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Background/Aims
No screening test for esophageal motility disorder (EMD) has been established, the objective of this study is to examine the potential 
usefulness of our newly developed “Onigiri esophagography” combined with an obstruction level (OL) classification system in 
screening for EMD.

Methods
A total of 102 patients with suspected EMDs who underwent both high-resolution manometry (HRM) and Onigiri esophagography 
between April 2017 and January 2019 were examined. The EMD diagnosis was performed based on the Chicago classification 
version 3.0 by HRM. Onigiri esophagography was performed using a liquid medium (barium sulfate) followed by a solid medium, 
which consisted of an Onigiri (a Japanese rice ball) with barium powder. The extent of medium obstruction was assessed by the OL 
classification, which was defined in a stepwise fashion from OL0 (no obstruction) to OL4 (severe obstruction).

Results
The patients with OL0 (32.3%), OL1 (50.0%), OL2 (88.0%), OL3 (100.0%), and OL4 (100.0%) were diagnosed EMDs by HRM. The 
area under the curve, as determined by a receiver operating characteristic analysis, for the OL classification was 0.86. Using the cutoff 
value of OL1, the sensitivity and specificity were 87.3% and 61.3%, respectively, while using a cutoff value of OL2, the sensitivity and 
specificity were 73.2% and 90.3%, respectively.

Conclusion
In conclusion, Onigiri esophagography combined with the OL classification system can be used as a screening test for EMDs with a 
cutoff value of OL1.
(J Neurogastroenterol Motil 2022;28:43-52)
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Introduction  

Meal intake, which is initiated by the swallowing of food, 
is critical to life. Esophageal motility is responsible for the third 
phase of swallowing, and major dysfunction of esophageal motil-
ity is referred to as esophageal motility disorder (EMD), which 
is characterized by difficulty in swallowing, chest pain, and reflux 
symptoms.1 The recent development of high-resolution manometry 
(HRM), together with the Chicago classification (CC) version 3.0 
(v3.0), has allowed us to establish a diagnostic system for EMDs.2 

Although it is clear that HRM together with CC v3.0 is the 
gold standard for the diagnosis of EMDs, it cannot be applied to 
patients widely or globally in general clinical practice, as HRM 
systems are costly to install and maintain.3,4 Thus, certain diagnostic 
tools for screening EMDs are required. It was reported that the 
conventionally-performed barium esophagography is useful for 
detecting EMDs by evaluating the extent of esophageal obstruction 
in relation to fluids.5,6 However, all the EMDs other than the most 
severe EMD, namely achalasia does not usually cause stagnation 
of liquid barium. The sensitivity and specificity of esophagography 
using liquid barium in screening for EMDs were not sufficient.7,8

In this study, we propose a new diagnostic method; “Onigiri 
esophagography” combined with an obstruction level (OL) clas-
sification system as a screening test for EMD. Onigiri is a Japanese 
rice ball, which, when combined with barium powder, was used as 
a solid medium for esophagography. The OL classification system 
is our newly proposed index of liquid and solid obstruction. The 
objective of this study is to determine the usefulness of Onigiri 
esophagography combined with the OL classification system in 
screening for EMDs.

Materials and Methods  

Patients and Methods
Both HRM and Onigiri esophagography were applied to pa-

tients with suspected esophageal motility disorders due to the pres-
ence of persistent symptoms, including heartburn, chest pain, chest 
discomfort, and dysphagia, which were refractory to proton pump 
inhibitors, despite normal esophagus esophagogastroduodenoscopy 
results at Kyushu University Hospital. Between April 2017 and 
January 2019, a total of 106 patients with suspected EMDs were 
enrolled in this study (Fig. 1A). Four cases with extramural com-
pression to a level of ≤ 5 in the short axis of the esophagus were 
excluded. As a result, 102 patients were analyzed in this study. The 
Eckardt score9 was obtained for each patient using a questionnaire. 
This research complied with the guidelines for human studies and 
should include evidence that the research was conducted ethically 
in accordance with the World Medical Association Declaration of 
Helsinki. The subjects in this study gave their written informed 
consent and this study protocol was approved by Kyushu University 
Hospital’s committee on human research (29-35).

