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Introduction
Securing the safety of medical services by preventing health 

damage and serious accidents due to mix-ups of ethical drugs is one 
of the important health care policies of our country. Causes of mix-
ups of ethical drugs include similarities of the names, appearances 
of drugs and shapes, and printing colors of their packages. 
Notifications calling for attention to these causes have been issued 
by the MHLW, and measures to prevent medical accidents related to 
similarities of names and appearances have been taken [1-4].

In addition, to prevent medical accidents due to mix-ups of 
ethical drugs, a new measure to identify ethical drugs mechanically 
and automatically without dependence on human judgment was  

 
suggested to be necessary, and thorough implementation of safety 
management in handling drugs through drug management using 
2-dimensional codes and IC tags, establishment of databases for 
the evaluation of similarities of drug names and appearances, 
and clarification of conditions of prescription of drugs that need 
particular caution in handling, such as anticancer drugs, was 
demanded [5]. Numerous measures and education of medical 
workers for the prevention of mix-ups of ethical drugs have also 
been attempted overseas, but the patients’ safety has not been fully 
protected [6-9], and the use of a medication management system 
using bar codes is recommended in countries such as the United 
States [6, 9-11].
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In Japan, JAN codes were used for the packaging of ethical 
drugs, but in September 2006, the MHLW issued “Guidelines for 
implementation of bar-code labeling of ethical drugs” for mechanical 
checking of drugs using GS1 DataBar to prevent mix-ups and to 
ensure the traceability of ethical drugs [12]. This notification urged 
holders of marketing authorization to label all packaging units, 
including the prescription packaging units (minimum packaging 
units for manufacturing and sales: ampoules, PTP), of specified 
biological products, biological products, and injection drugs 
among the ethical drugs and sales packaging units (sales units: 
individually packaged boxes) of drugs for internal and external use 
with GS1 DataBar, and “GS1 DataBar” labeling in compliance with 
this notification was implemented for the products shipped in and 
after September 2008.

As the technical development of labeling for each packaging 
form of drugs for internal and external use was not completed 
at this point, their labeling with the new GS1 DataBar was not 
included in the notification.

As it became technically possible to label these packaging forms 
with GS1 DataBar thereafter, the guidelines were revised in 2012 
based on the circumstances, and labeling of drugs for internal and 
external use by the preparation packaging unit was incorporated 
[13].

In Japan, tablets and capsules of ethical drugs are mostly 
delivered to patients, particularly outpatients, in PTP or SP. 
Currently, the size of PTP or SP is not standardized, and there are no 
detailed regulations about printing on aluminum foil. In the present 
survey, the printing conditions of GS1 DataBar on PTP or SP of oral 
tablets and capsules, and on the containers and labels of external 
preparations were investigated.

Materials and Methods
The study protocol was reviewed and approved by the 

institutional review boards of the participating institutions.

Surveyed Drugs

The state of GS1 DataBar labeling of drugs for internal and 
external use dispensed at Saiseikai Yokohamashi Tobu Hospital was 
surveyed during the period of June 26-August 6, 2017. Saiseikai 
Yokohamashi Tobu Hospital is a core hospital providing emergency 
medical service in the northern area of Yokohama City (population 
in the area: 1,570,303 persons [14]). The items to be surveyed were 
determined using the report by Sato et al. [15] as a reference.

Drugs for internal use: The survey was made concerning 451 
tablets/capsules in PTP. As GS1 

DataBars with different sizes were printed on one PTP sheet in 
14 drugs, a total of 465 DataBars were collected.

Drugs for external use: The survey was made concerning 144 
preparations and 144 GS1 

Databars were collected. The preparations consisted of 52 
tubed ointments, 18 ophthalmic solutions, 15 liquid preparations, 
14 transdermal preparations, 13 bottled ointments, 8 inhaled 
drugs, 8 lotions, and others (suppositories, vaginal suppositories, 
ear solutions, nasal solutions, lozenges, and powders).

Surveyed items concerning GS1 DataBars

Length and width of PTP sheets: As the length and width of 
GS1 Databar may be affected by  the size of the PTP sheet itself, 
the length and width of each PTP sheet, defined as the dimensions 
parallel and perpendicular, respectively, to the drug name printed 
on the PTP sheet, were measured in mm according to the method 
by Sato et al. [15]

Height and width of GS1 DataBars: The height and width 
of GS1 DataBars were measured in  mm. The dimension parallel 
to the numerical string of the GS1 application identifier (from 
the bar on the extreme left to the bar on the extreme right) and 
the dimension perpendicular to it were defined as the width and 
height, respectively. 

