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Abstract

Due to its high incidence, low back pain is a major problem from a social, health, and labor perspective. It is considered one 
of the most common causes of medical consultations in primary care, and one of the main reasons for temporary disability. 
A correct diagnostic approach and adequate therapeutic management will allow for better control of the clinical condition 
and its evolution. To do this, there are functional assessment techniques, both objective and subjective, which will provide 
fundamental information to perform appropriate management of the pathology, as well as to assess the effectiveness of the 
treatment. Within the subjective techniques, the Oswestry disability index is the most widely questionnaire used in hospitals, 
while the Roland Morris scale is used mainly in primary care. The results provided by the isokinetic and isoinertial techniques 
assess the functional capacity of the lumbar spine in an easy and convenient way for the patient. The main objective of this 
study is to present different subjective questionnaires and objective techniques to make a correct valuation of lumbar pain, 
improving access to adequate treatment and reducing work time.
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Introduction

Lumbar pain is considered the most common reason 
for medical consultations, both in primary care and in 
specialized consultation1-3, and it affects 25-29% of the 
world population. However, the exact prevalence in 
Mexico is unknown. From the world figures, it is esti-
mated that, in Mexico, it affects 28,000,000 people, 
which means that it is the reason for 12-13% of medical 
consultations4,5. It is considered the main cause of lim-
ited activity in people younger than 45 years, and the 
most prevalent musculoskeletal pathology in people 
over 65  years of age6, the most affected age group 

being between 30 and 60 years2,3. By gender, the prev-
alence of subacute and chronic lumbar pain is higher 
in women than in men7,8.

Most low back pain is self-correcting, but in 15-20% 
of cases, it becomes a chronic lumbar back pain9. This 
has caused back pain to be one of the primary causes 
of time off work and disability in industrialized coun-
tries, with the consequent economic expense second-
ary to the loss of productivity, compensation, and 
health care10.

The main objective of this study is to present different 
subjective questionnaires and objective techniques to 
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make a correct evaluation of lumbar pain, improving 
access to the adequate treatment and reducing time off 
work.

Methodology

A review of the etiology and lumbar pain assessment 
techniques has been carried out in indexed and non-in-
dexed journals. In our search of articles, the following 
databases were used: PubMed, ScIELO, PeDRo, and 
Academic Google. The keywords used were: “low back 
pain,” “etiology,” “functional assessment,” “objective 
techniques,” and “subjective techniques.”

Articles were selected according to the title, date of 
publication, summary, and later, full text. To evaluate 
the quality of the articles, the guidelines were used 
according to type and epidemiological design.

Etiology of low back pain

The studies of Manek and MacGregor11 and Hum-
bría-Mendiola et al.12 reported that in approximately 80-
85% of instances of low back pain, there is no specific 
lesion that justifies the clinical attention. This diagnostic 
limitation supposes a chronification of the symptoms in 
up to 10-15% of the cases, evolving to disability and 
consuming up to 75% of the total resources dedicated 
to lumbar pathology1,2. Different risk factors could inter-
act with each other, contributing to the development and 
maintenance of pain. The knowledge of the risk factors 
for the development of low back pain can be useful for 
the development of preventive strategies.

In relation to the body mass index, there is a clear 
relationship between weight and back pain. Therefore, 
it is necessary to avoid excessive weight gain13,14. Re-
garding psychosocial factors, when compared to the 
general population, patients suffering from low back 
pain have been shown to have a higher prevalence of 
depression, anxiety, substance abuse, and somatiza-
tion. Thus, depression is present in 40-65% of those 
affected by low back pain, while this percentage is re-
duced to 5-17% in the general population15,16. Further-
more, psychological disorders have been identified as 
a cause of the chronification of lumbar pain, since they 
act as risk factors that can independently increase the 
probability of hospitalization for back pain15.

In relation to work activity, it has been observed that 
the main cause of non-specific low back pain is usually 
due to over-efforts repeated over time, and not due to 
direct trauma. There is reasonable evidence that there 
are factors related to work activity that is associated 

with back pain as well17. In the National Institute for 
Occupational Safety and Health the experts came to 
the conclusion that the main movements generating 
back pain are: anterior flexion, bending with torsion, 
hard physical work with repetition, work in an environ-
ment with vibrations, and work in static postures18.

