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Background: Cast immobilized (Imb) mammalian skeletal muscles exhibits reduced tension 
generation ability with morphometric changes and atrophy. However, controversies still exist with 
respect to changes in muscle mechanics in different positions of immobilization (IMB). In addition, 
reptilian muscles have been ignored generally, and for the effects of IMB, specially. This study was 
carried out to observe the effects of different positions of IMB on contraction parameters of Uromastix 
skeletal muscles. Methods: Left hind limb was Imb in stretched knee and flexed ankle position for 20 
days, right being the control (Cont). After 20 days Sartorius (Sar), Gastrocnemius (Gas), Peroneus 
Longus (PL) and Peroneus Brevis (PB) muscles were isolated to record the isometric twitch and tetani 
for the measurements of tension, rate of rise of tension (dp/dt) and duration of active state (DAS). 
Results: After IMB, morphometric parameter does not change significantly in any muscle except the 
stretched and flexed lengths in Gas. The tensions however, reduced significantly in Imb Sar and Gas 
which were non-significantly greater in the Imb PL and PB. The dp/dt parameters and DAS reduced in 
Imb Sar, Gas and PL. It was however, significantly higher in Imb PB. Conclusion: Skeletal muscle 
mechanics differ for different positions of IMB in reptilian muscle model as well. The earlier reported 
controversies probably indicate differences in IMB induced stretch, dimensions and anatomy of 
individual muscle of different animal models. 
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INTRODUCTION 
Plaster cast Imb is well known to produce disuse 
atrophy. It is found to be associated with 
morphological1, bio-chemical2, histo-chemical3, 
electrical4 as well as mechanical5 changes in the 
experimental muscles. In addition, this atrophy has 
been reported for its association with changes in 
both the contractile (myofibrillar) and non-
contractile (sarcoplasmic) proteins of the Imb 
muscles, in different animal models.6-10 According 
to Herbison2,6,7,9 such morphological, ultra-
structural11,12 and morphometric12-16 changes also 
occur after IMB. However, magnitude of the above 
mentioned changes depends on the period17 and 
Position of Imb18 as well as the type of experimental 
muscles, i.e., fast or slow,19. The mechanical 
changes were found in the tensions16,20, dp/dt21 and 
DAS22,20 after IMB. However, in some of the studies 
on reptilian muscle model demonstrated no 
significant change in the muscle weight and length 
after IMB, where mechanical parameters affected 
significantly.23,24 Although, disuse atrophy has been 
extensively reported after plaster cast IMB in 
skeletal muscles, but25 reported increase in muscle 
mass on plaster cast Imb in lengthened position. 
Studies on Imb regarding other shortened and 
neutral positions are contrary to changes observed 
in lengthen position.18 It is important to note that 
reptilian skeletal muscles have not been used for 
investigations on the effect of plaster cast IMB and 
the desert adapted reptile, Uromastix hardwickii, 

possesses extraordinary muscle strength and also 
found to be affected by season.26 Considering the 
contradiction for the effect of position of IMB18 and 
contractile characteristics27 of reptilian skeletal 
muscles, present study was designed to observe the 
effects of different positions of IMB on 
morphometric parameters and contractile 
characteristics of skeletal muscles. 

MATERIALS AND METHODS 
Freshly obtained animals, Uromastix hardwickii, 
weighing 250–500 gm were used for the 
experiments according to the standards of 
International Animal Ethics Committee. Prior to the 
application of plaster cast to the left hind limb the 
animals were anaesthetized by injecting 1 ml 2% 
Xylocaine in the gluteal muscles.28,29 Whole of the 
left hind limb from hip joint till phalanges was then 
plaster casted keeping the knee in stretched and 
ankle in flexed positions thus, immobilizing Gas in 
stretched, Sar in neutral and PL and PB in highly 
stretched positions. The right hind limb was used as 
Cont. At the end of 20 days of immobilization, the 
isolated Imb and control muscles were kept in 
reptilian buffer solution at 25 ºC.27,30 Isometric 
twitch and tetanus were then recorded on 
oscillograph (Harvard apparatus, U.K.) from both 
the Imb and Cont muscles. Later, these records were 
used for the measurement of isometric tensions, 
dp/dt and DAS.27  
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RESULTS 
A. EFFECT OF IMMOBILIZATION ON 

