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ABSTRACT

Objective: To integrate patients with lumbar instability in @ multisensor platform in the process of assessment and diagnosis, assigning quantitative
parameters for the sagittal balance (SB) and muscle function. Methods: Experimental study involving adult patients diagnosed with diseases that
cause alterations in the SB, that were or were not submitted to surgery with posterior instrumentation and fusion. Each patient underwent anthropo-
metric measurements in body composition scale; a kinesiological analysis using a multisensor platform consisting of depth camera to static/dynamic
analysis for the quantitative measurement of SB, and surface electromyography to capture the level of abdominal and lumbar muscles activation
and through flexion and extension. Results: Seven adult patients: five females (62.5%)and two men (37.5%) with a mean age 48 years. Images with
depth cameras resulted in a SB of from -6.4 to +5.3cm (average -5.7cm). In individuals with positive sagittal balance the percentage of activation
(PA) of the abdominal muscles was 58.5% and the lower back lumbar was 75.25%; patients with negative SB integrated the PA of the abdominal
muscles of 70.25% and lumbar of 65%; the patient with neutral SB exhibited activation of the abdominal muscles of 87.75% and lumbar muscles of
78.25%. Conclusions: We observed a trend towards positive SB in patients with overweight and obesity by BMI, as well as increased activation of
the abdominal muscles. The multi sensor platform is a useful tool for the diagnosis and prognosis of diseases involving sagittal imbalance.

Keywords: Joint instability; Lumbosacral region; Postural balance; Electromyography.

RESUMO

Objetivo: Integrar os pacientes com instabilidade lombar em uma plataforma multissensor no processo de avaliagéo e diagndstico, atribuindo
pardmetros quantitativos para o equilibrio sagital (ES) e funcdo muscular. Métodos: Estudo experimental com pacientes adultos diagnosticados
com doengas que causam alteracdes no ES, submetidos ou nao a cirurgia com instrumentagao e fusao por via posterior. Em cada paciente
realizaram-se medidas antropométricas em balanga de composicao corporal, analise cinesioldgica utilizando uma plataforma multissensor
constituida por camera profundidade para analise estatica/dinamica para medicao quantitativa do ES e eletromiografia de superficie para
capturar o nivel de ativacdo da musculatura abdominal e lombar por meio de flexdo e extenséo. Resultados: Sete pacientes adultos: cinco
mulheres (62,5%) e dois homens (37,5%) com média de idade de 48 anos. As imagens com cameras de profundidade resultaram em ES de
-6,4+45,3cm (média -5,7cm). Nos individuos com equilibrio sagital positivo, o percentual de ativacao (PA) dos musculos abdominais foi 58,5% e
dos musculos lombares foi 75,25%; nos pacientes com ES negativo integrado, a PA dos misculos abdominais foi de 70,25% e lombar 65%, o
paciente com ES neutro apresentou ativagao dos musculos abdominais de 87,75% e dos musculos lombares, de 78,25%. Concluséo: Obser-
vamos uma tendéncia ao ES positivo em pacientes com sobrepeso e obesidade pelo IMC, bem como ao aumento da ativagao dos musculos
abdominais. A plataforma multissensor constitui uma ferramenta Util para o diagndstico e progndstico de doengas com desequilibrio sagital.

Descritores: Instabilidade lombar; Regido lombossacral; Equilibrio postural; Eletromiografia.

