
 

 

Abstract - Musculoskeletal disorders are one of 
the biggest burdens of modern humanity. Total 
cost of musculoskeletal disorders can reach 3,4% 
of gross domestic product. There are four major 
musculoskeletal disorders and low back pain is 
the biggest of them.  Low back pain is nonspecific 
pathology and can be caused by a large number of 
reasons. Effective methods to diminish conditions 
for low back pain have not been well developed at 
this point and also clear indication criteria for low 
back pain have not yet been determined. The key 
question concerning low back pain is, do we have 
relevant information about skeletal muscles, to be 
able to diminish conditions for low back pain? 
Whatever methodology would be used it must be 
selective, functional, valid, repeatable, non-
invasive and simple to use. The aim of this review 
is to evaluate Tensiomyography as potential 
methodology that could be used in order to find 
critical points of each individual to avoid injury 
with preventive treatment. Tensiomyography is 
non-invasive, selective functional muscle 
diagnostic method that has very high repeatability. 
The review showed that Tensiomyography can be 
used to detect critical points to diminish 
conditions for low back pain. Furthermore 
Tensiomyography can contribute to optimize the 
process of rehabilitation and physical recovery of 
patients. In the future Tensiomyography will need 
more clinical studies in order to further develop 
basic characteristic models. 
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1. INTRODUCTION 

Musculoskeletal disorders are one of the biggest 
burdens of modern humanity. There are four 
major musculoskeletal conditions: osteoarthritis, 
rheumatoid arthritis, osteoporosis and lower back 
pain. Osteoarthritis (lost joint cartilage that leads 
to pain and loss of function in the knees and hips) 
affects 9.6% of men and 18% of woman aged > 
60 years [1]. Rheumatoid arthritis is an 
inflammatory condition that usually affects 
multiple joints. It affects 0.3–1.0% of the general  
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population and is more prevalent among women 
and in developed countries [1]. Osteoporosis, 
which is characterized by low bone mass and 
micro architectural deterioration, is a major risk 
factor for fractures of the hip, vertebrae, and 
distal forearm. Hip fracture is the most 
detrimental fracture, being associated with 20% 
mortality and 50% permanent loss in function [1]. 
Lost ability to move is considered as one of the 
biggest reasons for osteoporosis. Low back pain 
is the most prevalent of musculoskeletal 
conditions; it affects nearly everyone at some 
point in time and about 33% of the population at 
any given point [1]. Disease-related costs, from a 
societal perspective, were measured in Canada, 
year 1994, using prevalence based analysis. The 
results showed the total cost of musculoskeletal 
disorders in Canada was 3.4% of the gross 
domestic product [2]. Gross domestic product in 
European Union in 2012 was €12.899 trillion and 
3,4% of gross domestic product in European 
Union represents €438,566 billion. 

2. LOW BACK PAIN AND DIAGNOSIS 

2.1 Low back pain 

 Low back pain is a considerable health problem 
in all developed countries and is most commonly 
treated in primary healthcare settings. It is usually 
defined as pain, muscle tension, or stiffness 
localized below the costal margin and above the 
inferior gluteal folds, with or without leg pain 
(sciatica). The most important symptoms of non-
specific low back pain are pain and disability.  

2.2 Cause of low back pain 

Low back pain is not specific symptom and can 
be caused by a large number of reasons like 
ageing, losing bone strength, change of muscle 
tone and elasticity, muscle sprain or similar. Most 
of low back pain follows injury to the back, but 
pain may also be caused by degenerative 
conditions such as arthritis, disc disease or 
others. Latest studies indicate that individual back 
muscle asymmetry could be one of the main 
reasons for low back pain. Back muscle 
asymmetry might also be caused by non back 
muscle functional asymmetry such as Gluteus 
muscles, Hamstring muscles, Quadriceps 
muscles or facial muscles. 
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2.3 Prevention of low back pain 

Effective methods to diminish conditions for low 
back pain have not been well developed [3]. 
Exercise is probably effective in preventing 
recurrences in those with pain that has lasted 
more than six weeks. [4] [5] There is little to no 
evidence that back belts are any more helpful in 
preventing low back pain than education about 
proper lifting techniques[6] [7]. Clear indication 
criteria for low back pain have not yet been 
determined.  

