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ABSTRACT | The adaptations of the extracellular matrix, 

which is closely related to the maintenance of the integrity 

and performance of the musculoskeletal system, are not 

widely described in the literature after rehabilitation due 

to prolonged disuse. The aim of this study was to analyze 

the perimysial connective tissue area and the cross-

sectional area of muscle fibers in soleus and plantaris 

muscles of immobilized female rats, later rehabilitated 

due to stretching and eccentric exercise protocols. The 

expression of the perimysial connective tissue of both 

studied muscles did not show significant differences after 

the procedure of immobilization and training. Eccentric 

training applied for 10 days was enough to recover the area 

of fibers for the plantaris muscle, while the recovery of the 

soleus muscle happened only after the 21-days protocol.

Keywords | Immobilization; Connective Tissue; Muscle 

Stretching Exercices; Muscle, Skeletal.

RESUMO | As adaptações da matriz extracelular, que está 

intimamente ligada à manutenção da integridade e do 

desempenho do sistema musculoesquelético, não estão 

consensualmente descritas na literatura após recarga 

por desuso. O objetivo deste estudo foi analisar a área de 

tecido conjuntivo perimisial e de secção transversa das 

fibras musculares nos músculos sóleo e plantar de ratas 

imobilizadas e posteriormente reabilitadas por protocolos de 
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alongamento e exercício excêntrico. A expressão do tecido 

conjuntivo perimisial de ambos os músculos estudados não 

apresentou diferença significativa após o procedimento de 

imobilização e treinamento. O treino excêntrico aplicado por 

10 dias foi suficiente para recuperar a área das fibras para o 

músculo plantar, enquanto a recuperação do músculo sóleo 

aconteceu somente após o protocolo de 21 dias.

Descritores | Imobilização; Tecido Conjuntivo; Exercício 

de Alongamento Muscular; Músculo Esquelético.

RESUMEN | No figuran descriptas de manera consensual 

en la literatura las adaptaciones extracelulares, ligadas 

al mantenimiento de la integridad y del desempeño del 

sistema musculoesquelético tras inmovilizaciones. En este 

estudio se evalúa el área del permisio del tejido conjuntivo y 

de la sección transversal de las fibras musculares del sóleo 

y del plantar en ratas inmovilizadas y después rehabilitadas 

siguiendo los protocolos de estiramiento y de ejercicio 

excéntrico. En el área evaluada de ambos músculos no se 

observaron significativas diferencias tras el procedimiento 

de inmovilizarlos y entrenarlos. Aplicados en 10 días, el 

entrenamiento excéntrico ha sido suficiente para recuperar 

el área de las fibras para el músculo plantar, mientras que el 

músculo sóleo ha tardado 21 días en recuperarse.

Palabras clave | Inmovilización; Tejido Conjuntivo; 

Ejercicios de Estiramiento Muscular; Músculo Esquelético.

Eccentric exercise and stretching for plantar flexor 
muscles applied during 21 days after immobilization 
do not modify the non-contractile tissue
Exercício excêntrico e alongamento para músculos flexores plantares aplicados durante 21 dias 
após imobilização não modificam o tecido não contrátil
Ejercicio excéntrico y estiramiento para músculos flexores plantares aplicados durante 21 días 
tras inmovilización no cambian el tejido no contráctil 
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INTRODUCTION

The skeletal muscle represents a complex 
biological structure composed of contractile and non-
contractile elements, which has the ability to adapt 
to various physiological and pathological stimuli. The 
immobilization procedure determines unfavorable 
changes in the muscle, such as muscle atrophy and 
increase of the intramuscular connective tissue, leading 
to loss of extensibility and limitation of movements1-4.

Facing the deleterious adaptations caused by disuse 
and responsiveness of the musculoskeletal system, 
muscle rehabilitation techniques have been developed 
and improved to alleviate or reverse these adaptations. 
Responses of the non-contractile tissue regarding 
immobilization and rehabilitation are little studied in 
the literature, since the role of these elements became 
more apparent in the last decades with the improvement 
of cellular and molecular biology techniques5.

The extracellular matrix of the skeletal muscle 
is composed of collagen, proteoglycans, and 
metalloproteinases, these structures involve the satellite 
cells, which are essential in muscle regeneration5. In adult 
Wistar rats, the immobilization procedure significantly 
reduced the amount of type I collagen and type III 
collagen did not show quantitative changes, compared 
with the control group6. However, the disuse followed 
by rehabilitation of passive stretching type applied for 
10 days, made up of 10 repetitions of 30 seconds with 
30-second intervals, determined a significant increase 
of type III collagen, compared with the control group6.

