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Reduction of cutaneous von Frey thresholds in boys with 
autism following a year of tactile and emotional stimulation
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ORIGINAL ARTICLE

Abstract

Background: Autism spectrum disorder is an alteration of neurodevelopment with a conspicuous display of behaviors in 
children between 2 and 3 years of age. Basic behavioral manifestations are social isolation, language impairment, and motor 
problems. However, there are also manifestations related to sensory perception, although knowledge about tactile stimulation 
is yet poorly understood. Objective: We aimed to determine changes in the cutaneous sensitivity of autistic boys following 
a program of tactile and emotional stimulation. Methods: Sensory stimulation was applied as therapy to six autistic boys 
5-12 years old. As stimuli, we used bubble paper and a skin massager twice a week for 1 year. During stimulation, kids were 
allowed to walk in socks during 2 min on a 2 × 2 m carpet made of bubble paper and asked to burst the bubbles. In addi-
tion, a handheld massager was used to stimulate the skin on the forearm and face cheek with level 2 of intensity for 2 min. 
Following stimulation, the cutaneous sensitivity threshold was obtained using von Frey fibers on the forearm and face cheek. 
Kids were asked to keep their eyes closed and to indicate their perception by pointing with a finger toward the stimulated 
area. Results: Our data indicate that kids were capable of perceiving smaller fibers with consecutive therapy sessions. 
Conclusion: Tactile and sensory stimulation to autistic children modifies cutaneous sensitivity, perhaps with an improved 
perception of the general environment and consequently social behavior.

Key words: Skin sensitivity. Emotional response. Enriched stimulation. Autistic boys.

Reducción en el umbral cutáneo a von Fray en niños con autismo después de un año 
de estimulación tactil y emocional

Resumen

Antecedentes: El trastorno del espectro autista es una alteración del neurodesarrollo con manifestaciones conductuales 
particulares en niños entre los 2-3 años de edad. Las conductas básicas son el aislamiento social, alteraciones del lengua-
je y problemas motores. Sin embargo, existen también modificaciones relacionadas con la percepción sensorial, aunque el 
conocimiento sobre ello es aún pobre. Objetivo: Tuvimos el propósito de determinar la sensibilidad cutánea de niños con 
autismo siguiendo un programa de estimulación táctil y emocional. Métodos: Aplicamos dos estímulos sensoriales a 6 niños 
con autismo de 5 a 12 años de edad. Los estímulos utilizados fueron papel burbuja y un masajeador, dos veces por sema-
na durante un año. Un cuadro de 2 x 2 m de papel burbuja se colocó en el piso y la prueba consistió en que cada niño 
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Introduction

Autism spectrum disorder (ASD) is a range of modified 
behavioral displays that become conspicuous in children 
about 2-3 years old. The most remarkable behaviors 
include decreased social interaction, language impair-
ments, and repetitive or stereotyped movements. How-
ever, there is also the prevailing attribute allied to the 
physiology of sensory processing. Since the seminal 
work of Kanner1, it was stated that in autism loud noises 
trigger panic or emotional crisis, and to date, it is known 
that these responses are related to a multisensory dys-
function of the auditory, visual, oral, and cutaneous path-
ways2. Touch is a powerful stimulation to the skin with 
the potency to rewire neural circuits that are reflected as 
modifications in social behavior during development and 
adulthood3. In animal studies, we have shown that toxic 
effect to cutaneous C and Aδ afferent fibers during de-
velopment results in increased motor patterns as groom-
ing or scratching4 indicating repetitive movements and 
suggesting that these cutaneous afferent fibers could be 
compromised in the stereotyped movements, as those 
seen in autism. On the other hand, some authors report-
ed that foot massage triggers neuroendocrine responses 
that could be therapeutic for autism5. Thus, the literature 
is now becoming plenty of data on sensory processing, 
suggesting that cutaneous sensitivity may be another 
central core symptom in autism6. Hence, we argue that 
it is important for the quality of life in autism to develop 
some strategies to modify the skin sensitivity. Consider-
ing this, we investigated whether the tactile threshold of 
autistic boys could be modified as a consequence of 
long-term therapy of skin and sensory stimulation.

Methods

This was a longitudinal study in which all participants 
were tested continuously for 1 year. The protocol was 
approved by the Ethics Committee of the Brain Re-
search Center at our university, and procedures were 
based on the Helsinki Declaration. Parents of the 

participants received a thorough explanation of the pro-
cedures and, on acceptance, signed an informed con-
sent to allow their boys to be included in the study.

Participants

Six boys with autism from 5 to 12 years of age were 
included in the study; all of them in the Severity Level 1 
according to DSM-56. Kids received stimulation with bub-
ble paper and a massager, twice a week for 1 year. In 
each test, the bubble paper was used for feet sensory 
stimulation. A carpet of 2 × 2 m of bubble paper was 
placed on the floor and kids were asked to walk on in 
socks for 2 min trying to burst the bubbles. Bursting of 
bubbles produced both feet tactile stimulation and auditory 
stimulation along with apparent emotional responses. Im-
mediately after the bubble paper activity, boys were asked 
to sit on a chair and a handheld massager (Homedics, 
Mexico) was used to stimulate the forearm and the face 
cheek with a level 2 of intensity for 2 min each area and 
in random left or right side. Following the massage, boys 
were asked to close their eyes and the forearm and cheek 
were stimulated with von Frey fibers of different size to 
determine the cutaneous sensitivity threshold. Boys were 
asked to indicate perception of the fiber by pointing the 
stimulated area with a finger. A cohort group of 10 boys 
with typical development was included in the study as 
controls and was analyzed under the same procedures.

The number of sessions required to (1) remove the 
shoes, (2) accept the massage, or (3) close the eyes on 
request, was analyzed with the Long-rank Mantel-Cox 
test, and is represented in a survival curve (Fig. 1). Cuta-
neous sensitivity (threshold) was assessed every month 
by detecting the smallest von Frey fiber that evoked a skin 
sensation. The size of von Frey fibers and the session 
were analyzed with a Pearson r correlation and represent-
ed in a graph with the median and interquartile range 
(Fig. 2). The fact that typical developed boys responded 
right from the first test and perceived the smallest fiber, 
precluded their inclusion in the statistics. Analysis was 

caminara en calcetas por dos minutos tratando de reventar las burbujas. Un masajeador manual fue utilizado para estimular 
la piel del antebrazo y la mejilla a un nivel 2 de intensidad por dos minutos. Después de los estímulos, el umbral a la sen-
sibilidad cutánea se obtuvo usando fibras de von Fray sobre el antebrazo y la mejilla, pidiendo a los niños mantener los ojos 
cerrados y señalando la percepción con un dedo el área estimulada. Resultados: A medida que la terapia se aplicó con-
tinuamente, cada niño fue capaz de percibir fibras más pequeñas. Conclusiones: Una estimulación enriquecida táctil y 
sensorial de niños con autismo modifica la sensibilidad cutánea, probablemente con una percepción mejorada del ambien-
te en general y consecuentemente de la conducta social.

Palabra clave: Sensibilidad cutánea. Respuesta emocional. Estimulación enriquecida. Niños con autismo.
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developed with Prism 8 (GraphPad Software, USA), and 
significant differences were indicated when p<0.05.

Results

The first challenge was related to the lack of propensity 
of the boys to remove their shoes on request and walk 
on the bubble paper, to accept the massager, or to close 
their eyes for skin detection of the von Fray fibers. How-
ever, boys responded positively after a continuous period 
of being asked for the procedures. Fig. 1 shows that 10 
tests were required for all boys to get the disposition for 
the three challenges, all of them in a similar acceptance 
curve, with no significant differences among them.

The different sensitivity tests in each month were 
compiled into a single value for analysis to get 12 val-
ues for the year. The smallest von Frey fiber in our set 
has a value of 1.6 and the largest of 6.65, with a total 
of 20 fibers of different size. Data showed that boys 
with typical development perceived the smallest fiber 
in the first test, whereas autistic boys perceived fibers 
with the average size of 4.0. Longitudinal curves 
showed that autistic boys modified their threshold per-
ception during consecutive tests. At the end of the year, 
their perception was similar to those of typically devel-
oped boys in both the forearm and cheek (Fig. 2).

Discussion

The incorporation of autistic boys into new tasks is a 
challenge due to their strong predisposition to routines. 

However, we have previously shown that motor and cog-
nitive improvements are possible following long-term stim-
ulation with virtual sports7. Now, to accomplish the purpose 
of the present study, it was a requirement that all kids were 
able to remove their shoes, walk and press bubble paper, 
sit and keep their eyes closed, and point the place where 
they detected the von Frey fiber. Although they eventually 
did it successfully, it was not immediate and took them 
about 5 weeks to agree follow instructions. Thus, respond-
ing to procedural instructions is not an unattainable chal-
lenge for autistic boys, although they take time to master 
the task. By contrast, boys with typical development fol-
lowed instructions right from the 1st day. Thus, one spec-
ulation is that the kind of repeated stimulation provided to 
autistic kids in the present study improves the function of 
brain regions involved in attention, decision-making, hab-
its, and procedural memory, such as the prefrontal cortex, 
basal ganglia, and cerebellum, among others8-10.

On the other hand, it is known that skin sensitivity is 
a remarkable function that allows a wide perception of 
the environment and stimulates the development of ap-
propriate neural circuits in the central nervous system. 
Our data showed that at the beginning, the autistic boys 
had a higher threshold to perceive von Frey fibers. In-
terestingly, due to the constant engagement in both 
sensory and the bubble-induced emotional stimulation, 

Figure 1. Number of sessions required for 100% of the boys 
to accept remove their shoes, walk on bubble paper, accept 
the massager, and close their eyes for perceiving the von 
Fray fibers. The survival steps were similar for the three 
parameters and no significant differences were detected.

Figure  2. Tactile sensitivity according to the used von Fray 
fiber size. Graph shows that tactile sensitivity was constantly 
increasing in boys with autism from the 1st to the 12th month, 
considering that a smallest fiber was detected at the long 
run. The same curve shape was observed for both the arm 
and face. Control kids (typical development) perceived the 
smallest fiber right from the first month (dash line). Each point 
represents the median and interquartile range. The Pearson 
r correlation showed that each curve had a significant slope 
from month 1 to month 12 (*p<0.05; **p<0.01).
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their threshold was reduced to typical levels in both the 
forearm and cheek. Thus, once again, a speculation is 
that stimulation as provided here successfully modified 
the function of some parameters of the somatosensory 
neural circuits. Starting at the skin level, it is known that 
typical and autistic kids have a similar histology and are 
similarly prone to pediatric injuries11. In addition, the skin 
conductance appears to be equivalent in autistic and 
typical children, which allows the use of this parameter 
to measure social anxiety and the impact of animals to 
induce anxiolytic effects in autistic kids12. Furthermore, 
skin massage seems to be relevant to manage sleep 
problems in autism13, suggesting that skin-induced 
changes might occur at central levels.

Indeed, the somatosensory cortex functional connec-
tivity is abnormal in autism14. Thus, we hypothesize that 
at the beginning of this study, the autistic kids respond-
ed to altered skin-to-cortex functional connection, which 
was probably rewired following a prolonged period of 
stimulation. Hence, our guess is that those circuits be-
came activated in their potency for neural plasticity, 
considering that this feature is triggered by sensory 
experiences15. Further research is needed to explain 
how such plasticity response could be correlated to the 
observed behavior. We argue that skin stimulation is a 
channel for information that is relevant for social behav-
ior16. In fact, social neuroscience, that is, the study of 
the neural basis of social behavior, has already pro-
posed several brain structures underlying social inter-
actions17. Some of them, as the insular cortex, is mod-
ified significantly by tactile afferents from the skin in 
response to pleasant and social relevant stimuli18,19. 
Thus, we suggest that the kind of continuous stimulation 
used in this study was strong enough to modify the 
circuits and improve the tactile sensation in these boys 
with autism. Those changes might be relevant to im-
prove perception of the general environment and con-
sequently improve social behavior, but this statement 
still deserves further studies.

Conclusion

Long-term therapy with tactile and sensory stimula-
tion in autistic boys modified their cutaneous sensitivity, 
resulting in thresholds similar to those observed in boys 
with typical development.
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ORIGINAL ARTICLE

Abstract

Background: The incidence of vertebral fractures is high and the new treatment options developed in recent years represent 
a significant improvement, although they are not without complications. Objectives: The aim of this study was to investigate 
whether percutaneous vertebral augmentation (PVA) was associated with clinical and radiological subsequent adjacent 
fractures. Methods: A systematic review and meta-analysis was performed searching on PubMed, EMBASE, Cochrane library, 
Google Scholar, Web of Science, and ClinicalTrial.gov from the establishment of the database to January 2020. Eligible studies 
assessing the subsequent adjacent fractures after PVA compared with conservative treatment (CT) were incorporated. The 
pooled risk ratio (RR) with its 95% confidence intervals (95% CI) was used. Heterogeneity, sensitivity, and publication bias 
analyses were performed. Results: Twenty-four studies were considered eligible and were included finally. 20/421 patients 
(4.75%) had clinical subsequent adjacent fractures from the PVA group, and 25/359 patients (6.96%) had from the CT group, 
and 46/440 patients (10.45%) from the PVA group and 36/444 patients (8.10%) from the CT group had radiological subse-
quent adjacent fractures. There both had no significant difference between two groups (RR = 0.67, 95%CI: [0.38, 1.19], 
p = 0.17)/(RR = 1.13, 95% CI: [0.75, 1.70], p = 0.576). However, in fractured vertebrae, number in the PVA group was more 
than that in the CT group (RR=1.41, 95%CI: [1.03, 1.93], p = 0.03). Conclusion: Collectively, currently available literature 
provides data showed that PVA did not increase the incidence for subsequent adjacent fractures, no matter it was clinical 
or radiological fracture. However, PVA may increase the number of fractured vertebrae.

Key words: Osteoporotic vertebral compression fracture. Percutaneous vertebral augmentation. Vertebroplasty. Kyphoplasty. 
Subsequent adjacent fracture. Meta-analysis.

Riesgo de fracturas adyacentes en el tratamiento de las fracturas de compresión 
vertebral: Metaanálisis

Resumen

Antecedentes: La incidencia de fracturas vertebrales es elevada y las nuevas opciones de tratamiento desarrolladas en los 
últimos años suponen una mejoría importante, aunque no se encuentran exentas de complicaciones. Objetivos: El objetivo de 
este estudio fue investigar si el tratamiento vertebral percutáneo se asoció con fracturas en los niveles adyacentes, tanto clíni-
cas como radiológicas, en los controles posteriores. Métodos: Se realizó una revisión sistemática y un metanálisis buscando 
en PubMed, EMBASE, la biblioteca Cochrane, Google Scholar, Web of Science y ClinicalTrial.gov desde el establecimiento de 
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Introduction

As one of the most common complications of osteo-
porosis, osteoporotic vertebral compression fractures 
(OVCFs) often result in back pain, spinal deformity, 
functional disability, and even death. Hence, it has be-
come one of the serious diseases threatening the health 
of elderly patients and increased the economic burden 
of society1-4.

As a minimally invasive therapy for OVCFs, percuta-
neous vertebral augmentation (PVA) has shown prom-
ising and encouraging outcomes compared with 
conservative treatment (CT)2,5-7. Moreover, according to 
different feature of fracture, PVA can choose percuta-
neous vertebroplasty (PVP), percutaneous kyphoplasty 
(PKP), or other operation methods. However, PVA can 
also lead to serious complications, the most serious of 
which is subsequent fracture, so the efficacy and safety 
of PVA are still in dispute3,8-10. The subsequent frac-
tures can occur at adjacent, non-adjacent, or even pre-
viously treated vertebral levels. However, there were 
few meta-analyses1,11-15 only to probe subsequent ad-
jacent fractures, and RCTs as much as possible were 
not included in those reviews.

Furthermore, none of these studies distinguished clini-
cal and radiological fracture, as well as the number of 
fractured patients and fractured vertebrae for analysis16-19. 
The purpose of this study is to explore the characteristics 
of subsequent adjacent fracture after PVA, so as to pro-
vide evidence for the treatment strategy of OVCF20-23.

Materials and methods

Search strategy and study selection

Two independent reviewers respectively conducted 
rough and accurate computerized retrieval in online 

databases, including PubMed, EMBASE, Cochrane li-
brary, Google Scholar, Web of Science, and ClinicalTrial.
gov, from the establishment of the database to January 
2020. We also searched references to selected litera-
tures to avoid missing any additional research. There are 
no language restrictions when searching (Fig. 1).

