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Abstract

Due to variety of benefits, ultrasonography (US) has recently been utilized to determine thoracic
diaphragm (TD) function. Normative values are crucial for adequate evaluation. Therefore, the aim of
present study was to gathered standard data for specific US parameters necessary for the evaluation of
TD function. 80 participants were subjected to study (51.7 age + 17.0). US was used to measure the right
side of TD thickness at functional residual capacity (FRC) and total lung capacity (TLC). It was also used
to calculate TD thickening fraction (Ad), the amplitude (AMP) of TD movement during quiet (QB) and
deep (DB) breathing, as well as TD velocity during sniff maneuver. The lower limit of normal for the FRLC
was 1.1 mm, TLC 1.7 mm, Ad 0.3 mm, AMP during QB 8.0 mm and DB 28.0 mm and velocity during sniff
maneuver 40.0 mm/s. Normative values will be used in a clinical setting for the diagnosis of patients with
neuromuscular and pulmonary diseases. Key words: Thoracic diaphragm, ultrasonography, normative
values.

Normativne vrednosti ultrazvoénih spremenljivk za oceno funkcije
trebusne prepone

Povzetek

Ultrasonografija (US) se zaradi stevilnih prednosti uporablja tudi za oceno funkcije trebusne prepone
(TP). Normativne vrednosti so kljucnega pomena pri diagnosticiranju, zato je bil namen raziskave
pridobitev normativnih vrednosti izbranih US-spremenljivk za oceno funkcije. V raziskavo je bilo
vkljucenih 80 preiskovancev (51.7 let + 17.0). Z US smo merili debelino desne polovice TP pri funkcionalni
rezidualni (FRK) in totalni pljiucni kapaciteti (TPK), izracunali koeficient zadebelitve TP (Ad), amplitudo
gibanja TP pri sproscenem (SPai) in globokem dihanju (GLa) ter hitrost premika TP pri njuhu (kratek in
sunkovit inspirij skozi nos). Normativne vrednosti, ki smo jih dobili znasajo za FRPK 1.1 mm, TPK 1.7 mm,
Ad 0.3 mm, SPgin 8.0 mm, Glgin 28.0 mm in njuh 40.0 mm/s. Dobljene normativne vrednosti so uporabne
v klinicnem okolju pri diagnostiki bolnikov z Zivéno-misi¢nimi, pliu¢nimi in internisticnimi boleznimi.
Kljucne besede: trebusna prepona, ultrasonografija, normativne vrednosti.
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1. INTRODUCTION

Thoracic diaphragm (TD) is not only the most important respiratory muscle (Vivier et al., 2012), but is
also important for efficient coughing, vomiting, swallowing, urination, defecation and maintaining body
posture (Bordoni et al., 2016). The main symptom of TD dysfunction or phrenic nerve is dyspnea. It is
present during physical activity and if more pronounced also at rest or sleep (Ricoy et al., 2019).
Dysfunction of TD is unilateral or bilateral. The most important causes of unilateral dysfunction are
traumatic or iatrogenic injuries, compression of the TD or phrenic nerve due to tissue masses (cancer),
inflammation, neurological diseases and regional anesthesia (Vetrugno et al.,, 2019). Unilateral
dysfunction is frequently asymptomatic or it is shows as a shortness of breath during physical activity.
It is usually diagnosed coincidently (Caleffi-Pereira et al., 2018). However, the most important causes of
bilateral dysfunction are neurologic diseases (myopathy or dystrophy), connective tissue disorders,
electrolyte deficiency, endocrine diseases, compression of the TD or phrenic nerve due to tissue masses
(cancer), virus infections, amyloidosis, porphyria, malnutrition, corticosteroid intake, sepsis and
mechanical ventilation (Vetrugno et al., 2019). The cause of dysfunction is often unknown (i.e.
idiopathic). Diagnostic procedure include anamnesis, clinical examination (Minami et al., 2018; Bordoni
and Morabito, 2019), RTG (Minami et al., 2018; Ricoy et al., 2019), fluoroscopy (Kokatnur and Rudrappa,
2018; Minami et al., 2018; Ricoy et al., 2019), CT (Umbrello and Formenti, 2016; Minami et al., 2018;
Uhlich et al., 2018; Sekusky and Lopez, 2020), MR (Nason et al., 2012; Sarwal et al., 2013; Umbrello and
Formenti, 2016), EMG (Yoshioka et al., 2007; Sarwal et al., 2013; Boon et al., 2014), nerve conduction
studies (Pinto et al., 2016), spirometry (Kokatnur and Rudrappa, 2018) and ultrasonography (US)
(Matamis et al., 2013; Sarwal et al., 2013; Fantini et al., 2016; Fantini et al., 2019; Mandoorah and Mead,
2019; Ricoy et al., 2019; Vetrugno et al., 2019; Santana et al, 2020). The latter can determine TD
thickness and movement (Boon et al., 2014) and therefore atrophy and paresis (Mandoorah and Mead,
2019). Normative values are crucial to determine TD dysfunction. Therefore, the aim of present study
was to gathered standard data for specific US parameters necessary for the evaluation of TD function.