After four weeks of immobilization and application 
of stretching in daily sessions or 3 times a week (10 
stretches held by 1 minute with 30-second interval), 
we concluded that the protocols were effective in 
recovering the cross-sectional fiber area of the soleus 
muscle, compared with the contralateral muscle and 
with the control group7. Stretching is an important 
technique capable of reducing the disorganization and 
aggregation of collagen bundles and preventing the 
loss of sarcomeres in series of immobilized muscles1,7, 
being recommended to prevent injuries8. Stretching 
programs used by several researchers, after segmental 
immobilization, are effective in restoring the range of 
motion to the normality patterns of the joints6,8,9.

The development of greater tension in eccentric 
contractions, compared with the concentric ones, 
occurs due to the removal of myofilaments and due 
to the development of passive tension in the elastic 

elements, titin and desmin. In addition, it is known 
that eccentric training determines further development 
of strength, and this fact is directly associated with the 
increased myofibrillar protein synthesis and muscle 
hypertrophy10-12. Despite the adjacent anatomical 
location, on the back of the leg, the muscles elected 
for this study have different cytoarchitectural and 
biochemical characteristics. The soleus muscle is 
composed predominantly of type I fibers, given its 
constant activation in static posture. The plantaris 
muscle, however, has low proportion of type I fibers, 
showing predominantly type IID fibers13. The soleus 
muscle, postural muscle, is still a vigorous decelerator 
in the support phase, and is potentially enabled during 
eccentric training, which is the most physiological 
training after disuse. These results can provide, 
even if indirectly, knowledge about the election and 
implementation of rehabilitation techniques adopted 
in physiotherapy. Therefore, therapeutic protocols, 
such as stretching and eccentric exercise, promote 
the morphofunctional reestablishment of the skeletal 
musculature after situations of disuse.

The aim of this study was to investigate if the 
performance of 10 and 21 days of eccentric exercises 
or muscle stretching modify the connective tissue area 
and the cross-sectional area of muscle fibers, as well 
as soleus and plantaris muscles of rats submitted to 
immobilization.

METHODOLOGY

Animals and procedures

This study was approved by the Research Ethics 
Committee of the Ribeirão Preto School of Medicine 
of the University of São Paulo, under protocol no. 
043/2007. Forty-two Wistar female rats with 81 days 
of age were divided into 8 groups: 1) Immobilized 
Control (ICG); 2) Control of 10 days (CG10); 3) 
Control of 21 days (CG21); 4) Immobilized for 10 days 
(IG); 5) Immobilized for 10 days and eccentrically 
trained for 10 days (IETG10); 6) Immobilized for 10 
days and eccentrically trained for 21 days (IETG21); 
7) Immobilized for 10 days and stretched for 10 days 
(ISG10); and 8) Immobilized for 10 days and stretched 
for 21 days (ISG21). Control groups of 10 and 21 
days were used for a comparison paired by age with 
the trained groups. For immobilization, the animals 
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were anesthetized in advance (Ketamine-95 mg/kg 
and Xylazina-12 mg/kg), the right tibiotarsal joint 
was placed in maximum plantar flexion and a device 
composed of a lined structure of steel anatomically 
accompanied the restriction of the right lower limb14,15.

After immobilization, the animals of IETG10 and 
IETG21 ran downhill on a treadmill for a period of 
10 and 21 days, respectively. The treadmill exercise 
protocol began with 10 minutes a day, with daily 
increments of 5 minutes, until completing 40 minutes, 
with an average speed of 17 m/min and downward 
slope of 16 degrees. The exercise was conducted for 
three consecutive days, followed by one day of rest16-

18. The animals of ISG10 and ISG21 were subjected to 
stretching protocols for 10 and 21 days, respectively. 
The stretching technique was obtained by maximum 
dorsiflexion, held by duct tape19. The stretching 
protocol followed the same eccentric training 
intervals, starting with 10 minutes of daily stretching 
for 3 consecutive days, with 1-day interval. There 
were daily increments of 5 minutes, until 40 minutes 
of stretching was completed. The animals were 
euthanized by overdose of anesthetics, immediately 
after the last protocol session, and the soleus and 
plantaris muscles were removed. The fragments were 
involved in talcum powder, frozen in liquid nitrogen, 
and stored in a freezer at −80 °C.

Histological processing and morphometric 
analysis

Histological sections of 5 μm thick were obtained 
in cryotome Leica CM 1850 UV (−25 °C) (Leica 
Instruments GmbH, Heidelberg, Germany) and 
subsequently stained with modified gomori trichome 
stain. Morphometric analysis was performed with 
the aid of QualiView software – Atonus software 
(Atonus Engenharia de sistemas LTDA, São José 
dos Campos, São Paulo, Brazil) whose images were 
captured on digital video camera Leica DFC 300FX, 
connected to a microcomputer, using the light 
microscope Leica DM 2500. The connective tissue 
area was analyzed from three random fields, from 
the blades of soleus and plantaris muscles at 40× 
objective. The total area of each field was 91860.51 
μm2, composed of connective tissue and muscle fibers. 
To determine the area of the perimysial connective 
tissue, all the muscle fibers from each field (total area 
of the fibers in the field) were initially measured. 