Rough search strategy: (vertebroplasty OR kyphop-
lasty OR vertebral augmentation) AND (conservative 
treatment) AND ((new fracture) OR (secondary fracture) 
OR (subsequent fracture) OR (adjacent fracture)).

Inclusion criteria

ParticiPants

Only adult patients (age ≥ 50 years old) diagnosed 
with OVCF by clinical and imaging examination were 
included in the study.

Intervention and control

PVA (PVP/PKP) was performed in the experimental 
group and CT (including sham operation) was per-
formed in the control group.

Outcomes

Analyzing the incidence of posterior adjacent verte-
bral fractures. Study type: prospective cohort study, 
non-RCT, and RCT.

Study selection and data extraction

Endnote X9 software was used to check, sort, and 
summarize the literatures; then, each study was carefully 
read and selected by two independent reviewers by 

la base de datos hasta enero de 2020. Se eligieron estudios elegibles que evalúan las fracturas adyacentes posteriores después 
de PVA en comparación con tratamiento conservador (CT). Se utilizó la razón de riesgo (RR), agrupada con sus intervalos de 
confianza del 95% (IC del 95%). Se realizaron análisis de heterogeneidad, de sensibilidad y de sesgo de publicación. 
Resultados: Se consideraron elegibles 24 estudio, que se incluyeron finalmente. Del total de pacientes estudiados, 20/421 
pacientes (4.75%) tuvieron fracturas adyacentes clínicas posteriores del grupo PVA, y 25/359 pacientes (6,96%) tuvieron del 
grupo CT, y 46/440 pacientes (10.45%) del grupo PVA y 36/444 pacientes (8.10 %) del grupo CT tenía fracturas adyacentes 
radiológicas posteriores. No existieron diferencias significativas entre los dos grupos (RR = 0.67, IC 95%: [0.38, 1.19], p = 0.17) 
/ (RR = 1.13, IC 95%: [0.75, 1.70], p = 0.576). Sin embargo, en las vértebras fracturadas, el número en el grupo PVA fue mayor 
que en el grupo CT (RR = 1.41, IC 95%: [1.03, 1.93], p = 0.03). Conclusión: Desde un punto de vista general, la literatura ac-
tualmente disponible proporciona datos que muestran que el PVA no aumentó la incidencia de fracturas adyacentes posterio-
res, sin importar si fue una fractura clínica o radiológica. Pero el PVA puede aumentar el número de vértebras fracturadas.

Palabras clave: Fractura por compresión vertebral osteoporótica. Tratamiento vertebral percutáneo. Vertebroplastia. Cifoplas-
tia. Fractura adyacente posterior. Metaanálisis.



91

J.M. Ortega-Zufiría, et al.: Adjacent fractures after augmentation

Figure 1. Inclusion scheme of the various studies analyzed.

Records identified through
data base searching

(n = 1128)

Additional records identified
through other sources

(n = 0)

Records after duplicates removed
(n = 963)

Records screened
(n = 963)

Records excluded
(n = 910)

Full-text articles assesed
for eligibility

(n = 68)

Studies included in 
qualitative synthesis

(n = 24)

Studies included in quantitative
synthesis (meta-analysis)

(n = 24)

Full-text articles excluded, 
with reasons
(n = 44)

6 No appropiate comparison

7 Not prospective trials

21 No data on outcome of interest

10 Conference abstract

double-blind method. Any disagreement was resolved by 
discussion or by consulting a third reviewer.

The number of clinical and radiological subsequent 
adjacent fracture was separately extracted and classi-
fied. If subsequent adjacent fracture did not have clear 
definition in the article, we deal with it as radiological 
fracture, because most fractures need imaging to be 
diagnosed. If the patient had subsequent adjacent 

vertebral fractures equal to or more than 2 levels at 
once time, we just counted once for incidence.

Risk of bias assessment and quality 
evaluation

Two independent reviewers applied the risk of bias 
tool to appraise all the included literatures according to 
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the Cochrane Handbook for Systematic Reviews of In-
terventions (version 5.1.0), respectively. The method-
ological quality was assessed according to the Cochrane 
Collaboration’s domain-based evaluation framework11,12. 
The main domains were assessed in the following se-
quence: (1) selection bias (randomized sequence gen-
eration and allocation concealment), (2) performance 
bias (blinding of participants and personnel), (3) detec-
tion bias (blinding of outcome assessment), (4) attrition 
bias (incomplete outcome data, e.g., due to dropouts), 
(5) reporting bias (selective reporting), and (6) other 
sources of bias. The score for each bias domain and 
the final score for the risk of systematic bias were grad-
ed as representing low, high, or unclear risk.

According to the Jadad scale13, the quality of RCTs 
was evaluated, including the following four aspects: 
(1)  generation of random sequence; (2) allocation con-
cealment; (3) implementation of blind method; and (4) de-
scription of case follow-up. “1-3” was considered as low 
quality and “4-7” was considered as high quality.

Statistical analysis

To compare the differences from incidence for sub-
sequent adjacent fractures after PVA, dichotomous 
data were calculated by risk ratio (RR) and its 95% 
confidence interval (95%CI). Heterogeneity was tested 
using the Chi-squared statistic and the I2 statistic. If 
p < 0.1, we defined the Chi-squared statistic as statis-
tically significant. The I2 statistic was used to assess 
the variation across the included trails as the following 
standard: I2 < 25% means that heterogeneity is low; 
I2: 25-50% shows moderate heterogeneity; and 
I2 > 50% demonstrates high heterogeneity. If I2 > 50%, 
a random-effect model would be adopted; otherwise, 
a fixed effect model would be used14. Sensitivity anal-
yses were conducted to investigate the impacts of 
each individual study by deleting them in turn on the 
overall meta-analysis results. Publication bias was de-
tected using the method of Begg’s and Egger’s test. 
The statistical analysis was performed by Review Man-
ager 5.3 and Stata 15.0.

Results

Description of studies

From the PRISMA Flow Diagram, the search and 
selection process of related literatures in this study 
were described. A total of 1,128 literatures were re-
trieved, and 68 literatures were evaluated according to 

the inclusion criteria. Finally, 14 serial studies (total 24 
literatures, including 5 serial non-RCTs16-21,24,25 and 9 
serial RCTs)15,22,23,26-37 were selected.

Risk of bias and quality evaluation of 
included studies

Because cement is opaque in imaging, it is difficult 
to blind patients, surgeons, and observers, so only two 
of the serial studies (control group had sham operation) 
were blinded to the patients. Six serial studies reported 
an adequate blinding for outcomes assessors. From the 
Jadad scale, eight serial studies16,20-23,26-39 were con-
sidered as high quality, and the others were considered 
as low quality.

Meta-analysis results

The incidence of clinical subsequent adjacent frac-
tures after PVA:

A total of 20/421 patients (4.75%) had clinical subse-
quent adjacent fractures from the PVA group, and 
25/359 patients (6.96%) had from the CT group. There 
showed no significant difference between two groups 
(RR = 0.67, 95%CI: [0.38, 1.19], p = 0.17. M-H. Fixed 
effect model, I2 = 31%).

The incidence of radiological subsequent adjacent 
fractures after PVA:

As far as radiological subsequent adjacent fractures 
were concerned, the results showed that 46/440 pa-
tients (10.45%) from the PVA group and 36/444 patients 
(8.10%) from the CT group had this complication form. 
There always had no significant difference between two 
groups (RR = 1.13, 95%CI: [0.75, 1.70], p = 0.576. M-H. 
Fixed effect model, I2= 0%).

The number of subsequent adjacent fractures for 
vertebrae after PVA:

In number of fractured vertebrae, 69/126 vertebral 
bodies (54.76%) had subsequent adjacent fractures 
from the PVA group and 40/105 vertebral bodies 
(38.10%) had from the CT group. There showed a sig-
nificant difference between two groups (RR = 1.41, 
95%CI: [1.03, 1.93], p = 0.03. M-H. Fixed effect model, 
I2 = 0%).

Sensitivity and publication bias analysis

Sensitivity analyses were conducted due to the dis-
crepancy between studies. Each study was removed in 
turn to test whether the removed study would influence 
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the overall effects. No specific trials could be deter-
mined as the main source of heterogeneity.

From the results of publication bias, the results of 
Begg’s test (clinical fractures: p = 0.707 > 0.05/radio-
logical fractures: p = 0.806 > 0.05/fractures for verte-
brae: p = 0.086 > 0.05) and Egger’s test (clinical 
fractures: p = 0.599 > 0.05/radiological fractures: 
p = 0.659 > 0.05/fractures for vertebrae: p = 0.061 
> 0.05) did not indicate the existence of publication 
bias.

Discussion

A low BMD is a well-known risk factor for fracture 
with advancing age. After the age of 50, 1 SD decrease 
in BMD value doubles the risk of fracture. In healthy 
young adults, a low but stable BMD is not a risk factor 
of imminent fracture, but detection of low BMD should 
lead to the implementation of non-pharmacological 
measures and to the prevention and/or treatment of any 
additional risk factors of BMD decline, as hypogonad-
ism or tobacco smoking. Patients with added risk fac-
tors, including those requiring corticosteroid therapies, 
should benefit from a reinforced follow-up.

At present, there is no general consensus about the 
management of osteoporotic vertebral fractures (OVF). 
In the past, conservative treatment for at least 1 month 
was deemed appropriate for the majority of vertebral 
fractures. When pain persisted after conservative treat-
ment, it was necessary to consider surgical interven-
tions including vertebroplasty for vertebral fractures 
with < 30% loss of height of the affected vertebral body 
and kyphoplasty for vertebral fractures with greater 
than 30% loss of height. At present, this type of treat-
ment is not feasible. We can consider the characteris-
tics and methods of operation of the third-generation 
systems for the percutaneous treatment of osteoporotic 
fracture such as Vertebral Body Stenting® (VBS), Os-
seoFix®, and Spine Jack®. VBS is a titanium device 
accompanied by a hydraulic (as opposed to mechani-
cal) working system which allows a partial and not 
immediate possibility to control the opening of the de-
vice. On the other hand, OsseoFix® and Spine Jack® 
are accompanied by a mechanical working system 
which allows a progressive and controlled reduction of 
the vertebral fracture. Another important aspect to con-
sider is the vertebral body height recovery. OsseoFix® 
has an indirect mechanism of action: the compaction 
of the trabecular bone causes an increase in the ver-
tebral body height. Unlike the Vertebral Body Stenting® 
and Spine Jack®, the OsseoFix® has no direct lift 

mechanism. Therefore in our opinion, for these charac-
teristics and for the force that this device is able to 
provide, Spine Jack® is the only device also suitable 
for the treatment OVF, traumatic fracture (recent, old, 
or inveterate), and primary or secondary bone 
tumors.

With the advantage of pain relief rapidly, PVA, as a 
minimally invasive technique, has become the most 
popular treatment for OVCFs. However, PVA also has 
some complications and risks, such as cement leakage 
and subsequent fractures. The incidence of cement 
leakage is high, but most of them are asymptomatic, 
so it is generally believed that the cement leakage is a 
phenomenon rather than a complication. However, sub-
sequent fracture is different. Once it happens, it will 
seriously influence the effect of PVA. About the reason, 
no convincing conclusion has been obtained from cur-
rent studies, including biomechanical research, finite 
element analysis, and clinical studies15,21,23,25,29,34,38-42. 
Many meta-analyses7-10,36-41,43-45 have shown that sub-
sequent fracture is related to the natural progression of 
osteoporosis, not due to the PVA with cement. Howev-
er, only one4 has detailed the influence on subsequent 
adjacent vertebral fractures after PVA.

The most remarkable differences from the previous 
meta-analysis were that clinical and radiological subse-
quent adjacent fracture, as well as the number of frac-
tured cases and fractured vertebrae, were analyzed 
separately. Because OVCFs were mostly caused by mi-
nor trauma, and some elderly patients were not sensitive 
to pain. If regular imaging examinations were not taken, 
misdiagnosis was inevitable. The clinical subsequent 
fractures and radiological ones are separately analyzed 
in this study, which was more persuasive. Moreover, if 
the patient had equal to or more than 2 fractured levels 
at once time, it only showed the more number of subse-
quent adjacent vertebral fractures, not the increasing 
frequency, so we just counted once for incidence.

This study showed that no significant differences 
were in the incidence of subsequent adjacent fractures 
between PVA and CT, regardless of fracture type, 
which came to conclusion that PVA was a safe and 
feasible treatment for OVCF, and would not increase 
the risk of secondary adjacent fracture21,25,44,45. How-
ever, the number of vertebrae fractured in the PVA 
group was more than that in the CT group, which meant 
that the severity was worse.

First, although the clinical characteristics at baseline 
in those studies were similar (Except for Klazen’s study, 
the number of OVCFs at baseline was statistically sig-
nificant (2.4 ± 1.9 vs. 2.1 ± 1.5), the number of OVCFs 
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and severity of fracture at baseline in the PVA group 
was worse than that in the CT group. 

Second, because of more vertebral body fractures, 
the phenomenon of “sandwich type” after PVA would 
increase. As a special type of OVCF, it may lead to 
subsequent adjacent fractures more easily.

Third, because rapidly relieve pain, the patients after 
PVA can make exercise early, so trauma without aware-
ness of protection and short-term treatment of anti-os-
teoporosis would increase risk.

In addition, this study had incorporated some non-
RCTs. As an adverse effect, subsequent fractures were 
objective outcomes during the follow-up and would not 
be obviously affected by randomization and blinding 
method, which may not influence the reliability too 
much. This can increased the sample size and made 
it more convincing.

In sensitivity analysis, no apparent deviation was ob-
served in all trials included, indicating that no specific trial 
influenced the overall effects. From the results of Begg’s 
and Egger’s test, potential publication bias was not found. 
It showed RCTs of poor quality and non-RCTs would still 
provide relatively accurate data for subsequent fractures 
as an objective outcome from another aspect.

It would be very useful in the future to study the evolu-
tion of the patients, taking into account the moment in 
which the fracture occurred and the time that elapsed until 
the procedure was performed, because of the time to do 
the augmentation surgery shows the best results when it 
is performed before 7 weeks and after the second.

Limitation

There also had some limitations in our study. First, 
subgroup analysis was not done by different operation 
methods (PVP/PKP), follow-up time. Because this re-
view compared clinical fracture and radiological one 
separately, so there were few eligible literatures for 
subgroup analysis. For another, the previous studies 
had clearly shown the factors above that has no effect 
on subsequent fractures. Second, most studies mainly 
focused on pain relief and functional recovery, so other 
influence factors for subsequent fractures are not con-
sidered, such as age, sex, low body mass index, the 
fracture age, cement leakage and pulmonary embo-
lism, bilateral or unilateral, multiple levels treated, the 
volume of cement, anti-osteoporosis treatment, and low 
bone mineral density44-47. Therefore, further RCTs of 
high quality, large sample size, long-term follow-up be-
tween PVA and CT were demanded to offer more in-
valuable and convincing conclusion.

Conclusion

PVA may not increase the incidence for subsequent 
adjacent fractures, no matter it was clinical or radiolog-
ical fracture. This could be explained by the own natural 
process of osteoporosis, where it is well known that 
there are various areas of the spine in which the risk 
of fracture at several levels, at the same time, is con-
sidered high.

On the other hand, PVA can really increase the total 
number of fractured vertebrae.
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Abstract

Background: To date, Mexico has more than 1,280,000 confirmed cases and more than 116,000 deaths due to severe acu-
te respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Limited information is available regarding Latin American 
patients with Guillain-Barré syndrome (GBS) and SARS-CoV-2. Objective: The objective is to describe the presentation, 
diagnosis, and outcome of patients with GBS associated with SARS-CoV-2 infection. Methods: We describe four cases of 
GBS associated with SARS-CoV-2 infection in Mexico. Results: Neurological symptoms initiated 2-17 days after the respi-
ratory symptoms. The age group in or patients ranged from 26 to 41 years. Two patients presented with progressive, acute, 
and symmetric weakness and two with bilateral facial palsy. Patients with GBS diagnosis associated with SARS-CoV-2 in-
fection have been reported to have a good outcome after IGIV or plasma exchange therapy. Conclusion: It is important to 
consider GBS as a potential manifestation of SARS-CoV-2 infection and recall that the diagnosis is based mainly on clinical 
evaluation. Laboratory and CSF analysis, as well as neurophysiologic studies, should be considered as a complement for 
diagnosis.