2. METHODS

Participants
Healthy adult volunteers without any respiratory or neurological disorders, age matched with patients
with spinal muscle atrophy and amyotrophic lateral sclerosis, were recruited.

Assessment

Measurements were taken between September 2020 and May 2021 at the Institute of Clinical
Neurophysiology, University Clinical Centre Ljubljana, Slovenia. Healthy adult volunteers were in supine
position with arms extended (Fayssoil et al., 2019; Vetrugno et al., 2019). The right side of the TD
thickness was assessed with 13 MHz linear probe in M-mode (Aloka UST-5412) between 8th and 9th or
9th and 10th rib in anterior axillary line (Vivier et al., 2012; Sarwal et al., 2013; O’hara et al., 2020) (Figure
1A). Only thickness of hipoehoic (muscle) layer was measured (Matamis et al., 2013). The right side of
the TD motion (TD amplitude and TD velocity) was measured with 2-5 MHz convex probe (Aloka UST-
9119-5) under right rib cage between middle clavicle and anterior axillary line through the liver window
(Matamis et al., 2013; Sarwal et al., 2013) (Figure 1B). Under xiphoid approach or between the ribs were
used when TD through liver window was not visible (colon).
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Figure 1: A — Position of the linear probe during TD thickness measuring, B — Position of the convex probe during
TD motion measuring. A — Middle clavicle line; B — anterior axillary line; C — posterior axillary line; 1 — 9/10
intercostal space; 2 — 8/9 intercostal space.

US measurements

We measured TD thickness at functional residual capacity (FRC) (Kim et al., 2017) (Figure 2A) and total
lung capacity (TLC) (Kim et al., 2017) (Figure 2B). TD thicknening fraction (Ad) was calculated as
(thickness at TLC — thickness at FRC) / thickness at FRC (Santana et al., 2020).
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Figure 2: TD thickness at functional residual capacity (A) and TD at total lung capacity (B). Arrow is showing the
lungs.

Furthermore, TD amplitude between quiet breathing (QB) (distance between tidal volume) (Santana et
al., 2020) (Figure 3A), TD amplitude between deep breathing (DB) (distance between TD place at FRC in
TPC) (Santana et al., 2020) (Figure 3B) and velocity of the TD between sniff maneuver (that is fast breath
through nose) (Scott et al., 2006) (Figure 3C) was measured. Three consecutive measurements were
performed and averaged.

Figure 3: A — Amplitude during quiet breathing; B — Amplitude during deep breathing, C — sniff maneuver. The left
image side shows breathing in B mode and the right side in M-mode.
Statistics



Statistics were made using IBM SPSS Statistics 26 (Chicago, IL, USA). Lower limits of normal were
calculated as mean-1.96xSD. 5th percentile and frequency distribution was also calculated.
Furthermore, correlation between dependent (US measurements) and independent variables (sex, age,
height, weight, BMI were defined using simple linear regression model.

3. RESULTS

In our research 80 healthy volunteers were participated (51.7 years old £ 17.0; 33 men). Table 1 shows
demographic characteristics for all participants and separately for men and women. Statistical
differences (p <0.0001) were found between men and women in height and weight. Men are higher and
heavier than women. Table 2 shows descriptive statistics for TD thickness and motion. Considerable
differences between 5th percentile and LLN were calculated. Furthermore, frequency distribution for
US variables was also calculated (Table 3).

