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a b s t r a c t

Introduction: We have developed a novel radiopaque tiltm eter (ROT) that can in dicate patien t tilt during
a rad iography exam ination and display it on X-ray im ages. This study evaluated the effect of variat ion of
patien t tilt on the reproducibility of Fowler 's position for chest radiography and the accuracy of the ROT.
Methods: We evalu ated the reproducibility of Fow ler 's posit ion based on chan ges from the fi rst day in
the central venous catheter (CVC) tip posit ion and the cardiothoracic ratio (CTR) w ith an d w ithout a
digital t iltm eter to verify its effi cacy in patien ts w h o underw ent m obile chest radiography. The ROT
contains radiopaque liquid consist ing of w hite barium sulfate solut ion and oil and has a scale bar of 15
e 75 w ith increm ents of 15 to indicate ROT tilt. The ROT tilt was increased from 10 to 80 in in crem ents
of 10 . We then evaluated (1) the difference betw een the ROT tilt and the tilt m easured w ith a digital
t iltm eter, and (2) the ROT tilt displayed on the X-ray im age.
Results: With regard to reproducibility in Fowler's position , changes in the CVC tip posit ion w ere
2.8 ± 3.9 m m and 10.7 ± 10.6 m m w ith and w ithout the tiltm eter, respectively (p < 0.05) and the
resp ective rates of chan ge in the CTR w ere 0.7%± 0.6%and 4.0%± 2.1%(p < 0.05). Differences betw een
the ROT tilt and the tilt m easured by the digital t iltm eter w ere w ith in ±2.5 . All ROT tilts d isplayed on the
X-ray im ages w ere recognized exactly as each tilt .
Conclusion: Our novel ROT had the potential to accurately indicate patien t t ilt during chest radiography,
w h ich could be helpfu l in term s of reproducibility and precise follow-up.
Implications for practice: Use of the ROT for determ ination of patien t t ilt can im prove reproducibility in
Fowler 's posit ion , allow ing m ore accurate serial X-ray im aging.

© 2022 The College of Radiographers. Published by Elsevier Ltd. All righ ts reserved.

In t roduct ion

Mobile chest radiography is w idely performed in clinical practice,
particularly during follow-up of patients in the intensive care unit, for
evaluation of pleural fluid volume,1 central venous catheter (CVC) tip
position,2,3 and body fluid balance based on the cardiothoracic ratio
(CTR).4,5 The chest radiography in the supine position often un-
derestimates the amount of pleural fluid and causes cephalad and
peripheral redistribution of blood circulating in the cardiopulmonary
system, w hich results in spreading of the cardiovascular structures.4

For follow-up imaging in the intensive care unit and diagnosis of
hypertrophic cardiomyopathy, the CTR can be measured w hen pa-
tients are in bed by obtaining anteriore posterior chest X-ray images
and setting a cutoff value (e.g., a CTR of 60%).4 Ideally, m obile chest
radiography should be performed in a full erect position; when this is
not possible, the patient should be placed in Fowler's position (i.e., in a
semi-erect position) on the bed that is as close to the full erect posi-
tion as the patient 's clinical status permits.4 Patient tilt , defi ned as an
inclination from a supine to a sem i-erect position, is also important
during day-to-day follow-up with mobile chest radiography because
parameters such as the cardiac silhouette, pleural fl uid volume, CVC
tip position, and CTR may affect the reproducibility of images.1,2,4

Poor reproducibility of patient tilt has three m ain causes. First,
im ages m ay be acquired in a wide range of Fowler's positions,
nam ely, low (15 e 30 ), sem i (30 e 45 ), standard (45 e 60 ), and
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high (60 e 90 ).6e 8 Second, there m ay be variations in the set-up,
such as patient tilt and X-ray tube tilt .3,9 Third, there m ay be no
inform ation on patient tilt on previous X-ray im ages.10