Number of GS1 DataBars: The number of GS1 DataBars was 
counted if they were printed by the pitch method and expressed as 
“multiple” if they were repeatedly printed by the endless method. 

Package form

Position, pattern, and substrate of printing of GS1 
DataBars: For drugs for internal use, data of the position of 
printing of GS1 DataBars were collected by classifying it as “upper 
middle”, “lower middle”, or “upper left”. Concerning GS1 DataBars 
printed perpendicularly to the drug name and those expressed as 
“multiple” on counting, details were described in the space for the 
printing pattern. The substrate of printing of GS1 DataBars was 
classified as “aluminum”, “plastic”, or “paper”, and it was classified 
as “paper” when a paper sticker on which a GS1 DataBar was 
printed was attached to an ointment tube, etc.

Concerning drugs for external use, the position of printing of 
GS1 DataBars was classified as follows by the dosage form: In tubed 
ointments, the position was classified into front, back, and side by 
defining the surface on which the drug name was indicated as front. 
For ophthalmic/nasal/ear solutions and bottled ointments, as the 
labels on which GS1 DataBars were printed were attached to the 
containers, the position was classified as left of the drug name, right 
of the drug name, or back of the drug name with the position of 
the drug name as the reference point. If the front of the container 
was unable to be determined for reasons, such as too large or too 
small labeling of the drug name, the front and back of the container 
were judged by defining the gap between labels or the window for 
checking the amount of the remaining drug as the side. For aerosol 
preparations, the position of GS1 DataBars was classified as “on 
the inhaling device alone”, “on the can alone”, and “on both the 
inhaling device and can”. For transdermal preparations, the surface 
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on which the drug name was indicated was defined as the front, 
and the position was expressed as front or back. For suppositories, 
the position of GS1 DataBars was classified as the upper part of the 
container, accompanying label attached to the container, and pitch 
printed on stick package.

Repetition, boxing, and white outline: Multiple GS1 DataBars 
printed on the scanning line of the bar-code scanner were regarded 
as “repeated” and multiple GS1 DataBars printed on a sheet by the 
endless method were regarded as “not repeated” if multiple GS1 
DataBars were not printed on one scanning line. Whether the area 
in which a GS1 DataBar was printed was boxed or whitened to 
highlight the DataBar was also investigated. 

Printing and background colors of GS1 DataBars

Holder of marketing authorization

Printing method: The printing method on the PTP sheet was 
classified as “endless” or “pitch”. 

Results and Discussion
The height and width of GS1 DataBars were most frequently 3 

mm and 19 mm, respectively, regardless of the size of the PTP sheet 
itself (Tables 1-3), (Figure 1).

Table 1: Size of the PTP sheet and its correlation with the size of GS1 
DataBars (n=451).

PTP sheet length Min 36 mm-Max 172 mm, 95.4±13.7 mm 
(mean±SD)

PTP sheet width Min 30 mm-Max 80 mm, 39.3±8.9 mm (mean±SD)

PTP sheet length vs. GS1 DataBar height r = 0.037, p= 0.42

PTP sheet width vs. GS1 DataBar width r = 0.21, p< 0.001

Table 2: GS1 DataBar height (drugs for internal use) 3.3±0.7 mm 
(mean±SD) (n=465).

2 mm 3 mm 4 mm 5 mm 6 mm

17 320 94 32 2

Table 3: GS1 DataBar width (drugs for internal use) 18.8±1.2 mm 
(mean±SD) (n=465).

≤17 mm 18 mm 19 mm ≥20 mm

23 25 414 3

Figure 1: Example of printing of GS1 DataBars: Lower middle 
(Hydantol®)

Of the drugs with GS1 Data Bars printed, one GS1 DataBar was 
printed on each PTP sheet in 54.8% (247/451), 2 were printed in 
5.3% (24/451), and 3 or more were printed in 39.9% (180/451). 
GS1 Data Bars were printed on the aluminum foil of the PTP sheet 
by the endless method in 33.9% (153/451) and by the pitch 
method in 66.1% (298/451). Printing was by the pitch method 
on all PTP sheets on which only 1 GS1 Data Bar was indicated. On 
these PTP sheets, the position of printing was the lower middle in 
55.9% (138/247), being the most frequent (Figure 1) (Table 4). Of 
the sheets on which multiple GS1 Data Bars were printed, GS1 Data 
Bars were printed by the pitch method for each tablet in some and 
for every 2 tablets in others (Figure 2) (Table 5).

