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Data management practices of cone beam computed )

Check for

tomography volumes: An exploratory user survey

Dwight D. Rice, DDS,*" Kenneth Abramovitch, DDS, MS,*“ Gregory W. Olson, DDS, MSc,® and
Edwin L. Christiansen, DDS, PhD"*

Objective. The aim of this study was to query cone beam computed tomography (CBCT) users about their storage and transfer
practices to identify trends in the handling of CBCT data in dentistry.

Study Design. A computer-based survey was distributed to 2 CBCT user groups. The survey consisted of 18 questions on settings for
data capture, data storage, archiving strategies, bit depth/compression, monitoring user access to patient information, and dissemina-
tion to end users. All information was anonymously collected. Descriptive data and frequency patterns were collected and discussed.
Results. A total of 68 surveys were returned, with 56 fully completed. Results reflected a low consensus about usage and manage-
ment of radiographic data sets. Some preferential usage patterns, however, were noted along with the following trends:

(1) 53% of respondents utilized Digital Imaging and Communications in Medicine volumetric data sets for initial storage.

(2) 46% of respondents saved data in raw or native file formats.

(3) 60% of storage sites were in onsite servers.

(4) 35% of volumes saved were in a “Zip” compression format.

(5) 37% of respondents used a picture archiving and communication system for storage.

Conclusions. The absence of consensus on postcapture management of volumetric data sets indicates that a dentistry-wide data
management standard would benefit patient care while mitigating information technology storage issues. (Oral Surg Oral Med

Oral Pathol Oral Radiol 2019;128:e100—e107)

Over the past 2 decades, an increasing number of
patient-centered cone beam computed tomography
(CBCT) applications has triggered a proliferation of
CBCT imaging systems in the dental marketplace. This
proliferation has engendered significant information tech-
nology (IT) challenges—in particular, data storage and
transfer. A wide variety of imaging platforms and equally
diverse vendor software have a potentially adverse impact
on patient care. This issue has been particularly notable
during volume retrieval, when multiple providers are
involved in a single patient’s health care. In brief, stan-
dardized protocols do not exist when managing data-rich
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CBCT studies, especially when data are acquired across
multiple platforms.

Digital Imaging and Communications in Medicine
(DICOM) is a currently mandated standard of manag-
ing patient digital records. With respect to imaging,
the DICOM standard is designed to address interoper-
ability between multiple manufacturers’ imaging
devices when processing viewing, storing, printing,
and transmitting medical imaging data. In the simplest
applications, the DICOM standard includes file format
definition and a protocol for network communica-
tions." DICOM is now an International Organization
for Standardization standard and shows promise for
handling CBCT data sets when clinicians prefer to
use third-party DICOM-compliant software for view-
ing data sets. However, there are drawbacks (e.g.,
cost and user flexibility) because CBCT imaging ven-
dors prefer to recommend saving their data sets in a
proprietary format, which, in turn, discourages third-
party use of viewing software and thus DICOM’s uni-
versally accepted format in dentistry.”

Statement of Clinical Relevance

We surveyed users regarding management practices
of cone beam computed tomography volumes.
Results showed multiple management strategies for
scan volumes. We recommend the use of a standard-
ized Digital Imaging and Communications in Medi-
cine format for volumes and various information
technology management protocols to achieve more
efficient patient care.
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We created and distributed a web-accessible survey to
begin to obtain a clearer perspective of storage issues
while also collecting a cross-sectional assessment of
how dental health care facilities provide CBCT services
and manage patient CBCT data sets. Survey questions
were designed to assess respondents’ protocols of data
management, with emphasis on collection and archiv-
ing. Question sets were posted on 2 major CBCT user
e-mail message boards. This article presents a summa-
tive descriptive analysis of user responses and a discus-
sion of the findings.

The objectives of this study were to query CBCT users
about their storage and transfer practices and to identify
trends in the handling of CBCT data in dentistry.