A tiltm eter that can indicate patient tilt during set-up for radi-
ography and display tilt on X-ray im ages is useful for reproducing
Fow ler's position and assists in m aking an exact diagnosis.11,12 A
m etal ball tiltm eter (MET, X-Clom eter; National Inst itutes of Health ,
Bethesda, MD, USA) can be used to confi rm patient tilt and display
this inform ation on the X-ray im age.11 How ever, the error in patient
tilt displayed on the X-ray im age has been reported up to 25 w hen
using a conventional MET in a standard to high Fow ler 's position,11

w hich could affect the accuracy of the radiological diagnosis. We
have developed a novel radiopaque tiltm eter (ROT, prototype;
Akatsuki MFG Co., Ltd., Kyoto, Japan) that can indicate patient tilt
during a radiography exam ination and display it on X-ray im ages. In
this study, w e investigated the effect of variation of patient tilt on
the reproducibility of follow-up im aging, evaluated the accuracy of
the ROT, and discussed w hether its use can im prove the repro-
ducibility of Fow ler's position for chest radiography.

Methods

Effi cacy of a tiltmeter for reproducibility of CVC tip position and CTR
in Fowler's position

We evaluated the reproducibility of the CVC tip position and CTR
in Fowler's position w ith and without a tiltm eter to verify its effi -
cacy. Five patients underw ent a m obile chest radiography exam i-
nation on 6 consecutive days (3 consecutive days with and 3
consecutive days without use of a digital tiltm eter [DI-100M,
com pact digital level; Akatsuki MFG Co., Ltd.]). According to the
patients' m edical records, there w ere no dialysis sessions or
changes in procedures during the 6 consecutive test days. The study
protocol was approved by the Ethical Com m ittee of the University
Hospital, Kyoto Prefectural University of Medicine (approval num -
ber: ERB-C-2008). We obtained inform ed consen t to participate
from patients.

The Patients, who were referred by the chest radiography w ith
Fow ler's position for the postoperative follow-up such as cardiac
silhouette, pleural fl uid volum e, CVC tip position, and CTR, were
included in the study. Patients on a ventilator were excluded
because their condition m ay change from day to day, which could
affect the reproducibility of m easurem ents. The exposure condi-
tions were adjusted to the patient 's body thickness. The tube
voltage was constant at 80 kVp, w hile the tube current and expo-
sure tim e ranged from 1.6 to 2.5 m As. The values for the CVC tip
position and CTR on the fi rst day were defi ned as the reference
values. Differences betw een the reference values and each value on
the rem aining 2 days were evaluated with or w ithout the tiltm eter.
The CVC tip position was defi ned as the vertical distance betw een
the heights of the CVC tip and the tracheal bifurcation.13 The CTR
was calculated as the ratio of the m axim al width of the cardiac
shadow to the m axim al internal thoracic w idth.4 Measurements
obtained w ith and w ithout the digital tiltm eter were com pared
using the Wilcoxon signed-rank test. A p-value of < 0.05 was
considered statistically signifi cant.

Design of the ROT

Fig. 1 shows the design of the ROT, which includes a scale
ranging from 15 to 75 in increm ents of 15 (defi ned as the ROT
tilt). The internal height is set to 31.0 m m (8.0 m m
[width] 19.0 m m [length] 31.0 m m [height]) as the m inim um
size that could determ ine a tilt of 10 , and the external dim ensions

are 14.0 m m 25.0 m m 37.0 m m . The ROTcontains a radiopaque
contrast agent of a w hite barium sulfate solution at a concentration
of 200 w/v%. The contrast agent is m ixed with oil to clearly defi ne
the barium surface and to reduce the w ettability of barium to
polystyrene. Each scale position is calculated as follows:

1. q is defi ned as the tilt between the bottom of the ROT and the
liquid surface. Xq and Yq indicate the length of the bottom of the
liquid in the ROT and the height of the liquid (Fig. 2). For a q
value of 10 , X10 is 34.5 m m , and Y10 was calculated from
Equation (1) (Fig. 2A):

Y10 ¼ X10 tan 10 ðm mÞ (1)