The Onigiri Esophagography Protocol
Onigiri esophagography was performed and the OL classifica-

tion was defined as follows, with the procedures performed without 
the use of any antispasmodic agents. The evaluation of passage 
through the esophagus was defined as complete esophageal empty-
ing within 10 seconds after swallowing. The patients were asked 
to swallow 10 mL of barium sulfate (100 w/v%; Barytester A240; 
FUSHIMI Pharmaceutical Co, Kagawa, Japan) in an upright 
position. Esophagography was performed in the right anterior and 
posterior oblique view to visualize the passage of medium using a 
fluoroscope (DREX-ULT80/07; Toshiba, Tokyo, Japan). When 
liquid barium sulfate remained in the esophagus, forming the air 
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(EGD normal)
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Onigiri esophagography

+
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Figure 1. A flow chart of this study (A) 
and a 10 g Onigiri with barium powder 
(B). Barium powder was attached exclu-
sively to the surface of the Onigiri. The 
bar indicates 2 cm. EGD, esophagogas-
troduodenoscopy.



4545

Onigiri Esophagography for Esophageal Motility Disorders

Vol. 28, No. 1   January, 2022 (43-52)

fluid level, the condition was defined as OL4 (Fig. 2B). When the 
successful passage of barium medium was obtained (Fig. 2A), the 
patient underwent the next procedure using the solid contents of an 
Onigiri with barium powder. The patient was asked to chew a 10-g 
Onigiri with barium powder 15 times (Fig. 1B) and then swallow. 
When solid contents passed successfully into the stomach without 
any further action, it was defined as OL0 (Fig. 2C). When the 
solid contents remained in the esophagus, the patient was asked to 
first perform a dry swallow several times and, if required, to swallow 
10 mL of barium. OL1 was defined as successful passage of the 
remaining solid contents obtained by the dry swallow (Fig. 2D), 
and OL2 was defined as successful passage obtained by swallowing 
10 mL of liquid barium (Fig. 2E). Finally, OL3 was defined by the 
solid contents remaining in the esophagus after the swallowing of 
10 mL of liquid barium (Fig. 2F). The abovementioned procedure 

was decided by the agreement of 3 gastrointestinal (GI) experts. If 
their opinions differed, it was decided through discussion, and it 
was repeated 3 times to determine the final OL level of the patient 
to be more frequent results. If the final OL level was not deter-
mined within 3 evaluations, further evaluations were added until the 
final OL level was determined (Fig. 3A).

The Onigiri Esophagography Video Test
The inter-observer agreement of Onigiri esophagography 

among the examinees was determined by calculating Fleiss’ kappa 
coefficient (described later) using an Onigiri esophagography 
video test, which was created from videos of the cases enrolled in 
this study. Six examinees, including 3 GI experts who were Onigiri 
esophagography examiners and 3 GI trainees who had never been 
involved in Onigiri esophagography were enrolled. The Onigiri 

Figure 2. Onigiri esophagography combined with the obstruction level (OL) classification system. (A, B) A representative esophagography series 
with 10 mL of liquid barium for OL0, 1, 2, and 3 (A) and for OL4 (B) is shown. White arrow indicates the upper level of the swallowed liquid 
barium. (C-F) A representative Onigiri esophagography series for OL0 (C), OL1 (D), OL2 (E), and OL3 (F) is shown. White arrows indicate 
the upper level of swallowed barium with an Onigiri. Black arrows indicate the lower level of swallowed barium with an Onigiri.
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esophagography video test consisted of 4 patterns of video clips (n 
= 40), which were necessary and sufficient to determine each ob-
struction level, including (1) swallowing 10 mL of liquid barium (n 
= 10), (2) swallowing 10 g of Onigiri (n = 10), (3) additional dry 
swallowing of the remaining Onigiri (n = 10), and (4) swallowing 
of an additional 10 mL of liquid barium (n = 10) for the remain-
ing Onigiri. The examinees were asked to judge if liquid barium or 
Onigiri successfully passed through the esophagus.

