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Cross-education is defined as the increase in the muscle force 
generation capacity of the untrained contralateral limb after uni-
lateral strength training [1,2].

This cross-education effect was first described by Scripture., 
et al. in 1894, at the Yale Laboratory of Physiology [3]. From its 
discovery, several studies have reported implementing cross-edu-
cation as a possible rehabilitation strategy during orthopedic limb 
immobilization [4-6], as a treatment option in stroke rehabilitation 
[7,8] or after reconstruction of the anterior cruciate ligament [9]. 
In addition, study demonstrated that unilateral strength training 
can induce an increase in muscle strength in the untrained contra-
lateral limb of 18% in young adults, 17% in the elderly and 29% in 
patients with neuromuscular disorders [10].

The effects of cross-education have been proven in men and 
women [11], both in the upper and lower limbs, as well as in the 
dominant and non-dominant [12], in response to different types of 
muscle action (concentric, eccentric or isometric) [13] and in large 
or small muscle groups [14].

According to Ruddy and Carson, the transfer of force to the un-
trained contralateral limb is mediated by neural adaptations, since 
studies have not shown changes in the cross-sectional area of the 
muscle in the untrained limb as a result of cross-education [16-18].

To the healthy subjects, there is no obvious relevance to ap-
plication of unilateral strength training, as they generally strive to 
improve function and strength in both limbs, concurrently. From 
a rehabilitation point of view, however, the relevance of cross-ed-
ucation emerges as a way to benefit the recovery of strength after 
unilateral orthopedic injury [7]. In a study by Farthing., et al. cross-
education was proven to have positive impact after immobiliza-

tion period. In this study, the objective was to determine if strength 
training the free limb during a 3-week period of unilateral immo-
bilization attenuates strength loss in the immobilized limb through 
cross-education. Participants were assigned to three groups. One 
group wore a cast and trained the free arm. A second group wore 
a cast and did not train. A third group received no treatment. The 
results showed an increase in strength (24%) in the trained limb of 
the immobilization and training group, while there was no signifi-
cant increase in strength (2.2%) in the contralateral immobilized 
limb. However, for the immobilization group without training, a 
significant decrease in the strength production of the immobilized 
limb was observed (15%). In addition, via ultrasonography, the 
researches verified that there was no significant chance in muscle 
size (-1.1) of the immobilized limb in the immobilization and train-
ing group, while in the immobilization without training group there 
was a significant decrease in muscle size (4,3%).

In another study, Magnus at al., used electromyography, dyna-
mometry and ultrasonography to observe the effects on strength, 
muscle thickness and muscle electrical activity over 4-week of im-
mobilization of the non-dominant limb to verify cross-education in 
the untrained limb. The results showed that the electrical muscle 
activity of the immobilized limb did not present a significant differ-
ence, but even without changes in the EMG, an increase in strength 
and maintenance of muscle thickness of the immobilized limb was 
observed. These results suggest that cross-education has great ap-
plication potential, since strength training of the free limb can pre-
vent the decrease in strength and muscle size of the immobilized 
limb.

Based on these findings, the beneficial effects of unilateral 
strength training in relation to immobilization in healthy subjects 
were evidenced. In addition, Voskuil., et al. reported that unilateral 
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strength training can be applied as a starting point as a rehabilita-
tion strategy.
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