S is then defi ned as the area of the triangle form ed by the w hite
barium sulfate solution on the right-side view of the ROT in Fig. 2A,
based on Equation (2):

S¼
1
2

X10 Y10 (2)

2. The area S is constant for each tilt . For the q values of 10 , 15 ,
30 , and 45 in Fig. 2A, the shape of the w hite barium sulfate
solution on the right-side view corresponds to the triangle, and
Xq is determ ined from Equation (3):

Xq ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2S
cosq
sinq

r

ðm mÞ (3)

3. For the q values of 60 and 75 in Fig. 2B, Yq is 19 m m , and the
shape of the w hite barium sulfate solution on the right-side
view corresponds to the trapezoid. Xq is calculated from Equa-
tion (4):

Xq ¼
S

19
þ

cosq
2sinq 19 ðm mÞ (4)

4. The scale positions for 15 e 75 are 28.0, 19.1, 14.5, 11.0, and
8.1 m m , respectively, from the base (Fig. 1).

Fig. 3 shows a schem atic view of each ROT tilt from 15 to 75 .
The ROT tilt can be confi rm ed by observing the sam e height for the
liquid surface in the front-side view (A) and right-side view (B) of
the ROT. In addition, the ROT tilt can be recorded on the X-ray
im age by the projected liquid surface (C).

Accuracy of ROT tilt during set-up for radiography

We evaluated the accuracy of the ROT tilt during set-up for
radiography. The detector was set on the bed (Transfer Stretcher
KK-725 Series, Param ount Bed, Tokyo, Japan), and the ROT tilt was
increased to 10 , 20 , 30 , 40 , 50 , 60 , 70 , and 80 using the
ROT w ith the scale of 15 , 30 , 45 , 60 , and 75 (Fig. 1) placed on
the center of the detector. The differences betw een these ROT tilts
and the tilts m easured by a digital tiltm eter (DP-90; Levelnic,
Niigata Seiki Co., Ltd., Niigata, Japan) w ere evaluated by three
evaluators at three tim es. The sam e m easurem ents w ere obtained
using a MET (MET tilt), as described in a previous report,11 for
com parison with the accuracy of the ROT tilt during set-up for
radiography. Data w ere evaluated by the m ean ± 1 standard de-
viation and the average of differences betw een the ROT or MET
tilts and the tilts m easured w ith the digital tiltm eter.
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Accuracy of display ROT tilt on X-ray images

We evaluated the accuracy of the ROTtilt displayed on the X-ray
im ages (defi ned as display ROT tilt). A fl at panel detector (FPD;
14 17 inches, w ireless direct-conversion FPD system ; Konica
Minolta, Tokyo, Japan) w as set on the bed and th e ROT tilt w as
increased from 10 to 80 in increm ents of 10 . The ROT was placed
on the cen ter of the FPD, and th e X-ray tube (0.6/1.2 P324 DK-85;
Sh im adzu, Kyoto, Japan) w as set to each ROT tilt . The X-rays w ere
then incident on the cen ter of the ROT, and the disp lay ROT tilts on
the X-ray im ages w ere obtained. Three evaluators est im ated the
d isplay ROT tilts from 10 to 80 .11 The X-ray tube t ilt was cali-
brated w ith a digital t iltm eter before acquisit ion of X-ray im ages.
The exposure condit ions w ere set as follows: tube voltage, 80 kVp;

tube curren t , 400 m A; and exposure t im e, 10 m s.14 The source- to-
im age detector distance w as set to 100 cm .15 Fig. 4A shows an
exam ple of the 60 set ting for evaluat ion of the accuracy of the
d isplay ROT tilt on X-ray im ages.

Resul t s

Effi cacy of a tiltmeter for reproducibility of CVC tip position and CTR
in Fowler's position

For the sam e patients, the m ean differences in CVC tip position
over 3 days w ere 2.8 ± 3.9 m m with the tiltm eter and
10.7 ± 10.6 m m w ithout the tiltm eter, the respective m ean differ-
ences of change in the CTR w ere 0.7% ± 0.6% and 4.0% ± 2.1%
(Table S1). The differences in both the CVC tip position and the CTR
w ere reduced signifi cantly (p < 0.05) w hen using the digital tilt-
m eter (Fig. 5).