RESUMEN

Objetivo: Integrar a pacientes con inestabilidad lumbar a una plataforma multisensor en su proceso de evaluacién y diagnéstico, dando parémetros
cuantitativos para el balance sagital (BS) y la funcion muscular. Métodos: Estudio de tipo experimental con pacientes adultos diagnosticados
con patologias que causan alteraciones en el BS, unos no operados, y otros operados con instrumentacién y fusion posteriores. Cada paciente
fue sometido a mediciones antropomeétricas en bascula de composicién corporal; un andlisis kinesidlogo utilizando una plataforma multisensor
constituida por camara de profundidad para el andlisis estatico/dinamico para la medicién cuantitativa del BS, y un electromiégrafo de superficie
captd el grado de activacion muscular en regién abdominal y lumbar, mediante movimientos de flexion y extension. Resultados: Siete pacientes
adultos: cinco mujeres (62.5%), dos hombres (37.5%); media de edad de 48 afios. Las imagenes con camaras de profundidad resultaron en un
BS de -6.4 a+5.3cm (promedio-5.7cm). Aquellos con BS positivo el porcentaje de activacion (PA) de los muisculos abdominales fue de 58.5% y
la de los lumbares fue de 75.25%; pacientes con BS negativo integraron un PA de los musculos abdominales de 70.25% y de lumbares de 65%;
el paciente con balance sagital neutro tuvo activaciéon de la musculatura abdominal de 87.75% y lumbar de 78.25%. Conclusiones: Observamos
tendencia al BS positivo en pacientes con sobrepeso y obesidad por IMC, asi como mayor activacién de misculos abdominales. La plataforma
multisensor constituida es una herramienta Util para el diagnéstico y pronéstico de enfermedades con desbalance sagital.

Descriptores: Inestabilidad de la articulacién; Region lumbosacra; Balance postural; Electromiografia.
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INTRODUCTION

Spinal stability is the capacity of the spine, under physiological
loads, to limit displacement patterns so as not to damage or irritate the
spinal cord and nerve roots, and to prevent incapacitating deformities
or pain caused by structural changes.'? A physiologically stable spine
is maintained in proper sagittal balance, where the individual is able
to stay in an upright position with minimal muscular effort, ensuring
that the center of gravity of the body is kept in harmony within a sup-
port base. Sagittal balance is the result of the interaction between the
pelvic and spinal bone morphologies, the mechanical behavior of the
discs and ligaments, muscle strength and resistance, and the capac-
ity to introduce compensatory mechanisms related to the balance of
the trunk and the position of the lower limbs.?

As the principal cause of degenerative mechanisms, the spine
may become unstable, leading to a loss of the spinal capacity to
maintain normal displacement patterns without any initial neuro-
logical deficit, significant deformity, or disabling pain.* As a result
of degeneration and instability, there is a gradual loss of sagittal
balance that begins with a decrease in the height of the interver-
tebral disc and a cascade of compensatory mechanisms in which
changes occur in the position of the hips, pelvis and knees, in order
to restore sagittal balance to a neutral position,>” enabling a plumb
line from C7 to remain, clinically, between both malleoli.® But this
situation is not profitable because, as measured electromyographi-
cally, more muscular energy is required to maintain this position,
causing low back pain® and inevitably leading to imbalance in the
sagittal plane.

There is growing evidence that the deep abdominal muscles
and the lumbar multifidus are especially adversely affected by the
presence of acute or chronic low back pain and lumbar instability.
The occurrence of compensatory substitution by global muscular
systems in the presence of local muscular system dysfunction has
also been reported.°

With advances in technology, instruments for the three-dimen-
sional reconstruction of the human body have been developed
with the goal of explaining the complexity of its biomechanics,
and have been used in clinical practice as diagnostic tools for
degenerative and congenital diseases. In the search for answers,
interest in the study of the healthy spine, its related pathologies,
and the evaluation of posture has increased, and has already pro-
vided an important solution for integrating functional information
in a quantitative way.

Depth detection cameras have gained ground in various applica-
tions using an infrared depth sensor and a color camera to capture
real time 3D images to measure the functional capacities of the
skeleton. They have already been clinically tested for the assessment
of postural control, the evaluation of risks of falling at home in both
children' and the elderly, quantification of upper limb function,'®
physical rehabilitation, ' sports,'® and exercise,'® among others.

The objective of this study is to integrate point cloud recon-
struction using depth cameras, with the measurement of muscle
response using electromyography and anthropometric data in a
Multisensor Platform, in order to evaluate patients diagnosed with
degenerative processes that cause instability of the lumbar spine,
whether operated on or not, as part of their clinical and functional
assessment, yielding quantitative parameters on sagittal balance
and muscle function.

