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Abstract

The gastrocnemius muscle is one of the main muscles of the knee joint but its
neuromuscular adaptations after anterior cruciate ligament (ACL) injury are poorly
understood. The purpose of this study was to compare medial and lateral gastrocnemius
preparatory and reactive activity patterns in athletes with and without a history of ACL
rupture. Totally, 15 ACL deficient, 15 ACL reconstructed and 15 control subjects
participated in this cross-sectional study. The ACL injured groups (ACLD and ACLR)
had significantly lower lateral gastrocnemius muscle activity in the reactive phase
compared to the control group. The gastrocnemius muscle is an antagonist of ACL, and
it seems that lower lateral gastrocnemius activity in ACL injured groups is a
compensatory mechanism to decrease strain on ACL.
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Extended Abstract

Objectives

The medial and lateral gastrocnemius muscles are the main muscles of the lower
extremities (1). Neuromuscular adaptations following anterior cruciate ligament
(ACL) injury including the atrophy of quadriceps (2), reduction in voluntary
activation (3) and change in the muscle tightening time of the quadriceps and
hamstrings (4, 5) have been documented in previous studies. However, there is
limited information on the effects of ACL injury on gastrocnemius muscle
activity patterns. It has been demonstrated that the gastrocnemius muscle is an
ACL antagonist and its contraction could strain the ACL (6). However, it has
been stated that gastrocnemius muscle could increase knee joint stiffness and
help to joint stability(7). Klyne et al. have shown that patients with knee
instability rely more on active control of the gastrocnemius muscle(8). The
gastrocnemius muscle strategies, whether being compensatory or not, during
challenging tasks such as drop-landing, remain unknown. The aim of this study
was to compare medial and lateral gastrocnemius muscle activity between ACL
injured and healthy individuals.

Methods

Forty-five males participated in this study. Fifteen were 18 to 36 months post-
ACLR, 15 were 18 to 36 months after ACL rupture (ACL deficient, ACLD), and
15 were healthy, matched control subjects. A surface EMG system (ME6000,
Megawin; MEGA Electronics Ltd, Finland) with a 20-mm interelectrode
distance was used to measure the activation levels of the medial and lateral
gastrocnemius muscles during landing. Maximal voluntary isometric
contractions (MVICs) were recorded prior to landing. The landing task required
subjects to perform a single-leg vertical drop landing from a 30-cm box and land
on a single leg on a force plate (AMTI, Watertown, MA). Only the injured limb
of ACLR and ACLD individuals and the dominant limb of controls were tested.
The dominant limb was defined as the limb with which the participant would
kick a ball. Three good trials, defined as the proper limb landing completely on
the force platform, were analyzed. Dynamic EMG data recorded during the
landing task were normalized to the peak muscle activity recorded during the
MVIC. Preparatory muscle activity was extracted as the mean values in a 100-
millisecond window prior to initial ground contact (defined as the instant when
vertical ground reaction forced exceeded 10 N). Reactive muscle activity was
extracted from a 250-millisecond window following initial ground contact. In
order to compare the activity levels between the groups (ACLR, ACLD, and
controls), a 1-way analysis of variance with Tukey post hoc test was used.
Standard Cohen’s d effect sizes were calculated to assess group differences in
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significant dependent variables. The strength of the effect sizes was interpreted
using the guidelines described by Cohen with values less than 0.5 interpreted as
weak, values ranging from 0.5 to 0.79 interpreted as moderate, and values
greater than 0.8 interpreted as strong. The statistical analyses were performed
using SPSS.

Results

There were no significant differences (P > .05) in the preparatory activity of the medial
and lateral gastrocnemius activity between groups. During the reactive activity, ACL-
injured (ACLR and ACLD) participants demonstrated significantly lower lateral
gastrocnemius activity compared with controls (P = .001) (Table 1). There was no
significant difference in reactive activity of medial gastrocnemius muscle between
groups (P<0.05). Effect sizes for ACLR compared with control as well as ACLD
compared with control were strong with 95% confidence intervals (Table 1).

Table 1- Average EMG Values in Preparatory and Reactive Phases

Muscle ~Fhaseof ¢ b ACLR Controls P- FEffect
activity value size
MG preparatory 31.76+18.03 38.38+9.25 31.20+£14.01 0.27
reactive 28.59+11.82 25.45+9.9.49 29.90+3.83  0.37
LG preparatory 28.83+14.62 24.00+10.34 28.92+15.81 0.48
reactive 23.95+13.25 26.49+8.60  37.06£7.96  0.001* igg

Abbreviations: ACLD, anterior cruciate ligament deficient; ACLR, anterior cruciate
ligament reconstructed. MG, medial gastrocnemius; LG, lateral gastrocnemius.
*Analysis of variance significant difference. **Between-group significant difference for
ACLD versus controls and ***ACLR versus controls. Data are expressed as percent
maximum voluntary isometric contraction.

Conclusion

The purpose of this study was to compare medial and lateral gastrochemius
activity patterns between ACL injured (ACLR and ACLD) and healthy control
group during the single-leg landing. There was no significant difference between
groups in the preparatory phase; however, in the reactive phase, the results of the
ongoing study demonstrate that the ACL-injured (ACLR and ACLD) individuals
had significantly less lateral gastrocnemius activity compared with controls
following contact with the floor. It seems that lower reactive activity of the
lateral gastrocnemius in patients with ACL injuries is a protective strategy to
reduce ACL strain during landing (9). According to the present results, the
activity patterns of the gastrocnemius muscle should be considered in ACL
rehabilitation programs. Future studies can investigate the relationship between
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gastrocnemius muscle activity and kinematic data of patients with ACL injuries
during more demanding landing tasks (cutting and jump landings).
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