Table 4: Position of printing on PTP sheets on which 1 GS1 DataBar was 
printed (all by the pitch method) (n=247).

Lower middle Upper middle Upper left Others

138 86 10 13

Figure 2: Examples of printing of GS1 DataBars: for each tablet 
(Amlodipine OD tab.2.5 mg EMEC),  for every 2 tablets (Enalapril M 
tab.2.5 EMEC)

Table 5: Position of printing on PTP sheets on which multiple GS1 
DataBars were printed (all by the pitch method) (n=51).

1 for 2 tablets 1 for each 
tablet Others Others

12 6 33 13

The substrate on which GS1 DataBars were printed was 
aluminum for all 450 drugs except 1 (plastic). GS1 DataBars were 
printed by the endless method on PTP sheets for all products in 
which they were printed repeatedly. Of the drugs for which GS1 
DataBars were printed by the endless method, they were printed 
repeatedly in 68.6% (105/153). GS1 DataBars were boxed in 37.4% 
(174/465) and were highlighted with a white background in 34.0% 
(158/465) of all products. The color of GS1 DataBars was most 
frequently black, and the background was most frequently white 
(Table 6, 7).

Table 6: Color of GS1 DataBars (n=465).

Black Blue Green Brown Light 
blue Others

321 82 40 13 6 3
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Table 7: Background of GS1 DataBars (n=465)

White Silver Yellow Green Pink Others

309 100 17 11 9 19

Drugs for external use

A total of 144 DataBars of 144 drugs for external use were 
surveyed. The height of GS1 DataBars was most frequently 3mm 
and the width was most frequently 19mm (Table 8, 9).

Table 8: Height of GS1 DataBar (drugs for external use) (n=144)

2 mm 3 mm 4 mm 5 mm ≥6 mm

9 111 17 3 4

Table 9: Width of GS1 DataBar (drugs for external use) (n=144)

≤17 mm 18 mm 19 mm ≥20 mm

9 4 109 22

The substrate of printing was plastic in 37.5% (54/144) of 
all products, followed by aluminum in 35.4% (51/144), and the 
difference was small. The substrate was “paper” in 27.1% (39/144) 
of the drugs for external use, although rarely for drugs for internal 
use because paper labels were attached to bottle containers in 
many drugs for external use. Little difference was observed in 

the printing substrate among drugs for external use. However, in 
consideration of the dosage form, 33.3% (18/54) of the 54 drugs 
for which GS1 DataBars were printed on plastic were “ophthalmic 
solutions”. In addition, of the 51 drugs for which the printing 
substrate was aluminum, 78.4% (40/51) were “tubed ointments”.

Concerning repeated printing, boxing, and whitening of the 
background of GS1 DataBars, the pitch method was used for all 
drugs for external use, and repeated printing was not observed 
(0/144). GS1 DataBars were boxed in 6.9% (10/144) and were 
highlighted with a white background in 16.7% (24/144). The color 
of GS1 DataBars was most often black and the background was 
most often white (Table 10, 11). The position of GS1 DataBars on 
drugs for external use is shown in Figure 3.

Table 10: Color of GS1 DataBars (n=144)

Black Blue Green Brown Purple

129 9 2 2 2

Table 11: Background color of GS1 DataBars (n=144)

White Yellow Silver Green Blue Others

117 9 7 3 3 5

Figure 3: Position of GS1 DataBars on drugs for external use.

In the report by Sato et al. [15], the “height of GS1 DataBars” 
was most frequently 2 mm, but it was most frequently 3 mm in our 
present survey. Other differences from their report [15] were that 
the background color of GS1 DataBars was most frequently white, 
and that there were wider variations in the printing color of GS1 
DataBars and background color.

As the height of GS1 DataBars was most frequently 3 mm, we 
examined the length of the PTP sheet. The length was 175 mm at 
the maximum and 36 mm at the minimum, with a difference of 172 
mm. This suggests that the size of GS1 DataBars is not affected by 
the size of the PTP sheet itself. 