The measurement of the fibers was manual and they 
were examined individually by the same evaluator. 
Subsequently, from the total area (3×91860.51 μm2), 
the total value of the area of fibers obtained in the 
three fields was subtracted.

Statistics

The PROC MIXED procedure of the SAS program 
was used, multiple comparisons of the means of 
connective tissue areas were made among the different 
groups using a heteroscedastic linear regression model 
(which considers groups with unequal variances), 
considering a Bonferroni correction. The information 
of repeated measurements of the area for each animal 
was introduced in the model by random effects. The 
normality assumption of the model’s residuals was 
verified by graphic methods. For the inferences, we 
considered a significance level of 5%.

RESULTS

Morphological and morphometric analysis

The results indicated that no group showed 
significant change in the perimysal connective tissue area 
of soleus and plantaris muscles (Figure 1 and 2). On the 
other hand, the mean of the cross-sectional area of the 
soleus muscle from the IG reduced significantly when 
compared with the ICG (ICG × IG; p<0.0001). Both 
eccentric training and stretching protocols applied for 
10 or 21 days increased the mean of muscle fiber areas 
(IG × ISG10; IG × ISG21; IG × IETG10; IG × IETG21; 
p<0.0001). However, only the eccentric training held 
for 21 days was effective in restoring the cross-sectional 
area of the fibers, compared with the controls (CG21 × 
IETG21; NS) (Table 1).

In the plantaris muscle, the period of 
immobilization significantly reduced the cross-
sectional area of muscle fibers (ICG × IG; p<0.0001). 
Both eccentric training and stretching protocols 
applied for 10 or 21 days increased the mean of 
muscle fiber areas (IG × ISG10; IG × IETG10; IG × 
ISG21; IG × IETG21; p<0.0001). We also observed 
that in this muscle, the eccentric training applied for 
10 and 21 days was effective in restoring the cross-
sectional area of muscle fibers. (CG10 × IETG10; CG21 
× IETG21; NS) (Table 2).
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Soleus muscle

CG 10

CG 21

ICG

IG

ISG 10

ISG 21

IETG 10

IETG21 12233 ( 10370     14096 )

14002 ( 12139     15865 )

15915 ( 14052     17778 )

13560 ( 11696     15423 )

16164 ( 14300     18027 )

16632 ( 13997     19267 )

10368 ( 7732.49  13003 )

12274 ( 9638.83  14909 )

Area of the connective tissue

Mean 95% CI

8000 10000 12000 14000 16000 18000

Figure 1. Mean of the connective tissue area with 95% confidence 

intervals of the soleus muscle from different groups

CG 10

CG 21

ICG

IG

ISG 10

ISG 21

IETG 10

IETG 21 11267 ( 9756.18 12778 )

12334 ( 10823    13844 )

9996.76 ( 8485.99 11508 )

9921.35 ( 8410.58 11432 )

13268 ( 11757    14779 )

10665 ( 8528.49 12802 )

9671.39 ( 7534.84 11808 )

9874.74 ( 7738.19 12011 )

Area of the connective tissue

Mean 95% CI

8000 10000 12000 14000

Plantaris muscle

Figure 2. Mean of the connective tissue area with 95% confidence 
intervals of the plantaris muscle from different groups

Table 1. Mean of the muscle fiber area from experimental groups 
of the soleus muscle

Groups Mean of the muscle fiber area 

CG (10)

1882.93
(1722.42 – 2043.43)

CG (21)

2001.59
(1840.77 – 2162.41)

ICG
1793.32

(1633.21 – 1953.44)

IG
1380.84*

(1222.55 – 1539.14)

ISG (10)

1607.74#

(1449.43 – 1766.05) 

ISG (21)

1819.63#

(1661.29 – 1977.98)

IETG (10)

1815.31#□

(1656.94 – 1973.68)

IETG (21)

1922.38#◊

(1763.99 – 2080.77)

*p <0.001 when compared with the ICG
#p <0.001 when compared with the IG
□p <0.001 when compared with the ISG(10)

◊p <0.001 when compared with the ISG(21)

Table 2. Mean of the muscle fiber area from experimental groups 
of the plantaris muscle

Groups Mean of the muscle fiber area 

CG (10)

2895.59
(2705.8 – 3085.38)

CG (21)

2718.56
(2529.11 – 2908.01)

ICG
2824.9

(263.51 – 3015.29)

IG
1470.59*

(1293.81 – 1647.37)

ISG (10)

2038.06#

(1860.73 – 2215.4)