Accuracy of ROT tilt during set-up for radiography and displayed on
X-ray images

Table 1 sum m arizes the differences between the ROT or MET
tilts and the tilts m easured w ith the digital tiltm eter. The m axim um
difference was 2.5 at 70 for the ROT tilt and 5.3 at 60 for the
MET tilt . The average of the difference betw een the ROTor MET tilts
and tilts m easured w ith the digital tiltm eter was 0.7 for the ROT
tilt and 1.1 for the MET tilt . The difference of the ROT tilt was
sim ilar to that of the MET tilt .

Figure 1. Design of the ROT. A, Schem atic front-side view. B, Schem atic right-side view. Based on a 2.0 m m polystyrene sheet, the internal dim ensions were 8.0 m m
(width) 19.0 m m (length) 31.0 m m (height). The heights at t ilts of 15 , 30 , 45 , 60 , and 75 were 28.0, 19.1, 14.5, 11.0, and 8.1 m m , respectively. C, External view. D, Front-side
view. E, Right-side view at a ROT tilt of 60 . The level of the radiopaque m aterial indicates a tilt of 60 . ROT: radiopaque tiltm eter.

Figure 2. Il lust rat ions for calculat ions of the scale on the ROT. A, q¼ 15 , 30 , 45 . B,
q ¼ 60 , 75 . X q and Y q are the lengths of each side for a tilt of q. S is the area of the
w hite barium sulfate solution.

Y. Nakamura, H. Monzen, M. Tamura et al. Radiography 28 (2022) 912e 918
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Figure 3. Schemat ic diagram for ROT t i l t fr om 15 to 75 . The arrows indicate the direction of the incident X-ray beam . A, Front-side view of the ROT from the direction of the
incident X-ray beam . B, Right-side view. C, ROT displayed on X-ray im ages. For a patient tilt of 15 , the level of the radiopaque m aterial is displayed as a m ountain-like shape. The
highest t ip on the scale indicates a patient t ilt of 15 . ROT: radiopaque tiltm eter.

Figure 4. Exper imental set -up when using the FPD and ROT w ith a t i l t of 60 . A, X-ray tube tilt is defi ned as the dihedral angle betw een the plane of the X-ray tube collim ator
and the bed (60 in this case). B, C, and D Set-up using the chest phantom . The ROT was placed on the right side of the neck of a chest phantom . E, X-ray im ages showing the chest
phantom and ROT. FPD: fl at panel detector, ROT: radiopaque tiltm eter.
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Figure 5. Compar ison of the central venous catheter t ip posit ion and the cardiothoracic rat io w ith and w ithout a digi tal t i l tmeter. A, central venous catheter. B, cardiothoracic
ratio. CVC: central venous catheter, CTR: cardiothoracic ratio.

Table 1
Differences betw een ROT or MET tilts and tilts m easured w ith a d igital t iltm eter during set-up for rad iography.

ROT tilt (degrees) 10 20 30 40 50 60 70 80

Measurem en t 11.0 ± 0.5 20.3 ± 0.9 30.1 ± 0.5 39.6 ± 1.1 49.8 ± 0.5 59.7 ± 0.8 69.6 ± 1.2 79.1 ± 0.8
Difference 1.02 0.74 0.38 0.84 0.40 0.57 0.98 0.99

MET t ilt (degrees) 10 20 30 40 50 60 70 80

Measurem en t 9.9 ± 1.2 19.8 ± 0.7 30.0 ± 0.7 39.4 ± 1.7 49.9 ± 0.8 61.1 ± 1.9 69.9 ± 1.4 79.7 ± 2.4
Difference 1.02 0.58 0.47 1.52 0.68 1.44 1.15 1.85

ROT: radiopaque tiltm eter, MET: m etal ball t iltm eter, Measurem en t: m ean ± 1 standard deviat ion , Difference: average of the differences (absolu te values) betw een ROT or
MET tilt s and tilts m easured w ith the digital t iltm eter.