Key words: SARS-CoV-2. Guillain-Barré. Nerve conduction studies.

Síndrome de Guillain-Barré y variantes asociadas a la infección por SARS-CoV-2  
en México

Resumen 

Antecedentes: A la fecha, México tiene más de 1,280,000 casos confirmados y más de 116,000 muertes por infección por 
SARS-CoV-2. Se dispone de información limitada sobre los pacientes latinoamericanos con síndrome de Guillain-Barré (GBS) 
y SARS-CoV-2. Objetivo: El objetivo es describir la presentación, el diagnóstico y la evolución de los pacientes con síndrome 
de Guillain-Barré asociado a la infección por SARS-CoV-2. Métodos: Describimos cuatro casos de SGB asociados a la 
infección por SARS-CoV-2 en México. Resultados: Los síntomas neurológicos se iniciaron 2-17 días después de los sínto-
mas respiratorios. El grupo de edad de los pacientes osciló entre 26 y 41 años. Dos pacientes presentaron debilidad pro-
gresiva, aguda y simétrica y dos con parálisis facial bilateral. Se ha reportado que los pacientes con diagnóstico de GBS 
asociado con la infección por SARS-CoV-2 tienen un buen resultado después de la terapia de recambio plasmático o IGIV. 
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Introduction

In December 2019, several cases of severe pneumo-
nia caused by a new virus belonging to the family 
Coronaviridae were reported in Wuhan, the capital city 
of Hubei Province in China1. On February 11, 2020, the 
virus was formally named as severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). The World 
Health Organization (WHO) on March 11, 2020, de-
clared the novel coronavirus disease (COVID-19) out-
break a global pandemic, infecting more than 34 million 
people worldwide2. Unfortunately, the global death toll 
from COVID-19 has recently surpassed 1 million. To 
date, Mexico has more than 1,280,000 confirmed cases 
and more than 116,000 deaths3.

Manifestations of SARS-CoV-2 infection include 
non-specific symptoms such as fever, headache, 
cough, myalgias, and olfactory disturbances. Some pa-
tients progress to severe respiratory failure that may 
lead to death. Neurological manifestations include 
cerebrovascular disease, encephalitis, myelitis, acute 
necrotizing myositis, para-infectious symptoms, and 
Guillain-Barré syndrome (GBS)4,5.

The first case of GBS associated with SARS-CoV-2 
infection was reported in Wuhan in a woman who re-
turned from China that presented acute lower extrem-
ity weakness and areflexia that progressed over 3 
days to the arms without any systemic symptoms6. 
Following this case, Italy reported six cases of GBS 
associated with SARS-CoV-2 infection4,7. Limited in-
formation is available regarding Latin American pa-
tients with GBS and SARS-CoV-2. Hereby, we present 
four cases of GBS associated with SARS-CoV-2 in-
fection in Mexico. Patient’s characteristics are de-
scribed in table 1.

Case 1

A 32-year-old woman presented to the emergency 
department with progressive and symmetrical weak-
ness of all limbs that left her wheelchair bound in 48 h. 
She also had cold sweats, fever, headache, and myal-
gias 6 days before neurological symptom onset. Neuro-
logical examination revealed quadriplegia and general-
ized areflexia. Admission chest computed tomography 

found multiple reticular infiltrates (Fig.  1). Laboratory 
workup was normal, except for elevated lactic acid de-
hydrogenase (16, 080 IU/L), D-dimer (1313 ng/dL), and 
creatine phosphokinase (3599 IU/L). Lumbar puncture 
was normal. SARS-CoV-2 nasopharyngeal reverse tran-
scriptase-polymerase chain reaction (RT-PCR) testing 
was positive. Nerve conduction studies (NCSs) for mo-
tor (ulnar, median, peroneal, and tibial) and sensory 
nerves (median and sural) were reported as inexcitable. 
The patient received intravenous immunoglobulin (IVIG) 
and oxygen supplementation. In follow-up evaluation at 
3 months, the patient was able to walk with 
assistance.

Case 2

A 41-year-old woman with chronic obstructive pulmo-
nary disease history presented to the emergency 
department with a 4-day history of progressive and 
symmetrical weakness in all limbs (Fig. 2). Two days 
before neurological symptom onset, she presented ol-
factory disturbances, headache, and myalgias. Neuro-
logical examination revealed quadriplegia and general-
ized areflexia. Blood work-up, inflammatory markers, 
and lumbar puncture were normal. SARS-CoV-2 naso-
pharyngeal RT-PCR testing was positive. NCS 

Conclusión: Es importante considerar el SGB como una posible manifestación de la infección por SARS-CoV-2 y recordar 
que el diagnóstico se basa principalmente en la evaluación clínica. Los análisis de laboratorio y de LCR, así como los es-
tudios neurofisiológicos, deben considerarse como un complemento del diagnóstico.

Palabras clave: SARS-CoV-2. Guillain-Barré. Estudios de conducción nerviosa.

Figure 1. Patient 2 computed tomography showing multiple 
nodular infiltrates before to SARS-CoV-2 polymerase chain 
reaction confirmation.
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demonstrated demyelinating features (Table 2). The pa-
tient received IVIG and oxygen supplementation. At 
3-month follow-up evaluation, the patient was able to 
walk independently.

Case 3

A 40-year-old man with asthma history presented to 
the outpatient clinic with a 3-day history of olfactory and 
taste disturbances, headache, myalgias, cough, and 
sore throat. SARS-CoV-2 nasopharyngeal RT-PCR 

testing was positive. Seventeen days after COVID-re-

lated symptoms, he presented bilateral facial weakness 

and numbness in both hands. Neurological examina-

tion revealed bilateral facial palsy with normal strength 

and absent reflexes. Blood analysis and inflammatory 

markers were normal. Neither bulbar nerve involvement 

nor limb motor weakness was present, which led to 

conservative management with close surveillance. At 

1-month follow-up evaluation, the patient persisted only 

with bilateral facial weakness.

Table 1. Characteristics of GBS patients associated with SARS-CoV-2 infection

Patient 1 Patient 2 Patient 3 Patient 4

Age (years) 32 41 40 26

Sex F F M M

Comorbidities None COPD Asthma None

Medication None None None None

Neurological 
symptoms and signs

Progressive and 
symmetrical weakness 
of all limbs (72 h)

Progressive and symmetrical 
weakness of all limbs (96 h), 
olfactory disturbances (144 h)

Bilateral facial palsy 
and numbness of both 
hands (17 days)

Bilateral facial palsy 
and numbness in both 
hands (7 days)

Respiratory failure No No No No

Clinical GBS variant Pure motor Pure motor Bilateral facial palsy 
with paresthesias

Bilateral facial palsy 
with paresthesias

Electrophysiological 
variant

AIDP Inexcitable Not performed Not performed

CSF findings Normal Normal Normal Normal

Treatment IVIG IVIG Conservative Conservative

Outcome (Hughes) Hughes 3 (3 months) Hughes 1 (3 months) Hughes 0 Hughes 0

Table 2. Electrophysiological findings in patients 1 and 2

Motor nerves Sensory nerves

Median Ulnar Tibial Peroneal Median Sural

R L R L R L R L R L R L

P1

Distal latencies 6.5 5.9 5.8 5.5 7.2 6.8 7.8 6.1

Proximal CMAP 4.2 3.8 4.5 5.4 2.5 2.1 0.8 1.3 SNAP (µV) 12 9 12 15

NCV (m/s) 31 32 29 31 33 28 32 30 NCV (m/s) 45 46 43 46

P2

Distal latencies NR NR NR NR NR NR NR NR SNAP NR NR NR NR

Proximal CMAP

NCV (m/s)

CMAP: compound muscle action potential; NCV: nerve conduction velocities; SNAP: sensory nerve action potential; NR: not registered; R: right; L: left.
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Case 4

A 26-year-old man without relevant medical history 
presented to the emergency department due to a 
7-day history bilateral facial weakness and numbness 
in both hands. He had a positive nasopharyngeal 
RT-PCR for SARS-CoV-2 9 days before neurological 
symptoms initiation. Neurological examination re-
vealed bilateral facial weakness, normal strength, and 
generalized hyporeflexia. Blood analysis and inflam-
matory markers were normal. Like the previous case, 
neither bulbar nerve involvement nor limb motor weak-
ness was present, which led to conservative manage-
ment with close surveillance. At 1-month follow-up 
evaluation, the patient persisted only with bilateral 
facial weakness.

Discussion 

GBS is an acute inflammatory polyradiculoneuropa-
thy with a monophasic course. It is characterized by 
progressive, acute, and symmetrical weakness, senso-
ry findings, occasional cranial nerve involvement, ra-
dicular pain, and absent reflexes8. GBS is caused by 
an abnormal autoimmune response against peripheral 
nerve gangliosides secondary to molecular mimicry. Up 
to 70% of the patients have a previous respiratory tract 
infection in the preceding 1-4 weeks9. GBS outbreaks 
have been described in association with epidemic and 
pandemic viral infections, such as influenza A virus 
subtype H1N1 (A/H1N1), chikungunya virus, Zika virus, 

Middle East respiratory syndrome-coronavirus, and 
SARS-CoV10.

To date, no viral SARS-CoV-2 particles have been 
found in peripheral nerves nor cerebrospinal fluid to es-
tablish a strictly direct association between GBS and 
COVID-19 infection. Ellul et al. defined as probable 
SARS-CoV-2-associated GBS when: (1) GBS symptoms 
appear within 6 weeks onset of acute SARS-CoV-2 in-
fection; (2) either SARS-CoV-2 RNA detected in any 
sample or antibody evidence of acute SARS-CoV-2 in-
fection; and (3) no evidence of other commonly associ-
ated causes11.

Most cases have been reported in Asian and Euro-
pean countries, such as China, Spain, and Italy, where 
SARS-CoV-2 community transmission is highest. The 
first GBS case associated with SARS-CoV-2 infection 
reported was a 61-year-old female with generalized 
weakness with absent reflexes. Afterward, six new cas-
es were reported in Italy. Five patients had acute, pro-
gressive weakness, and paresthesia, while one patient 
had bilateral facial palsy and ataxia4,7.

At present, America has more SARS-CoV-2-positive 
cases for than other continents. We present four GBS 
cases related to SARS-CoV-2 infection in different 
health-care centers in Mexico. Neurological symptoms 
initiated 2-17 days after the respiratory symptoms. 
Common clinical findings in our patients were head-
ache, fever, and myalgias. Toscano et al. reported in 
their series that the latency period between respiratory 
and neurological symptoms was 5-10 days11.

Cerebrospinal fluid SARS-CoV-2 PCR analysis was 
not performed in our patients. Nonetheless, in a 

Figure  2. Nerve conduction curves for patient 1. A: Both motor tibial nerves showing increased latency and low 
compound muscle action potential values. B: Sural nerves with preserved sensory nerve action potentials.

A B
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systematic review that included 30 patients, all cases 
had a negative CSF report12. Thus, SARS-CoV-2-asso-
ciated GBS pathophysiology may not be related to di-
rect viral CSF presence in the nerve roots, but by an 
abnormal autoimmune response to systemic infection10. 
The age group in or patients ranged from 26 to 41 
years, while worldwide reports present cases with pa-
tients older than 50 years13.

In our series, two patients presented with progres-
sive, acute, and symmetric weakness and two with 
bilateral facial palsy. All patients had diminished or 
absent reflexes. These findings are consistent with 
clinical findings reported by Toscano7. Literature re-
ports have identified AIDP, AMAN, and AMSAN sub-
types in COVID-associated GBS patients. COVID-19 
spike protein interacts with the GalNAc residue of 
GM1 and other gangliosides. After interaction, it an-
chors to cell surface gangliosides, causing a potential 
cross-reactivity with peripheral nerve glycolipids. We 
did not performed anti-gangliosides in our patients10. 
Patient 1 fulfilled electrophysiological criteria for AIDP 
variant, while patient 2 was classified as inexcitable. 
Both patients were treated with IGIV with improvement 
at 3-month follow-up. Nerve conduction studies were 
not performed in patients 3 and 4. Furthermore, as 
both patients presented bilateral facial palsy and no 
strength compromise, the therapeutic approach was 
conservative. Patients with GBS diagnosis associated 
with SARS-CoV-2 infection have been reported to 
have a good outcome after IGIV or plasma exchange 
therapy11,13.

Conclusion

SARS-CoV-2 infection is an extremely contagious 
disease. Fortunately, GBS is likely to be seen increas-
ingly in patients with SARS-CoV-2 infection with few or 
less severe features of COVID-19. The proportion of 
patients with GBS is small compared to respiratory 
manifestations. It is important to consider GBS as a 
potential manifestation of SARS-CoV-2 infection and 
recalls that the diagnosis is based mainly on clinical 
evaluation. Laboratory and CSF analysis, as well as 
neurophysiologic studies, should be considered as a 
complement to GBS diagnosis.
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Abstract

Brain morphometry is the discipline that provides tools for the measurement of the structural properties of the brain according 
to the type of imaging data used, characterizing focal brain morphology, functioning, and neurodegenerative processes re-
lated to age and gender, as well as local morphological alterations in neurological and psychiatric disorders. An overview of 
the influence of age and gender on brain morphometry will be provided. An analysis of the scientific literature on some 
neuroimaging techniques, their potential in the diagnosis of degenerative diseases and the experience of their use in Cuba 
is presented. Concepts such as: brain morphometry and its main techniques, volumetric and its objective in the field of 
medicine will be reaffirmed. Image segmentation methods and their clinical correlation will be addressed. The studies that 
were included in this review are current and located in the Science Direct, PubMed, and SciELO databases; original research 
reports were considered and the review of specialized books and review articles were included given their relevance in the 
field. It is concluded that age and sex are factors that affect brain morphometry. Medical imaging is an effective way to look 
at the anatomy of the brain. Voxel-based morphometric studies detect structural changes in healthy and pathological stages 
of life. Volumetric visualization is a tool that provides useful information related to the patient and their care. However, there 
are problems with the uniformity of image segmentation algorithms.

Key words: Morphometry. Volumetric visualization. Image segmentation.

Morfometría cerebral en el adulto: la visualización volumétrica como herramienta en el 
procesamiento de imágenes

Resumen

La morfometría cerebral es la disciplina que brinda herramientas para la medición de las propiedades estructurales del ce-
rebro de acuerdo con el tipo de datos de imágenes utilizados, caracterizando la morfología cerebral focal, su funcionamien-
to y los procesos neurodegenerativos relacionados con la edad y género, así como las alteraciones morfológicas locales en 
los trastornos neurológicos y psiquiátricos. Se brindará una visión general de la influencia de la edad y el género en la 
morfometría cerebral. Se abordarán temas relacionados con algunas técnicas de neuroimágenes existentes y su potencial en 
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Introduction

The study of the structure and function of the human 
brain continues to be of interest to the neuroscience 
community and is the result of numerous biochemical 
and biophysical processes that interact through multi-
ple scales in space and time. The existence of a 
complex pattern of brain, behavioral, and cognitive 
structural changes related to neurological and psychi-
atric diseases is known, the clinical diagnosis of which 
is complex due to the existence of common symptoms 
for these diseases that are so frequent in the aging 
population and that for the understanding of the roots 
the biological aspects of these changes require an un-
derstanding of age-related brain transformations1.

For the study of the different clinical patterns that 
appear in neurodegenerative diseases, the doctor re-
lies on diagnostic modalities that include neurophysio-
logic studies and medical imaging. In past decades, 
there were great difficulties in conducting studies on 
the morphology of the brain in vivo since there were no 
diagnostic methods capable of providing extensive in-
formation. It was not until 1974, with the introduction of 
computed tomography (CT) in medical practice and 
then with magnetic resonance imaging (MRI), that 
these objectives were achieved, with brain morphome-
try emerging in the middle of the 20th century2.

Brain morphometry is the discipline primarily con-
cerned with developing tools and strategies for mea-
suring the structural properties of the brain according 
to the type of imaging data used1. Macroscopic varia-
tions in brain anatomy are maintained long enough for 
comparative research. In fact, morphological analyzes 
comparing brains at different healthy or pathological 
stages reveal important information about the progres-
sion of normal or abnormal development. Neurological 
and degenerative diseases also alter the morphology 
of the brain, not only at the cortical level but also in 
subcortical structures3.