ISG (21)

2356.79#

(2178.97 – 2534.61)

IETG (10)

2361.4#□

(2182.81 – 2539.99)

IETG (21)

2562.94#◊

(2384.2 – 2741.68)
*p <0.001 when compared with the ICG
#p <0.001 when compared with the IG
□p <0.001 when compared with the ISG(10)

◊p <0.001 when compared with the ISG(21)

DISCUSSION

After periods of immobilization in shortened 
position, important adaptations occur, such as muscle 
atrophy and changes in the intramuscular connective 
tissue1,3. Only few studies investigated the response 
of the intramuscular connective tissue regarding the 
interventions of disuse and rehabilitation1-4. Coutinho et 
al.14 noted that after four weeks of immobilization, there 
was disorganization and reduction of the aggregation 
state of collagen bundles for the soleus muscle.

On the other hand, Järvinen et al.1 and Józsa 
et al.20 observed a sharp increase of the connective 
tissue in both peri-endomysial regions, in the soleus 
muscle, of female rats after three to four weeks of cast 
immobilization1,20. However, Mattiello-Sverzut et al.21, 
also in the soleus muscle, did not observe changes in the 
perimysial connective tissue area in adult animals after 
14 days of immobilization. Similarly, Benedini-Elias 
et al.15 also did not find significant differences in the 
perimysial connective tissue after examining the soleus 
muscle of rat pups subjected to disuse during 10 days.

The differences in the results on the expression 
of the perimysial connective tissue triggered by 
immobilization appear to be related to time and to 
the type of functional constraint. Also, the perimysial 
connective tissue is mostly composed of type III 
collagen and, as demonstrated by Cação-Benedini 
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et al.6, the immobilization procedure applied for 10 days 
does not cause quantitative changes in type III collagen 
compared with the control group. It is well known that 
the skeletal muscle can manifest different patterns 
of adaptations in different stages of life22. Scientific 
studies debate about the collagen synthesis in different 
physiological and experimental conditions. Karpakka 
et al.23 observed that the markers of collagen synthesis 
decreased during the reduction of muscular activity.

As for the mean of the muscle fiber area, the 
immobilization determined, in the muscles, a significant 
reduction in the area of fibers compared with the 
controls. Cação-Benedini et al.6 and Cornachione et 
al.12 also observed a significant reduction of the diameter 
of soleus muscle fibers, after 10 days of immobilization 
using identical device with different analysis technique. 
The physical training adopted after situations of disuse 
determines muscle regeneration by a highly structured 
process, which depends on the interaction of factors 
related to tissue degeneration and regeneration5.

Extracellular matrix elements, previously considered 
structural and passive, are essential in muscle 
regeneration post-injury, since the extracellular matrix 
releases growth factors for cell signaling required in this 
process5. The regulation of collagen synthesis, a major 
component of the extracellular matrix, is responsible 
for healing the muscles, avoiding its excess5. For that 
reason, studies that analyze the behavior of contractile 
and non-contractile elements of the skeletal muscle, 
confronting different therapeutic procedures post-
immobilization, are relevant.

Stretching and eccentric exercise promote muscle 
adaptations; Cornachione et al.24 observed an 
improvement in the trophism of soleus and tibialis 
anterior muscles, previously subjected to disuse after 
21 days of running downhill on a treadmill. Regarding 
the stretching exercise, we did not observe satisfactory 
results for the area of fibers in the muscles studied. 
Mattiello-Sverzut et al.21 demonstrated that manual 
stretching, for 10 consecutive days, being 10 sets of 
15 seconds each, was not able to increase the diameter 
of the fibers of the soleus muscle, compared with the 
immobilized group. The eccentric exercise program held 
downhill for 21 days recovered the muscle fiber area of 
the muscles studied adopting similar characteristics to 
those observed in control conditions.

Associated with the application of rehabilitation 
protocols, the animals were kept in cage, being able to 
walk freely using all the limbs. The weight discharge 

in the limbs gives the muscle a mechanical tensile 
load, which determines trophic tissue adaptations that 
reflect, under the morphological optics, as nuclear 
centralization, fiber splitting and lobulation, and moth-
eaten fibers6. However, some studies show the inability 
of the stretching exercise in increasing the cross-
sectional area of the muscle fibers18. Thus, in this study, 
the free training may have represented an additional 
stimulus that favored the changes observed in the cross-
sectional area of muscle fibers in the group stretched, in 
particular.

CONCLUSION

The perimysial connective tissue does not suffer 
quantitative changes after 10 days of immobilization 
associated or not with rehabilitation. The eccentric 
training program of 10 days only restores the area 
of muscle fibers for the plantaris muscle. The soleus 
muscle requires 21 days of rehabilitation to achieve its 
basic characteristics.
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