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SUMMARY

Aim: Our study aimed to determine the relationship between accessory muscle thickness and radiological grade in Covid -19 disease.

Material methods: 350 patients who were admitted between March 2020 and September 2020 with the pre-diagnosis or diagnosis of
COVID-19. The control group included 183 patients who were evaluated for Thoracic CT for any reason and were evaluated as normal and
not diagnosed with COVID-19. Images of the patients were evaluated retrospectively. Right and left sternocleidomastoid muscle (SCM)
thickness measurements of all patients were measured at the level of the thyroid gland in thorax CT without contrast.

Result: Of the patients with CT involvement, 48.85% were female, and 51.14% were male. The control group consisted of 45.35%
women and 54.64% men. The ages of the patients with CT involvement were 49.8 + 12.65 (18-70), and the age of the control group was 48.9
+ 11.5 (28-85). A significant difference was found between the right and left SCM diameter changes when patients with CT involvement
were compared with the control group (p: 0.025, p: 0.001, respectively). Right and left SCM diameters were significantly increased in those
with consolidation (p: 0.042, p: 0.01, respectively) and positively correlated (r: 0.08, r: 0.112).

Conclusion: In our study, in patients with respiratory distress, accessory muscles are activated to support breathing, and hypertrophy
developed due to overuse of the muscles was supported by the measurements made in CT sections.

Keywords: Covid-19, Sternocleidomastoid muscle, Radiological grade, Accessory Muscle

COVID-19 TANILI ERiISKINLERDE STERNOKLEIDOMASTOID KAS KALINLIGININ RADYOLOJIiK DERECE iLE
KORELASYONU

OZET

Amag: Calismamizda Covid-19 hastaliginda aksesuar solunum kasi olan Sternocleidomastoideus kas kalinligi ile radyolojik evre
arasindaki iliskiyi belirlemeyi amagladik.

Materyal-metod: Mart 2020 ile Eyliil 2020 arasinda COVID-19 6n tani veya tanisi ile bagvuran 350 hasta ile kontrol grubu olarak,
herhangi bir nedenle toraks BT (Bilgisayarli Tomografi) ¢cekilmis ve normal olarak degerlendirilmis olan ve COVID-19 tanisi almayan 183
hasta kabul edildi. Hastalarin goriintiileri retrospektif olarak degerlendirildi. Tiim hastalarin sag ve sol sternokleidomastoideus kas (SKM)
kalmlik 6l¢timleri kontrastsiz toraks BT'de tiroid bezi diizeyinde 6lgiildi.

Bulgular: BT tutulumu olan hastalarin %48.85'1 kadim, %51.14'i erkekti. Kontrol grubu %45.35 kadin ve %54.64 erkekten olusuyordu.
BT tutulumu olan hastalarin yaglar1 49.8 + 12.65 (18-70), kontrol grubunun yas1 48.9 + 11.5 (28-85) idi. BT tutulumu olan hastalar kontrol
grubu ile karsilastirildiginda sag ve sol SCM cap degisiklikleri arasinda anlamli fark bulundu. (sirasiyla p: 0.025, p: 0.001). Sag ve sol SCM
¢aplar1 konsolidasyon olanlarda anlamli olarak artt1 (sirastyla p: 0.042, p: 0.01) ve pozitif korelasyon gosterdi (r: 0.08, r:<42 0.112).

Sonug: Calismamizda solunum sikintisi olan hastalarda solunumu desteklemek igin yardimer kaslar aktive edilmis ve kaslarin agir
kullanimina bagl gelisen hipertrofi BT kesitlerinde yapilan dlgiimlerle desteklenmistir.

Anahtar Sozciikler: Covid-19, Sternokleidomasteideus kasi, Radyografik derece, Aksesuar Kas
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type opacities in 75% of patients hospitalized
with COVID-19’. There is no virus-specific
precaution and  treatment. = Symptomatic
treatment is applied to patients. Respiratory
muscle performance decreases in conditions such
as aging, smoking, and chronic disease™’.
Studies with patients with moderate to severe
SARS infections  have  clarified  the
musculoskeletal burden of this disease by
showing skeletal muscle, neurological, bone, and
joint damage'*'".