Table 1: Demographic characteristics of 33 man and 47 women healthy volunteers

Demographic data Men and women Men Women

Age [year]; mean £ SD (95% Cl) 52 +17 (48-56) 49 + 17 (43-55) 54 + 17 (49-59)

Height [m]; mean + SD (95% Cl) 1.7 £0.08 (1.69-1.75) 1.8 +0.05(1.77-1.81)* | 1.7 £0.05 (1.65-1.68)*

Weight [kg]; mean + SD (95% CI) | 74 + 14 (71-77) 83 + 14 (78-88)* 68 + 10 (65-71) *

BMI [kg/m?]; mean = SD (95% Cl) | 24.9 + 3.9 (24-26)

25.9+4.0(24.4-27.3) | 24.3+3.7(23.2-25.4)

Smoking; n (%)

Yes 13 (16 %) 6 (18%) 7 (15%)
Ex-smoker 15 (19 %) 6 (18%) 9 (19%)
No 52 (65 %) 21 (64%) 31 (66%)
SD —standard deviation; Cl — confidence interval; n —number of participants; BMI —body mass index; * — statistical
difference (p < 0.0001).
Table 2: Descriptive statistics
Measurements | Men and women | Men Women
Thoracic diaphragm thickness at functional residual capacity [mm]
n; mean =+ SD 80;1.5+04 33;1.7+x04 47;1.4+£0.3
SE; 95% Cl 0.1;1.5-1.6 0.1;1.6-1.9 0.1;1.3-15
2.5-5 perc. 1.0-1.0 1.0-1.1 0.6-1.0
LLN 0.7 0.9 0.8
KStest (p) 0.001 0.200 0.039
Thoracic diaphragm thickness at total lung capacity [mm
n; mean = SD 80;2.7+0.9 33;3.0+£10 47;2.5+0.7
SE; 95% ClI 0.1;2.5-2.9 0.2;2.7-3.4 0.1;2.3-2.7
2.5-5 perc. 1.2-1.6 1.8-1.9 1.0-1.3
LLN 0.9 1.0 1.1
KStest (p) 0.002 0.009 0.186
Thoracic diaphragm thickening fraction [mm]
n; mean = SD 80;0.8+0.4 33;0.8+0.5 47;0.8+0.4
SE; 95% Cl 0.1, 0.7-0.9 0.1, 0.6-1.0 0.1, 0.7-0.9
2.5-5 perc. 0.2-0.3 0.2-0.3 0.1-0.2
LLN 0.2 -0.2 0.2
KStest (p) 0.003 <0.0001 0.032
Thoracic diaphragm amplitude during quiet breathing [mm]
n; mean + SD 77,13.5+4.7 30;15.0+4.1 47;12.6 £4.9
SE; 95% Cl 0.5;12.5-14.6 0.8; 13.4-16.5 0.7;11.2-14.0
2.5-5 perc. 6.0-6.9 8.0-8.6 6.0-6.2
LLN 4.3 7.0 3.0
KStest (p) 0.032 0.200 0.024




Thoracic diaphragm amplitude during quiet breathing [mm]

n; mean + SD 75;51.1+16.1 28;549+17.5 47;48.8 £15.0
SE; 95% ClI 1.9;47.3-54.6 3.3;48.1-61.7 2.2;44.4-53.2
2.5-5 perc. 23.7-27.0 29.5-30.2 22.4-25.2

LLN 19.5 20.6 194

KStest (p) 0.200 0.200 0.200

Velocity of the TD during sniff maneuver [mm]

n; mean + SD 69; 85.1+32.9 25;87.7+34.2 44;83.5+32.4
SE; 95% Cl 4.0; 78.1-92.9 6.8; 74.0-101.8 4.9;73.7-93.4
2.5-5 perc. 37.2-39.5 35.0-36.5 38.1-39.5

LLN 20.6 20.7 20.0

KStest (p) 0.200 0.200 0.200

n — number of the participants; SD — standard deviation; SE — standard error; Cl — confidence interval; perc. —
percentile; LLN — lower limit of normal (mean-1.96xSD); KStest — Kolmogorov-Smirnov test; p — p value.