The High-resolution Manometry Protocol
The esophageal motility function was assessed by HRM using 

a Manoscan Z (Given Imaging, Los Angeles, CA, USA). HRM 
was performed using a standardized protocol. In brief, the patients 
were asked to perform 10 swallows of 5 mL of water in the supine 
position.2 After the recording the basal condition without any swal-
lows, the subjects were instructed to swallow as infrequently as pos-
sible and to breathe quietly and regularly. HRM data based on 10 
swallows were analyzed using ManoView ESO 3.0 (Given Imag-

ing). The HRM diagnosis was performed based on the CC v3.0.2 
The parameters of HRM are shown as the mean of 10 swallows.

Statistical Methods
All statistical analyses were performed using the JMP Pro 

14.2.0 software program (SAS Institute, Cary, NC, USA). The 
data were expressed as the median (interquartile range). Pearson’s 
chi-squared test was used to analyze the categorical data, while 
Mann-Whitney’s U test was used to analyze the continuous and 
ordinal data. The relationship between different pairs was assessed 
using Spearman’s rank correlation. Receiver operating characteristic 
(ROC) analyses were conducted to identify a more accurate cutoff 
point that could help identify the probability of EMD. ROC curves 
were created by plotting the range of sensitivity and specificity pairs 
for each participant’s EMD rate. A global assessment of the perfor-
mance of the test was given performed based on the area under the 
ROC curve. Fleiss’ kappa coefficient was calculated in the inter-
observer reliability test. The kappa value was expressed as κ (95% 

Figure 3. Onigiri esophagography combined with the obstruction level (OL) classification system as a screening test for esophageal motility dis-
orders. (A) A flow chart of Onigiri esophagography to determine the OL classification score. (B) The proportion of esophageal motility disorders 
(EMDs) in each OL classification. (C) The receiver operating characteristic analyses for the OL classification. AUC, area under the curve.
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confidence interval), which was interpreted using the Landis’s scale 
(values of 0.00-0.20 represent poor agreement, 0.21-0.40 represent 
slight agreement, 0.41-0.60 represent moderate agreement, 0.60-
0.80 represent substantial agreement, and 0.81-1.00 represent 
almost perfect agreement).10 P-values of < 0.05 were considered to 
indicate statistical significance.

Results  

Clinical Characteristics of the Patients Enrolled in 
This Study

The clinical characteristics of the patients enrolled in this study 
are shown in Table. The median age, body mass index, and Eckardt 
score were 61 (51.0-72.3) years, 21.8 (19.3-24.6) kg/m2, and 3 (2-
5), respectively. The study population included 55 females and 47 
males. Based on CC v3.0, the HRM studies indicated the follow-
ing findings in the total study population of 102 patients: those with 
achalasia (n = 15; type I/type II/type III: 1/11/3), esophagogastric 
junction outflow obstruction (EGJOO; n = 22), absent contractil-
ity (n = 11), distal esophageal spasm (DES; n = 2), jackhammer 
esophagus (n = 6), ineffective esophageal motility (IEM; n = 13), 
fragmented peristalsis (n = 2), and normal HRM study results 
(n = 31). No adverse events occurred in the 2 tests in this study.

The Proportion of Esophageal Motility Disorder 
Diagnosis in Patients With Each Obstruction Level 
Value

According to the results of Onigiri esophagography, the 102 
patients were classified as follows OL0, n = 28; OL1, n = 19; 
OL2, n = 25; OL3, n = 12; and OL4, n = 18. The patients with 
OL0 (32.3%), OL1 (50.0%), OL2 (87.0%), OL3 (100.0%), and 
OL4 (100.0%) were diagnosed with EMDs by the HRM studies; 
that is, all the HRM diagnosis other than normal HRM study (Fig. 
3B). The area under the curve, as determined by a ROC analysis, 
for the OL classification was 0.86. Using the cutoff value of OL1, 
the sensitivity and specificity were 87.3% and 61.3% while positive 
and negative predictive values were 83.8% and 67.9%, respectively. 
Using the cut off value of OL2, the sensitivity and specificity were 
73.2% and 90.3% while positive and negative predictive values were 
94.5% and 60.9%, respectively (Fig. 3C). The Eckardt scores for 
OL0, OL1, OL2, OL3, and OL4 were 2.0 (1.0-4.0), 3.0 (2.0-5.0), 
3.0 (2.0-4.5), 3.0 (2.0-5.5), and 5.0 (2.0-7.3), respectively. 