In an acutely ill lung (e. g. ARDS), the
pressure required to breathe increases further,
which can increase the risk of respiratory
failure’. The main respiratory muscle is the
diaphragm. When the diaphragm is forced, the
accessory inspiratory muscles (parasternal-,
external intercostal-, scalene-, and
sternocleidomastoid muscles) are involved®.
Studies in patients with respiratory distress have
mostly focused on the diaphragm'®. However,
the role of accessory muscles in forced breathing
has been largely neglected in the literature. There
are concerns about potential long-term
pulmonary sequelae and related impairment in
functional capacity in people recovering from
COVID-19. When the respiratory need cannot be
met by the respiratory muscles, respiratory
muscle synergists come into play. Thus, the
activity of respiratory muscle synergists
increases. Also, patients choose a more
comfortable position for breathing. It causes
changes in the functions of involuntary muscles.
In particular, the sternocleidomastoid and
scalene muscles, the muscles of the shoulder
girdle, undertake to support the respiratory
muscles in difficult breathing. Skeletal muscle
hypertrophy is defined as an increase in muscle
mass and cross-sectional area at all tissue and
cellular levels'".

Overuse of muscle can cause an increase
in muscle diameter. An increase in the
thickening fraction of the muscle occurs as a
result of the use of accessory respiratory
muscles'?. In this study, we aimed to discuss the
role of respiratory muscles in respiration, and we
wanted to emphasize the importance of correct
respiratory rehabilitation in the early period by
evaluating the diameter changes of the
sternocleidomastoid muscles in patients with
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respiratory muscle weakness with a diagnosis of
COVID-19.

MATERIAL and METHODS

The required permission from the
Ministry of Health and the approval of the local
Ethics Committee (Date: 05/11/2020, Number:
2020/15-14) were obtained for the present study.
The study was retrospective, and there was no
need for an informed consent form as there were
no new or additional risks for the participants.
However, the study was conducted according to
the principles of the Declaration of Helsinki.

Study population and management:

Diagnostic and demographic information,
laboratory values, and images of the patients
were scanned retrospectively from the hospital
information system (HIS). The clinical data and
CT images of 350 consecutive patients who
applied to the pandemic outpatient clinic with a
pre- diagnosis of COVID-19 between March and
September 2020 and who presented to the
Physical Therapy and Rehabilitation outpatient
clinic due to musculoskeletal complaints were
examined. Patients with a past history of lung
disease, heart disease, rheumatic disease,
myositis, trauma, muscle disease, thyroid or
parathyroid disease, malignancy, or steroid use
were excluded from the study.

According to CORDS classification, CT
Findings Related to COVID-19 criteria'’, 350
patients (171 female and 179 male) have positive
findings on thoracic CT and undergoing COVID-
19 treatments were selected for the study. In the
same period, 183 patients (83 female and 100
male) who were evaluated as normal due to the
absence of lung involvement in thoracic CT
examination performed for another reason and
who could not be diagnosed with COVID-19 and
whose RRT-PCR test was negative were selected
as controls.

In the group selected as the patient, those
with significant involvement in Thoracic CT in
terms of COVID-19 were evaluated. Patients
with ground glass opacities (GGO) as CT signs
were evaluated in the mild disease group, and
patients with extensive ground-glass
consolidation were evaluated in the moderate-to-
severe disease group.

Image acquisition:

All imaging procedures were performed
with a multi-detector sequential CT scanner
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(Ingenuity Elite, Philips Healthcare, Best,
Netherlands). The CT protocol consisted of 120
kV-100 mA tube current, 2 mm slice thickness,
and the patient in the supine position and
inspiration without using contrast media.

Image analysis:

The analysis of the images was carried
out using the DICOM viewer (FONET, v4.1,
Ankara, TR) of the PACS system integrated into
HIS. The thickness of the right and left SCM and
trapezius muscles of all participants were
measured by an 8-year experienced radiologist
(P.G.B.) on axial thoracic CT images, where
they are best seen at the level of the thyroid
gland. The muscle densities in the axial sections
were evaluated as the average of three
measurements taken in Hounsfield units (HU)
using equal ROIs (Region of Interest) from each
muscle (Fig. 1).

Statistical analysis

All statistical analyzes were performed
using SPSS version 25.0 (SPSS Inc, Chicago,
IL). Data were expressed as mean + standard
deviation. The Chi-square test was used for
gender comparison between the two groups. The
normality of the distribution was assessed using
the Kolmogorov-Smirnov test. According to
these results, the Mann-Whitney U test and
Kruskal Wallis test was used to compare the
groups Tamhane’s T2 test was used for Post hoc
Spearman’s rho correlation test was used to
correlate variables in the study group.