The background color of the aluminum foil of the PTP sheet was 
often silver, but the areas on which DataBars were printed or the 
entire background were colored white to reduce reflection in most 
drugs. For both internal and external drugs, the GS1 DataBars were 
more often “not highlighted with a white background” because the 
entire background was white in many products. For the products 
with a non-white background, DataBars were “highlighted with a 
white background” in 87.5% (133/152) of drugs for internal use 
and 81.5% (22/27) of drugs for external use. 

The background color of GS1 DataBar most often being silver 
or white was considered to be due to the widespread adoption 
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of white coloring of the PTP sheet, which was developed to avoid 
difficulty in reading GS1 DataBars printed directly on the surface 
of aluminum foil due to specular reflection. Furthermore, the 
increased variation of the printing color and background color 
of GS1 DataBars is largely due to technical innovation, e.g., the 
marketing of products such as READ-MAX® (Toyo Aluminium 
K.K.). READ-MAX® is PTP aluminum foil that has made reading of 
GS1 DataBars possible even without a white colored layer by special 
direct OP coating on the aluminum foil rather than a white colored 
surface due to diffused reflex [16]. This technology has made a 
wide variety of PTP available, which was reflected in this survey. 
The four changes revealed in this survey are all considered to have 
been brought about by improvements in the printing technology 
observed during the last few years. In addition, these improvements 
in printing technology have made printing in smaller areas and on 
surfaces with unique shapes specific to drugs possible. As it has 
become possible to print GS1 DataBars anywhere, the diversity of 
the position of their printing has increased to cater to the needs of 
holders of marketing authorization and drug types.

For tubed ointments and transdermal preparations, the position 
of GS1 DataBars was classified as “front” or “back”. The position of 
DataBars was most frequently “back” in tubed ointments and “front” 
in transdermal preparations, probably because of the smallness of 
the printing area on tubed ointments. On tubed ointments, the drug 
name, specifications, ingredients, holder of marketing authorization, 
etc., are printed in addition to the GS1 DataBar, and printing all of 
them on the front surface complicates the labeling design. For this 
reason, to improve the readability, DataBars are considered to be 
printed on the front side of transdermal preparations, which have a 
wide printing area, and on the back side of tubed ointments, which 
have a small printing area. 

For ophthalmic/nasal/ear solutions and bottled ointments, the 
position of GS1 DataBar was classified as “left of the drug name”, 
“right of the drug name”, or “back of the drug name”. It was most 
often “back of the drug name” for ophthalmic/nasal/ear solutions 
but “right of the drug name” for bottled ointments. These two 
dosage forms differed markedly in “size of printing area”.

For aerosol preparations, the position of GS1 DataBars was 
most frequently “on the inhalation device alone” and “on both 
the inhalation device and can” but was “on the can alone” in none 
of the preparations examined. For suppositories, GS1 DataBars 
were mostly prepared separately as a sticker inside or outside the 
individual package to be attached at the time of dispensation. These 
two dosage forms had a “unique shape specific to the dosage form” 
as a common characteristic. In particular, for suppositories, if the 
GS1 DataBar is printed on each preparation, it is curved along its 
shape. As a curved GS1 DataBar leads to reading errors, they are 
considered to be attached according to the amount used. However, 
this labeling method is not considered optimal because it increases 
the complexity of the dispensing procedure.

For drugs for internal use, improvements in printing technology 
have led to the increased diversity of the design of labeling with 
GS1 DataBars and preservation of the original design image. For 
drugs for external use, however, how to overcome the “smallness 
of the printing area” and “unique shape of the dosage form” is an 
important challenge for the future. Under the present circumstances 
of labeling with GS1 DataBars, we will evaluate the viewpoint from 
which pharmacists, who are using GS1 DataBars in actual practice, 
rate the designs of drugs and how they perceive the present designs 
to make package designs including GS1 DataBars more convenient 
for use in medical practice. 

Conclusion
The current state of labeling of PTP sheets with GS1 DataBars 

used in medical practice was surveyed. The use of GS1 DataBars 
in the field of traceability and medical safety is also expected to 
progress further in Japan. The end users of drugs are patients 
who consume drugs by an analogue action of “taking drugs”. It is 
important to evaluate the state of use of GS1 DataBars and package 
designs of drugs by reflecting on the viewpoints of both pharmacists 
and patients.
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