MATERIALS AND METHODS
Questionnaires were posted with Qualtrix Survey Solutions
online survey software (Qualtrix, Provo, UT). The survey
was posted in winter 2015, and responses were collected
by April 2016. The survey was conducted among 2 CBCT
user groups—(1) ORADLIST, an online discussion group
hosted by information technologists at the University of
California at Los Angeles; which includes oral and maxil-
lofacial radiologists, other dental specialists, generalist den-
tists, and other clinicians and related professionals; and (2)
the American Association of Dental Maxillofacial Radio-
graphic Technicians (AADMRT). Both groups include
oral and maxillofacial radiologists, other dental specialists,
generalist dentists, and other clinicians and related profes-
sionals with an interest in oral and maxillofacial radiology.
Surveys were emailed to all AADMRT members by the
AADMRT administrative team via direct electronic mail-
ing. All ORADLIST members received an email via the
group’s discussion board, linking them to the survey.
Questionnaires consisted of 18 questions related to
CBCT scan data storage, retrieval, and archival methods.
The following study introduction and scope was posted
on the first survey window: “We are interested in the
trends and patterns of CBCT users when it comes to sav-
ing, transferring and storing CBCT volumes. We use
axiUm and MiPACS at our institution. Depending on the
CBCT manufacturer and particular unit, the level of man-
agement for the different types of files may vary. This
brief survey will provide information on the trends of
CBCT users in our oral- and maxillofacial-imaging com-
munity. Thank you for your contribution to this effort.”
Respondents anonymously answered questions on
topics including data capture settings, where and how
data are stored and backed up, bit depth compression,
user access, patient information protection, and the
dissemination of scan volumes to end users. All sur-
vey questions and results are listed below. Observed
trends and descriptive statistics in data management
are described where possible.
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RESULTS

A total of 68 surveys were returned, with 56 fully com-
pleted. Respondents were not restricted to single answers.
Where multiple management strategies applied to a given
question, respondents were encouraged to answer appro-
priately. As a result, the number of responses often
exceeded the number of respondents.

Survey questions: management practices of CBCT
data volumes

As shown in Table I, 53.1% of respondents were from
academic teaching clinics and 37.0% from imaging cen-
ters. The remainder were from smaller centers: primarily
dental clinics, data storage providers (1.2%), dental hos-
pitals (1%), and a specialty dental clinic (1%). Some
facilities functioned in multiple capacities. For example,
an academic institution may also serve as an imaging
center for the local professional community.

As summarized in Table II, more than half the
respondents (53.8%) did not use a PACS, but stored
data on the scanner’s capture central processing unit
(CPU) or auxiliary CPU. 21.2% used MiPACS, a third-
party PACS product that is marketed to the dental pro-
fession. Proprietary storage systems of CBCT manufac-
turers (e.g., Schick, Accuitomo, etc.) were used by 7.4%
of respondents. The remaining 17.6% included a variety
of other third-party systems, which were mainly a
PACS, such as Infinitt, OnDemand 3-D, and Dolphin
Imaging. Some of the other systems identified in the sur-
vey may not be considered true PACS technologies
because a true PACS is typically able to store DICOM
files and index them in a database and support the
DICOM communication protocol. Other systems may
upload and share storage media, but they do not neces-
sarily store files in a DICOM format or support the
DICOM communication protocol.

Table III demonstrates that approximately half the
respondents did not index the scans to patients’ health
records, and when it was done, axiUm via MiPACS was
used by most. Other electronic health records (EHRs)

Table I. Question 1 results
Q1 - How would you classify your situation
with respect to cone beam computed tomog-
raphy (CBCT) imaging? (Select all that

apply)
Answer % Count
Academic institution 53.1% 43
Imaging center 37.0% 30
Data storage provider 1.2% 1
Referring end user 6.2% 5
Other, please specify* 2.5% 2
Total 81

*QOther systems included Box.com, GE, Planmeca, and Syngo.
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Table Il. Question 2 results
Q2 - What picture archiving and communi-
cation system (PACS) is used for storing
cone beam computed tomography (CBCT)
image data? (Select all that apply)

Answer % Count
No PACS, stored on capture central 53.8% 43
processing unit (CPU) or auxiliary
CPU (server)
In-house PACS, please specify 7.4% 6
Commercial PACs—MiPACS 21.2% 17
Commercial PACS—Dolphin 3.8% 3
Commercial PACS—other, please specify 13.8% 11
Total 80

Table I1I. Question 3 results
Q3 - Are the picture archiving and commu-
nication system (PACS) files indexed to
patient files in an electronic health record
(EHR)? (Select all that apply)

Answer % Count
No 49.3% 36
Yes—axiUm 30.2% 22
Yes—other, please specify which software 20.5% 15
Total 73

used included Titanium, Salud, Dolphin, Dentrix, Opus,
and Courier.