PERONEUS LONGUS AND PERONEUS 
BREVIS (HIGHLY STRETCHED POSITION): 
i)  Isometric Tensions: 

The average values of isometric twitch and 
tetanus (Fig.-1a) obtained from the Cont and Imb PL 
muscles, showed non-significantly (p>0.05) higher 
values in the Imb ones. However, average values of 
these parameters obtained from the Cont and Imb PB 
demonstrated higher values of twitch in the Imb 
muscles. In case of tetanic tension, IMB has reduced 
its values. However, these changes were statistically 
non-significant (p>0.05). 
Fig.-1a Comparison of Isometric Tensions Between 

20 Days Immobilized & Control Peroneus Longus & 
Peroneus Brevis Muscles of Uromastix hardwickii 
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ii) Duration of active state (DAS): 

The average values of the DAS obtained from 
the PL muscles, showed significant (p<0.0005) 
reduction in this parameter, after IMB, compared to its 
Cont (Fig.-1b). It showed significantly (p<0.025) higher 
values in the Imb PB muscles.  

Fig.-1b: Comparison of Active State Duration 
Between 20 Days Immobilized Longus & Peroneus 
Brevis Muscles of Uromastix & Control Peroneus 

hardwickii 
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iii) Rate Of Rise Of Tension (dp/dt): 
The average values of dp/dt in twitch and 

tetanus have been presented in (Fig.-1c). The PL 
muscles demonstrated significantly lesser values of 
these parameters in the Imb muscles, being (p<0.005) 
and (p<0.0005) respectively. However, the average 
values of these parameters demonstrated higher values 
in Imb PB and this difference between the Cont and Imb 
muscles was significant (p<0.01) for dp/dt twitch and 
(p<0.025) for dp/dt tetanus. 

Fig.-1c Comparison of Rate of Rise in Twitch & 
Tetanus Between 20 Days Immobilized & Control 
Peroneus  Longus & Peroneus Brevis Muscles of 

Uromastix hardwickii. 
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B. EFFECT OF IMMOBILIZATION ON 

GASTROCNEMIUS (MODERATELY 
STRETCHED POSITION)  
i) Isometric Tension: 

The average values of isometric twitch and 
tetanus (Fig.-2a) obtained from the Cont and Imb Gas 
muscles, demonstrated lesser average values in Imb 
muscles in comparison to the Cont ones. This difference 
between the Cont and Imb muscles was significant 
(p<0.005 and p<0.05 respectively). 
Fig.-2a: Comparison of Isometric Tensions Between 

20 Days Immobilized & Control Gastrocnemius 
Muscles of Uromastix hardwickii 
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ii) Duration Of Active State (DAS): 

The average values of the DAS obtained from 
Cont and Imb Gas muscles (Fig.-2b) showed non-
significantly (p>0.05) lesser values in the Imb muscles 
when compared to their Cont ones. 

iii) Rate Of Rise Of Tension (dp/dt):  
The average values of dp/dt in twitch and 

tetanus obtained from Cont and Imb Gas muscles 
demonstrated non-significantly (p>0.05) lesser values of 
these parameters in the Imb ones (Fig.-2c).  

Fig.-2b: Comparison of Active State Duration 
Between 20 Days Immobilized & Control 

Gastrocnemius Muscles of Uromastix hardwickii 
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Fig.-2c:Comparison of Rate of Rise in Twitch & 
Tetanus Between 20 Days Immobilized & Control 
Gastrocnemius Muscles of Uromastix hardwickii. 
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C. EFFECT OF IMMOBILIZATION ON 
SARTORIUS (NEUTRAL POSITION). 
i) Isometric Tensions: 

The average values of isometric twitch and 
tetanus (Fig.-3a) obtained from the Cont and Imb 
Sar muscles were found significantly (p<0.0005) 
lesser in the Imb muscles when compared with their 
Cont. 

ii) Duration Of Active State (DAS): 
The average values of DAS obtained 

from the Cont and Imb Sar muscles have been 
presented in (Fig.-3b). These average values have 
been found to be reduced significantly (p<0.0005) 
on IMB. 

iii) Rate Of Rise Of Tension (dp/dt): 
The average values of dp/dt in twitch and 

tetanus (Fig.-3c) obtained from the Cont and Imb Sar 
demonstrated significantly (p<0.0005) lesser values 
in the Imb muscles. 