Figure 6. Display ROT t i l t s of 10 , 20 , 40 , 50 , 70 , and 80 on X-ray images. A, ROT on X-ray im ages. B, ROT indicating the respective scale. ROT: radiopaque tiltm eter.

Y. Nakamura, H. Monzen, M. Tamura et al. Radiography 28 (2022) 912e 918
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Fig. 6 shows each display ROT tilt on X-ray im ages. The display
ROT tilt corresponded to the tilt from 10 to 80 with 100%
agreem ent.

Discussion

In this study, w e found that our newly developed ROT provided
a highly accurate indication of patient tilt in Fowler's position
during m obile chest radiography. Moreover, patient tilt could be
displayed on the X-ray im age, w hich allow ed for exact determ i-
nation of tilt . Therefore, this ROT could be helpful in term s of
reproducibility of the CVC tip position and CTR and useful w hen
chest X-ray im ages need to be obtained for precise follow-up in
Fow ler's position.

As show n in Fig. 5A, the change in CVC tip posit ion w as
reduced by approxim ately one-fi fth w hen using the t iltm eter.
The d ifference in the rate of ch ange in the CTR w ith an d w ithou t
the t iltm eter averaged 5.6%, as show n in Fig. 5B. Sah in et al. have
pointed out that changes in th e CTR on X-ray im ages because of
variat ion in pat ien t t ilt on m obile chest radiography m ay result in
incorrect in terpretat ion.4 In our study, th e rate of change in the
CTR w as also reduced by approxim ately on e-fi fth w hen the tilt -
m eter w as used . Thus, the t iltm eter is need for the accurate
d iagnosis.

The w hite barium sulfate solution in the ROT can indicate tilt
w ithin ± 2.5 (Table 1). In term s of the accuracy of ROT tilt during
the set-up for radiography, the difference of the ROT tilt was
com parable to that of the MET tilt . Therefore, there were no visi-
bility issues during radiography, even though the thickness of the
liquid decreased at low tilts (e.g., 10 and 20 ).

The d isp lay ROT tilt on the X-ray im ages corresponded exact ly
to those for patien t t ilt . Wh en using the con ven tional MET de-
vice, the accuracy of the display MET tilt on the X-ray im age
deteriorates as the pat ient t ilt increases from a standard Fowler 's
posit ion to a h igh one, w ith errors of up to 25 .11 It w as
con sidered that the d istance betw een the m etal sphere in the
MET ind icat ing the t ilt and the detector surface increased w ith
increasing pat ien t t ilt and that t ilting of the X-ray tube and beam
divergence, causing the large errors on X-ray im ages.11 Therefore,
w e devised a ROT in w hich the surface of the radiopaque m a-
terial is in contact w ith the surface of the detector at all t ilts to
overcom e that issue (Fig. 3). In the cases of the low ROT tilts (e.g.,
10 and 20 ), the level of th e radiopaque liquid is displayed as
the m ountain -like sh ape (Fig. 6); how ever, those d isplay ROT tilts
can be also recognized due to the design w ith large in tervals of
the scale (Fig. 1). As a prelim inary m easurem en t , we also eval-
uated the accuracy of the d isp lay ROT tilt w hen th e X-ray tube
w as t ilted to 10 , 5 , þ 5 , and þ 10 from each ROT tilt . In th is
experim ent , the display ROT tilt m atched the ROT tilt w ith 99.0%
agreem ent, ind icat ing th at t ilt ing of the X-ray tube and beam
divergence do not im pact the accuracy of the disp lay ROT tilt . As
an addit ional analysis, we placed the ROT on th e right side of the
neck of a chest phantom (N1 LUNGMAN; Kyoto Kagaku, Kyoto,
Japan) (Fig. 4Be E) and m easured the accuracy of th e disp lay ROT
tilt on X-ray im ages. We found that th e ROT tilt of the phan tom
m atched the display ROT t ilt w ith 95.8% accuracy.