As shown in Table 1V, 43.2% of volumes were stored
in a standard DICOM file format. Raw data files
(21.0%) and native reconstructions (25.3%) were the
next most common formats, although one respondent
saved data in both native and DICOM formats. Of note,
9.5% of users stored data with directories of DICOM,
bringing total DICOM storage to 52.7%.

Table V shows that there was a strong preference to
retain scan data in the main PACS, or primary storage
area, for more than 2 years before archiving (66.7%).
This trend suggests that users continue to expand the
PACS or primary storage before archival. Potential

Table IV. Question 4 results
Q4 - For initial storage, cone beam com-
puted tomography (CBCT) volumes are
stored as: (Select all that apply)

Answer % Count
Capture raw data files 21.0% 20
Native (proprietary) reconstructed data files 25.3% 24

DICOM (Digital Imaging and Communications 43.2% 41
in Medicine) data files

Directories of DICOM data files 9.5% 9
Other, please specify 1.0% 1
Total 95
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Table V. Question 5 results
Q5 - How long are cone beam computed
tomography (CBCT) volumes stored in the
picture archiving and communication system
(PACS) before being archived in other stor-

age media?
Time Period % Count
Up to 6 months 16.7% 7
6—12 months 9.5% 4
12—18 months 7.1% 3
18—24 months 0% 0
>24 months 66.7% 28
Total 42

Table VI. Question 6 results
Q6 - How are the volumes saved when
being sent to long-term storage? (Select all

that apply)
Answer % Count
Raw data files 15.9% 13
Proprietary constructed data files 26.8% 22
DICOM (Digital Imaging and Communications 46.3% 38
in Medicine) data files
Directories of DICOM Data Files 6.1% 5
Other, please specify* 4.9% 4
Total 82

*Other, please specify (Responses recieved for “Other”)
Hard disk installed in cone beam computed tomography (CBCT)
computerIn any software in which the images were processed (e.g.,
SimPlant, Anatomage)
Not applicable

explanations include cost-saving strategies, growth-
phase mentality, or being unaware of the advantages/
disadvantages of long-term archiving.

As summarized in Table VI, the trend for long-term data
storage was similar to that for intermediate and short-term
storage, with DICOM storage formats being preferred by

Table VII. Question 7 results
Q7 - When archiving cone beam computed
tomography (CBCT) volumes, what type of
storage medium is being used? (Choose all

that apply)
Answer % Count
Cloud 3.9% 3
Storage disks 23.7% 18
Dedicated server 40.8% 31
Picture archiving and communication 25.0% 19
system (PACS) server

Other, please specify* 6.6% 5
Total 76

*Other, please specify (Responses recieved for “Other”)
External hard drive (HD)
Some not saved other than on capture
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Table VIII. Question 8 results
Q8 - When archiving cone beam com-
puted tomography (CBCT) volumes, what
level of redundancy/backup is used?
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Table XI. Question 11 results
Q11 - What is the routine bit depth at which
the cone beam computed tomography
(CBCT) volumes are being stored?

Answer % Count Answer % Count
Single server location 44.8% 26 <12 bit depth 6.9% 4
Two server locations 36.3% 21 12 bit depth 36.2% 21
>2 server locations 18.9% 11 14 bit depth 36.2% 21
Total 58 16 bit depth 17.3% 10
>16 bit depth 3.4% 2
Total 58

Table IX. Question 9 results
Q9 - When archiving cone beam computed
tomography (CBCT) volumes, where is/are
the storage media locations? (Choose all

that apply)
Answer % Count
Cloud 4.1% 3
On site 60.4% 44
Remote site, <25 miles away 26% 19
Remote site, 25—50 miles away 2.7% 2
Remote site, >50 miles away 6.8% 5
Total 73

most. Alternatively, others stored workup files in third-
party software (e.g., SimPlant and InVivoDental).

Table VII demonstrates that most respondents
employed long-term storage on a variety of servers:
PACS (25.0%), dedicated servers (40.8%), and Cloud
(3.9%). 23.7% of respondents stored data on removable
media.

As shown in Table VIII, a slight preference for data
storage on more than one archival medium (55.2%)
was evident, although nearly half the respondents con-
tinued backing up data on 1 server.