2.4 How is low back pain diagnosed 

A variety of diagnostic methods are available. 
X-ray imaging includes conventional and 
enhanced methods that can help diagnose the 
cause and site of back pain. Computerized 
tomography (CT) is a quick and painless process 
used when disc rupture, spinal stenosis, or 
damage to vertebrae is suspected as a cause of 
low back pain. Magnetic resonance imaging 
(MRI) is used to evaluate the lumbar region for 
bone degeneration or injury or pathology in 
tissues and nerves, muscles, ligaments, and 
blood vessels. Electrodiagnostic 
procedures include electromyography (EMG), 
nerve conduction studies, and evoked potential 
(EP) studies. EMG assesses the electrical activity 
in a nerve and can detect if muscle weakness 
results from injury or a problem with the nerves 
that control the muscles. Bone scans are used to 
diagnose and monitor infection, fracture, or 
disorders in the bone. Thermography involves the 
use of infrared sensing devices to measure small 
temperature changes between the two sides of 
the body or the temperature of a specific organ. 
Ultrasound imaging, also called ultrasound 
scanning or sonography, uses high-frequency 
sound waves to obtain images inside the body. 
Electromyography is the only selective method 
that was used but EMG devices don’t measure 
muscle function and still has too high variability. 

3. TENSIOMYOGRAPHY  

The key question we can have concerning low 
back pain is do we have relevant information 
about skeletal muscles to be able to diminish 
conditions for low back pain? What kind of 
information about skeletal muscles would be of 
high importance? Whatever methodology would 
be used it must be selective, functional, valid, 
repeatable, non-invasive and simple to use. 
Several attempts were made, but there is no 
indication that selective functional muscle 
diagnostic would be used in order to diagnose or 
manage low back pain.  

 
  The aim of this review is to evaluate 
Tensiomyography as potential methodology that 
could be used in order to find critical points of 
each individual and to avoid injury, or if they have 
already occurred, to identify them with certainty 
and to prescribe a personalized recovery until the 
injury is completely recovered. 

 
Tensiomyography (TMG) is measuring used for 

monitoring radial muscle belly displacement 
under isometric conditions. Latest studies showed 
that radial muscle belly displacement is of big 
importance since changes in the radial distance 
between the actin and myosin filaments, the 
filament lattice spacing, are responsible for 
between 20% and 50% of the change in force. 
Thus, lattice spacing is a significant force 
regulator, increasing the slope of muscle’s force–
length dependence [8]. 

 
Tensiomyography was developed in the 

Laboratory for bioelectromagnetics (LBM) at the 
Faculty of Electrical engineering, University of 
Ljubljana, Slovenia. The displacement sensor is 
positioned perpendicularly to the tangential plane 
on the largest area above the muscle belly. The 
muscle belly displacement (enlargement) during 
contraction is observed and monitored [9] [10]. 

 

 
Fig. 1. Experimental setup used to evoke and measure the 
biceps brachii (BB) isometric twitch contraction responses. 
The TMG sensor measures muscle radial displacement 
during twitch contractions induced by short electrical stimuli. 
The stimulating electrodes are placed directly onto the skin. 

 
Muscle contraction is elicited by single-twitch 
electrical stimuli. Two self-adhesive electrodes is 
placed symmetrically around the TMG sensor. 
The anode is placed distally and the cathode 
proximally, 20-50 mm from the measuring point. 
Bipolar ES consisted of a single DC pulse of 1 ms 
in duration. A typical TMG record with parameters 
and definitions is shown in Figure 1. The 
measured parameters are shown in Figure 2. 
These parameters are the maximal amplitude of 
the signal (Dm), the delay time from the 
stimulation to 10% of the maximal contraction 
(td), the time of contraction from 10% to 90% of 
the maximal contraction (tc), the time of 
sustained contraction from 50% contraction to 
50% of the relaxation (ts) and the relaxation time 
from 10% relaxation to 50% relaxation (tr).  
 