The fi ndings of this study suggest that use of an accurate tilt-
m eter im proves the reproducibility of patient tilt , w hich could
allow m ore precise and consistent diagnosis and observations. The
ROT is expected to have the follow ing advantages: radiographers
w ill be able to check patient tilt during set-up and on previous X-
ray im ages for serial exam inations; physicians w ill be able to m ake
m ore accurate diagnoses consistently during follow-up; and the
need for unnecessary additional exam inations due to irreproduc-
ibility of patient positioning can be avoided.

In the clinical situation, the reasons for variations of such as CTR
and CVC tip position are com plex because anteriore posterior chest
X-ray im ages obtained in Fowler's position are infl uenced by
rotation, lung volum e, and source-detector and source-object dis-
tances. Our current ROT cannot consider all of these variations,
although the tiltm eter can m itigate the variations in CTR and CVC
tip position during follow-up to som e extent, as show n in Fig. 5.
Further revisions to the ROT design, such as inclusion of a visible
difference in the right-left point of the radiopaque level and veri-
fi cation of dependency on the source-to-image-ditector distance
generally used in m obile chest radiography,16 are needed to over-
com e this lim itation.

Conclusion

Our novel ROT has dem onstrated the potential to provide ac-
curate m easurem ents of patient tilt in Fowler 's position during
m obile chest radiography. This device could be helpful for repro-
ducibility of this position during serial radiography exam inations.
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Supplementary Material 

 
Table S1. CVC tip position and CTR data obtained with and without a digital tiltmeter 

for the same five patients on 6 consecutive days 

 

Five patients underwent mobile chest radiography examination on 6 consecutive days (3 

consecutive days with and 3 consecutive days without use of a digital tiltmeter). The 

reproducibility of the CVC tip position and CTR in Fowler’s position with and without the 

digital tiltmeter was evaluated. The values for the CVC tip position and CTR on the first day 

were defined as the reference values. Differences between the reference values and each value 

on the remaining 2 days were evaluated. The CVC tip position was defined as the vertical 

distance between the height of the CVC tip and the height of the tracheal bifurcation. 

CVC = central venous catheter, CTR = cardiothoracic ratio. 

  Without a digital tiltmeter   With a digital tiltmeter 

Patient Day 
CVC tip position  CTR   

Day 
CVC tip position CTR  

Data 
(mm) 

Difference 
(mm) 

Data 
(%) 

Difference 
(%) 

 Data  
(mm) 

Difference  
(mm) 

Data  
(%) 

Difference  
(%) 

A 

1 6.70   47.74    4 6.80   46.17   

2 8.20  1.50 48.11  0.36  5 6.70  0.10  46.93  0.77 

3 11.40  4.70 46.17  1.58   6 7.70  0.90 47.83  1.67 

B 

1 16.90   56.34    4 25.40   55.46   

2 41.20  24.30 60.62  4.29  5 25.60  0.20 55.21  0.24  

3 10.10  6.80  58.66  2.32  6 25.20  0.20  55.58  0.12 

C 

1 49.70   53.23    4 51.20   55.30   

2 69.70  20.00 57.14  3.90  5 57.60  6.40 53.88  1.42  

3 80.70  31.00 56.81  3.58  6 39.60  11.60  53.82  1.48  

D 

1 21.30   63.25    4 8.10   62.43   

2 29.30  8.00 57.12  6.13   5 8.80  0.70 62.21  0.22  

3 20.20  1.10  58.16  5.09   6 7.30  0.80  61.41  1.02  

E 

1 44.50   55.88    4 50.20   65.52   

2 51.40  6.90 60.82  4.94  5 55.90  5.70 65.82  0.30 

3 42.20  2.30  63.23  7.35  6 51.80  1.60 65.58  0.06 
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