
CHANGES IN MUSCLE-SKELETAL SYSTEM AFTER SPINAL CORD  INJURY:  
A BIOMECHANICAL STUDY IN PARAPLEGIC RATS 

 
Ariane Zamarioli, Daniel Maranho, Rodrigo Okubo, Maurício José Falcai, José Batista Volpon and 

Antônio Carlos Shimano 
Laboratory of Biomechanics – Faculty of Medicine of Ribeirão Preto 

email: arianezamarioli@usp.br  
 

INTRODUCTION 
Spinal cord is a chronic affliction, with high 
incidence, that causes permanent and irreversible 
functional consequences in patients [1]. This 
disease has many complications that reduces life 
quality and increases morbidly and mortality [2, 3]. 
The complications may affect urologic, cardiologic, 
circulatory, respiratory and muscle-skeletal system 
[4, 5]. Concerning the muscle-skeletal system, the 
most common alteration due to spinal cord injury 
are spasticity and atrophy of muscle [6] and bone 
loss (osteopenia and osteoporosis) [8]. 
Previous studies have shown, experimentally, the 
spinal cord in experimental animals [1, 9, 10]. 
However, few studies concern the loss of muscle 
resistance. 
The purpose of this preliminary study was to 
investigate the loss of muscle resistance in spinal 
cord injured rats. We also investigated this changes 
according by time post lesion.  
 
METHODS 
All animal procedures were approved by our 
Institutional Review Board. 
Thirty three-month-old male Wistar rats were 
randomly assigned to two groups (n=15/group): (1) 
control animals (CONT) and (2) spinal cord injured 
animals (SCI). Each group was divided into three 
subgroups according to the follow-up of animals 
(n=5/subgroup): (2w) 2 weeks, (4w) 4 weeks and 
(8w) 8 weeks post lesion. The groups were 
compared in relation to the experimental period (i.e. 
1w sham x 1w SCI). 
Animals from group SCI were submitted to a 
experimental spinal cord injury. The lower thoracic 
cord of rats in the SCI group was exposed by a 
laminectomy in T10 and then the cord was 
completely sectioned (Figure 1). 
Daily care was taken to the animals in order to 
avoid infections, ulcers and other complications due 
to paraplegia and surgical procedure. 

 
Figure 1: Arrow shows the point where spinal cord was 
sectioned. 
 
At the end of the experiment (varying according by 
subgroup), gastrocnemius were dissected, measured 
by a Paquimeter Mitutoyo® and tested by traction in 
an universal testing machine (EMIC® DL 10000, 
Brazil), where ultimate load and stiffness were 
recorded (Figure 2). 
 
 
 
 
 
 
 

Figure 2: Gastrocnemius during mechanical test. 
 
RESULTS AND DISCUSSION 
Our results were based on 24 rats. There were 6 
dropouts (SCI group) during the course of the study 
because of deaths whose reasons were: deep venous 
thrombosis, urinary and renal infections and 
autotomy. 
Successful complete spinal cord lesion was 
confirmed at: gait analysis in a special treadmill, 
sensitive and motor assessment and at necropsy, 
when the cord was dissected and analyzed by 
histology. 
 



Macroscopic analysis 

The results concerning macroscopic measures are 
given in table 1. Figure 3 illustrates the significant 
difference between the muscles of control and 
spinal cord injured groups. 
 
 
 
 
 
 
 
Figure 3: Gastrocnemius of control (A) and spinal cord 
injured groups (B). 
 
Mechanical analysis 

2 w (two weeks) 
The mean values of ultimate load were: CONT 
(42.65 ± 12.43) N and SCI (18.91 ± 4.80) N. The 
ultimate load of spinal cord injured animals was 
55.7% lower than in control group. 
The mean values of stiffness were: CONT (4.72 ± 
0.30) N and SCI (3.64 ± 0.11) N. The stiffness of 
spinal cord injured animals was 22.9% lower than 
in control group. 
 
4 w (four weeks) 
The mean values of ultimate load were: CONT 
(55.27 ± 2.84) N and SCI (20.55 ± 0.93) N. The 
ultimate load of spinal cord injured animals was 
62.8% lower than in control group. 
The mean values of stiffness were: CONT (5.94 ± 
0.49) N and SCI (4.19 ± 0.78) N. The stiffness of 
spinal cord injured animals was 29.5% lower than 
in control group. 
 
8 w (eight weeks) 
The mean values of ultimate load were: CONT 
(63.30 ± 2.17) N and SCI (32.2 ± 2.15) N. The 

ultimate load of spinal cord injured animals was 
49.1% lower than in control group. 
The mean values of stiffness were: CONT (7.05 ± 
0.23) N and SCI (5.98 ± 0.13) N. The stiffness of 
spinal cord injured animals was 15.2% lower than 
in control group. 
 
CONCLUSIONS 
Our preliminary study allowed a quantitative 
analysis of muscle loss after spinal cord lesion. 
There was an expressive decrease in macroscopic 
measures of the gastrocnemius in animals with 
spinal cord injury. In addition, the gastrocnemius of 
spinal cord injured animals showed a significant 
loss of muscle resistance and its loss was time-
dependent. Further studies must be conducted in 
order to investigate procedures that may minimize 
this loss. 
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Table 1: Values of macroscopic measures of gastrocnemius in both control and spinal cord injured groups. 

Groups Subgroups P P (mm) M P (mm) D P (mm) 

CONT 
2 w 26.4 ± 2.70 34.0 ± 2.12 23.8 ± 0.84 
4 w 30.6 ± 1.34 35.2 ± 1.48 26.6 ± 2.07 
8 w 33.4 ± 1.34 43.6 ± 2.41 28.6 ± 1.14 

SCI 
2 w 26.0 ± 1.41 26.5 ± 0.71 20.5 ± 0.71 
4 w 15.5 ± 0.71 17.0 ± 1.41 13.0 ± 1.41 
8 w 23.0 ± 0.57 25.0 ± 0.63 19.0 ± 1.03 

PP=proximal perimeter; MP=middle perimeter and DP=distal perimeter 
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