The Obstruction Level Value of the Obstruction 
Level Classification Correlated With the Eckardt 
Score and Each High-resolution Manometry Metrics

The Eckardt scores for OL0, OL1, OL2, OL3, and OL4 
were 2.0 (1.0-4.0), 3.0 (2.0-5.0), 3.0 (2.0-4.5), 3.0 (2.0-5.5), and 
5.0 (2.0-7.3), respectively. There was a significant positive correla-
tion between the OL value of the OL classification and the Eckardt 
score (Spearman ρ = 0.24, P < 0.05) (Fig. 4A). As for HRM 
metrics, there was a significant positive correlation between the OL 
value of the OL classification and the integrated relaxation pressure 
(Spearman ρ = 0.35, P < 0.01) (Fig. 4B). In contrast, there was 
a negative correlation between the OL value of the OL classifica-
tion and distal contractile integral (n = 91, Spearman ρ = −0.40, 
P < 0.01; Fig. 4C); patients with type 2 achalasia (n = 11) were 
excluded from this analysis since distal contractile integral could not 
be assessed in these patients. Furthermore, there was also a nega-
tive correlation between the OL value of the OL classification and 
distal latency (n = 78, Spearman ρ = −0.30, P < 0.01; Fig. 4D); 
patients with type I achalasia (n = 1), type II achalasia (n = 11), or 
absent contractility (n = 11) were excluded from this analysis since 
distal latency could not be assessed in these patients.

Table. Summary of the 102 Patients Who Underwent High-resolu-
tion Manometry

Clinical characteristics Median (IQR) or n

Age (yr) 61.0 (51.0-72.3)
Sex (female/male) 55/47
Body mass index (kg/m2) 21.8 (19.3-24.6)
Eckardt score 3 (2-5)
HRM diagnosis
   Type I achalasia 1
   Type II achalasia 11
   Type III achalasia 3
   EGJ outflow obstruction 22
   Absent contractility 11
   Distal esophageal spasm 2
   Jackhammer esophagus 6
   Ineffective esophageal motility 13
   Fragmented peristalsis 2
   Normal 31

IQR, interquartile range; HRM, high-resolution manometry; EGJ, esopha-
gogastric junction. 
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The Proportion of Obstruction Level Classifications 
in Patients With Each High-resolution Manometry 
Diagnosis

Next, we examined the proportion of OL classification in 
each HRM diagnosis (Fig. 5). Thirty-one patients with a normal 
HRM study were classified as follows: OL0 (n = 19 [61.3%]), 
OL1 (n = 9 [29.0%]), OL2 (n = 3 [9.7%]), OL3 (n = 0 
[0.0%]), and OL4 (n = 0 [0.0%]). Six patients with jackham-
mer esophagus were classified as follows: OL0 (n = 2 [33.3%]), 
OL1 (n = 2 [33.3%]), OL2 (n = 1 [16.7%]), OL3 (n = 1 
[16.7%]), and OL4 (n = 0 [0.0%]). Twenty-two patients with 
EGJOO were classified as follows OL0 (n = 5 [22.7%]), OL1 
(n = 4 [18.2%]), OL2 (n = 7 [31.8%]), OL3 (n = 5 [22.7%]), 
and OL4 (n = 1 [4.6%]). Thirteen patients with IEM were clas-
sified as follows: OL0 (n = 1 [7.7%]), OL1 (n = 2 [15.4%]), 
OL2 (n = 7 [53.9%]), OL3 (n = 2 [15.4%]), and OL4 (n = 1 
[7.7%]). Eleven patients with absent contractility were classified as 
follows: OL0 (n = 1 [9.1%]), OL1 (n = 0 [0.0%]), OL2 (n = 
4 [36.4%]), OL3 (n = 3 [27.3%]), and OL4 (n = 3 [27.3%]). 
Finally, fifteen patients with achalasia were classified as follows; 
OL0 (n = 0 [0.0%]), OL1 (n = 1 [6.7%]), OL2 (n = 1 [6.7%]), 
OL3 (n = 0 [0.0%]), and OL4 (n = 13 [86.7%]), where both 
patients with OL1 and OL2 were diagnosed with type III acha-
lasia. Although the number of the patients with DES (n = 2) and 
fragmented peristalsis (n = 2) was small, DES and fragmented 
peristalsis both included 1 patient each with OL2 and OL3.

