sons.
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