Table 3: Frequency distribution

TD thickness TD motion
SM; n (%)
FRC; n (%) [mm] | TPC; n (%) [mm] | Ad; n (%) [mm] QB; n (%) [mm] DB; n (%) [mm] (mm/s]
1.0; 4 (5.1) 0.9;1(1.3) 0.1;1(1.3) 6.0; 2 (2.6) 22.0; 1 (1.4) 35.0; 1 (1.5)
1.1; 7 (13.9) 1.2;1(2.6) 0.2;2(3.8) 6.5; 1(3.9) 24.0;1(2.7) 38.0;1(2.9)
1.2;9(25.3) 1.5;1(3.8) 0.3;6(11.3) 7.0; 1 (5.3) 27.0; 2 (5.5) 39.0; 1 (4.4)
1.3; 8(35.4) 1.6;1(5.1) 0.4; 16 (31.3) 8.0; 4 (10.5) 28.0; 1 (6.8) 40.0; 1 (5.9)
1.4; 11 (49.4) 1.7;1(6.4) 0.5; 6 (38.8) 9.0;5(17.1) 29.5;1(8.2) 41.0; 1 (7.4)
>1.5; 40 (50.6) 1.8;2(9.0) 0.6; 5 (45.0) 9.3;1(18.4) 31.0; 2 (11.0) 41.5;1(8.8)
1.9;4(14.1) 0.7;3(48.8) 10.0; 11 (32.9) 32.0;2(13.7) 43.0; 1 (10.3)
2.0; 4 (19.2) >0.8; 41 (51.2) 11.0; 6 (40.8) 35.0; 2 (16.4) 46.0; 1 (11.8)
2.1;5(25.6) 12.0; 5 (47.4) 36.0; 2 (19.2) 48.0; 2 (14.7)
2.2;5(32.1) >13.0; 40 (52.6) 37.0; 1(20.5) 53.0; 3 (19.1)
2.3;6(39.7) 38.0;1(21.9) 57.0; 1 (20.6)
2.4; 4 (44.9) 38.3;1(23.3) 58.0; 1 (22.1)
2.5; 4 (50.0) 39.0; 5(30.1) 59.0; 1 (23.5)
>2.6; 39 (50.0) 39.5; 1 (31.5) 62.0; 1 (25.0)
40.0; 2 (34.2) 66.0; 1 (26.5)
41.0; 1 (35.6) 68.0; 1 (27.9)
42.0; 2 (38.4) 69.0; 2 (30.9)
43.0; 1 (39.7) 72.0; 2 (33.8)
44.0; 2 (42.5) 73.0; 3 (38.2)
46.0; 1 (43.8) 74.0; 2 (41.2)
47.0; 1 (45.2) 76.0; 2 (44.1)
48.0; 1 (46.6) 77.0; 2 (47.1)
49.0; 3 (50.7) 78.0; 1 (48.5)
>50.0; 36 (49.3) 79.0; 1 (50.0)

> 80.0; 34 (50.0)

Values above 5th percentile are bolded. TD — thoracic diaphragm; n — number of the participants; FRC — functional
residual capacity; TPC—total lung capacity; Ad — TD thickening fraction; QB — quiet breathing; DB — deep breathing;

SM — sniff maneuver.

Frequency distribution (Figure 3) shows that normative values for men and women are as follows: FRC
< 1.1 mm; TLC < 1.7 mm; Ad < 0.3; QB < 8.0 mm; DB < 28.0 mm and sniff maneuver < 40.0 mm/s.
Normative values for men defined as 5th percentile are as follows: FRC < 1.1 mm; TPC < 1.9 mm; Ad <
0.3; QB < 8.6 mm; DB < 30.2 mm, and sniff maneuver < 36.5 mm/s.




Normative values for women defined as 5th percentile are as follows: FRC < 1.0 mm; TPC < 1.3 mm; Ad
<0.2; DB< 6.2 mm; DB < 25.2 mm, and sniff maneuver < 39.5 mm/s. Results of simple linear regression
model showed significant differences between TD thickness and BMI (Table 4).

Table 4: Linear regression model

TD thickness TD movement
FRC [mm] TPC [mm] Ad [mm] QB [mm] DB [mm] SM [mm/s]
Sex (p-value) <0.0001 0.005 0.991 0.030 0.117 0.615
Age (p-value) 0.808 0.239 0.385 0.036 0.002 0.075
Height (p-value) 0.019 0.135 0.380 0.056 0.673 0.501
Weight (p-value) <0.0001 0.012 0.036 0.476 0.555 0.540
BMI (p-value) <0.0001 0.030 0.046 0.732 0.615 0.784

n — number of the participants; TD — thoracic diaphragm; FRC — functional residual capacity, TPC— total lung
capacity, Ad — thoracic diaphragm thickening fraction; QB — quiet breathing; DB — deep breathing;, SM — sniff
maneuver; BMI — body mass index.