Despite the vertiginous development of technology, 
and especially neuroimaging, which have allowed us to 
delve into the study of brain structure and the under-
standing of the biological roots of many neurodegener-
ative diseases, there are still several questions to be 
answered in medical practice about involuntary chang-
es in the brain related to aging in the natural course of 
life and morphometric changes in the brain in neuro-
logical and psychiatric diseases, as well as in the quan-
titative evaluations of the brain and its biases related 
to the great variety of study methods existing3. For this 
reason, we were motivated to carry out this review, 
where the influence of age and gender on brain mor-
phometry will be evidenced. We will state different neu-
roimaging techniques, their objectives and usefulness 
in medical practice; emphasizing those that are used 
most frequently in Cuba and exemplifying through low 
frequency computerized axial tomography images the 
quantitative evaluations of the human brain that we use, 
as this is the most widely used diagnostic means in our 
country. Concepts such as volumetric and the objective 
it has in the current volumetric visualization of brain 
structures, we will briefly describe the most used image 
segmentation methods in neuroimaging processing and 
their clinical correlation.

Morphometry and age

In differences in the morphometry of the brain, age is 
a well-known factor that modifies its morphology4-7. With 
normal aging, there are changes that characterize the 
aging brain that allow us to differentiate it from a young 
brain, such as the progressive reduction in brain vol-
ume, compensatory ventricular dilation, and the deep-
ening of the brain sulci and cisterns. Assessment of the 
increase in the ventricular system is frequently done. 
Qualitatively, from the simple visual analysis of the to-
mographic study, it can also be performed quantitatively 

el diagnóstico de enfermedades degenerativas. Se enunciarán conceptos sobre: morfometría cerebral y sus principales téc-
nicas y volumetría, así como su objetivo en la medicina y los pasos a seguir en la visualización volumétrica como otra téc-
nica en el procesamiento de las neuroimágenes. Se reafirmarán los métodos de segmentación de imágenes y su correlación 
clínica. Se realizó un análisis documental sobre el tema en publicaciones nacionales e internacionales utilizando el sistema 
de búsqueda de información por Infomed, Science Direct, PubMed, SciELO, IEEE. Se concluye que la edad y el sexo son 
factores que afectan la morfometría cerebral. Las imágenes médicas son un método efectivo para observar la anatomía ce-
rebral. Los estudios morfométricos basados en voxel detectan cambios estructurales en etapas saludables y patológicas de 
la vida. La visualización volumétrica es una herramienta que brinda información útil relacionada con el paciente y sus cuida-
dos. No obstante, existen problemas en la uniformidad de los algoritmos de segmentación de las imágenes.

Palabras clave: Morfometría. Visualización volumétrica. Segmentación de imágenes.
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from the Evans ventricular index (IE) that must be 
> 0.3 millimeters (mm)8.

Special attention in radiological practice is given to 
the frontal horns of the lateral ventricles, at the level 
of the Monro hole, the amplitude of these in people 
under 40 years is < 12 mm, and in those over 40 years 
< 15 mm9. Dilation of the grooves (Fig. 1) and cisterns 
(Fig.  2) is part of the normal aging process, normal 
values are considered 4 mm of brain skull distance 
and 6 mm of interhemispheric width10. To understand 
structural and functional changes of the brain, 
research in the field of neuroscience in the 21st cen-
tury has been an excellent contribution but is still 
insufficient4.

This fact becomes more relevant if we take into account 
that more and more people are reaching more advanced 
stages of life. According to data from the United Nations 
(UN), in 2020, it will reach 1200 million elderly. In Cuba, 
it is estimated for 2025 that 25% of the Cuban population 
will be over 60 years old. This aging phenomenon brings 
with it an increase in the rate of conditions typical of the 

elderly, among which degenerative neurological diseases 
such as Alzheimer’s disease (AD) stand out11,12.

A frequent finding is that the brain, particularly some 
areas, changes more than others. However, this issue is 
far from clear. Since age-related brain changes and re-
ported differences differ between the studies and meth-
ods used13-15. An example of this is the research carried 
out by Pakkenberg et al., in which anatomically combin-
ing data from six different samples in postmortem studies 
revealed that the frontal cortex, and the medial temporal 
gyrus and parietal cortex are subject to cortical thinning 
related to age. In contrast, the inferior and anterior tem-
poral lobe, the crusts of the cingulate gyrus were rela-
tively less affected by age13. These results coincide with 
the study by Oliveira and researchers, who state that 
reductions in the cortical area of the prefrontal region 
occur during the last decades of life14. Dotson15, in his 
casuistry, revealed that age-related brain changes are 
not only limited at the cortical level, they affect subcor-
tical structures; however, no significant changes were 
evidenced in the subcortical nuclei.

The complexity of age-related brain morphological 
differences may be related to lamellar organization and 

Figure 1. Computed tomography image of the simple skull 
of a 75-year-old patient, without neurologic focalization 
signs, showing signs of cerebral atrophy with deepening 
of the grooves at the frontal level (5.17 and 4.31 mm, 
respectively), of the anterior portion of the interhemispheric 
fissure (9.19 mm) and dilation of the grooves of Silvio (17.2 
and 13.8 mm on both sides) and Rolando (9.76 and 6.89 mm 
on both sides) (source: Imaging Department, Juan Bruno 
Zayas Alfonso Hospital).

Figure 2. Computed tomography image of the simple skull 
of a 75-year-old patient, without neurologic focalization 
signs, it showing signs of cerebral atrophy at the level of 
the prechiasmatic cisterns (9.76 and 10.9 mm) and the 
cerebellar ponto angle (4.64 and 9.08 mm) on both sides 
(source: Imaging Department, Juan Bruno Zayas Alfonso 
Hospital).
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regional evolutionary history of the cerebral cortex. The 
age of around 60 years is a breaking point for the in-
crease in negative associations between age and brain 
morphology in neurological diseases, as is the case 
with AD. Novel relationships of age-related cortical dif-
ferences with individual sex factors, cognitive functions 
of fluid intelligence, reaction time and prospective 
memory, cigarette smoking, alcohol use, and sleep 
disturbance are reported, the genetic markers of Apo-
lipoprotein E, the brain-derived neurotrophic factor 
Catechol O methyltransferase, further reveal the joint 
effects of cognitive functions, lifestyle behaviors, and 
education on age-related cortical differences16. Finding 
reduced cerebral perfusion in the elderly, which could 
potentially be explained by physiological variations in 
carbon dioxide17.

In humans, one of the fundamental characteristics of 
successful aging is related to the maintenance of insu-
lin sensitivity. Centennial studies show increased insu-
lin sensitivity, decreased adiponectin secretion, and 
decreased inflammatory component. Similar phenom-
ena appear in studies of especially long-lived families. 
Finally, insulin plays a central role in cognitive process-
es such as attention, executive functions, learning, and 
memory, direct administration of insulin in the human 
substantia nigra having been shown to improve cogni-
tion and memory. Therefore, insulin and its metabolic 
pathways participate in a multitude of processes essen-
tial for healthy brain aging18. Changes in response to 
stimuli have been observed when evaluating age-relat-
ed changes in neuronal activity. The conflicting results 
of these types of experiments have been attributed to 
differences in brain blood flow and brain metabolic rate 
of oxygen19.

Morphometry and gender

The phenomenon of population aging has led to an 
increasing number of people experiencing cognitive 
decline related to diseases in old age, such as AD, 
forms of anxiety and late-onset affective disorders, and 
psychotic disorders. Furthermore, this same change in 
population demography has been accompanied by the 
realization that there may be significant sex differences 
in age-related cognitive decline and in various age-re-
lated neuropsychiatric conditions, including AD and 
late-onset schizophrenia. However, research has fo-
cused mainly on mechanisms underlying sex differenc-
es in reproductive behavior and not on sex differences 
in the aging of human brain areas associated with 
higher cognition20.

Postmortem studies reported sex differences in 
human regional brain weight, area, volume, and asym-
metry. In general, females have a smaller brain volume 
with less striking anatomic asymmetries in temporal 
lobe regions. Postmortem studies that examined sex 
differences in brain aging found that brain weight de-
creases in the fifth and sixth decades of life in women 
compared with the sixth and seventh decades of life in 
men; in contrast, the area of corpus callosum decreas-
es significantly with age in men but not women. CT 
studies have reported significant gender differences in 
age-associated ventricular enlargement. A precipitous 
increase in ventricular volume begins in the fifth decade 
in men and the sixth decade in women20.

Declan and researchers in their study showed that 
women had a significantly greater volume of thalamic 
and caudate nuclei than men. In contrast, the left lateral 
asymmetry of the lateral ventricles was significantly 
greater in men than in women. There were significant 
gender differences in the right symmetry of age-related 
decreases in frontal lobe volume: the right decreased 
more than the left in men, but the left decreased more 
than the right in women. At present, new measures 
such as curvature, cortical complexity, volume and sur-
face area, and gray matter (GS) volume and concen-
tration have been incorporated to study gender-related 
differences in brain morphometry; however, the results 
are not conclusive as they vary between the methods 
and algorithms used20.

In relation to sexual dimorphism, studies reveal that 
it appears in stages as early as post puberty21,22. Zheng 
et al. invoked as causes the hormonal effect and its 
action on the brain structure, the differences in abilities 
according to gender as well as the difference in gender 
behavior. Furthermore, they argue that differences in 
brain morphology may originate from weight differenc-
es between the sexes; studies have shown that there 
are regional differences even after weight correction23. 
Phenotypic sex is systematically related to brain asym-
metry24. Gender differences in cognitive function have 
also been demonstrated, many studies coincide in their 
results, where there is an advantage for women in tests 
of verbal fluency and psychomotor speed and the ad-
vantage of men in the visual-spatial aspect25.

Studies by Xu26, Valizadeh27, and Polunina28 show 
that there are significant differences in sex in the ef-
fects related to age and morphometry and metabolism 
of the human brain in regions known to support higher 
cognitive function. These findings may explain some 
sex differences in age-related cognitive decline and 
may interact with overlapping pathological processes 
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to contribute to sex differences in diseases of the 
human brain.

There are well-known sex differences in the preva-
lence, age of onset, and severity of various brain-relat-
ed illnesses, such as AD, strokes, multiple sclerosis, 
bipolar and autistic disorder, depression, the disease 
Parkinson’s disease, and schizophrenia. In such sexu-
ally dimorphic brain diseases, there could be a potential 
sex-specific protective agent that could lead to future 
therapies29.

Neuroimaging studies

Medical images of the head provide an effective 
means of looking at the anatomy of the brain. Someone 
qualified to read these scans quickly examines multiple 
slice images to locate, assess, and identify features of 
brain atrophy in aging. This analysis uses experience 
and the human visual system and is clinically useful, 
although it is in principle qualitative. By means of the 
quantitative analysis of neuroanatomical structures in 
medical images of the skull, three-dimensional 
morphometry can be obtained and used as evidence 
for diagnosis and to evaluate the response to 
treatment30.

Morphometric analysis provides measures of loca-
tion, volume, shape, and homogeneity of the compo-
nent brain structures. This type of analysis, along with 
neuropsychological, neurological, and psychiatric eval-
uations in conjunction with functional neuroimaging, is 
now used to answer broad classes of questions about 
brain structure and function, both for normal subjects 
and for patient populations. For example, quantitative 
measurements of the brain have contributed to the 
study of language development disorders and autism, 
AD, dyslexia, attention deficit hyperactivity disorder, 
schizophrenia, multiple sclerosis, Huntington’s disease, 
and obsessive-compulsive disorder. The precise delin-
eation of cortical parcel units can be used to locate 
active brain regions in functional neuroimaging studies, 
and localization of white matter parcel units is useful 
for planning the treatment of brain damage such as that 
caused by stroke30.

In recent years, a number of unbiased, objective tech-
niques have been developed to characterize neuroana-
tomical differences in vivo using structural magnetic 
resonance images and different modalities of CT. These 
techniques can be broadly classified into those that deal 
with macroscopic differences in brain shape and those 
that examine the local composition of brain tissue after 
macroscopic differences have been discounted. The 

former, which includes deformation-based morphometry 
(DBM), characterizes the neuroanatomy of any individ-
ual brain in terms of deformation fields that map each 
brain to a standard reference. The latter, which include 
voxel-based morphometry (VBM), compare different 
brains on a voxel by voxel basis after the deformation 
fields have been used to spatially normalize the images. 
One shared aspect of these techniques is that the entire 
brain, rather than a particular structure, can be exam-
ined in an unbiased and objective manner1. 

The appropriate approach, therefore, depends on the 
types of structural differences that are expected among 
the images. Where there are global patterns of differ-
ence, multivariate approaches such as DBM may be 
more powerful as they can model covariance between 
different structures. In contrast, mass univariate ap-
proaches such as VBM are likely to provide greater 
sensitivity for localizing small scale, regional differenc-
es in gray or white matter. An additional difference 
between the two approaches relates to their computa-
tional cost. Specifically, DBM requires computationally 
expensive estimation of high-resolution deformation 
fields that map each individual brain to a standard ref-
erence. In contrast, VBM requires the estimation of 
smooth, low-frequency deformation fields and is, there-
fore, a simple and pragmatic approach within the ca-
pabilities of most research units. It is also used in the 
field of neuroscience linear multivariate technique 
called source-based morphometry, a data-driven mul-
tivariate approach for decomposing structural brain im-
aging data into commonly covering components and 
subject-specific loading parameters. It has been used 
to study neuroanatomical differences between healthy 
controls and patients with neuropsychiatric diseases1.

VBM studies have been successful in characterizing 
structural brain differences in a variety of diseases. 
While VBM was originally devised to identify subtle 
neuroanatomical changes associated with neurological 
and psychiatric dysfunction, the method has also been 
used to examine gross structural abnormalities. The 
use of VBM with highly distorted brains presents spe-
cial challenges; however, due to the difficulties that 
arise during spatial normalization. Although VBM was 
originally devised to examine structural abnormalities 
in patients, the technique can also be used with healthy 
subjects1.

Brain morphometry studies show that the largest 
changes within an individual generally occur during 
early development, the subtlest changes continue into 
adulthood, and again dramatic changes occur in the 
latter part of human life: aging17,31.
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Using modern machine learning techniques in the 
neuroimaging community, they have made it possible 
for researchers to discover biomarkers of aging and 
develop automatic classification systems28,29. The com-
bination of different methods of imaging, data process-
ing, statistics, and physics creates the possibility of 
describing and building understandable brain networks. 
Data processing, mathematics, and physics often play 
an important role in achieving safe results in such sci-
entific studies30.

In current times, medical images have become an 
essential tool in clinical practice since it allows early 
detection of pathologies (Fig. 3). With such tools, deci-
sions are made in real-time or photographs and samples 
are taken for diagnosis and recommended therapy. Oth-
er applications not only refer to medical diagnosis but 
also to medical planning, development and subsequent 
evaluation of surgical and radiotherapy6,32-34. The 80s 
marked the emergence of a new type of technology re-
lated to medical services, the image archiving and com-
munication system (picture archiving and communica-
tion system [PACS]), which represents hardware and 
software systems, consisting of a digital network, capa-
ble of storing, exchanging and view medical images34.

In Cuba, there is some experience in the use of 
PACS and, at some point, some companies developed 
and implemented PACS, such as the Medical Biophys-
ics Center that developed the first Cuban magnetic 
resonance tomographic machine, had an exhibition sta-
tion, and launched the base for the development of 
PACS: solutions called iMagis that are currently the 
most widespread in Cuba. IMagis is a set of PACS 
solutions developed under the Linux Platform, using 
free tools, which is composed of a Digital Imaging and 
Communications in Medicine server and a visualization 
system. Like all PACS solutions, it offers image storage, 
indexing, search, and delivery services from modern 
medical imaging equipment and workstations34.

The version of iMagis currently being used in Cuba 
is 2.0, which consists of a visualization system de-
signed with a component-based philosophy, and con-
sists of five plugins that add the following applications 
to the system architecture: a two-dimensional viewer, 
a three-dimensional viewer, a multiplanar reconstruc-
tion viewer, a study controller, and a component for 
storage devices. The system admits a wide range of 
medical modalities, in our particular case, we will work 
with imaging through CT, as it is the most widely used 
diagnostic means in our imaging services34.

Thanks to medical imaging technology, we can study 
these changes in depth. This has undergone a dramatic 

change in the last three decades with the emergence 
of new modalities of tomographic images such as CT, 
MRI, and positron emission tomography (PET), which 
offer images of different organs free of overlays with 
unprecedented precision. You can even record the 
three-dimensional (3D) structure of the organs by taking 
a sequence of parallel cross sections31. 

PET allows a detailed examination of body functions, 
the proper functioning of organs, sugars, metabolic 
functions, use and performance of oxygen in the body, 
blood flow, and detection of foreign agents within the 
body35.