In addition, physical inactivity predisposes patients to 
a worse evolution of low back pain and a tendency to 
chronify it14. For Kovacs, this physical inactivity will 
result in a loss of coordination, muscular power, and 
finally atrophy19. This situation, along with the consoli-
dation of fear and avoidance behaviors, will lead to 
catastrophic thoughts and passive attitudes, projecting 
responsibility for the ailment and its consequences onto 
third parties16.

Functional evaluation of lumbar pain

When performing the assessment of a lumbar pathol-
ogy, there is sometimes a discrepancy between the 
clinical and the imaging tests. In addition, psychologi-
cal, social, and work factors influence the chronification 
of the process, increasing the perception of pain and 
therefore generating a negative effect on the evolution 
of the process. To perform a correct assessment of 
lumbar pain, in 2001 the World Health Organization 
proposed the model of disability still in use today, which 
is represented in the International Classification of 
Functioning, Disability, and Health, based on a biopsy-
chosocial model6.

This new classification calls for an analysis of lumbar 
pathology from an objective point of view, also taking 
into account the subjective data displayed by the pa-
tient. This concept leads to the use of tests that allow 
a broader study of low back pain and its impact on the 
daily activities of patients. The scales and assessment 
techniques most used in daily practice are described 
below.

Subjective assessment

These scales provide information on the intensity and 
impact of pain in the activities of daily life. There are 
one-dimensional and multidimensional methods to ana-
lyze the intensity of pain. The degree of disability is 
assessed through specific questionnaires: the Oswestry 
Low Back Disability Questionnaire, Roland Morris 
Disability Questionnaire (RMDQ), Waddell and Main Dis-
ability Index, or Quebec Back Pain Disability Scale (QB-
PDS). The Oswestry and Ronald-Morris questionnaires 
are the most used and recommended worldwide20-22.
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Pain intensity

The options for pain measurement tools are vast, and 
include both one-dimensional and multidimensional 
methods:
•	 One-dimensional methods: treat pain as a single 

or simple dimension, and only assess its intensity. 
They are easy to use and understand. Among 
them, these stand out:

•	 “Simple descriptive pain intensity scale” or verbal 
assessment: it was described by Keele in 194823. 
It represents the most basic approach to measur-
ing pain and is generally useful for the researcher 
due to its ease of application. Each of the terms 
(absence of pain/mild/moderate/intense) are as-
signed a score for the statistical treatment of the 
results and the practical assessment of the same. 
Although it is used in numerous clinical trials on 
pain, it is a non-specific scale that is not very sen-
sitive and not always reproducible24.

•	 “Numeric pain rating scale:” introduced by Downie 
in 1978, it is one of the most commonly used25. The 
patient must assign their pain to a numerical value 
between two extreme points (0-10). Although the 
subject is asked to use numerical values to indicate 
the level of their pain, the use of keywords, as well 
as previous instructions, are necessary for the cor-
rect use of this scale. With this type of scale, pain 
is considered a simple one-dimensional concept 
and is measured only according to its intensity. It 
is useful as a measuring instrument to assess the 
response to a selected treatment24,26.

•	 “Visual analog scale (VAS pain):” this scale has its 
origin in psychology, where it was used to assess 
the mood of the patient. It soon began to be used 
as a scale for pain assessment, although it was not 
until 1976 that Huskisson and Scott thought about 
applying it more broadly to assess pain27,28.

It consists of a line 10  cm (3.94 in) long that rep-
resents the intensity of the pain. Only at the extremes 
are descriptions, “no pain” and “the worst pain imagin-
able.” The patient is not asked to describe his pain with 
specific words but is free to indicate on this line the 
intensity of his painful sensation in relation to the two 
extremes of the same. The score is measured from 
zero to the patient’s mark and can be measured in 
centimeters or millimeters29.

The VAS is a simple, reliable, sensitive, and repro-
ducible instrument, being useful to reevaluate pain in 
the same patient on different occasions. Its validity for 
the measurement of experimental pain has been 

demonstrated in numerous studies, and its reliability 
has also been recently evaluated as satisfactory28,30,31. 
It is the measurement method most frequently used in 
many pain assessment centers since it is sensitive to 
changes.
•	 Multidimensional methods: these provide informa-

tion on the qualitative and quantitative aspects of 
pain. Among the most used is the following 
questionnaire.