In addition, logistic regression analysis
was performed for all parameters. The p < 0.05
was considered significant.

RESULTS

The gender distribution of all patients is
shown in Table 1, and the age values of the
groups are shown in Table 2. In our study, 350
patients with thoracic CT involvement and 183
control patients with normal CT were included.
There was no statistically significant difference
between the groups regarding age and gender (p:
0.4, p: 0.5, respectively). There were ground-
glass opacities in 254 (72.57%) patients with CT
involvement and consolidation in 96 (27.42%)
patients. The RRT-PCR test was positive for 254
(72.57%) COVID-19 patients.
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When the groups were compared in terms
of the diameter changes of the SCM muscle, a
significant increase was found in the muscle
diameter of the COVID-19 patient groups with
the radiological degree. (p:0,025, p: 0,001,
respectively) In addition to this finding, a
significant decrease was found in the density
values of the SCM muscle, the radiological
grade, and the muscle density of the COVID-19
patient groups. The presence of consolidation
was positively associated with age (p: 0.00).

SCM diameters were significantly

increased in those with consolidation (p: 0.042,
p:0.01, respectively), and as seen in figure 1.2,
there was a positive correlation between CT
classification grade and SCM muscle diameters.
(r: 0.08,1: 120 0.112).

s | | 1./

Fig 1: SCM thickness measurement at the level of the
thyroid gland in thorax CT without contrast

Fig 2: SCM hypertrophy at the level of the thyroid gland
in thorax CT without contrast
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Table 1. Age and SCM diameter measurements of patients with CT involvement andcontrol group

CT positive (n:350) Control (n:183) P

Age (mean = st) 49.8 £12.65 489+ 11.5 0.000
Gender (male/female) 171/174 100/83 0

RSCD (mean = st) 12.98 + 6.7 11.83 £2.19 0.025
LSCD (mean = st) 13.24 +£7.3 11.38+2.09 0.001

RSCD: Right SCM diameter, LSCD: Left SCM diameter, St: Standard Deviation, CT:Computed Tomography

Table 2. Age and SCM muscle diameter measurements of frosted glass view, consolidation, and
control group

BCG (n:254) Consolidation (n:96) Control P
Age (mean =+ st) 49 +12.51 51.78 £ 13.04 489+ 11.5 0.3
Gender (Male/ Female) 132/122 48/47 83/100 0.6
RSCC (mean = st) 12.8+6 12.38 £4,8 11.83 £2.19 0.05
LSCC (mean = st) 134+£74 13.5+7.17 11.38 £2.09 0.00

RSCD: Right SCM diameter, LSCD: Left SCM diameter, St: Standard Deviation, CT:Computed
Tomography BCG: Frosted Glass View

Table 3. CT Image Values of Right SCM and Left SCM Muscles

BCG (n:254) Consolidation (n:96) p
RSCD (mean + stdeviation 12.8+6 13.5+84 0.05
LSCD (mean + stdeviation 13.14+ 74 13.5+7.1 0.04

RSCD: Right SCM diameter, LSCD: Left SCM diameter, St: Standard Deviation, BCG:Frosted Glass View
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DISCUSSION

Emerging in the past decade, SARS,
HINI1, Influenza A, and Middle East Respiratory
Syndrome (MERS) has demonstrated the strong
threat of new human diseases of global impact.
In the SARS-CoV-2 outbreak (COVID-19), the
number of cases continues to increase rapidly all
over the World. In most cases of COVID-19,
mild symptoms such as fever (80%), dry cough
(56%), fatigue (22%), muscle pain (7%) can be
seen as well as acute respiratory failure
syndrome (ARDS)*".