Fig.-3a: Comparison of Isometric Tensions 
Between 20 Days Immobilized & Control 

Sartorius Muscles of Uromastix hardwickii 

 

0 
0.4 
0.8 
1.2 
1.6 

Twitch Tetanus 3-a 

Isometric Tensions
 

(Kg/Cm
2) 

Control 

Immobilized 

 
Fig.-3b Comparison OF Active State Duration 

Between 20 Days Immobilized & Control 
Sartorius Muscles of Uromastix hardwickii 
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Fig.-3c: Comparison of Rate of Rise in Twitch & 

Tetanus Between 20 Days Immobilized & Control 
Sartorius Muscles of Uromastix hardwickii. 
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Table-1: Comparison of various morphometric parameters obtained from control and 20 days immobilized Gastrocnemius, 
Peroneous Longus, Peroneous Brevis and Sartorius muscles of Uromastix hardwickii. Mean±SE (number of muscles used) 

Muscle Type Stretched Length Flexed Length Resting Length Muscle Weight 
1. Gastrocnemius 
a) Control 2.940±0.049 (15) 2.707±0.046 (15) 3.327±0.033 (15) 897.973±44.915 (15) 
b) Immobilized* 3.067±0.045 (15) 2.833±0.043 (15) 3.293±0.038 (15) 876.920±46.131 (15) 

 p<0.05 p<0.025 p>0.05 p>0.05 
2. Peroneus Longus 
a) Control 2.606±0.031 (16) 2.419±0.029 (16) 2.4±0.033 (16) 247.800±14.592 (16) 
b) Immobilized** 2.654±0.046 (13) 2.462±0.047 (13) 2.423±0.041 (13) 226.415±15.959 (13) 

 p>0.05 p>0.05 p>0.05 p>0.05 
3. Peroneus Brevis 
a) Control 2.921±0.039 (14) 2.714±0.036 (14) 2.893±0.056 (14) 188.579±12.556 (14) 
b) Immobilized** 2.946±0.033 (13) 2.738±0.035 (13) 2.908±0.054 (13) 172.562±10.656 (13) 

 p>0.05 p>0.05 p>0.05 p>0.05 
4. Sartorius 
a) Control 4.086±0.068 (14) 3.636±0.056 (14) 4.057±0.063 (14) 1003.45±50.016 (14) 
b) Immobilized*** 4.131±0.064 (13) 3.623±0.051 (13) 3.923±0.059 (13) 1049.53±73.043 (13) 

 p>0.05 p>0.05 p>0.05 p>0.05 
*Moderately Stretched, **Highly Stretched, ***Neutral 

DISCUSSION 
According to above results, the Gas muscles that 
were Imb in moderately stretched position, did not 

show significant change in their morphometric 
parameters (Table-1) except their stretched and 
flexed lengths increased significantly which is not 
evident in Sar, due to its neutral position maintained 
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during IMB. In our opinion, significantly higher 
stretched and flexed lengths observed in Imb Gas in 
comparison with their Cont, is because of a 
compensatory reduction in the operating range of 
Cont that is reflected as an increased stretched and 
flexed lengths of Imb Gas muscles. It means that 
there was no longitudinal growth in muscle fibres of 
moderately stretched Imb Gas muscles as reported 
earlier31 with the concept of addition of sarcomeres.   

However, reduced tension generation ability 
in Imb Sar and Gas muscles in the absence of 
significant changes in muscle weight and resting 
length indicate a probable reduction in the available 
energy substrate.32,33 In this connection, Booth and 
Seider5 demonstrated significant reduction in the 
concentration of Adenosine triphosphate along with 
Glycogen contents after 90 days of Imb in rat skeletal 
muscles. Stanish34 also demonstrated reduction in the 
ATPase activity and Glycogen content in human 
Vastus lateralis muscles after 6 weeks of Imb. 
According to the above references it is expected that 
there was a significant reduction in energy substrates, 
i.e., ATP content causing reduced tension generation 
ability in both the Sar and Gas muscles in the absence 
of changes in their weight after IMB. Another 
possibility for reduced tension generation   may be 
referred to their decreased ability to utilize energy 
during force generation as reported by35 in Imb rat 
hind limb Soleus and Gas muscles. It is to be noted 
that rate of reaction during contraction is basically 
determined by the activity of myosin ATPase36 and 
number of activated cross bridges in myofilament 
that determines the degree of tension generation. It is 
therefore the reason that dp/dt (Fig.-3c, 2c) were 
reduced in our experimental Sar and Gas after IMB. 
It is further supported by the reduction in the DAS in 
both of these muscles, though non-significant in Gas, 
which is due to its moderately stretched position that 
probably resisted the effects of IMB. 