•	 “The McGill Pain Questionnaire:” the objective is to 
provide an assessment of pain from a triple 
perspective:

	 1.	� Sensory: description of pain in temporal-spa-
tial terms.

	 2.	� Affective-motivational: description of pain in terms 
of tension, fear and neurovegetative aspects.

	 3.	� Evaluative: pain described in terms of general 
assessment.

Specifically, the instrument consists of 78 adjectives 
distributed in 20 groups, each group including 2-6 ad-
jectives that qualify the painful experience. Each of the 
descriptive terms is assigned a number or range that 
allows you to obtain a score according to the chosen 
words. With this, you get the “Pain Rating Index.” This 
score reflects the way in which the patient qualifies his 
or her own painful experience, allowing the researcher 
to assess the influence of emotional and sensory fac-
tors involved32.

Assessment of disability

Oswestry

It is a simple and practical questionnaire, devel-
oped by Fairbank in 1980 and adapted to Spanish in 
1995 by Flórez García33,34. The Oswestry question-
naire was widely disseminated in 1981 after the 
meeting of the International Society for The Study of 
the Lumbar Spine in Paris35. The Oswestry Low Back 
Pain Scale is a self-applied questionnaire, specific to 
low back pain, which measures limitations in daily 
activities35.

It consists of 10 questions with 6 response possibil-
ities each, which are mutually exclusive. The first ques-
tion refers to the intensity of the pain, specifying in the 
different options the response to taking analgesics. The 
remaining items include basic activities of daily living 
(ADL) that can be affected by pain (personal care, lifting 
weight, walking, sitting, standing, sleeping, sexual ac-
tivity, social life, and traveling)20.
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Version 2.0 is a modification made by the Medical 
Research Council Group, in which you specify that you 
should mark the option that best describes your situa-
tion on the same day that the questionnaire is complet-
ed20. The original version does not clarify this aspect, 
but for the development of this study, patients were 
asked to answer in relation to how they were at the time 
of self-completion.

The results are classified as follows:
•	 0-20% minimal disability
•	 20-40% moderate disability
•	 40-60% severe disability
•	 60-80% very severe disability
•	 >80% it is necessary to assess non-organic signs 

that can alter the perception of pain.
Oswestry’s low back pain scale is one of the most 

used scales in clinical trials with a control group, in 
evaluation protocols20. Since its appearance more than 
20  years ago, it has been the subject of numerous 
studies, and it has been concluded that high Oswestry 
values have a predictive value with the chronification 
of pain, duration of sick leave, and the result of conser-
vative or surgical treatments. Fairbank and Torenbeek 
recommend the use of this questionnaire in those pa-
tients who have a moderate-intense disability. It is one 
of the most used scales in European rehabilitation cen-
ters and has served as a reference to determine the 
validity of other scales33,36.

Roland-Morris

Adapted to the Spanish population by Kovacs37, the 
RMDQ assesses physical and psychological disability 
due to lumbar pain. Kovacs recommends its use espe-
cially in primary care, where we find patients who have 
a low functional limitation38.

The RMDQ is a self-administered instrument consist-
ing of 24 items, with two response options (yes/no). 
Results range from 0, the absence of disability due to 
low back pain, to 24, maximum possible disability21. 
A disability below 4 points is very slight. A variation in 
the score only has clinical relevance if it is of two or 
more points, although the optimal variation is be-
tween 3 and 4.

Waddell and main disability index

Radiographs of patients over 50  years old show de-
generative changes in 87% of cases19. Authors such as 
Nachemson or Flórez agree in their conclusions that al-
though anatomical or degenerative changes are present 

in radiological images, they are not necessarily the origin 
of the pain39,40. It is because of this that sometimes, we 
see a disagreement between the clinic and the imaging 
tests. In these situations, we must take into account the 
existence of non-organic signs such as the presence of 
inappropriate behavior facing the disease and its relation-
ship with functional activity.

In such cases, there is a need for further investigation 
of the patient through the Waddell and main disability 
index39,40. It consists of nine items, which assess 
whether the patient has reduced the basic ADLs if they 
need help to perform them or have an avoidance atti-
tude toward them.