Another highly relevant technique is functional MRI, 
it gives neurologists and neuroscientists the possibility 
of observing the internal structures of the brain by 

Figure 3. Computed tomography image of the simple skull 
of an 82-year-old patient, with neurologic focalization signs 
related to full down, showing a recent hemorrhagic focus 
of 82 right front parietal HU, measuring 93.6 mm × 41.1 mm 
that floods the ventricular system, note the blood content 
in both occipital horns a predominance of the right side, 
associated with perilesional edema that clears the cerebral 
sulci at that level, collapsing the right frontal horn and 
compressing the body of the right lateral ventricle, which 
displaces the midline to 8 mm to the left. The segmentation 
of the lateral ventricles was performed, getting the volume 
9988.4 mm3 and area 1977.7 mm2 obtained in this tomography 
slice (source: taken from the Imaging Department, Juan 
Bruno Zayas Alfonso Hospital).
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mapping it so that the observed cognitive functions can 
be hierarchies. It is very useful for detecting the effects 
and changes produced by head trauma (traumatic brain 
injury), neurodegenerative diseases, brain tumors, and 
any type of structural damage in the various brain 
regions35.

MRI is a technique focused on looking at soft tissues 
such as cerebrospinal fluid, white matter, and gray mat-
ter within the brain. The great contribution of this tech-
nology is that, unlike some of the aforementioned 
techniques, it can provide more precise information on 
a wide range of physiological and neurophysiologic 
pathologies35.

Computerized axial tomography (CT) provides high 
definition and sharpness, the cross-sections evaluated 
after each extracted image can be visualized in three 
dimensions. It is used to detect any type of internal 
hemorrhage, multiple internal lacerations or fractures, 
damage to organic tissues, trauma, and extension of 
tumors both in brain regions and in regions of the rest 
of the body, pathologies related to the spinal cord, and 

damage at the level of the vertebral column and detect 
anatomical alterations of organs35.

The greatest scientific advance that neuroimaging 
techniques can record is that they do not require pro-
cedures that put human life at risk, they allow the study 
of the brain alive and fully functioning. They are applied 
with great frequency in neurodegenerative diseases 
and dementias, serving to establish much clearer and 
more precise diagnostic principles, both in the identifi-
cation of disease patterns and in structural and func-
tional damages caused by degenerative diseases35,36.

There are multiplex imaging techniques that support 
the diagnosis of dementia: some are in clinical use and 
other are research techniques. In this area, the most 
widely used techniques are structural MRI for the eval-
uation of cortical atrophy, as well as alterations of the 
white matter and, more recently, PET for the measure-
ment of amyloid deposits or tau protein. Both techniques 
detect disease-specific morphological and molecular 
alterations36,37.

In the case of mild cognitive impairment and fronto-
temporal dementia, neuroimaging reveals their 

Figure  4. Left image: represent the three-dimensional reconstruction from the segmentation of the lateral ventricles 
and the volume 9988.4 mm3 and area 1977.7 mm2 obtained in this tomography slice, were the hemorrhagic focus of 82 
front parietal right UH is observe in the right image (source: taken from the Imaging Department, Juan Bruno Zayas 
Alfonso Hospital).
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potential for establishing patterns in the differentiation 
of neurodegenerative disorders. Structural MRI re-
mains the central diagnostic tool for the identification 
of cortical and subcortical atrophy patterns. On the 
other hand, advances in PET have opened the door to 
antemortem diagnosis and early preclinical identifica-
tion. Likewise, the recent approach to diffusion MRI 
enables the characterization of the microstructural in-
tegrity of cerebral white matter and its relationship with 
cognitive impairment in the context of neurodegenera-
tive disease. By integrating information from different 
domains, clinically accepted tools are supported, en-
suring better diagnostic precision and prediction of the 
onset of the disease35.

In recent years, due to the need for early diagnosis, 
the effort has focused on the development of neuroim-
aging techniques that allow the detection of disease in 
preclinical stages, before irreversible brain damage 
occurs, such as advanced MR techniques, such as dif-
fusion tensor imaging, spectroscopy, and neuronal con-
nectivity using resting-state functional resonance; PET 
with 18F fluorodeoxyglucose (FDG-PET); HMPAO and 
TRODAT-1 brain perfusion single-photon emission CT 
and iodine-123-b-carbo-methoxy-3-b- (4-iodophenyltro-
pane) fluoropropyl dopamine transporter imaging; as well 
as studies using multimodal imaging techniques35,37.

For many clinical tasks such as surgical planning, it 
is necessary to understand and communicate complex 
and often malformed 3D structures and it is achieved 
through neuroimaging. Experience has shown that 
“mental reconstruction” of objects from cross-sectional 
images is extremely difficult and highly dependent on 
the observer’s training and imagination. For these 

cases, it is advantageous to present the human body 
as a surgeon or anatomist would see it (Fig. 4)38.

We cannot fail to highlight the importance of the use of 
computer systems since it allows improving the quality of 
the visualization of the acquired medical images. Tech-
niques are currently used to reduce the noise produced 
during image acquisition, enhance specific areas, and 
segment images into different parts (Fig.  5). Some of 
these techniques have been developed by academic and 
commercial organizations, encapsulating them in class-
room libraries; an example is the Insight Toolkit open-
source library, which specializes in image processing, 
segmentation, and registration. It is very common nowa-
days to display the quantitative results made in medical 
images such as volumetric visualization39.

Brain volumetric and visualization

Brain volumetric is an advanced semi-automatic 
post-processing technique that, from a volumetric im-
age of T1-weighted MRI (preferably MPRAGE due to 
its high contrast between white matter and cortex) and 
CT, the segmentation and volume of cortical structures 
and subcortical. One of the most widely used software 
worldwide is Free Surfer. This software, based on one 
or more volumetric acquisitions, automatically deter-
mines, among other data: the volume of the cortex, 
white matter, multiple subcortical structures, and corti-
cal thickness1,38.

The goal of computer vision, also known as image 
understanding, is to create symbolic descriptions (in 
terms of names, relationships) of the contents of an 
image. In volume display, the lowest level image seg-
mentation functions are used to identify different parts 

Figure  5. Left: original Digital Imaging and Communications in Medicine image of a simple raw skull computed 
tomography. Center: result of applying the curvature flow image filter. Right: result obtained by applying segmentation 
based on homogeneity indicators during the pre-processing stage (source: taken from the Imaging Department, Juan 
Bruno Zayas Alfonso Hospital).
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of a volume that can be displayed or removed. Com-
puter graphics provide methods for synthesizing imag-
es from numerical descriptions38.

With the acquisition of one or more series of tomo-
graphic images, the data are generally subjected to 
pre-processing. Such as image filtering, interpolation, 
and image merging if data from multiple sources are to 
be used. From this point, one of several paths can be 
followed. More traditional surface extraction methods 
first create an intermediate surface representation of 
the objects to display. Then, it can be represented with 
any standard computer graphics utility. More recently, 
direct volume visualization methods have been devel-
oped that create 3D views directly from volume data. 
These methods use full image intensity information to 
render transparent and semitransparent surfaces, cuts, 
or volumes. They may or may not include an explicit 
segmentation step for identifying and labeling the ob-
jects to be rendered. With respect to post-processing 
steps, especially intensity-based segmentation, it is of-
ten desirable to improve the signal to noise ratio of the 
data using image or volume filtering. Known noise fil-
ters are average, medium, and Gaussian filters. How-
ever, these methods also tend to smooth out small 
details. Better results are obtained with anisotropic dif-
fusion filters, which largely preserve the limits of 
objects38.

For clinical applications, it is important to ensure that 
the 3D images really show the true anatomical situation 
that it does not deviate from the real image, which it 
adapts to the needs of the observer, allowing the cor-
rect diagnosis to be made. Image quality can be mea-
sured in terms of sensitivity, specificity, and diagnostic 
accuracy. In volume visualization, other measurements 
such as surface position accuracy or normal surface 
vectors appear to be more appropriate, as these are 
more critical to visual impression. In this way, typical 
error ranges could be estimated. However, a built-in 
description of all the steps and parameters of the vol-
ume display pipeline regarding the resulting image 
quality is not yet available38.

Segmentation

To provide quantitative neuroanatomical measure-
ments and locations, structural brain scans must be 
segmented, assuming they are working with an image 
volume that generally represents a large number of 
images that darken each other. To show one, in partic-
ular, we have to decide which parts of the volume we 
want to use or ignore. The first step is to divide the 

image volume into different regions that are homoge-
neous with respect to some formal criteria and that 
correspond to real (anatomical) objects. This process 
is called segmentation. In a later interpretation step, the 
regions can be identified and labeled with meaningful 
terms such as “white matter” or “ventricle.” Although 
segmentation is fairly easy for a human expert, it has 
proven to be extremely difficult for a computer32,39.

The statistical significance and importance of the re-
sults of a quantitative analysis depend on the precision 
of the segmentation method. When specific brain struc-
tures are segmented using precise definitions and care-
ful attention to detail, the resulting measurements can 
be used to address specific neurological questions and 
produce statistically significant findings. However, im-
proving statistical significance by paying more attention 
to detail directly increases the amount of effort required 
for analysis and is time-consuming due to a large amount 
of data and the tediousness of the task. Furthermore, it 
is necessary to repeat the segmentation in a certain 
number of examinations to assess the inter reviewer and 
intra reviewer reliability, which is why it is still considered 
a pending problem to be solved in the quantitative mor-
phometric analysis; being necessary to achieve greater 
automation of the same. Among the potential benefits of 
automation are: more reproducible results, improves 
consistency and reliability, increases the availability of 
the analysis, reduction of human time required to per-
form the segmentation allowing to analyze more sub-
jects and allow more comprehensive analysis32.

Several automated head segmentation methods for 
MR are available for application in clinical settings, not 
being the case with the CT modality, when in the clin-
ical setting they are more used than the MR modality, 
due to its higher acquisition speed, fewer contraindica-
tions, lower cost, and its ability to answer a wide variety 
of clinical questions. Existing methods in CT segmen-
tation are semi-automated or are directed at a specific 
region of the brain or a disease, among which are the 
created to measure global volume metrics, such as 
total intracranial volume (TIV) and total brain volume 
(TBV) from images without detectable pathologies, they 
have not been formally validated. Some well-validated 
methods segment only TIV but not TBV. However, TBV 
is more indicative of pathological conditions in neuro-
degenerative diseases and TIV is used simply as a 
variable for normalization purposes32,39.

Among the segmentation methods used for volume 
visualization, they range from classification and edge 
detection to recent approaches such as deformable 
models, atlas registration and scale space, and 
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interactive segmentation. In practice, these basic ap-
proaches are often combined39.
– Classification: a direct approach to segmentation is 

to classify the voxel according to its intensity, no 
matter where it is located. A very simple but import-
ant example is the threshold: a certain intensity range 
is specified with lower and upper threshold values. A 
voxel belongs to the selected class if and only if its 
intensity level is within the specified range. Threshold 
is the method of choice for selecting bone or soft 
tissue on CT. In direct volume display, it is often done 
during the rendering process, so an explicit segmen-
tation step is not required38,39.
Simple classification schemes are not suitable if the 

structures in question have mostly overlapping or even 
identical gray level distributions, such as different soft 
tissues from CT or MRI. Segmentation becomes easier 
if multispectral imaging is available, such as imaging 
T1-weighted and T2-weighted on MRI, which empha-
size fat and water, respectively. In this case, individual 
threshold values can be specified for each parameter. 
Classification and analysis of connected components 
can also be combined in a single region growth algo-
rithm. Starting with a user-selected initial voxel, all 
neighboring voxels are added to the region if they meet 
certain criteria based on intensity. This process contin-
ues recursively from the recently added voxels until 
more suitable neighbors cannot be found38,39.
– Edge detection: another classic approach to seg-

mentation is edge detection, using the first or second 
derivatives of the 3D intensity function. These edges 
(in 3D, they are actually surfaces; however, it is com-
mon to speak of edges) are supposed to represent 
the edges between different tissues or organs38,39.

– Deformable models: one way to represent general 
knowledge about possible shapes is to use deform-
able models based on curves or parameterized sur-
faces. As an important class of deformable models, 
active contours evolve iteratively toward selected im-
age features, thus minimizing an energy function 
based on external and internal forces. External forces 
describe how well the contour fits the characteristics 
detected in the image data, such as high gradient 
magnitudes. Internal forces describe the tension of 
the contour itself38,39.

– Atlas registry: a more explicit representation of prior 
knowledge about the shape of the object is the ana-
tomical atlas. Segmentation is based on recording 
the volume of the image under consideration with a 
pre-labeled volume that serves as a target atlas. 
Once the registration parameters are estimated, the 

inverse transformation is used to map the anatomical 
labels on the image volume, thus achieving segmen-
tation. In general, these atlases do not represent an 
individual, but rather a “normal” anatomy and its vari-
ability in terms of a probabilistic spatial distribution, 
obtained from numerous cases38,39.

– Space-scale segmentation: another interesting idea 
is to investigate the characteristics of objects in space 
at scale, that is, at different levels of image resolution. 
This approach allows us to ignore the irrelevant de-
tails of the image. One of these methods developed 
by Pizer and researchers considers symmetry of pre-
viously determined shapes, described by medial axes. 
The resulting crest function in scale space is called 
the nucleus of an object. It can be used, for example, 
for interactive segmentation, where the user can se-
lect, add or subtract regions, or move to larger “par-
ent” or “child” regions in the hierarchy38,39.

Conclusions

Age and sex are factors that modify brain morphom-
etry. VBM studies are an effective tool for determining 
structural changes in the human brain. Medical imaging 
as well as volumetric visualization is a powerful source 
of information for the study of the anatomy of healthy 
brains and patients with neurodegenerative diseases in 
research, education, and patient care. However, it is 
necessary to perform more investigations because there 
are problems that still harm an even wider use since the 
automatic segmentation methods require too much time; 
in addition, there are a lot of technical parameters to 
apply it. However, with the increase in computing power, 
these problems will be overcome in the short term.
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Abstract

The COVID-19 outbreak caused by the SARS-CoV-2 virus became a pandemic, and since the first cases reported in De-
cember 2019 to 28 October 2020, more than 44 million positive cases have been recorded with an accumulated fatality of 
1,172,086 people due to the complication of mild infection of the upper airway to a severe disease of the lower airway, such 
as the acute respiratory distress syndrome, and death from multiple organ failure. Comorbidities such as age over 40 years, 
obesity, and diabetes mellitus play an important role in the response inflammatory and immunological that can accelerate 
the production of pro-inflammatory cytokines causing endothelial dysfunction that produces endotheliitis, hypercoagulability, 
and fibrinolysis not only at lung level but also in other organs such as the heart and central nervous system. Obstructive 
sleep apnea (OSA), which has a high prevalence in older adults with obesity, is a risk factor for endothelial dysfunction due 
to hypoxia that may favor hyper inflammation in response to SARS-CoV-2 and therefore OSA should be considered serious 
comorbidity for COVID-19 fatality. A review of the pathophysiology of SARS-CoV-2, obesity, and OSA may contribute to have 
more tools in the prevention and treatment of serious complications of COVID-19.

Key words: Obstructive sleep apnea. Coronavirus disease-19. Comorbidities. Risk factors.

La apnea obstructiva del sueño es una comorbilidad de riesgo para la letalidad de 
COVID-19. Revisión. Parte I

Resumen

El brote de COVID-19 causado por el virus SARS-CoV-2 se convirtió en una pandemia y desde los primeros casos repor-
tados en diciembre de 2019 hasta el 28 de octubre de 2020, se han reportado más de 44 millones de casos positivos con 
una fatalidad acumulada de 1,172,086 personas debido a la complicación de una infección leve de las vías respiratorias 
superiores, a una enfermedad grave de las vías respiratorias inferiores, como el Síndrome de dificultad respiratoria aguda y 
muerte por insuficiencia orgánica múltiple. Comorbilidades como la edad mayor de 40 años, la obesidad y la diabetes 
mellitus juegan un papel importante en la respuesta inflamatoria e inmunológica que puede acelerar la producción de cito-
sinas proinflamatorias provocando disfunción endotelial que produce endotelitis, hipercoagulabilidad y fibrinólisis, no solo a 
nivel pulmonar sino también en otros órganos como el corazón y el sistema nervioso central. La apnea obstructiva del 
sueño (AOS), que tiene una alta prevalencia en adultos mayores con obesidad, es un factor de riesgo de disfunción endo-
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Introduction

Obstructive sleep apnea syndrome (OSAS) is char-
acterized by excessive daytime sleepiness, reporting 
frequent awakenings due to choking sensations and the 
sleep companion reports habitual snoring with breath-
ing pauses by the patient during sleep. OSAS is more 
frequent in men than in women with an increased prev-
alence between 50 and 70 years of age, particularly in 
overweight subjects, and is exacerbated by the intake 
of alcohol or by the use of sedatives before sleep. The 
most frequent comorbidities related to OSAS are obe-
sity, systemic arterial hypertension, atrial fibrillation, 
type 2 diabetes mellitus, and a high risk of myocardial 
infarction or cerebral infarction due to endothelial 
dysfunction.