Results of the Onigiri Esophagography Video Test
Substantial agreement (κ = 0.77, 0.73-0.81) was obtained in 

a total of 6 examinees, where the κ values for the 3 GI experts and 
3 GI trainees were 0.87 (0.77-0.96, almost perfect agreement) and 
0.77 (0.67-0.86, substantial agreement), respectively. 

At least 1 examinee made a different judgment from the oth-
ers in 10 of 40 video clips, which included (1) swallowing 5 mL of 
liquid barium (n = 6), (2) swallowing 10 g of Onigiri (n = 0), (3) 
additional dry swallowing of the remaining Onigiri (n = 2), and (4) 
swallowing an additional 10 mL of liquid barium for the remain-
ing Onigiri (n = 2). This means that complete agreement could be 
obtained in the remaining 30 video clips.

Discussion  

EMDs have a significant impact on society, since they reduce 
not only quality of life and social labor productivity due to difficulty 

in swallowing, chest pain and reflux symptoms,1,11-13 but can also 
lead to life-threatening diseases, such as aspiration pneumonia.14 It 
has been considerably difficult to detect and diagnose EMDs due 
to the functional nature of these diseases.15 More recently, however, 
based on HRM with CC v3.0, there have been major develop-
ments in the medical practice for EMDs. The major EMDs are 
classified into achalasia, EGJOO, DES, jackhammer esophagus, 
and absent contractility, among which EGJOO is a newly estab-
lished concept of disorder defined as impaired lower esophageal 
sphincter (LES) relaxation with intact esophageal body peristalsis, 
while achalasia is characterized by both impaired LES relaxation 
and esophageal body peristalsis.2,16 In addition to the major EMDs, 
IEM and fragmented peristalsis are defined as minor EMDs, and 
their real clinical significance and appropriate managements are still 
under investigation.17,18 Despite the drastic development in diag-
nostic methods for EMD, in community healthcare, the medical 
practice in relation to EMDs is still challenging, since HRM is not 
usually available at local medical institutions. Thus, development of 
simple screening tests for EMDs is required to facilitate the referral 
of patients with suspected EMDs to specialists. For this purpose, 
we have proposed Onigiri esophagography combined with the OL 
classification system as a screening test for EMDs. There have been 
several studies to evaluate EMDs using solid meals, however, most 
of these were conducted in combination with HRM; they were 
rarely conducted with esophagography. It has been shown that the 
diagnostic sensitivity of HRM using a solid meal for EMDs was 
high, compared to HRM using a liquid meal,19-21 indicating that 
esophageal motility dysfunction was evoked by a solid meal more 
frequently than by a liquid meal. These findings support the valid-
ity of Onigiri esophagography in the present study. As a result, in 
this study, we demonstrated that Onigiri esophagography combined 
with the OL classification system was a highly sensitive test with a 
cutoff value of OL1 and a highly specific test with a cutoff value of 
OL2. Importantly, the OL classification score of Onigiri esopha-
gography was positively associated with esophageal symptoms.

One previous study examined the usefulness of liquid barium 
esophagography as a screening test for EMDs in comparison to 
HRM.7 The sensitivity and specificity of barium esophagography 
in the detection of EMDs was 69.0% and 50.0%, respectively, 
which was low.7 They concluded that barium esophagography was 
useful in the assessment of anatomic abnormalities but is a poor 
screening examination for the detection of EMDs. Another study 
which only recruited patients with achalasia reported that the sen-
sitivity of barium esophagography in the diagnosis of achalasia was 
78.3%, which was still not enough.6 We have thought of the pos-
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sible usefulness of a solid meal, specifically the Onigiri. Recently, 
a number of studies have been carried out to examine the useful-
ness of HRM using solid meals rather than a liquid medium, and 
the Onigiri has been shown to be one of the best candidate solid 
mediums.22-26 It seems that the viscosity and shape of the Onigiri 
is appropriate for examining the esophageal motility function. Fur-
thermore, one advantage of using an Onigiri—which remains to 
be addressed—is that the viscosity and shape of the Onigiri can be 
adjusted by adding a certain amount of barium liquid. As a result, 
in comparison to previous studies using liquid barium esophagog-
raphy, Onigiri esophagography with the OL classification system 
could achieve high sensitivity (87.3%) with a cutoff value of OL1, 
and high specificity (90.3%) with a cutoff value of OL2. There-
fore, Onigiri esophagography with the OL classification system 
and a cutoff value of OL1 can be used as a screening test to detect 
EMDs in local medical institutions. 