MATERIALS AND METHODS

An experimental study was conducted. The study universe in-
cluded patients from the spine clinic of the Orthopedics Service of
the Unidad Médica de Alta Especialidad Centro Médico de Occidente
del Instituto Mexicano del Seguro Social [Medical Unit of the Western
Specialty Medical Center of the Mexican Social Security Institute] in
Guadalajara, Mexico. The subjects had to have an established diag-
nosis of pathologies of the lumbar and thoracolumbar spine that could
potentially cause changes in sagittal balance. Both patients who had
already undergone surgery at the time of the evaluation and those who

were under non-surgical management were included. They had to be
able to walk independently without support from crutches, a walker,
or a cane. The subjects underwent quantitative kinesiological analysis
using a multisensor platform consisting of a depth camera, a surface
electromyograph, and a body composition scale.

Degenerative spondylolisthesis was defined as the existence of
a forward slippage of a vertebral body in the presence of an intact
neural arch, and was diagnosed using simple radiographs of the
lumbosacral spine in lateral projection, with the patient in a standing
position, in which forward slippage of one vertebra over another of
more than 4 millimeters was observed.

We measured the height of the patients in meters. Their body
composition was estimated using a TANITA scale, for which they
were asked to clean the palms of their hands and the soles of
their feet with an alcohol solution, to increase the sensitivity of
the scale for the measurements, as recommended by the manu-
facturer. The following data were obtained: weight; percentage of
total fat; percentage of visceral fat; total muscle mass; bone mass;
percentage of water.

To perform the quantitative kinesiological analysis of the lumbar spine,
Static/Kinematic Analysis and Electrical Activity Analysis were used.

Static/kinematic analysis

A point cloud map was obtained in order to achieve a three-
dimensional reconstruction. A depth camera designed for video-
game entertainment (Microsoft Kinect) was used to obtain the point
clouds. The acquisition system consisted of a base, with its respec-
tive camera mounted vertically and positioned at a distance on 186
centimeters from the patient and at a height of 100 centimeters from
the floor. (Figure 1) We positioned the patient, preferably dressed in
close-fitting, light-colored clothing, in front of the camera. The routine
for obtaining the images was explained and they were instructed to
perform flexion and extension movements of the lumbar spine. Mark-
ers were placed at the auricles and lateral malleoli, as references for
the sagittal plane in the images.

The images were obtained using Kinect Fusion Explorer-WPF
capture software. A data series (markers) was selected from the
three-dimensional reconstruction which, with Matlab (a high-level
language with an interactive environment for numerical calculations,
visualization, and programming), generated the coefficients of a
polynomial of a predetermined grade. Once the image was built,

Figure 1. Example of the point cloud image capture towers. There are two
towers, each with a depth camera (Kinect) mounted one meter from the
floor and 1.86 meters from the “X” that marks the location where the patient
is evaluated.
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we dropped a plumb line from the auricle to the support plane.
We measured the distance in centimeters in relation to the lateral
malleolus. We considered it to be a positive change in sagittal bal-
ance when the line was in front of the malleolar marker, a negative
change when it fell behind, and neutral balance when it passed over
the malleolar marker.

Analysis of electrical activity

Surface electromyography was used to measure the electrical
activity and the level of activation of some of the muscles used in
flexion (the anterior rectus abdominis and the abdominal external
oblique) and extension (latissimus dorsi and gluteus maximus) of
the trunk. The analysis was performed using a BSL PRO System
Biopic MP36 to evaluate muscular activity bilaterally. The frequency
of the sample was 1000Hz and the filters were programmed with a
bandwidth of 5-500Hz.

To take the measurements, we placed electrodes on the patient’s
skin, along the bilateral paramedian line of the abdomen and low
back (sites of anatomical muscle reference), while the reference
electrode was placed over the iliac crests. The procedure for obtain-
ing the signals was through movements of extension and flexion of
the trunk, with a 5-second interval between positions, as follows:

* Upright position (baseline)
* Flexion of the trunk

* Upright position

* Extension of the trunk

* Upright position

Having obtained the signal, preprocessing was performed di-
rectly in the Biopac, then a filter for high responses was applied to
the finite impulse of from 80 to 130Hz, depending on the intensity
of the signal in the electromyography. The signals were processed
in Matlab with the following elements: (Figures 2 and 3)

* Rectification: conversion of the amplitude of the signal into posi-
tive values

» Normalization: extraction of the offset from the signal for reduction
of the average value of the baseline

