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Introduction 

The primary role of the anterior cruciate ligament (ACL) is to resist anterior 

subluxation of the tibia. As such plays an important role in fixating the knee joint 

and prevent knee instability and translations. For diagnosing ACL tears there are 

very commonly and reliable subjective methods, such are anterior drawer and 

Lachman tests and objective methods like stress arthrometry testing and magnetic 

resonance imaging. But there aren’t any selective and objective tools available for 

testing muscle atrophy, as one of the most important accompanied effect. Passive 

muscle stiffness could be tested non-invasively with using subjective Ashworth 

scale where omitted joint movement must be considered. Barry et al. (1990) was 

one of the pioneers studying coefficient between mechanical (MMG) and electrical 

(EMG) muscle activity and found the relationship to muscle stiffness. This founding 

was later applied for studying patella instability. Tensiomyography (TMG) is non-

invasive and selective method for measuring skeletal muscle mechanical contractile 

properties. Method was introduced (Valenčič, 1990) and evaluated with 

histochemical results (Dahmane et al. 2000), muscle force and torque (Šimunič, 

2003) and EMG (Kerševan, 2002). In this study we will present data gathered by 

measuring patients just before and after ACL reconstruction. We will demonstrate 



the sensitivity of the TMG method monitoring muscle atrophy and hypertrophy 

during rehabilitation process. 

Methods 

Fifty-eight (43 male and 15 female) subjects (age 27.2 ± 9.7 years) participated in 

the research. On these subjects two different surgical techniques of the ACL 

reconstruction were performed: autogenous patella tendon reconstruction and 

hamstring auto graft reconstruction. During the testing subjects were placed in 

standard measurement position (Dahamane et al. 2000) for measuring three heads 

of quadriceps muscle (vastus lateralis – VL, vastus medialis – VM, rectus femoris – 

RF) and one head of hamstring muscles (biceps femoris – BF). Each muscle was 

transcutaneous twitch stimulated via two bipolar placed electrodes on the skin 

surface above the muscle head. Supramaximal muscle response was than recorded 

using TMG method and stored on PC for further analysis. From each response the 

maximal amplitude (Dm) was calculated and compared to healthy lateral side. The 

percentage of lateral symmetry coefficient of the each muscle was calculated, as 

division of Dm on the injured and healthy side (symmetry of 100% represents total 

symmetry). Four subjects were measured one day before the surgery and rest of 

them were grouped in weekly analysis. Some subjects were measured more 

frequently, as part of rehabilitation process. We also included six subjects that were 

measured one year after the surgery to stress the rehabilitation process results. 

 

Results 

 

 

Figure 1: Chronological representation of the muscle tone symmetry calculated 

from mechanical response 



 

On the Figure 1 the results for all four observed muscles are presented in 

chronological view. Measurements performed just before the surgery are presented 

on time 0 and the rest regarding to the week elapsed from the reconstruction. It is 

evident that BF and VM had a huge asymmetry before the surgery and that VL and 

RF were very symmetrical. In first few weeks after the surgery the VL was the most 

affected muscle. Huge drop in the symmetry was evident on VM and BF, from 

141% to 83% and 196% to 84%, respectively. The asymmetry reaches maximum 

simultaneously for all four observed muscles but with big difference in the absolute 

value. BF had by far the greatest asymmetry following VM, RF and VL. In about 24 

weeks all of four muscles were fully recovered from the tone symmetry point of 

view. 

 

Discussion/Conclusion 

The muscle tone of the skeletal muscle could be affected by atrophy and 

hypertrophy of muscle fibres. Atrophy is the process that takes time in about 7-10 

days after the muscle inactivity. But before that a muscle inhibition takes place as a 

result of mechanical intervention during surgery, swallowing and tendon issues. 

Imbalance on BF and VM muscle of the injured side could be explained by the 

voluntary activation deficit alone and/or pain inhibition. From TMG response we 

manage to detect all three processes typical for ACL rehabilitation and demonstrate 

timing for each separate muscle. We believe that TMG monitoring of the muscle 

functional and structural atrophy and symmetry of knee extensors/flexors muscles 

after ACL surgery can significantly improve the rehabilitation process. 
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