It is important to pursue the possibility of further improving 
the sensitivity of Onigiri esophagography with the OL classifica-
tion system. One factor that reduced the sensitivity for OL1 in this 
study was that 33.3% of the patents with OL0 and 52.6% of the 
patients with OL1 still had EMDs. The esophageal motility func-
tion consists of 2 major mechanisms: esophageal body peristalsis, 
which is responsible for esophageal clearance, and basal LES con-
traction with transient relaxation during the swallowing action.27 
Among the EMDs based on CC v3.0, esophageal body peristalsis 
is retained in patients with EGJOO and is also retained in most 
patients with jackhammer esophagus. Indeed, 40.9% of the patients 
with EGJOO and 66.6% of those with jackhammer esophagus ex-
hibited OL0 or OL1 (Fig. 5). Therefore, Onigiri esophagography 
combined with the OL classification system is more suitable for the 
detection of disorders with impaired esophageal body clearance, in-
cluding achalasia, absent contractility, and ineffective motility, as op-
posed to those with intact esophageal body peristalsis, such as EG-
JOO and jackhammer esophagus. High OL scores in IEM and 
absent contractility indicate that normal esophageal body peristalsis 
plays a role in transporting ingested solid food to the esophagus. Al-
though the sensitivity of Onigiri esophagography may be improved 
by incorporating the time of esophageal clearance into this system, 
we did not adopt this parameter in the present study. In the present 
study, we focused on simplifying the diagnostic method as much as 
possible, to make it suitable for non-GI specialist doctors to judge. 
In contrast, the reduction in specificity may be partly because 47.4% 
of the patients with OL1 and 12.0% of the patients with OL2 had 
normal HRM results. Considering that the OL classification score 
of Onigiri esophagography was positively associated with esopha-

geal symptoms, it may be necessary to adjust the diagnostic criteria 
for a normal HRM study. 

It has been reported that the specific X-ray findings of liquid 
barium esophagography, such as corkscrew appearance, beaklike 
narrowing of the distal esophagus, and failed peristalsis contributed 
to the detection of EMDs.28,29 We adopted Onigiri esophagography 
with OL classification from a viewpoint that it is a method that can 
be widely used by non-specialists to screen for EMDs at local medi-
cal institutions. Indeed, substantial agreement (κ = 0.77, 0.73-0.81) 
was obtained among a total of 6 examinees including not only GI 
experts but also GI trainees. In this study, judgement of the success-
ful passage in video clips with liquid barium showing “swallowing 5 
mL of liquid barium” was low in comparison to that in video clips 
with Onigiri, which showed “swallowing 10 g of Onigiri,” “addi-
tional dry swallowing of the remaining Onigiri,” and “swallowing 
an additional 10 mL of liquid barium for the remaining Onigiri.” 
This may be due to the fact that Onigiri migrated in a cluster 
while liquid barium tended to be dispersed in the esophagus. Solid 
Onigiri could contribute to an increase in inter-observer agreement 
in comparison to liquid barium. A further multicenter prospective 
study is required to determine whether Onigiri esophagography is 
useful for the detection of EMDs in other medical institutions.

This study was associated with several limitations. First, it was 
performed in a single center. Second, patients in whom EMD was 
suspected based on symptoms were enrolled in this study, while 
normal subjects without symptoms were not recruited. Third, we 
could not conduct a sub-analysis to compare the efficacy of Onigiri 
esophagography to that of liquid esophagography, since liquid 
barium esophagography was performed as a part of the Onigiri 
esophagography. Thus, liquid barium esophagography could not 
be performed independently of Onigiri esophagography. It would 
be desirable to conduct a multicenter prospective randomized com-
parative study in the near future.

In conclusion, Onigiri esophagography combined with the OL 
classification system can be used as a screening test for EMD with 
a cutoff value of OL1. The patients with positive results could be 
referred to specialists to make a definite diagnosis of EMDs using 
HRM.
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