 



 

 
 
Fig. 2. (a) The parameters that were measured with the TMG 
signal: Dm – maximum amplitude (displacement), td – initial 
delay time, tc – contraction time, ts – sustained contraction 
time and tr – half relaxation time. 

 

4. EVALUATION OF TENSIOMYOGRAPHY 

CONCERNING LOW BACK PAIN  

 
Tensiomyography can be used as an accurate 

non-invasive predictor of the %MHC-I in a muscle 
[11] this is one of the crucial conditions for 
prevention of low back pain since information on 
muscle fiber type composition is of great 
importance in muscle physiology. 
 

Tensiomyography is fast, user friendly was and 
repeatable diagnostic [12] [13] [14].  
 

Tensiomyography was used to monitor pre and 
post operative muscles adaptation of ACL 
reconstruction rehabilitation process. The results 
demonstrate different pattern of adaptation for 
each skeletal muscle necessary to assure knee 
joint stability.  

Additionally resistance to fatigue and muscle 
stiffness in the hamstring muscles was 
considered to be one of the risk factors for ACL 
injury in male soccer players [15]. Predominant 
impairment in TMG characteristics of the 
quadriceps over hamstrings was shown as 
indication of altered muscular co-contraction 
(imbalance) between both muscle groups, which 
might be another risk factor for ACL injury in this 
population [15]. Results of this study demonstrate 
the ability of Tensiomyography to provide relevant 
information about muscle balance around knee. 
Additionally muscle balance/imbalance was 
considered to be good indication point for ACL.  

It is very important to have selective 
information about skeletal muscles when 
evaluating low back pain patients, since we need 
a model to explain the alterations of back muscle 
recruitment due to low-back pain. It is proposed 
that motor control changes in patients are 
functional in that they enhance spinal stability. 

The most prevalent chronic injury in classical 
ballet dancers is low back pain. In classical ballet 
dancers, low back pain and hip-region pain are 
associated with a smaller cross-sectional area 
(CSA) of the multifidus but not the erector spinae, 
psoas, or quadratus lumborum muscles [16]. 
Magnetic resonance imaging was performed and 
dancers with no pain had larger multifidus 
muscles compared to those with low back pain. 
CSA can be used to estimate muscle force, but 
we would propose that future studies also use 

methodology that would be able to measure 
muscle contractile properties as this information 
would augment 

It is important for tensiomyography that 
information can be obtained through a non-
invasive method, without any effort of the subject. 
Regarding the low back pain, it can be even 
better by optimizing the process of rehabilitation 
to dose the load and intensity of work, or to detect 
local muscle fatigue as a changed ability to 
activate muscle fibres. Moreover, one can control 
the muscle properties and to detect any change in 
the same muscle, due to a recent injury or an 
inadequate amount of work demonstrated as 
local muscle fatigue. This information can be of 
great interest in the process of postoperative 
recovery. 
 

5. CONCLUSION 

 
Tensiomyography can be used to detect critical 

indication points to diminish conditions for low 
back pain. Furthermore Tensiomyography can 
contribute to optimize the process of rehabilitation 
and physical recovery of patients. A simple 
methodology is an important factor for the 
feasibility of the method. In addition, it is 
objective, non-invasive, rapid and selective, and 
can give repetitive information. The 
characteristics of the equipment allow assessing 
the data with great mobility and interpretation of 
results can be made automatically. Further 
studies are needed in order to implement 
Tensiomyography as a helpful tool to improve 
prevention and management of low back pain. 
  

REFERENCES 

[1] WOOLF, Anthony D.  and  PFLEGER, Bruce. Burden of 
major musculoskeletal conditions. Bull World Health 
Organ [online]. 2003, vol.81, n.9 [cited  2013-11-30], pp. 
646-656 . 

[2] Coyte, Peter C., Asche, Carl V., Croxford, Ruth and 
Chan, Ben, “The economic cost of musculoskeletal 
disorders in Canada” Arthritis & Rheumatism, Volume 
11, Issue 5, pages 315 – 325, October 1998 

[3] Hoy D, Bain C, Williams G, et al. (June 2012). "A 
systematic review of the global prevalence of low back 
pain". Arthritis Rheum. 64 (6): 2028–37. 