* Smoothing: to obtain the envelope across a moving window of
100 data points

The signal was analyzed in real time to identify the flexion-
relaxation phenomena. When there is a sustained flexion, there is
myoelectrical silence. The area below the curve of the processed
signal was identified using the trapezoidal rule for numeric
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Figure 2. Initial steps in the process of obtaining images from electromyogra-
phic noise from muscular activation: A) raw signal, B) rectified signal, and C)
smoothed signal. (Example from one patient).
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Figure 3. Last steps in the process of obtaining a graphic from elec-
tromyographic noise from muscular activation: A) smoothed signal and
B) rectified signal.

integration. Subsequently, false colors were applied for the graphic
representation, assigning a color according to the percentages of
activation, as follows:
* Red (vertical lines): 100-80%
* Yellow (diagonal lines): 79-60%
e Green (horizontal lines): 59-40%
* Blue (rectangles): 39-20%
* Black: 19-0%

Using the data obtained, the change in sagittal balance was
analyzed and related to the increase or decrease in muscular acti-
vation in neutral and dynamic positions.

RESULTS

Seven adult patients were included in this study: 5 women
(62.5%) and 2 men (37.5%), between 18 and 72 years of age
(average of 48 years), with diagnoses of pathologies of the
lumbar and thoracolumbar spine that could potentially cause
changes in sagittal balance, such as spondylolisthesis (N=2),
lumbar fractures (N=3), stenosis of the lumbar canal (N=1), and
idiopathic scoliosis (N=1). At the time of evaluation, 4 patients
(57.14%) had already undergone surgery with posterior instru-
mentation with pedicle screws and posterolateral fusion with
autologous graft, and the other 3 patients (42.86%) were under
non-surgical spine management through physical rehabilitation
and a healthy lifestyle.

The height of each patient, without shoes, was measured by the
same person using a measuring tape. Heights ranged from 1.52 to
1.74 meters (average 1.61 meters). The patients’ body weight was
between 39.3 and 84 kilograms (average of 68.61 kilograms), with
a body mass index (BMI) ranging from 17.31 to 33.32 (average
26.4), distributed as follows: one patient was underweight, two were
normal, one was overweight grade I, two were overweight grade I,
and one was obese grade |.

According to the images obtained by the depth camera (exam-
ples in Figures 4 and 5), sagittal balance ranged from -6.4 to +5.3
centimeters (average of -5.7 centimeters). One patient had neutral
sagittal balance, three had positive sagittal balance with an aver-
age of +3.43cm, and three had negative sagittal balance with an
average of -5.03cm.

Muscular activation with surface electromyography was
integrated, and the percentage of activation of the upper and
lower abdominal muscles during flexion was compared with
that of the lumbar and gluteus maximus muscles during exten-
sion. These were plotted individually for each patient, as shown
in the example in Figure 6. Among the patients with positive
sagittal balance, the percentage of activation of the abdominal
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muscles was 58.5%, while that of the lumbar muscles was
75.25%. Patients with a negative sagittal balance had a percent-
age of activation of 70.25% for the abdominal muscles and 65%
for the lumbar muscles. The patient with neutral sagittal balance
had abdominal muscular activation of 87.75% and lumbar mus-
cular activation of 78.25%.
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Figures 4 and 5. Three-dimensional point cloud models obtained with the
depth camera. The yellow vector marks the plumb line starting at the ear canal
opening and ending flush with the floor. The green vector marks the distance
between the plumb line and the external malleolus (sagittal balance).

DISCUSSION

Spinal stability was described by White in 1975 as the capac-
ity of the spine, under physiological loads, to limit displacement
patterns so as not to damage or irritate the spinal cord and nerve
roots and to prevent incapacitating deformities or pain caused by
structural changes."? The American Academy of Orthopedic Sur-
geons defines stability as “the capacity of the vertebrae to stay in
alignment and maintain normal displacements for all physiological
body movements”."

Pope and Panjabi described spinal instability as a loss of rigidity
leading to abnormal and increased movement of the mobile seg-
ments,’ 89 with a global increase in the normal limits associated
with the occurrence of back and/or radicular pain.