Table IX reveals that the majority of respondents
(60.4%) stored imaging data on site. To ensure the
security and integrity of data sets, medical data are

Table X. Question 10 results
Q10 - When archiving cone beam computed
tomography (CBCT) volumes, what is the
retrievable index label being used for the
search? (Choose all that apply)

Answer % Count

Patient’s legal surname 39.0% 41

Electronic health record (EHR) 36.3% 38
patient (chart) number

Date of Imaging 21.9% 23

Other, please specify* 2.8% 3

Total 105

*Other, please specify (Responses recieved for “Other”)
No archiving for the moment
Do not archive
Patient number

routinely stored at remote sites.” This practice was not
routine with regard to dental CBCT data.

As summarized in Table X, data retrieval practices
vary. The patient’s legal surname and EHR numbers
were the most common retrieval indices. Although the
date of imaging could be referenced, it was not indexed
as a specific search item, thereby requiring multiple
query entries in a search-response queue.

Table XI demonstrates that depth storage may reflect
bit depth capture by CBCT scanners because data were
stored at the bit depth of the capture potential.
Although greater bit depth requires more storage space,
the issue of server capacity did not appear to influence
the decision-making process.

As shown in Table XII, files were zipped by some
respondents to reduce storage space,’ yet only 34.5%
of respondents utilized this function. Image degrada-
tion can result from compression, and the extent of
degradation often varies dramatically, depending on
the compression process used.”” This may explain
why “zipped” files are not widely utilized.

In relation to Table XIII, there is debate on how
many of the patient volumes should be saved in
patients’ PACS records (i.e., original scan volume,
implant planning volume, guided surgery stent volume,
orthognathic planning volume, etc.) With digital mill-
ing and other digital workflow data being created, the
question is which, if not all, of these should be part of

Table XII. Question 12 results
Q12 - What percentage of cone beam com-
puted tomography (CBCT) volumes are
stored in zip files with other patient data or
viewer software?

Percentage of zipped files % Count
100% 10.3% 6
51%—99% 5.2% 3
25%—50% 6.9% 4
1%—24% 12.1% 7
0% 65.5% 38
Total 58
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Table XIII. Question 13 results

Q13 - Are adjunctive patient volumetric
assessments, such as implant placement
workup files, surgical guide planning
workups, and similar types of workup file
folders, saved in the patient picture archiv-
ing and communication system (PACS)
record? (Choose all that apply)

Answer % Count

Yes, although saved as 21.7% 15
other scan volumes

Yes, although saved for 2.9% 2
only a short period

Yes, although discarded 2.9% 2
after a set period

Saved on a central server, 10.1% 7
but not in the PACS record

Saved on individual PCs where 21.8% 15
the workup files are created

Not saved in the PACS record 40.6% 28

Total 69

the patient’s record? In our survey, most of the users
were not saving these data in the PACS. As software
companies continue to develop patient care applica-
tions, there will be a greater need for more centralized
data storage in one common area. The need is likely to
increase as the number of providers per patient and the
need to share information continue to grow.'"

Table XIV addresses the idea that as network com-
munications improve and grow in use, more electronic
data transmission is expected.'' Increased demand for
electronic patient data transmission is anticipated with
the introduction of more HIPAA (Health Insurance
Portability and Accountability Act of 1996)—

Table XIV. Question 14 results
Q14 - How are patient cone beam com-
puted tomography (CBCT) volumes trans-
ferred for use off site to consultants,
patients and/or referral sources? (Choose
all that apply)

Answer % Count

Transfer of a hard copy by courier 47.9% 35
Transfer via HIPAA (Health Insurance Portability 6.8% 5
and Accountability Act of 1996)—compliant
intranet service

Transfer via HIPAA-compliant internet service 19.3% 14
Transfer via HIPAA-compliant secure email 9.6% 7
Transfer via Direct Secure Message through 4.1% 3
a health information system program (HISP)
Direct access to electronic health record (EHR) 12.3% 9
and picture archiving and communication
system (PACS)
Total 73
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Table XV. Question 15 results
Q15 - Which of the following geographic
regions best represents your location?

Answer % Count
North America 69.5% 39
Central America 1.8% 1
South America 3.6% 2
Europe 14.3% 8
Africa 1.8% 1
Middle East 3.6% 2
Asia 3.6% 2
Australia, New Zealand, 1.8% 1
Pacific Islands (Oceania)
Total 56

compliant transmission platforms (DropBox, One-
Drive, Google Drive, etc.).'”” As previously noted,
nearly 50% of the respondents reported transferring
patient data to a hard copy medium for physical stor-
age; this reflects the need for standards in the storage
and communication of patient information in dentistry.