The signs of a lack of organicity in the Waddell Index 
are: superficial and non-anatomical pain, hyper-reac-
tion to the examination, a decrease or loss of sensibility 
in muscle areas, no pain with the Lasègue test per-
formed with the patient distracted, pain in a simulated 
rotation, and pain to axial compression. Patients who 
exhibit some of these signs take 4 times more to return 
to work and consume many more diagnostic and ther-
apeutic resources41.

QBPDS

The QBPDS is a self-administered questionnaire de-
veloped by Kopec in 1995 and consists of 20 items, 
which have the objective of measuring the degree of 
disability that causes back pain in the performance of 
ADL. The score of each item ranges from 0 to 5, and 
the maximum score is 100. This scale can be used as 
a way to measure results after treatment or control of 
clinical evolution. It is considered that the minimum 
variation of improvement is 15 points18,42,43.

Objective assessment

Given the diagnostic and therapeutic complexity, the 
use of objective measures is essential to analyze how 
lumbar pain affects the patient’s activities.

When performing a proper assessment, it is recom-
mended to study joint balance, muscle strength, and 
muscle activation separately.

Assessment techniques for joint balance

The measurement of joint balance will be an objec-
tive marker of the level of improvement in a patient with 
low back pain.

Furthermore, measuring the range of lumbar mobility is 
an important indicator of the progress and effectiveness 
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of a treatment44. There are different techniques to mea-
sure the mobility of the spinal column, but there is no clear 
evidence to recommend one method over another45. The 
measuring instruments currently used (in recent years) 
are the following:

Inclinometers

Inclinometers are measuring devices that provide the 
angle of inclination of the lumbar column with respect 
to the vertical44. The double inclinometer is recom-
mended for the assessment of the range of lumbar 
mobility, which will provide more specific information 
about the movement performed by the lumbar spine. 
This technique has improved in recent years; since 
electronic inclinometers have been developed, they 
provide information on both the static and dynamic 
column.

Goniometers/electrogoniometers

These are instruments for measuring angles between 
two segments. Their simplicity and ease of use have 
allowed their use in clinical studies and daily practice. 
However, the use of manual goniometers in the assess-
ment of joint ranges in the lumbar spine is rare, due to 
the difficulty in aligning the two branches of the goni-
ometer when assessing flexion and extension. There-
fore, visual estimation or inclinometers are frequently 
used.

Despite their simplicity, they are being replaced by 
photogrammetry techniques, which provide much more 
information44.

Photogrammetry and electromagnetic 
systems

Photogrammetry allows us to obtain several simulta-
neous images of the patient from different angles. The 
use of this technique is very widespread in the global 
assessment of combined movements of different joints, 
as a complement to movement analysis techniques46. 
The kinematic analysis of the image allows us to start 
from a real movement and study the different parame-
ters of the movement being carried out47.

The “virtual models” that seem to imitate the move-
ments and gestures of human beings were developed 
with Motion Capture software (MoCap). Currently, dif-
ferent MoCap technologies and systems are available, 
but perhaps the most widely used are based on optical 
methods. These use reflective spherical markers and 

infrared-light cameras capable of collecting the reflec-
tion of the markers. These portable motion sensors 
emit a magnetic field, and software is used to capture 
and analyze the movements later.

The information provided by the sensors in combina-
tion with the 3D animation software, transfers and re-
produces the movements to a biomechanical model. 
This allows accurate analysis of the captured move-
ments. In each of the joints being analyzed, you can 
assess the maximum mobility as well as the speed, 
angular acceleration of the movement, and the restric-
tion of it with respect to normality48.

Within motion capture systems, the Vicon MX system 
is the most advanced available optical system. The 
main components of a Vicon® system are the cameras, 
the control hardware module, the software (to analyze 
and present the data), and the equipment to run the 
software.

Another of the most used analysis systems is the 
inertial system ViMove®. Its validity has been investi-
gated and confirmed in a study conducted by Mjøsund 
HL, in comparison with the reference measurements of 
the Vicon® motion capture system. There have been 
differences of < 2° between the data collected by each 
of the systems, proving the validity of the ViMove® sys-
tem for the study of movement. This system is capable 
of measuring the three dimensions of lumbosacral 
spine movements for 24 h, capturing data on the pa-
tient’s record and perception of pain, in addition to 
providing biofeedback49.

It was Cuesta-Vargas AI who determined that these 
tests have a validity range of 0.657-0.998 and reliability 
of 0.84-0.9750. These data have favored the use of in-
ertial sensors in basic and clinical research51.