4. DISCUSSION

The aim of present study was to gather standard data for specific US parameters necessary for the
evaluation of TD function. We included 80 healthy participants. TD amplitude between QB could not be
assessed in 3.8 %, DB in 6.3 % and sniff maneuver in 15.8 % participants. The main reason was colon
obstructed the view on TD. One research reported that the number of patients in which US of TD could
not be assessed is even higher (28-63 %) (Sarwal et al., 2013). We calculated normative value for TD
thickness at FRC 1.1 mm (men 1.1 mm and women 1.0 mm). Two other studies reported normative
value for both sexes at 1.5 mm (Boon et al.,, 2013), and for women 1.5 mm and men 1.7 mm
(Spiesshoefer et al., 2020). The most likely reason for reported differences is measurement protocol. TD
is composed by 3 layers; (1) pleural membrane, (2) peritoneale membrane and diaphragm muscle.
Thickness can be defined as distance between both membranes (muscle thickness) and distance
including both membranes (Matamis et al., 2013). Our results show that the difference between two
different techniques can be up to 51 % (Matamis et al., 2013). We also noticed that measurements of
TD thickness can vary significantly between different measurement places. The normative value for TD
thickness at TLC was 1.7 mm. One other study reported normative value for men 4.6 mm and for women
3.5 mm (Spiesshoefer et al., 2020). The difference in results is significant and the most probable reason
measurement protocol (Matamis et al., 2013). We noticed that thickness of TD at TLC vary significantly
between different measurement places, similar to thickness of the TD at FRC. It is possible to calculate
TD thickening fraction from TD thickness at FRC and TLC. The normative value was 0.3 (men 0.3 mm and
women 0.2 mm). The movement of the TD can be assessed in M mode. Normative value for amplitude
during QB was 8.00 mm (men 8.6 mm and women 6.2 mm). Other studies reported normative values
for men 10.0 mm (Boussuges et al., 2009), 12.0 mm (Spiessoefer et al., 2020) and 17.7 mm (Scarlata et
al., 2018) and for women 9.0 mm (Boussuges et al., 2009), 12.0 mm (Spiessoefer et al., 2020) and 13.3
mm (Scarlata et al., 2018). Most probable explanation for differences is unknown. Normative value for
TD amplitude during DB was 28 mm, while other studies reported higher values; for men 47.0 mm
(Boussuges et al., 2009), 62.6 mm (Scarlata et al., 2018) and 79.0 mm (Spiesshoefer et al., 2020), and
for women 36.0 mm (Boussuges et al., 2009), 49.6 mm (Scarlata et al., 2018) and 64.0 mm (Spiesshoefer
et al., 2020). Again, the most probable explanation for those differences is unknown. Normative value
for TD velocity during sniff maneuver was 40.0 mm/s (men 36.5 mm/s and women 39.5 mm/s). One
other study reported normative value for men 67.0 mm/s and for women 52.0 mm/s (Spiesshoefer et
al., 2020). Again, the most probable explanation for those differences is unknown. It is possible that
differences in volunteers’ characteristics are responsible for disproportions between our results and
results of other authors. Furthermore, results of linear regression model show that the TD thickness is
influenced by sex (FRC: p < 0.0001, TLC: p = 0.005), weight (FRC: p < 0.0001, TLC: p = 0.012), and BMI
(FRC: p < 0.0001, TLC: p = 0.030); TD thickening fraction by weight (p = 0.036), and BMI (p = 0.046);



amplitude by sex (QB: p = 0.030) and age (QB: p = 0.036, DB: p = 0.002). Other results show positive
correlation between weight and amplitude, height and amplitude (Haris et al., 1983; Boussuges et al.,
2009) and negative correlation between age and amplitude (Orde et al., 2016; Fayssoil et al., 2019).
Further studies are necessary to better understand not only the normative values but value of US in
diagnosis of TD function.

5. CONCLUSION

US is perspective methods for assessing TD function mainly in neuromuscular patients (mostly patients
with amyotrophic lateral sclerosis), patients with lung and internal diseases and patients in intensive
care units. Further studies on healthy volunteers and patients are necessary to define the true usability
of US in TD dysfunction. We suggest the enlargement of study sample and controlling the variability of
US parameters in further investigations.
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