In-addition, the lesser values of DAS 
demonstrated by Imb Gas (p>0.05) and Sar (p<0.0005) 
along with a decline in their dp/dt twitch and tetanus 
indicate a probable alteration in the function of 
sarcoplasmic reticular structure of these muscles 
probably leading to a decreased release of calcium 
from sarcoplasmic reticulum. Azeem and Shaikh37,27 
have associated twitch peak and DAS with the 
presence of free ionic calcium as well as prolong 
interaction of calcium with cross bridges in Uromastix 
Sar and Gas muscles. In our experiments, reduction in 
both the tension generation and DAS means that the 
calcium dependent tension generation ability both in 
terms of magnitude and rate of its development is 
reduced in these muscles after IMB. However, the 
non-significant reduction in the above mentioned 

parameters obtained for Gas reflect its moderately 
stretched position, resisting the effects of IMB. 

PL and PB muscles did not undergo 
significant change in any of their morphometric 
parameters (Table-1) in spite of their highly stretched 
position maintained during IMB. Similarly, both the 
Imb PL and PB muscles demonstrated non-
significantly higher values of isometric tensions 
compared to their Controls. It means PL and PB 
muscles, that were Imb in highly stretched position 
have failed to suppress the effects of IMB. On 
contrary to our results for PL and PB, increase in 
tension generation ability of rat skeletal muscles Imb 
in lengthened position had been reported earlier38,39. 
Further, Stretch related increase in tension generation 
had been claimed to be associated with an increase in 
muscle weight, fibre length, fibre diameter and 
sarcomere number.40,31 While, in the present study 
non-significant rise in tension generation, in Imb PL 
and PB muscles means that either some intrinsic 
changes in the Imb PL and PB were  responsible to 
resist the usual effects of IMB or a comparatively 
lesser cross sectional area/volume of these muscles 
than Gas and Sar, did not allow addition of 
sarcomeres for longitudinal or transverse growth. 31 

However, Imb PB muscles demonstrated significant 
increase in dp/dt and DAS. In this connection, 
Dowsan41,42 suggested that increased dp/dt is limited 
by the rate of calcium release while, the rate of 
calcium re-uptake controls the rate of decline in 
tension generation ability of the muscles. In another 
study43 have demonstrated that twitch duration and 
dp/dt in twitch and tetanic tensions are related to 
alterations in sarcoplasmic reticular function. 
Therefore, we are of the opinion that, IMB induced 
stretch in our experimental PB muscles has resulted 
in some changes at sarcoplasmic level leading to 
increased rate of calcium release for greater 
interaction with cross bridges and its slow re-uptake 
in SR. Thus, increasing its tension generation along 
with its rate of development as well as the DAS. On 
the other hand, the PL muscles that were also Imb in 
highly stretched position, demonstrated significantly 
lesser values of dp/dt and DAS compared to the Cont 
muscles. In our opinion, this difference between the 
Imb PL and PB muscles in spite of being Imb in 
highly stretched position the different degree of 
stretch was induced on their fibres and tendons. Thus, 
affecting primarily the tendon part of PL while, both 
the tendon and the muscle fibres were affected in PB. 
On the basis of above discussion regarding the effects 
of IMB on the contraction parameters of Uromastix 
skeletal muscles, we conclude that, IMB reported in 
animals other than uromastix exhibits reduction in 
their tension generation ability associated with disuse 
atrophy. However, the skeletal muscles of the reptile 
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uromastix resisted the disuse atrophy but a decline in 
their tension generation ability is probably associated 
with decreased energy substrates as discussed earlier. 
Further stretch related rise in tension generation 
ability depends upon the degree of stretch offered 
during IMB, affecting the muscle fibre or tendon of 
insertion. It is also suggested that the controversial 
results regarding position of IMB depends upon not 
only on the type of skeletal muscle but also on the 
animal model.3 
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