One of the most commonly accepted definitions of lumbar spine
instability and the loss of segmental rigidity was described by Frymoyer
and Shelby, stating that “spine instability and the loss of segmental ri-
gidity is when an abnormal load is applied to the vertebral segment and
movements comparable to those of a normal spine are produced”."®
Other authors define biomechanical instability as a mechanical entity
that is not present in normal equilibrium. Depuis (1985) stated that
instability is when the movable segments of the lumbar vertebrae show
abnormal movements, both in translation and rotation. '

The clinical importance and the recognition of compensatory
mechanisms are fundamental because they are important elements
to take into account when indicating a treatment. Evaluation of sagit-
tal balance must include a parameter to measure the overall equilib-
rium of the trunk, i.e., the plumb line in C7 and the sacral plateau, the
position of pelvic rotation when bending the pelvis, and a description
of the position of the lower limbs. These three parameters were
considered by Le Huec et al® in their assessment method known as
full balance integration (FBI).% In more severely unbalanced cases,
patients present all the signs of postural changes in an attempt to
compensate for sagittal imbalance: the trunk leaning forward, ret-
roversion of the pelvis, and apparent flexion, while in reality, there is
extension of the hips and flexion of the knees.

In this study, we only evaluated patients with traumatic, degen-
erative, and idiopathic diseases in which, due to their nature, po-
tential changes to the sagittal balance of the spine are expected.
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Coluna/Columna. 2015;14(1):27-32



3D POINT CLOUD IN THE EVALUATION OF PROCESSES THAT GENERATE INSTABILITY OF THE LUMBAR SPINE

In an attempt to avoid a study in which the patients would be ex-
posed to radiation, we opted to use technologies being developed
for evaluation in various medical fields, with depth cameras obtaining
schematic images and three-dimensional point cloud reconstruc-
tion. Sagittal balance can be measured quantitatively using refer-
ence markers at anatomical sites as described by Bernhardt and
Bridwell,?" who observed that normal sagittal balance is present
if a plumb line extends from the external acoustic meatus to the
acromion, greater trochanter, lateral condyle of the knee, and the
lateral malleolus, while estimating that the sagittal profile is more dif-
ficult due to high individual variability. We used the external acoustic
meatus and the lateral malleolus of each subject as markers. Three
patients had a positive sagittal balance with an average of 3.13cm,
three patients had a negative sagittal balance with an average of
-5.03cm, and one patients had a neutral sagittal balance. The pa-
tients were divided into etiological diagnostic groups: Degenerative,
Traumatic, and Idiopathic, and they were identified as pre- and post-
operative, as shown in Table 1.

Looking at these figures, we could see that both patients with
traumatic conditions (in all cases related to type A lumbar fractures,
as classified by the AOSpine) and those who underwent stabilization
surgery using posterior instrumentation without release had changes
associated with a negative sagittal balance with greater displace-
ment (from -2.7 to -6.4 centimeters). These findings are confirmed
by those of Soh et al,?> who found that the main disadvantages of
surgical fusion in degenerative instability are the loss of mobility
and curvature with deterioration of sagittal balance, instrumentation
failure, and increased transfer of stress to the adjacent movable
segments, referred to as “transition syndrome”. They conducted a
five-year follow-up with patients who had undergone posterior instru-
mentation surgery, and showed degenerative changes in adjacent
segments due to loss of mobility and changes in mechanical load
at the fusion site. The degenerative changes in the adjacent seg-
ments included segmental instability, spinal stenosis, intervertebral
disc injury, spondylolisthesis, and fractures.?

A measurement is needed that is sensitive to the initial degen-
erative changes, therefore quantitative MRI analysis has been de-
veloped to capture early disc degeneration. The method introduced
by Sobajima measures the surface area and intensity of the signal
of the pulpy nucleus in patients with changes with symptoms of
adjacent disc degeneration, and the results provide an index for
T2-weighted magnetic resonance images,?® from which a correla-
tion can be drawn between the intensity of the signal in magnetic
resonance images (MRI) and the composition and condition of the
disc. In our study, there was clear evidence of changes in the bal-
ance of postoperative patients, which potentially predisposes them
to adjacent degenerative changes even before the patient starts to
have suspicious symptoms.