Table XV shows that most respondents were based
in North America. However, 30.5% were from other
continents, with those from Europe representing the
next highest number of responders. We could not deter-
mine if there were differences in international trends
because the sample was small.

The most effective and time-efficient strategy for
HIPPA compliance for control of access to protected
health information would be via a PACS; yet, in our
survey, as illustrated in Table XVI, only 26.5% of the
respondents used a PACS to control access to patient

Table XVI. Question 16 results
Q16 - How do you control access to cone
beam computed tomography (CBCT)
images? (Choose all that apply)

Answer % Count
Access not controlled 7.8% 5
Access is only available in one department 17.2% 11
Access is controlled by the picture archiving 26.5% 17
and communication system (PACS) interface
Access is controlled by one or more individuals 39.1% 25
Access is controlled by a paper process 0% 0
Other, please specify* 9.4% 6
Total 64

*Other, please specify (Responses recieved for “Other”)
Password protection
Passwords
Internally only—Ilocal drive
Anyone with institutional intranet log in credentials could access
CBCT images
Computer password
All users must sign on to AxiUm, and a trail of who looked where is
recorded. HIPAA (Health Insurance Portability and Accountability
Act of 1996) is strictly enforced, and unauthorized use will result in
termination of that individual.
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Table XVII. Question 17 results
Q17 - How do you control access to
workup files? (Choose all that apply)

Answer % Count
Access not controlled 13.1% 8
Access is only available in one department 16.4% 10
Access is controlled by the picture archiving 22.9% 14
and communication system (PACS) interface

Access is controlled by one or more individuals 39.4% 24
Access is controlled by a paper process 0% 0
Other, please specify* 8.2% 5
Total 61
*Other, please specify (Responses recieved for “Other”)

No workup files

Passwords

Access is controlled by individual specialty clinics
Workup files not stored

data. The multiple responses to this question reflect a
delay in the automation and efficiency of dental health
care data management.

As shown in Table XVII, access to workup files fol-
lowed a pattern similar for that of access to image files.
Only 22.9% of the respondents reported using a PACS
to control access to workup data.

DISCUSSION

CBCT has become a common imaging modality for
dental diagnostics and treatment planning. In medicine,
computed tomography has been used for decades.'’
Early in the use of digital medical images, DICOM
was mandated as the standard for medical data man-
agement. This decision facilitated computed tomogra-
phy interoperability for the storage, retrieval, and
viewing of medical imaging data.

The data from this survey showed that most dental
facilities prefer to use their platform manufacturer’s
software, thus potentially increasing the number of pro-
tocols for data storage and transfer.” This complicates
patient care when health care providers need to utilize
these data but do not share compatible imaging soft-
ware. The best solution to the problem(s) of lack of
interoperability at each level of data management is to
more fully implement the DICOM standard for CBCT
dental imaging.'” Although current manufacturers
may comply with the requirements of a DICOM-
enabled export, questions remain as to the quality,"*'°
or reliability of their DICOM export function.'’

The data storage/transfer challenge is further compli-
cated by facilities that operate multiple units from differ-
ent vendors and/or when attempting to share information
with other providers that operate different management
and viewing systems.'® Lack of conformance appears to
be a persisting issue for CBCT platforms.
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DICOM is not a singular solution to dental data
management. If an imaging facility with a PACS
already in place is adding new CBCT units, it is crucial
to review each manufacturer’s conformance statement
to determine PACS compatibility. This will simplify
storage, retrieval, and transmission of all volumes
within a given practice as well as with other users and
clinicians who follow the DICOM standard protocols.
All imaging facilities should undertake a conformance
review to ensure a standardized file format.