Although diagnosis is based on a real-
time reverse transcriptase-polymerase chain
reaction (RRT-PCR) positivity for the presence
of coronavirus, rapid and reliable testing is
needed to reduce transmission and mortality.
RRT-PCR results usually require 5 to 6 hours,
whereas CT exam results can be obtained much
faster. In addition, it remains unclear whether
RRT-PCR is the gold standard and whether false
positive and false negative results are common.
In studies where RRT-PCR test results of the
patients were taken as reference, the sensitivity,
specificity, and accuracy of Thorax CT in
demonstrating COVID-19 infection was found to
be approximately 95-97"*'*!°. These findings
supported our idea that chest CT is useful not
only for its rapid results in cases suggestive of
covid-19 infection but also for the initial
evaluation and rapid isolation of patients. As in
recent studies, RRT-PCR positivity was detected
in 72.57% of patients diagnosed with COVID-
19, and thoracic CT scans of the patients were
interpreted in terms of COVID-19 involvement
according to the CORDS'®. The clinical features
and severity of COVID-19 disease vary greatly
from asymptomatic to fatal. The most common
symptoms are fever, cough, difficulty breathing,
and respiratory distress. Although 81% of the
cases show a mild course, severe pneumonia in
14%, respiratory failure, ARDS, and multi-organ
failure develops in 5%. The main respiratory
muscles are the chest and abdominal muscles,
and during inspiration, the diaphragm, scalene,
SCM, parasternal and intercostal muscles are
activated. Deep weakness of respiratory muscles
has been shown to occur in patients with
respiratory failure'”"'®!® Pre-existing respiratory
symptoms may progress for some time. trouble-
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free respiratory function due to weakened
respiratory muscles, especially for the elderly
and patients with pre-existing respiratory
disorders  (e.g. COPD, restrictive lung
diseases)™. Patients with dyspnea try to support
their breathing by increasing the use of accessory

inspiratory muscles. Especially when the
diaphragm function, which is the main
respiratory muscle, is impaired, synergist

respiratory muscles enter the circuit. The scalene
muscle and the sternocleidomastoid muscle are
flexors of the cervical vertebra and are effective
in controlling the posture of the neck.
Respiratory muscle fibers can change their
properties to adapt to new requirements that may
arise from physiological conditions, lung /
respiratory diseases, as well as functional tasks'”.
They also work as auxiliary inspiratory muscles
to aid breathing. These muscles are effective in
breathing as well as functional movements of the
neck'®. Many studies have focused on diaphragm
structure and function in patients with acute
respiratory failure. However, there are very few
reports in the literature regarding the role of
accessory muscles in respiratory physiology in
respiratory failure.

In our study, we aimed to evaluate the
respiratory assist muscles in patients diagnosed
with COVID-19 with pulmonary involvement.
While CT provides useful information about the
integrity and structure of the airways and lung
parenchyma, it also has the potential to examine
the contribution of respiratory muscles to lung
function. Imaging techniques can provide
information about the integrity and structure of
the airways and lung parenchyma. CT can be
used to examine the respiratory muscles,
particularly the diaphragm®'. Thoracic CT scans
of the patients had bilateral peripheral ground-
glass  opacities and typical COVID-19
involvement interpreted as consolidation’.

Respiratory muscle fibers can change
their properties to adapt to new requirements that
may arise from respiratory diseases or functional
physiological conditions'®**. In particular, we
evaluated the diameter change of the SCM
muscle, one of the inspiratory auxiliary muscles,
in the part of the image area according to the
standard shooting protocol. SCM diameter
increased significantly in the patient group
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compared to the control group. In the SCM
muscle, hypertrophy may develop as a result of
the increased workload under the influence of
the inflammatory process. We evaluated muscle
hypertrophy caused by excessive use of muscles
as an increase in muscle diameter. At the same
time, SCM diameter increased significantly in
patients with CT consolidation. The increase in
SCM muscle diameter in patients with
consolidation made us think that the use of
accessory muscles of the patients was activated
as the workload increased while breathing. Death
risk in COVID-19 increases significantly with
age. Those diagnosed with COVID-19.

Case fatality rates were 0.1% in children,
compared to 14.8% in the elderly in China®. In
our patients, the presence of consolidation on CT
was positively correlated with age and positively
correlated (p: 0,00, r: 0,154). Pulmonary findings
worsened as the patients got older.

CONCLUSION

In this study, it was determined that
accessory respiratory muscles were activated to
support respiration in patients with respiratory
distress. The increase in muscle diameter due to
overuse of the muscles has shown us the severity
of respiratory distress caused by Covid-19.
Hypertrophy and changes in density in the
muscles in the early period indicate that the
adipose tissue replacing healthy muscle tissue
will accelerate the progression of respiratory
muscle weakness in the following periods. The
proportion of patients with consolidation on CT
supported our view on this issue considering the
rate of deterioration in respiratory functions in
covid-19 patients, the importance of -early
rehabilitation and supporting correct respiratory
muscle use becomes evident once again.

Limitations:

The limitations of our study were that it
was single-centered, the number of patients was
small, and we could not examine the patients.
The data of our patients were evaluated
retrospectively, but our knowledge about clinical
information and follow-up was limited.
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