Regarding the percentage of muscular activation measured us-
ing surface electromyography, in most cases we observed prefer-
ential activation in the abdominal musculature, regardless of the
deviation of either sagittal balance or average sagittal balance, as
shown in Table 2. However, we observed a clear correlation between
overweight and obese patients (average BMI of 30, mild obesity)
and high activation in the abdominal musculature (81.5%). This

Table 1. Relationship between etiology of the disease, previous surgery, and
average sagittal balance.

Type of Disease Previous surgery | Average Sagittal Balance

Yes 1
Degenerative (N=3) 0.66 cm

No 2
Yes 3

Traumatic (N=3) -2.9c¢m
No 0
Yes 0

Idiopathic (N=1) 1cm
No 1
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Table 2. Relationship between sagittal balance, average Body Mass Index
(BMI), and the percentage of muscular activation measured using surface
electromyography.

Sagittal balance Average BMI  |Percentage of Muscular Activation
Abdominal 70.25%
Positive 25.24
Lumbar 65%
Abdominal 58.50%
Negative 26.67
Lumbar 75.25%
Abdominal 87.75%
Neutral 29.07
Lumbar 78.25%

correlates with that described by Jiménez et al,** who investigate
factors that impact fusion in the treatment of lumbar spine stability,
such as obesity, alcoholism, smoking, age, sex, and bone density,
resulting in the patient’s nutritional state affecting the satisfactory
outcome, in patients submitted to a stabilization procedure of the
lumbar spine, it being important to identify and correct metabolic
values early, using supporting measures to achieve optimum fusion
results,?* since it increases the possibility of developing a thoracic
deformity in kyphosis.

Additionally, there was a tendency towards a negative deviation
of sagittal balance (50% vs. 25% for neutral balance and 25% for
positive balance) in patients who had previously undergone surgery.

The use of depth cameras for point cloud reconstruction is a
useful tool for quantitative measurement in conditions that can po-
tentially cause changes to sagittal balance, as it provides a guide
for the clinical surgeon that can show the evolution of degenerative
diseases and, in situations where posterior instrumentation surgery
has been performed, for the evaluation of postoperative results in
an attempt to predict the possibilities of disease of the adjacent
segment, enabling the proper treatment to be given, in a timely
manner. Electromyography shows us the level of muscle activation
in these diseases, as part of a compensatory mechanism designed
to restore sagittal balance. The body composition scale is a key
complement in the clinical evaluation of the patient because, as
explained above, nutritional state directly impacts the long-term
prognosis in any disease that affects the lumbar spine.

The limitations of this study include the small size of the evalua-
tion sample and the lack of healthy controls for comparison, as well
as the fact that we did not mark other anatomical points that could
have provided us with data about changes in the total body posi-
tion, also described as a mechanism to compensate for the lack of
sagittal balance. We did not perform traditional radiographical and
clinical measurements, which also could have guided us in effec-
tively correlating our results with more thoroughly studied methods.

CONCLUSIONS

We conclude that the integration of a platform of multiple sensors
is a useful, economical, and reliable tool that ensures quantitative,
real time measurements to help clinicians in their daily practice in
the diagnosis and follow-up of patients with traumatic, degenerative,
and idiopathic conditions that lead to a potential sagittal imbalance,
as well as with their association with changes in muscular activation
caused by the compensatory mechanisms that accompany them. In
this study, we identified muscular imbalance and its relationship with
the patient’s nutritional state and compensatory muscular activation,
and we can conclude that the higher the body mass index, the
higher the activation of the abdominal musculature, with the conse-
quent predisposition towards kyphotic deformity, and that negative
sagittal imbalance in postoperative patients leads to the possibility
of developing medium- to long-term disease of the adjacent disc.

New studies must be conducted with higher numbers of patients
and healthy controls for comparison, and a user-friendly digital in-
terface for the medical specialist must be built, for the use of the
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suggested platform in evaluations in the consultation surgery and so
as to include it as physical material to support effective and timely
care for the patient. Work continues on the project, with the manu-
facture of a wireless electromyograph and the possibility of real time
integration of the images obtained with the depth camera with the
results of the electromyographical muscular activation percentage.
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