The severe acute respiratory syndrome (SARS) pan-
demic called coronavirus disease (COVID)-19 originat-
ed from the infection of a new coronavirus, SARS-coro-
navirus 2 (SARS-CoV-2), which began as an epidemic 
outbreak in the province of Wuhan in Hubei, China, with 
41 cases between December 08, 2019, and January 02, 
2020, and that as of March 11, 2020, is considered a 
Pandemic by the WHO. It is predominant in the male 
gender, particularly in adults over 60 years of age, and 
has an average mortality rate of 6.87% with a death 
rate per million inhabitants of 11.5 related to comorbid-
ities that generate endothelial dysfunction such as obe-
sity, arterial hypertension, type 2 diabetes mellitus, 
chronic respiratory diseases, pathological immunosup-
pression, or by drugs. However, adult obstructive sleep 
apnea (OSA) or sleep-related hypoventilation syn-
dromes have not been considered as serious risk fac-
tors for the complication of acute respiratory distress 
syndrome (ARDS) and death.

The COVID-19

Etiology

COVID-19 is an infection caused by a new virus, 
SARS-CoV-2. 

Background

The SARS-CoV-2 virus belongs to group IV (viral 
messenger RNA type) because of its genome, accord-
ing to the Baltimore Classification (Table 1).

SARS-CoV-2 is a virus of the order Nidovirales, of 
the family Coronoviridae, subfamily Orthocoronavirinae 
and of the genus Betacoranavirus, to which belongs 
the SARS-CoV responsible for the severe acute respi-
ratory syndrome in 2003, and the SARS-Middle East 
respiratory syndrome (MERS) responsible for the Mid-
dle Eastern respiratory syndrome in 2012, according to 
the International Committee on Taxonomy of Viruses 
(Fig. 1). 
– Human coronaviruses (HCoV)-229E. Discovered in 

1966. It causes a flu-like respiratory illness in 
humans.

– HCoV-0C43. Discovered in 1967. It also causes a 
flu-like respiratory illness in humans.

– SARS-CoV. Caused the severe acute respiratory syn-
drome epidemic. It was discovered in November 

telial por la hipoxia que puede favorecer la hiperinflamación en respuesta al SARS-CoV-2 y, por tanto, la AOS debe consi-
derarse una comorbilidad grave para la letalidad de COVID-19. Una revisión de la fisiopatología del SARS-CoV-2, la obesi-
dad y la AOS puede contribuir a tener más herramientas en la prevención y el tratamiento de las complicaciones graves 
del COVID-19.

Palabras clave: COVID-19. AOS. Comorbilidades. Factores de riesgo.

Table 1. Baltimore classification of viruses by type of 
genome 

DNA virus
Group I
Group II

Viruses possess double-stranded DNA
Viruses possess single-stranded DNA

RNA virus
Group III

Group IV

Group V

Viruses possess double-stranded RNA 
genomes
Viruses possess positive-sense single-
stranded RNA genomes
Viruses possess negative-sense 
single-stranded RNA genomes

DNA or RNA virus
Group VI

Group VII

Viruses possess single-stranded RNA 
genomes that replicate through a DNA 
intermediate
Viruses possess double-stranded DNA 
genomes and replicate using reverse 
transcriptase

Baltimore David. Expression of Animal Virus Genome. Bacteriological Reviews, 
1971. DNA: (deoxyribonucleic acid); RNA: ribonucleic acid; (ss) single-stranded: 
single chain of DNA or RNA; (ds) double-stranded: two chains of DNA o RNA. 
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2002, in the province of Canton, China. It spread to 
several countries with 8403 cases and 775 deaths 
reported as of June 5, 20031.

– HCoV-NL63. It was identified in the Netherlands in 
2003 in a child with bronchiolitis. 

– HCoV-HKU1. Discovered in 2005 in two patients in 
the Chinese city of Hong Kong. 

– MERS coronavirus (MERS-CoV). Causes Middle 
Eastern Respiratory Syndrome, an infectious disease 
first identified in 2012 in Saudi Arabia. 

– SARS-CoV-2 was recognized in January 2020 as 
responsible for a severe acute respiratory syndrome 
that started in December 2019 in the province of Wu-
han, China, and became a pandemic and now an 
endemic called COVID-192.

Structure of the SARS-CoV-2 virus

As in all coronaviruses, the nucleocapsid and the 
envelope form the general structure. The nucleocapsid 
is made up of a nucleus of RNA (short for ribonucleic 
acid, the genetic material of the virus) with its capsid 
which is a protein (N) structure either icosahedral or 
helical formed by a series of monomers called cap-
someres, an outer shell of the protein or polyprotein 
that protects the genetic material of the virus. In the 

envelope (E) of coronaviruses, there is a membrane 
glycoprotein (M) of 20-35 kDa, which forms a matrix in 
contact with the nucleocapsid. In addition, in the enve-
lope (E), there is a 180-220 kDa glycoprotein (S), which 
forms the spikes or peplomers responsible for adhesion 
to the host cell and other short projections formed by 
dimers of the hemagglutinin-esterase (Fig. 2)3.

In the specific case of SARS-CoV-2 coronavirus in 
its spicules, a receptor-binding domain directs the ad-
hesion of the virus to its cellular receptor, the angioten-
sin-converting enzyme 2 (ACE2). In addition, entry re-
quires preparation of the S-protein by the transmembrane 
protease, serine 2 (TMPRSS2), which involves excision 
of the S-protein at the S1/S2 and S2’ site allowing the 
fusion of the viral and cell membranes, a process driv-
en by the S2’ subunit (Fig. 3)4-6.

Mechanisms of infection of the 
SARS-CoV-2

It has been proven that the mechanism of transmis-
sion is person to person, mainly by the respiratory 
route, through airborne transmission (droplets) which, 
when coughing, sneezing, or speaking in close proxim-
ity to another person, puts the virus in contact with the 
mucous membranes of the mouth, nose or eyes. The 

Figure 1. SARS-CoV-2 taxonomy responsible for the 2019 coronavirus disease, called COVID-19. 
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Figure 2. Molecular structure of SARS-CoV-2.

Figure 3. The S glycoprotein adheres to a specific ACE-2 receptor.

range of the droplets when expelled by coughing or 
sneezing is < 2 m, usually no more than one meter, and 
they do not persist in the air.

Transmission can also occur by touching surfaces 
contaminated by the droplets with the hands and then 
touching the person’s eyes, nose, or mouth. Transmis-
sion by fomites is also possible. The exact survival time 
of the virus in the environment is not known, but it is 
estimated that it may be active on inanimate surfaces 

for 9 days, with the length of time-varying according to 
climatic conditions and type of surface. The perma-
nence of viable SARS-CoV-2 on copper, cardboard, 
stainless steel, and plastic surfaces has been 4, 24, 48, 
and 72 h, respectively, under experimental conditions 
at 21-23°C and relative humidity of 65%. HCoV is effi-
ciently inactivated in the presence of 62-71% ethanol, 
0.1-0.5% sodium hypochlorite, and 2% glutaraldehyde, 
with a reduction of 2-4 log 10 after 1 min of exposure. 
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It has recently been demonstrated that SARS-Cov-2 
remains in aerosols under experimental conditions at 
21-23°C and relative humidity of 65% with an average 
half-life of 2.7 h. Airborne or aerosol transmission (ca-
pable of transmission over a distance of more than 2 m) 
could not be demonstrated in the SARS-CoV-2 out-
break in China. However, it is believed that it could 
occur during the performance of invasive medical 
procedures of the respiratory tract. Although the virus 
has been isolated in human feces, the hypothesis of 
fecal-oral transmission has not been demonstrated7.

Capacity for contagion

It seems that the possibility of contagion is greater in 
the 1st days with symptoms and is reduced in the later 
days, although it is a hypothesis that needs more test-
ing. The infection rates caused by each infected person 
are highly variable, depending on the geographical lo-
cation and the control measures in place, ranging from 
0.45% to 5% of contacts. In public health, the basic 
reproductive number (Ro) is calculated, by which the 
speed with which a disease can spread in a population 
is estimated. SARS-CoV-2 is the causative agent of the 
ongoing co COVID pandemic. In the case of 
SARS-CoV-2, initial estimates of the early dynamics of 
the outbreak in Wuhan, China, suggested a doubling 
time of the number of infected persons of 6-7 days and 
a basic reproductive number (Ro) of 2.2-2.7. Recently 
assuming a serial interval of 6-9 days, Sanche et al., 
calculated a median Ro value of 5.7 (95% confidence 
interval [CI] 3.8-8.9)8,9.

SARS-CoV-2 replication mechanisms

The coronavirus replication cycle is divided into sev-
eral steps: fixation and entry, translation of viral repli-
case, transcription, and replication of the genome, 
translation of structural proteins with assembly and re-
lease of virions10:
1. It is initiated by the binding of the S-protein to a spe-

cific receptor on the host cell membrane. MERS-CoV 
uses dipeptidyl peptidase 4 as a receptor, unlike the 
SARS CoV and SARS-CoV-2 viruses which specifi-
cally target the ACE2 receptor and through the in-
volvement of the TMPRSS2 the excision of the 
S1/S2 and S2’ subunits of the S-glycoprotein is 
achieved, leading to the fusion of the viral membrane 
with the host cell membrane achieving the endostosis 
of the coronavirus. 

The receptors for ACE2 and TMPRSS2 are widely 
distributed in different tissues, mainly to respiratory 
tract epithelial cells, alveolar epithelial cells, vascular 
endothelial cells, and macrophages in the lung. How-
ever, the presence of ACE2 and TMPRSS2 receptors 
has been recently reported in the mouth, and in the 
gastrointestinal tract, in the myocardium in the kidney, 
and in other epithelia11. SARS-CoV-2 infection reduces 
the expression of ACE2 in lung cells. Since loss of 
ACE-2 lung function is associated with acute lung inju-
ry, virus-induced down-regulation of ACE-2 may be 
important for the pathology of the disease. ACE2 has 
been shown to regulate the renin-angiotensin system 
(RAS). Therefore, a reduction in ACE2 function after a 
SARS-CoV-2 viral infection could lead to RAS dysfunc-
tion, with elevated angiotensin II levels and increased 
activity of angiotensin 1-7 receptors, influencing blood 
pressure and fluid/electrolyte balance, inflammation 
and vascular permeability in the airways, vasoconstric-
tion with increased reactive species (reactive oxygen 
species [ROS]), and cytokines12,13.

COVID-19 shows a difference in the mortality rate 
between men (2.8%) and women (1.7%). Since ACE2 
is on the X chromosome, there may be alleles that 
confer resistance to COVID-19, which explains the low-
er death rate in women. One study reports lower ex-
pression of ACE-2 in the nasal mucosa of children 0.30 
(95% CI 0.01-0.59) versus 0.52 (95% CI 0.09-0.94) in 
adults over 25 years of age14. Alternatively, the sex 
hormones estrogen and testosterone have different im-
munoregulatory functions, which may influence the im-
munological protection or disease severity.
2. Replication of coronaviruses begins with the entry 

into the cell, at which point it loses its envelope, and 
the RNA genome is released into the cytoplasm.

3. The coronavirus genome has a methylated cap at the 
5’ end (cap’ end) and a polyadenylated (poly A) tail 
at the 3’ end, giving it a strong resemblance to the 
eukaryotic messenger RNA. This allows the 
RNA to be attached to cytoplasmic ribosomes for 
translation.

4. Coronaviruses also have a replicase protein encoded 
in their genetic code, which allows them to generate 
new copies of their RNA without the need to be tran-
scribed into DNA, using the resources of the host 
cell. 

5. This replicase is the first protein to be synthesized 
because once the gene that encodes the replicase 
is translated (protein synthesis), the process is 
stopped by a stop codon. This is known as a nested 
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transcript. When the mRNA transcript only encodes 
one gene, it is known as a monocistronic. 

6. The RNA genome replicates to a negative chain, 
from which positive copies are formed and a long 
polyprotein is translated, which must be split into the 
various functional proteins of the virus. The corona-
viruses have a protease called Mpro or 3CLpro that 
cuts the polyprotein to produce the viral proteins 
(polyprotein maturation). 

7. This is a viral strategy for genetic economics since it 
allows you to code a good number of proteins with a 
small number of transcripts while improving the fail-
ure rate during the execution of RNA polymerase. In 
a normal way, in the ribosomes, the RNA is read and 
transformed into a sequence of amino acids that end 
up forming the proteins. This is where the “confusion” 
occurs. The human cell interprets the viral RNA as 
its own and follows the instructions to replicate the 
viral RNA as if it were its own. 

8. Once the viral genetic material has multiplied, the 
human cell also produces the proteins that will com-
plement the viral structure until the formation of new 
viruses is completed. 

9. The mature virus wrapped in a protein capsule from 
the Golgi apparatus migrates to the cell membrane 
for exocytosis15.
Each coronavirus is capable of creating up to 100,000 

replicates, which multiply exponentially initially in the 
epithelium of the upper airway: nostrils, pharynx, and 
larynx; subsequently, in the lower airway of the host: 
trachea, bronchi, and alveolar sacs. 

Incubation period

The incubation period is long and varies from 0 to 14 
days, with an average of 3 to 7 days. 97.5% of symp-
tomatic COVID-19 cases will develop within 11.5 days 
after exposure to SARS-CoV-2. The 97.5% of the symp-
tomatic cases develop in the 11.5 days after 
exposure16.

Clinical manifestations, laboratory 
findings, and imaging studies

The upper airway is covered by a pseudo-layered 
ciliated cylindrical epithelium alternating with goblet 
cells, also known as the respiratory epithelium, a prop-
er sheet of lax connective tissue with abundant vascu-
larity, in addition to a large number of plasma cells, 
mast cells, macrophages, and lymphocytes. The respi-
ratory region has the function of heating and 

humidifying the inspired air, as well as filtering airborne 
particles17.

Transmission of the SARS-CoV-2 infection is current-
ly considered to begin 1-2 days before the onset of 
symptoms. 

It is not known whether the intensity of transmission 
from asymptomatic persons will be the same as from 
persons with symptoms, although the viral load detect-
ed in one asymptomatic case was similar to that of other 
symptomatic cases18. Transmission of the infection 
would occur primarily in mild cases in the 1st week of 
symptom onset, from 1 to 2 days before to 5 to 6 days 
after. In more severe cases, transmission would be 
more intense and long-lasting. After a clinical cure, the 
possibility of transmission is small, but some cases 
have been reported with the presence of the virus in 
oropharyngeal smears (reverse transcription-polymerase 
chain reaction [RT-PCR] +) in the convalescent phase 
after discharge with cure and after two negative 
RT-PCR tests19.

The pathophysiology of a SARS-CoV-2 infection 
closely resembles that of SARS-CoV infection, with 
aggressive inflammatory responses strongly implicated 
in the resulting damage to the respiratory tract. There-
fore, the severity of the disease in patients is due not 
only to the viral infection but also to the host response. 
Thus, the first symptoms will be fever, rhinorrhea, ody-
nophagia, dry cough, and muscle pain for several days. 
If the infection progresses to the lower respiratory tract, 
after 7 days, the fever persists, the cough can be pro-
ductive, the patient may present dyspnea on great ex-
ertions and to lesser degree symptoms of the digestive 
system such as nausea, vomiting, diarrhea, and others 
such as headache, olfactory, and gustatory dysfunc-
tions (anosmia and ageusia). In this stage, laboratory 
and cabinet studies are indispensable and the following 
are reported as frequent findings: lymphopenia and 
thrombocytopenia, with elevation of C-reactive protein, 
D-dimer and ferritin, interleukin 6 (IL-6), and procalci-
tonin (Fig. 4)20.