Assessment techniques for muscle balance

Since the beginning of medical history, an attempt 
has been made to define the functional capacity of a 
muscle group, to know the strength, power, and work 
that it executes50,51. To this end, various means have 
been used, ranging from manual exploration tech-
niques to stimulation through electrodiagnosis, spring 
balance methods, grasping systems, weightlifting, etc., 
all of them aimed at defining and classifying the strength 
and power developed by the different muscle groups51,52.

Since 1897, there have been different attempts to 
create an instrument for measuring muscle strength. 
The Daniels Scale proposes an ordinal system (cate-
gories) of muscular valuation in 5°51. This scale is the 
most widely used and currently disseminated in clinical 
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practice. Despite efforts to find an objective technique, 
these functional assessment tests have a subjective 
component which defines them53.

The attempt to find a purely objective method is one 
of the bases for the appearance of the Isokinetic 
method. Over the years, and thanks to advances in 
research, it has been seen that there is a direct rela-
tionship between low back pain, muscle weakness, and 
a loss of resistance12. The assessment of muscle 
strength during the performance of isometric, isokinetic 
or isotonic efforts, is made through dynamometry, ob-
taining mechanical variables such as torque or moment 
of force, the speed of movement, or the displacement 
of the trunk52.

Following the Mc-Gorry classification, the dynamom-
eters can be divided into two systems: passive and 
active. The passive system uses mechanical, magnetic, 
hydraulic or electric brakes to dissipate the forces. It 
can be used in the modalities of concentric, isotonic, 
or isometric isokinetic exercises. Active dynamometric 
systems dissipate the force produced by a person or 
produce force to work on the person. In addition to 
possessing the faculties of a passive system, they can 
perform eccentric and passive isokinetic modality ex-
ercises54. Huesa considers dynamometry an important 
clinical, functional test at the time of assessing this 
pathology since it allows us to objectify the deficit and 
also to evaluate the patient’s collaboration54. These 
techniques have been widely studied, and their validity 
and reliability are shown in the bibliography52,55,56. The 
most used systems are:

Isokinetic techniques

Isokinetic movement is defined by maintaining an 
angular velocity of constant movement during the entire 
articular course. This speed will be programmed, and 
the resistance will adapt to the joint biomechanics. As 
well as isotonically, it can be done concentrically and 
eccentrically.

In an isokinetic exercise, the resistance is adapted to 
the opposite external force, so that the muscle retains 
the maximum performance in the entire range of 
movement. Isokinetic exercises are performed at a pre-
determined speed, with a variable resistance, which ac-
commodates the individual along the arc of movement.

Isokinetic dynamometry is an objective way to mea-
sure the dynamic muscle strength performed, both in 
an analytical movement on an articular axis (isokinetic 
in open chain) and as a complex movement involving 
several joints (isokinetic in the closed chain). It allows 

the objectification of the deficits of mobility and strength 
of the muscles of the spine, as well as its alteration 
affecting the lumbar function55.

Dvir Z concludes that in chronic low back pain, there 
is a loss of extensor power from the spine, and it has, 
therefore, been a parameter used to qualify the inten-
sity of the described deficits55,57.

This technique is one of the most used as a measure 
of functional assessment and sports training54,57. However, 
we must take its high cost into account. In addition, high 
user experience and long test time are necessary58.

Isometric techniques

In isometric muscle contraction, the distance be-
tween the origin and the muscle insertion remains con-
stant. Therefore, there is no movement as a result of 
the contraction: the speed of movement is zero and the 
muscular work is also zero57.

In clinical practice, these isometric dynamometry 
tests stand out: the Biering-Sorensen Test, the Ito Test, 
and the Side-Bridge Test. These tests are character-
ized by their ease of implementation, and the low cost 
involved since the main measuring instrument is their 
own body. However, they have numerous deficiencies. 
Since they are an open kinetic chain exercise, the 
movement will be highly dependent on the strength of 
each patient, so there will be interindividual variations 
in the results depending on the patient’s gender and 
the body mass of their arms and trunk58-60.

A study conducted by Harding et  al. assessed the 
effectiveness of the portable dynamometer system or 
Hand Held Dynamometry (HHD). This system is an 
attractive alternative to isokinetic dynamometry. It is 
simple, fast, and economical, therefore highly practical 
for use in the clinical environment. The validity of this 
technique has been confirmed in the measurements of 
the upper and low limb strength61.