[4] Choi BK, Verbeek JH, Tam WW, Jiang JY (2010). 
"Exercises for prevention of recurrences of low-back 
pain". In Choi, Brian KL. Cochrane Database of 
Systematic Reviews (1): CD006555 

[5] Chou R, Qaseem A, Snow V, et al. (October 2007). 
"Diagnosis and treatment of low back pain: a joint 
clinical practice guideline from the American College of 
Physicians and the American Pain Society". Annals of 
Internal Medicine 147 (7): 478–91 

[6] Guild DG (September 2012). "Mechanical therapy for 
low back pain". Prim. Care 39 (3): 511–6 

[7] Sahar T, Cohen MJ, Uval-Ne'eman V, et al. (April 2009). 
"Insoles for prevention and treatment of back pain: a 
systematic review within the framework of the Cochrane 
Collaboration Back Review Group". Spine 34 (9): 924–
33. 

[8] Williams CD, Salcedo MK, Irving TC, Regnier M, Daniel 
TL. 2013 The length–tension curve in muscle depends 
on lattice spacing. Proc R Soc B 280: 20130697.  

[9] Valencic, V., Knez, N., (1997). Measuring of skeletal 
muscles' dynamic properties. Artif Organs 21, 240-242. 

[10] Dahmane R, Valencic V, Knez N, Erzen I. Evaluation of 
the ability non-invasive estimation of the muscle 



 

contractile properties on the basis of the muscle belly 
response. J Med Biol Eng Comp 2000; 39(1): 51-5. 

[11] Simunič B, Degens H, Rittweger J, et al. (2011) 
Noninvasive estimation of myosin heavy chain 
composition in human skeletal muscle. Med Sci Sports 
Exerc 43, 1619–1625. 

[12] Križaj D., Šimunič B., Žagar T., “Short-term repeatability 
of parameters extracted from radial displacement of 
muscle belly”, Journal of Electromyography and 
Kinesiology - August 2008 (Vol. 18, Issue 4, Pages 645-
651, DOI: 10.1016/j.jelekin.2007.01.008) 

[13] Tous-Fajardo J, Moras G, Rodr_ıguez-Jim_enez S, et al. 
(2010) Inter-rater reliability of muscle contractile property 
measurements using non-invasive tensiomyography. J 
Electromyogr Kinesiol 20, 761–766. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[14] Simunic B (2012) Between-day reliability of a method for 
noninvasive estimation of muscle composition. J 
Electromyogr Kinesiol 22, 527–530. 

[15] Alentorn-Geli E, Alvarez-Diaz P, Ramon S, Marin M, 
Steinbacher G, Boffa JJ, Cusco X, Ballester J, Cugat R 
(2014) Assessment of neuromuscular risk factors for 
anterior cruciate ligament injury through 
tensiomyography in male soccer players. Knee Surg 
Sports Traumatol Arthrosc , DOI 10.1007/s00167-014-
3018-1 

[16] Gildea JE1, Hides JA, Hodges PW (2013) Size and 
symmetry of trunk muscles in ballet dancers with and 
without low back pain. J Orthop Sports Phys Ther. 2013 
Aug;43(8):525-33. doi: 10.2519/jospt.2013.4523. Epub 
2013 Apr 30. 

 
 


	1. INTRODUCTION
	2. Low back pain and diagnosis
	2.1 Low back pain
	 Low back pain is a considerable health problem in all developed countries and is most commonly treated in primary healthcare settings. It is usually defined as pain, muscle tension, or stiffness localized below the costal margin and above the inferior gluteal folds, with or without leg pain (sciatica). The most important symptoms of non-specific low back pain are pain and disability. 
	2.2 Cause of low back pain
	2.3 Prevention of low back pain
	2.4 How is low back pain diagnosed

	3. Tensiomyography 
	4. Evaluation of tensiomyography concerning low back pain 
	5. Conclusion
	References