The diagnosis of COVID-19 must be confirmed by 
RT-PCR or by sequencing the viral genome in samples 
of upper airway secretions, as a parameter for deciding 
and according to the clinical picture, the hospitalization 
of the patient21. In Mexico, 39.15% of the cases of 
Covid-19 have required hospitalization. 

IgG antibodies have been reported positive in 60% 
of asymptomatic patients and 87.1% in symptomatic 
patients in the convalescent phase (Table 2)22. These 
data indicate that the immune response plays a role in 
the cure in up to 80-90% of cases of patients infected 
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Figure 4. Evolution of the clinical presentation of COVID-19.

Table 2. Sensitivity of immunological tests for 
SARS-CoV-2

SARS-CoV-2 test 1-7 days 8-14 days 15-39 days

RNA by RT-PCR 67.1% 54.0% 45.5%

Total antibodies 38.3% 89.6% 100%

IgM 28.7% 73.3% 94.3%

IgG 19.1% 54.1% 79.8%

RNA: ribonucleic acid; RT-PCR: reverse transcriptase-polymerase chain reaction; 
IgM and IgG enzyme-linked immunizer bent assay (ELISA).

by the SARS-CoV-2 coronavirus, coupled with elevated 
T cells (CD4 + helper T lymphocyte and CD8 + cyto-
toxic T lymphocyte)23.

The tele chest or chest computed tomography (CT) 
scan reports the presence of opacities like polished 
glass with predominance in both of the lower pulmo-
nary lobes24.

A Chest CT is considered an important tool if symp-
toms worsen or in an environment with limited resourc-
es for RT-PCR. Findings obtained in a non-contrast 
chest CT allows a diagnostic performance using the 
COVID-19 reporting and data system (CO-RADS) eval-
uation: CO-RADS could distinguish between patients 
with PCR + from those with PCR- with an average area 
under the curve (AUC) of 0.91 (95% CI, 0.85-0.97). The 
average AUC increased to 0.95 (95% CI, 0.91-0.99) if 

a clinical diagnosis of COVID-19 was also accepted. 
The proportion of cases with a positive PCR or clinical 
diagnosis of COVID-19 increased from CO-RADS 1-5.
–	CO-RADS 1. Involves a very low level of suspicion 

for COVID-19 with a normal chest CT or even with 
the finding of mild or severe emphysema, peripheral 
nodules, lung tumors, or fibrosis.

–	 CO-RADS 2. Involves a low level of suspected pulmonary 
involvement by COVID-19 based on CT findings in the 
lungs that are typical of infectious etiology that are con-
sidered non-compatible with COVID-19. Examples are 
bronchitis, infectious bronchiolitis, bronchopneumonia, 
lobar pneumonia, and lung abscess.

–	CO-RADS 3. Involves equivocal findings of pulmo-
nary involvement by COVID-19 based on CT charac-
teristics that can also be found in other viral 
pneumonias or non-infectious etiologies. Findings 
include perihilar ground-glass, extensive homoge-
neous ground-glass with or without preservation of 
some secondary pulmonary lobes, or ground-glass 
along with smooth interlobular septal thickening.

–	CO-RADS 4. Involves a high level of suspected lung 
involvement by COVID-19 based on CT findings that 
are typical of COVID-19 but show some overlap with 
other (viral) pneumonias. The findings are not in con-
tact with the visceral pleura or are strictly unilateral, 
they have a predominant peribronchovascular distri-
bution or overlap with severe and diffuse pre-existing 
pulmonary abnormalities.
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–	CO-RADS 5. Involves a very high level of suspicion 
of pulmonary involvement by COVID-19 according to 
typical CT findings. Mandatory features are ground-
glass opacities, with or without consolidations, in pul-
monary regions near visceral pleural surfaces, includ-
ing fissures, and multifocal bilateral distribution. It was 
found that the lower lobe predominance described 
above is often not present in positive RT-PCR cases, 
and therefore, lower lobe predominance was exclud-
ed as a required feature. Subpleural curvilinear bands 
or ground-glass bands with or without consolidation 
in an arc pattern tied with small connections to the 
pleura are also considered typical. Thickened vessels 
within the pulmonary anomalies are typical with “vas-
cular tree bud pattern” (Fig. 5)25,26.
Fever, a temperature > 38°C, persists for 4-12 days in 

survivors, dyspnea is reported with a median of 13 days 
and cough persists with a median of 19 days and may 

persist in up to 45% of hospitalized patients after dis-
charge. Cough is reported in 72% of fatal cases27,28.

Respiratory function may change from mild to severe 
within a few days or the patient may require assisted 
ventilation between 3 and 12.5 days after the onset of 
symptoms with a median of 10 days. The severe com-
plications that require a patient to be transferred to the 
intensive care unit are ARDS, multiple organ dysfunc-
tion syndrome due to sepsis, and/or septic shock 
(Tables 3-5)29-33.

In ARDS, three stages or phases in the pathological 
evolution of the lung lesion are described: the exudative 
phase, the proliferative phase, and the fibrotic phase, 
with a mortality rate of over 80%34-36.

The exudative phase occurs within the first few 
hours of the lung injury. When the SARS-CoV-2 virus 
infects the type II pneumocytes that express the sur-
face receptors of the enzyme ACE2 and TMPRSS2, 
active replication and the release of the virus causes 

Figure  5. A-D: Computed tomography pulmonary angiography showing ground-glass opacification and consolidation 
with “vascular tree-in-bud-pattern” of patients with pneumonia from COVID-19.
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Table 4. Sequential organ failure assessment score

Criteria 0 +1 +2 +3 +4

Respiration
PaO2/FIO2 (mmHg) SaO2/FIO2 

> 400 < 400 221-301 < 300 142-220 < 200 67-141 < 100 < 67

Coagulation
Platelets 10³/mm³

> 150 < 150 < 100 < 50 < 20

Liver
Bilirubin (mg/dL)

< 1.2 1.2-1.9 2.0-5.0 6.0-11.9 > 12.0

Cardio-vascular
Mean Arterial Pressure

MAP ≥  
70 mmHg

MAP <  
70 mmHg

*Dopamine  
< 5 *Dobutamine 

*Dopamine 5-15 
*Epinephrine ≤ 0.1 

*Norepinephrine ≤ 0.1

*Dopamine > 15 
*Epinephrine > 0.1 

*Norepinephrine > 0.1 

Central nervous system
Glasgow Coma Score

15 13-14 10-12 6-9 < 6

Renal
Creatinine (mg/dL) Urine 
Output (mL/d)

< 1.2 1.2-1.9 2.0-3.4 3.5-4.9 < 500 > 5.0 < 200

PaO2: arterial pressure of oxygen; FiO2: fraction of inspired oxygen; Sa02: arterial oxygen saturation; MAP: mean arterial pressure; PaO2/ FiO2 preferred ratio since 
SaO2/FiO2 is not available: * Vasoactive drugs administered for at least 1 h (dopamine and norepinephrine as ug/kg/min), to maintain MAP above 65 mmHg. Lactate 
measurement did not increase its predictive validity but may help in identifying patients at intermediate risk. 

Table 3. Severity levels and evolution of COVID-19

Severity levels and evolution Clinical, laboratory, and radiological findings

Phase I
– Uncomplicated disease Fever, rhinorrhea, odynophagia, cough, myalgia, and headache

Phase II or pulmonary phase
– Mild pneumonia  Confirmed with a chest X-ray or CT scan (CO-RADS 2-3). SaO2 > 90%. RT-PCR +

– Severe pneumonia
Severe pneumonia fever, productive cough, dyspnea. Chest CT scan (CO-RADS 4-5). 
SaO2 < 90% and tachypnea ≥ 30/min. RT-PCR + IgM +, IgG +
Lymphopenia < 0.8 × 109/L. Thrombocytopenia < 100 × 109/L D-dimer elevation  
> 1 µg/L. PCR elevation
Ferritin elevation > 300 µg/L
IL-6 elevation > 7.4 pg/mL
Procalcitonin elevation ≥ 0.5 ng/mL

Phase III or hyper-inflammatory phase
–  Acute respiratory distress syndrome (ARDS)

Cough, dyspnea. Chest CT with bilateral ground-glass opacities, with hypoxia:
– Mild: 200 mmHg < PaO2/FiO2 ≤ 300 
– Moderate: 100 mmHg < PaO2/FiO2 ≤ 200 
– Severe: PaO2/FiO2 ≤ 100 mmHg

–  Multiple organ dysfunction syndrome by 
septicemia

Organic dysfunction on the SOFA Score > 2 points or an acute change in the Quick 
Sofa with > 2 criteria

– Septic shock Arterial hypotension that persists despite volume replacement with solutions and 
requires vasopressors to maintain MAP ≥ 65 mmHg and lactate ≥ 2 moll/L (18 mg/dL) 
in the absence of hypovolemia

CO-RADS (COVID-19 Reporting and Data System): standardized assessment scale for lung involvement from COVID-19 in a chest computed tomography (CT); SaO2: arterial 
oxygen saturation; RT-PCR: reverse transcriptase-polymerase chain reaction test; CRP: C-reactive protein; IL-6: interleukin 6; PaO2: arterial pressure of oxygen;  
FiO2: fraction of inspired oxygen; SOFA: Sequential Organ Failure Assessment; MAP: mean arterial pressure. 

the host cell to undergo pyroptosis which is a highly 
inflammatory form of programmed cell death that oc-
curs most often after infection with intracellular patho-
gens and that unlike apoptosis, pyroptosis requires 
the function of the enzyme Caspase-1 which is 

activated during pyroptosis by a large supramolecular 
complex called a pyroptosome (also known as an 
inflammasome). 

Only one large pyroptosome is formed in each mac-
rophage within minutes of infection and is largely 
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composed of the oligomers of the adaptive protein ASC, 
a speck-like protein associated with apoptosis (Fig. 6)36.

These are recognized by neighboring epithelial cells, 
endothelial cells, and alveolar macrophages, which trig-
gers the generation of cytokines: IL-2, IL-6, IL-10, pro-in-
flammatory chemokines (CXCL-10 known as IP-10), he-
matopoietins such as the macrophage inflammatory 
protein 1α and 1ß (MIP1α, MIP1β) and the monocyte 
chemoattractant protein-1 or granulocyte colony-stimu-
lating factor. These proteins attract monocytes, macro-
phages, and T cells to the site of infection, promoting 
further inflammation (with the addition of 

interferon-gamma, IFNγ, produced by the T cells) and 
establishing a pro-inflammatory feedback loop. In a 
faulty immune response, this can lead to a further build-
up of immune cells in the lungs, causing an overpro-
duction of pro-inflammatory cytokines, which eventually 
damage the lung infrastructure. The resulting cytokine 
storm circulates to other organs, causing damage to 
multiple organs (Fig. 7)37

.

In addition, non-neutralizing antibodies produced by 
B cells can promote SARS-CoV-2 infection through 
antibody-dependent enhancement, further exacerbat-
ing organ damage.

These histopathology microscope images show the 
presence of viral elements within the endothelial cells 
and an accumulation of inflammatory cells, with evi-
dence of inflammation and endothelial cell death38.

These findings suggest that infection by SARS-CoV-2 
facilitates the induction of endothelial dysfunction in var-
ious organs as a direct result of viral involvement and 
the host’s inflammatory response. In addition, induction 

Figure 6. Pathophysiology of severe acute respiratory distress syndrome due to SARS-CoV-2 infection.

Table 5. Quick SOFA

–  Alteration in level of 
consciousness

Glasgow coma score ≤ 13

– Systolic blood pressure ≤ 100 mmHg

– Respiratory rate ≥ 22/min
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of apoptosis and pyroptosis may have an important role 
in endothelial cell injury in patients with COVID-19. En-
dotheliitis due to COVID-19 may explain the systemic 
microcirculatory dysfunction in different vascular beds 
and its clinical sequelae in COVID-19 patients. This hy-
pothesis provides a justification for therapies to stabilize 
the endothelium while addressing viral replication39.

This strategy may be particularly relevant for vulner-
able patients with pre-existing endothelial dysfunction, 
which is associated with age, male sex, smoking, 
hypertension, diabetes, obesity, the established cardio-
vascular disease, and OSA, all of which are associated 
with adverse outcomes in COVID-19.
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Abstract

Dementia is a public health problem with an extraordinary increase in recent years. Alzheimer’s disease (AD) is the most 
common cause of dementia. This disease has been considered a consequence of cytoplasmic and extracellular accumula-
tions of Tau protein and β- amyloid, respectively. Nevertheless, a nuclear origin of AD has recently emerged. Both Tau protein 
and the nuclear lamin protect the nuclear and chromatin organization for proper gene expression throughout neuronal life. 
Accumulation of DNA damage, mainly as a result of aging, drives post-mitotic neurons to initiate DNA repair by entering the 
cell cycle. The complexity of the nucleus-cytoskeleton prevents neurons from dividing and condemns them to a state of 
hyperdiploidy ending in neuronal death, after transiently prolonging their life. In AD, hippocampal neurons survive their fatal 
fate by triggering an aberrant structural and functional transformation of the nucleus. Lamin A expression and Tau protein 
transfer to the cytoplasm results in loss of the protector role of nuclear Tau and the subsequent global chromatin disorgani-
zation. Therefore, the cytoplasmic Tau protein accumulations that characterize AD are consequence of the attempted neuronal 
repair. Alzheimer’s neurons with unstructured nuclei and aberrant cytoskeletons manage to survive by sacrificing their plas-
ticity, which inexorably leads to dementia.

Key words: Alzheimer’s disease. Tau protein. Amyloid Beta. Chromatin. Lamin A. Neuronal nucleus.

Modificaciones irreversibles de la cromatina y la lámina nuclear: una revisión sobre el 
origen nuclear de la enfermedad de Alzheimer

Resumen

La demencia es un problema de salud pública que se ha incrementado a un ritmo desmedido. La enfermedad de Alzheimer 
(EA) es la causa más frecuente de demencia, considerada como consecuencia de acúmulos citoplasmáticos y extracelulares 
de proteína Tau y βamiloide, respectivamente. Sin embargo, recientemente ha emergido un origen nuclear . La proteína Tau y 
la lámina nuclear resguardan la organización nuclear y de la cromatina necesarias para la correcta expresión génica. El 
daño al DNA asociado al envejecimiento orilla a las neuronas posmitóticas a iniciar su reparación entrando en ciclo celular. 
La complejidad del núcleo-citoesqueleto impide su división y permanecen en estado de hiperdiploidía que, aun alargando 
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Introduction

An estimated 50 million people worldwide have de-
mentia, with Alzheimer’s disease (AD) representing 70-
80% of cases.1 It is expected that by the year 2050, 150 
million people globally will suffer from some form of 
dementia1.

In Mexico, the panorama is not very different. We 
have a rapidly aging population which is transforming 
the triangular shape of the population pyramid repre-
senting the predominance of young people over the 
elderly, to a rectangular one made up of the same 
number of young people as seniors; however, the long-
term trend is a complete transformation into an inverted 
pyramid. The prevalence of AD in Mexico is 7.3% and 
has an incidence of 27.3 (1000 person/year). It is esti-
mated that by the year 2050, the number of Mexicans 
with AD will be > 3.5 million2.

Dementia is a physical, social, and emotional prob-
lem and one of the most important causes of disability 
and dependency among older adults1. Furthermore, it 
represents a substantial economic impact. For these 
reasons, dementia is considered a priority for public 
health in Mexico and it is also considered a global 
emergency. Today, more people live with dementia than 
those who can be cared for by the rest of the 
population. 

At present, AD diagnosis is based on clinical data3. 
Positron emission tomography scans for Aβ (β-amyloid 
peptide) and Tau protein are expensive diagnostic 
tools, only available in some highly specialized centers. 
Nevertheless, in recent years, three core cerebrospinal 
fluid biomarkers have been identified: Aβ42 (42-amino-
acid form of Aβ), T-tau (total Tau), and P-tau (phosphor-
ylated tau). These biomarkers have reached a specificity 
and sensitivity ranging between 85 and 90% for the 
diagnosis of AD and also for the stage of mild cognitive 
impairment due to AD. Although only through postmor-
tem histopathological findings, it is possible to reach a 
definitive diagnosis, other emerging biomarkers such 
as presence of P-Tau in blood, skin, and oral mucosa4-6 

are promising tools. 

At present, AD treatment is merely symptomatic. 
Pharmacological treatment involves acetylcholinester-
ase inhibitors and N-methyl d-aspartate receptor antag-
onists. They contribute minimally to early stages of 
disease and they do slow the progression of AD in later 
stages and provide some symptomatic relief but do not 
achieve a definite cure7. Considering the high preva-
lence of the disease, it is necessary to progress in our 
understanding of its pathogenesis so that in the future, 
an earlier diagnosis can be achieved and eventually, a 
progression modifier treatment could be offered to 
patients. 