The validity of the strength measurement of the ex-
tensor musculature has recently been demonstrated by 
the use of the HHD belt system through external fixa-
tion58. It has the advantages of low cost, the data ob-
tained being simple to interpret, and easily reproducible 
techniques. However, there is uncertain evidence of a 
connection between isometric muscle capacity and dy-
namic function44.

Isotonic techniques

In the isotonic movement, there is a contraction 
against a constant load or mass. As a consequence of 
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this contraction modality, there is a change in the 
distance between the origin and the insertion of the 
muscle, that is, a movement.

Isotonic contractions are the most common in most 
physical activities, sports, and daily activities. They are 
classified as:
•	 Concentric: those in which a muscle develops 

enough tension to overcome resistance. Thus, the 
muscle shortens and overcomes that resistance. 
Most isotonic techniques are concentric valuations.

•	 Excentric: muscle elongation occurs when resis-
tance is greater than the tension exerted by a given 
muscle. Thus, the muscle develops tension by in-
creasing its length44.

The technique of isotonic valuation is usually used 
together with surface electromyographic (sEMG) 
studies.

Isoinercial techniques

An isoinertial contraction is defined as that during 
which there is a constant resistance, against which 
the movement (of inertia) is carried out. The variables 
analyzed with this technique will be those derived 
from torque (work and power) and speed 
(acceleration)62.

During work activity or in daily life, the movements 
performed require dynamic contractions, with variable 
time speeds, of the trunk and extremities. It is the iso-
inertial techniques that most closely approach the eval-
uation of these movements. Among its disadvantages 
are the high cost and their limited availability44.

Dynamometric platforms

During the analysis of a movement, the dynamomet-
ric platforms allow the recording of the reaction forces, 
which are exerted by an individual on the ground. This 
way we can obtain its kinetic parameters. When per-
forming a low back pain assessment, they are the most 
important among the kinetic techniques, since they are 
often used in combination with other techniques, such 
as motion capture and/or EMG10.

Muscle activation assessment techniques

Electromyography (EMG)

sEMG allows the measurement of muscle activity 
using surface electrodes. These are placed on the 

skin adjacent to the muscular area to be evaluated, 
with a frequency band between 20 and 500  Hz. 
From the electromyographic record, we try to obtain 
measurements of the sequence of muscular activa-
tion, static effort, and muscular strength44. For 
Geisser63, the reason for using EMG in the evalua-
tion of low back pain is the apparent relationship 
between low back pain, contracture, and fatigue. 
One possible theory is that fatigue secondary to 
muscle inactivity and inhibition of muscle activation 
secondary to pain could directly influence the etiol-
ogy of pain62.

It seems that the EMG test can distinguish between 
healthy and sick patients. However, there is no clear 
evidence that any electromyographic parameter (used 
in isolation) discriminates validly and reliably between 
patients with low back pain and asymptomatic subjects 
and during tasks of trunk flexion, extension, or 
rotation52.

Their main limitations are the emission of low-reso-
lution signals and presenting a susceptibility to the in-
troduction of artifacts in the image. It also requires 
experience on the part of the professional who per-
forms the test.

Conclusion

For the adequate assessment of the patient with low 
back pain, the combination of objective and subjective 
scales is necessary. Among the subjective techniques, 
the Oswestry disability scale is the most used ques-
tionnaire at the hospital level, while the Roland-Morris 
scale is the one most used in primary care.

In those cases where the clinical manifestations are 
not concordant with the imaging tests, the Waddell and 
Main Disability Index provide a diagnostic orientation. 
Due to this, it is important to perform objective tech-
niques that allow an evolutionary monitoring of the 
pathology and its treatment.

The results provided by isokinetic and isoinertial 
techniques assess the functional capacity of the lumbar 
spine in a simple and comfortable way for the patient. 
EMG techniques used in isolation allow us to differen-
tiate between healthy and affected subjects, but it is 
usually used together with other techniques to perform 
a global study of the patient.

Given that there is no unanimity on which assess-
ment technique is the most specific, we believe it is 
necessary to continue carrying out a high-quality clin-
ical studies on the efficacy and validity of different 
assessment techniques.
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