Current knowledge on the pathogenesis 
of AD

Based on the histopathological characteristics of the 
disease, amyloid plaques and neurofibrillary tangles 
presented by all patients who die from AD, the hypoth-
esis of “the amyloid cascade” has been formulated as 
pathogenesis of the disease for almost 30 years8. This 
theory proposes that the amyloid precursor protein 
(APP), an integral membrane protein, is abnormally 
processed to beta-amyloid (Aβ), which forms Aβ 
plaques that cause neuronal dysfunction and death. 
Likewise, the toxic concentrations of beta-amyloid favor 
different conformational changes in the Tau protein, 
leading to the formation of neurofibrillary tangles, which 
culminate in structural and functional alterations of neu-
rons (Fig.  1). It has been the most accepted theory, 
since mutations of several genes such APP and some 
enzymes that process this protein (presenilins, PSEN1 
and PSEN2) are causes of the early-onset familial form, 
which accounts for 1% of AD cases9. Furthermore, 
sleep affects Aβ accumulation and clearance through 
the glymphatic system. For both animal and human 
models, it has been observed that sleep deprivation 
causes the augmentation of soluble Aβ10. Nevertheless, 
a significant limitation of this hypothesis is the fact that 
the presence of amyloid pathology is not always ac-
companied by dementia11. In fact, amyloid deposition 

la vida neuronal, culmina en su muerte. No obstante, en EA las neuronas del hipocampo sobreviven desencadenando una 
aberrante transformación estructural y funcional del núcleo a través de la expresión de lámina A y el trasvase al citoplasma 
de la proteína Tau, lo que conlleva la pérdida del rol protector de Tau nuclear y la desorganización cromatínica global. Así, 
los agregados de proteína Tau citoplasmática característicos de EA son consecuencia del intento de reparación neuronal. 
Estas neuronas con núcleos desestructurados y citoesqueletos aberrantes sobreviven sacrificando su plasticidad, lo que 
conduce inexorablemente a la demencia.

Palabras clave: Enfermedad de Alzheimer. Proteína Tau. Beta amiloide. Cromatina. Lámina A. Núcleo neuronal.
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was present approximately in 25-30% of cognitively 
intact individuals in their eighth decade12.

On the other hand, the universal finding of hyper-
phosphorylated Tau protein in neurofibrillary tangles 
and its high correlation with the degree of cognitive 
deficit in patients has tilted the balance toward the dys-
function of this protein as a causal disease agent13, 
However, a group of progressive neurodegenerative 
diseases called tauopathies” that present the patholog-
ical conformation of Tau has been documented14. 
Therefore, despite being part of AD pathognomonic 
findings, hyperphosphorylated Tau was ruled out as a 
specific causative AD factor, due to its presence in 
other neurodegenerative diseases (Fig. 1).

Spread of proteinopathies

Most neurodegenerative diseases, including AD, are 
characterized by the aggregation of misfolded proteins 
in different brain regions, which follow a specific pattern 
for each disease. The presence of this phenomenon, 

similar to transmissible spongiform encephalopathies, 
whose causal agent is transforming the conformation 
of a protein, pointed out to the folding process and 
functionality of proteins as a cause of neurodegenera-
tive diseases15.

To understand this theory, it would help to remember 
that the sequence of amino acids conforming the pri-
mary structure of proteins contains the folding informa-
tion into a tertiary structure, which determines their 
function. The correct protein folding is crucial and sev-
eral cellular mechanisms avoid abnormal folding. How-
ever, under certain post-translational modifications, 
energy deficit, or alterations of protein degradation 
pathways, proteins may fold in an alternative and dys-
functional tridimensional shape. It is proposed that neu-
rons assemble these dysfunctional proteins into protein 
aggregate to focus their energy expenditure in other 
essential processes; this generates proteostasis alter-
ations with an imbalance between protein synthesis 
and turnover. Due to the low-energy configuration that 
misfolded proteins acquire, abnormal folding of the rest 

Figure 1. Schematic representation of the amyloid cascade hypothesis. Alzheimer’s disease would start by the abnormal 
processing of the amyloid precursor protein to β-amyloid, whose aggregation constitutes amyloid plaques. These 
abnormal structures would activate Tau protein hyperphosphorylation, its detachment from microtubule and subsequent 
building neurofibrillary tangles.
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of the proteins is favored, which “propagates” prote-
inopathy. This process is similar to the behavior of 
prions and has been demonstrated in the main neuro-
degenerative diseases16.

New horizons

The different theories proposed about AD pathogen-
esis continue to leave many unanswered questions 
about its onset and the evolution of the disease. Al-
though the formation of protein aggregates and their 
spreading have been widely demonstrated, the factors 
that trigger alterations of proteostasis leading to the 
proteinopathy are not fully elucidated yet. 

In the late 1990s, neuronal modifications beyond the 
appearance of neurofibrillary tangles and amyloid 
plaques were envisaged. Normally, since neurons are 
terminally differentiated cells, they maintain their quies-
cent state throughout the whole postnatal life. However, 
degenerating neurons were surprisingly found to show 
signs and cell cycle markers of mitosis. It was demon-
strated that they emerge from their quiescent state un-
dergoing abnormal reentry into the cell cycle in the 
direction toward mitosis11. The neurons that initiate AD 
express cyclin B and nuclear proliferation antigen which 
allows them to replicate their genome, and thus initiate 

the cell cycle. The reason for this is an attempt to repair 
the accumulated DNA damage over the years, which 
would allow them to survive. However, the complexity 
of their cytoskeleton and other factors does not allow 
them to divide, becoming trapped before the mitosis 
phase (Fig. 2). Neurons that have duplicated their ge-
netic material, becoming hyperdiploid neurons, start ap-
pearing in the AD preclinical phase and progressively 
die throughout the disease17. This theory explains that 
advanced age is the most decisive risk factor for devel-
oping AD. At present, it is well demonstrated that aging 
per se affects the structure and functionality of nuclear 
chromatin18, which is related to the accumulation of 
DNA damage. Aging associated DNA damage is closely 
related to AD pathogenesis and also to the pathogene-
sis of cancer19, which has led us to consider that these 
two diseases, with a high prevalence in senile subjects, 
could have the same origin: a molecular origin that in-
volves irreversible chromatin changes (Fig. 2).

Tau in the frontier between aging and AD

In light of these antecedents, recent research has 
analyzed the changes taking place in neurons of the 
hippocampus during aging and their nuclear transfor-
mation in AD. The localization of phosphorylated Tau 

Figure 2. Aberrant cell cycle reentry. Cell cycle reentry by previously quiescent post-mitotic hippocampal neurons is 
a mechanism to repair DNA damage. Neurons with duplicated genetic material (hyperdiploid neurons), progressively 
die throughout Alzheimer’s disease. Neurons that undergo nucleus-skeleton changes survive for years with synaptic 
dysfunction. These important transformations lead to progressive cognitive deficit.
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protein inside the neuronal nuclei is one of the crucial 
findings that have recently emerged. After being con-
sidered a cytosolic protein with an important function 
by stabilizing the microtubules, its essential role as a 
nuclear protein was demonstrated20. 

First, it was observed that a phosphorylated form of 
Tau progressively accumulates in the neuronal nuclei 
during aging21. Second, it was documented that Tau is 
essential for the healthy aging of post-mitotic neurons 
of the hippocampus, protecting the genome, and stabi-
lizing the heterochromatin. It achieves this by allowing 
the adequate compaction of chromatin to silence repet-
itive DNA sequences and to guarantee the genome 
regulation22. This ability agrees with its increased pres-
ence in neuronal nuclei of senile subjects since, as we 
mentioned earlier, aging per se results in accumulation 
of DNA damage.

At early AD stages, Tau gradually disappears from 
the nucleus, followed by its presence in the neuronal 
cytoplasm at later stages of the disease, forming neu-
rofibrillary tangles, and it is also found in extracellular 
aggregates and neuritic plaques. Since Tau protein 
interacts with the DNA, stabilizing heterochromatin23, 
the exit of Tau from the nucleus involves chromatin 
instability and dysregulation of eu- and heterochromatin 
gene expression24. Furthermore, Tau accumulation im-
pairs RNA translation25 and results in a pathological 
transformation of the nucleus-skeleton, characteristic of 
AD, involving global chromatin decondensation26.

Importantly, Tau exit from neuronal nuclei throughout 
AD culminates in the loss of neuronal plasticity asso-
ciated to the presence of neurofibrillary tangles. Thus, 
a series of events that generate the dysfunctional AD 
neuron involve global decondensed chromatin27, acti-
vation of previously silenced gene sequences28, repres-
sion of genes characteristic of post-mitotic neurons and 
the reading of new genes29, alteration of nucleosomal 
transport,30 and alterations in the translation and tran-
scription of several genes31.

Initial proposals for AD as a laminopathy

Considering that aging itself involves chromatin alter-
ations, much has been speculated about the borderline 
between healthy aging and AD onset. Over the past 
decade, based on research work carried out in a Dro-
sophila melanogaster AD model, the nuclear lamin has 
been found to play an initial and decisive role in AD 
onset27, even leading to propose that AD would be an 
acquired laminopathy32. Although both aging and AD 
are closely related to nuclear lamin dysfunction33, it was 

still unclear the decisive “challenge” that leads neurons 
to an irreversible nuclear transformation that culminates 
in neurodegeneration and dementia.

The nuclear lamin is a flexible polymer mesh. We 
could imagine it as a scaffold that contains a diffuse 
network inside and is surrounded on the periphery by 
a nuclear lamin. The nuclear lamin is anchored to the 
cytoskeleton and extends through the nucleoplasm. Its 
function is to give structure to the nucleus, as well as 
to regulate chromatin. Its main components are lamin 
A, lamin B1, lamin B2, and lamin C19. Each of these 
proteins has independent mechanical properties33. Ac-
tually, one important Aβ effect is fragmentation of lamin 
proteins. In vitro, nuclear lamina deformation and frag-
mentation are observed in Aβ-treated cells and may 
contribute to neuronal death34.

It is important to emphasize that neurons, unlike oth-
er cells in the human body, do not have lamin A in their 
nuclear lamin, which gives the nucleus-skeleton greater 
flexibility35-37. The close and complex relationship of 
nuclear lamin with chromatin modulates euchromatin 
and heterochromatin and safeguards the stability of the 
genome26. 

Alterations of the nuclear lamin among 
young, senile, and AD subjects 

Senile neurons possess a more complex nuclear 
lamin with less flexibility than young neurons. Neverthe-
less, the absence of lamin A allows them to maintain a 
certain degree of plasticity in the mechanical commu-
nication between their nucleus and cytoskeleton35,36. 

Our research group set out to elucidate the patho-
genesis of this disease by studying pyramidal neurons 
of the hippocampus (areas CA1 and CA3) from autop-
sies of human of healthy subjects of different ages 
(adults, senile), and AD subjects in different stages of 
disease (Braak I-VI). Our work demonstrated important 
changes of the nuclear lamin associated to AD prog-
ress that was described in detail in an already pub-
lished work and outlined below26.

The nuclear lamin from AD hippocampal neurons has 
been observed to be abnormally complex35,36, but the 
most surprising finding made by our research group is 
that AD neurons are the only ones that express lamin 
A26. This suggests that the presence of lamin A confers 
greater rigidity to the core. The other nuclear lamin 
components, lamin B1 and B2, intertwine to construct 
a scaffold for heterochromatin. Lamin B1 is essential to 
assemble the different lamins that make up the nuclear 
lamin26.
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Our work demonstrated that lamin B1 is expressed 
in the nuclear membrane both in young subjects and 
in AD26. As for lamin B2, it is expressed in healthy, 
senile, and AD subjects; however, there is an exciting 
change in its expression. In adult subjects, it has peri-
nuclear expression, but it begins to move to the nucle-
oplasm in senile subjects, giving rise to two different 
neuronal populations37. Both the striking findings of the 
presence of lamin A and the expression changes in 
lamin B2 raised numerous questions about the impact 
that nuclear lamin modifications have on the pathogen-
esis of AD. 

Nuclear hypothesis of AD pathogenesis 

The comparison of lamins A and B2 expression and 
of Tau protein in hippocampal neurons of senile and 
AD subjects suggests a completely new and fascinating 
theory about the pathogenesis of AD.

Previously, it was known that at early AD stages, two 
different neuronal populations coexist, one group en-
ters an abortive cell cycle and represents 75-90% of 
neuronal loss38-40. A second group of neurons does not 

die but they suffer a transformation of nucleus and cy-
toskeleton, which triggers hyperphosphorylation and 
aggregation of Tau.

From our research work, as well as from the great 
contribution of previous studies, we arrived to the fol-
lowing hypothesis. The expression of lamin B2 in the 
nucleoplasm indicates that the neurons entered the G1 
phase, which coincides with the fact that this expres-
sion is observed in healthy senile adults; therefore, we 
can deduce that the neuron is beginning its effort to 
repair its DNA, which bears aging associated DNA 
damage. To survive, post-mitotic neurons generate a 
change in the nuclear lamin by inducing abnormal ex-
pression of lamin A in the inner part of the nuclear lamin 
and increasing Lamin B2 expression in the nuclear 
periphery. This restructuration of their nucleus and cy-
toskeleton increases the rigidity of the nucleus and the 
degree of viscosity of the chromatin41. The presence of 
lamin A is the critical difference between senile neu-
rons and AD neurons. In turn, this abnormal expression 
of lamin A leads to the upregulation of the epigenetic 
marker H420me3, whose physiological function is to 
silence perinuclear heterochromatin blocks (Fig. 3).

Figure 3. Nuclear hypothesis of Alzheimer’s disease (AD) pathogenesis. Senile neurons initiate DNA repair by entering 
the cell cycle, but the complexity of their nucleus-cytoskeleton prevents neurons from dividing and they gradually die. 
AD neurons survive by triggering an aberrant structural and functional transformation of the nucleus, consisting in 
lamin A expression and Tau protein transfer to the cytoplasm. Neurofibrillary tangles are consequence of the attempted 
neuronal repair, and the loss of the protector role of nuclear Tau results in global chromatin disorganization.
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Although this tremendous effort to protect the ge-
nome is ultimately unsuccessful, since neurons are left 
cycling in the G2-M phase from where they cannot 
escape, the loss of neuronal plasticity and synaptic 
dysfunction is the price that the damaged neuron pays 
surviving a few years, delaying the inevitable neuronal 
death26 (Fig. 3).

Perspectives

The above described chain of molecular events pro-
vides also an explanation for the lack of success of 
current AD treatments. Since therapies are targeting 
molecular AD hallmarks such Aβ plaques and tau hy-
perphosphorylation, the early nuclear damage and ab-
errant cell cycle activation underlying the proteinopathy 
are ignored. In light of this novel pathophysiological 
mechanism, drugs that could interfere with the cell cy-
cle machinery are candidates for AD management. In 
this respect, drugs currently used in cancer therapy by 
targeting cell cycle progression and mitosis are current-
ly tested in animal models of AD42.

Experimental tools against oxidative damage and mi-
tochondrial dysfunction underlying DNA damage are 
ongoing. However, these treatments are still undergo-
ing clinical trials and many of them have not achieved 
satisfactory results. It is worth considering that lifestyle 
and nutritional intervention may be effective primary 
prevention strategies for AD, since they could reduce 
the DNA damage accumulation that results in cell cycle 
activation. Some proposed modifications are healthy 
nutritive food components, rich in their antioxidant and 
anti-inflammatory properties; intermittent fasting, which 
is effective in brain aging by improving metabolic 
health, and physical activity which reduces mitochon-
drial dysfunction by activating various transcription fac-
tors in bioenergetics processes43.

Conclusion

Cell cycle reentry by post-mitotic hippocampal neu-
rons is a biological mechanism to restore nuclear-cel-
lular homeostasis after accumulation of DNA damage. 
Aging presents a state of massive DNA damage that 
does not allow to restore homeostasis. For this reason, 
post-mitotic neurons make an immense effort to survive 
or to delay their death, sacrificing important neuronal 
functions. This survival success is evidenced by the 
presence of lamin A and the exit of the Tau protein from 
the nucleus. Nevertheless, AD neurons manage to sur-
vive for years, and even decades, with a progressive 

deterioration of synaptic functionality that leads inevi-
tably to dementia.
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