In our experience, the process of routinely convert-
ing and transferring proprietary image files to the
DICOM file format for a PACS server is labor inten-
sive.'” This problem is compounded when attempting
to locate proprietary image volumes stored on multiple
servers and archived in different formats. Moreover, a
sought-for volume may be compressed'” > or stored in
a lower bit depth and file type.”” ™’

Another notable challenge is the lack of indexing of
CBCT imaging files with patients’ EHR files. axiUm
was the most popular EHR in this survey, possibly
because most respondents were dental care providers
at larger health care facilities (educational, military,
penal, etc.). If the scans are not indexed to a corre-
sponding health record (approximately 50% in our sur-
vey), scan data lack a consistent home-site for ready
access. This practice runs counter to the trend in health
care—that is, to have universal patient record accounts,
where patient’s data can be permanently archived and
universally retrieved.'’***’

Perhaps most importantly, this survey demonstrated
that respondents follow availability options provided by
vendors of CBCT equipment. The main storage option
provided is the continuance of their proprietary data
storage formats. This practice makes it more difficult to
adopt a single DICOM protocol as instituted in medi-
cine. This unfortunate trend and the lack of disclosure to
new CBCT users of the added IT burden when purchas-
ing CBCT technology are both hindrances to achieving
interoperability of CBCT platforms—an important out-
come in the continuum of data management.

To further comprehend the shortcomings of con-
temporary data management trends and to overcome
the shortcomings identified, a follow-up quantitative
survey investigation of contemporary users is advised.
Additional cumulative information can now be
obtained as a result of changes in the CBCT consumer
profile. The CBCT imaging industry has a broader
range of users, both medical and dental, and there are
more options for CBCT units in the industry’s market-
place. It is recommended that further investigation
stratify the users, particularly within both the medical
and dental professions.

CBCT is now popular in large otolaryngology and
orthopedic practices. These practices may have different
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data management styles from those used in the dental
profession. It would be helpful to determine how their
PACS and EHRs are indexed to the patient. Further-
more, it would be helpful to know how this combination
affects digital workflow management and where the
data are stored to remain in compliance with current
HIPAA standards and their archiving strategies.

Within the dental profession, the user stratification
should consider the differences among imaging centers
and large institutions in comparison with CBCT users in
specialty and general practices. Because the field of
view varies among user types, it would be helpful to
identify user trends in these different groups, with the
goal of establishing guidelines to facilitate practice man-
agement within and among practices that have patients
common to multiple practices. The data from such a
follow-up quantitative survey investigation would then
provide a broader analysis of variance with respect to
practice type and machine type for the industry at large.
These findings would be helpful to determine if there
are useful trends that are different and those that are
common among the various user types.

Alternatively, or concurrently, a qualitative approach
to particular user experience could be employed. For a
more focused view of a behavioral approach, usability
laboratory or benchmarking are options. Attitudinal
research methods using participatory design, focus
groups, and/or interviews would provide deeper insight
into why data storage patterns demonstrated, for exam-
ple, a preference for particular vendor recommendations.

Combining an expanded, larger sampling of quanti-
tative use patterns with qualitative methodology for
understanding the “whys” could inform both the user
and the developer alike. Ultimately, standardization
leading to best practices will benefit all involved.

CONCLUSIONS

This survey revealed a lack of consensus on data man-
agement in a relatively small, although representative,
sample of high-volume CBCT users. Although the sur-
vey may not represent all of dentistry, it provides
insight into the trends and challenges faced by those
tasked with managing advanced imaging data in the
dental field.

More research is needed on CBCT data manage-
ment. Information in the current literature is sparse,
and parallels in imaging data from other fields may not
adequately address CBCT issues. Ultimately, data
retrieval, transfer, and communication among pro-
viders will benefit patients. This survey revealed that
there is a need to study, develop, and implement guide-
lines in CBCT data management, software develop-
ment, and specialized IT support for this reason alone.

August 2019

ACKNOWLEDGMENTS

We would like to thank Douglas Yoon, Chief Technol-
ogy Officer, XDR Radiology; Joel Karafin, Chief Oper-
ating Officer, XDR Radiology; Joseph Caruso,
Associate Dean of Strategic Initiatives, Loma Linda
University School of Dentistry; and Scott Mallonee,
Lead Technologies, Inc., for their technical advice, as
well as all those who took the time to complete the sur-
vey. We hope our findings are helpful in moving
patient care forward.

REFERENCES

1. Bidgood WD, Jr., Horii SC, Prior FW, Van Syckle DE. Under-
standing and using DICOM, the data interchange standard for
biomedical imaging. J Am Med Informat Assoc JAMIA.
1997:4:199-212.

2. Burgess J. Digital DICOM in Dentistry. Open Dent J. 2015;
9:330-336.

3. Al-Rawi W, Teich S. Dentists should require DICOM as the
standard for storing dental radiographs. Quintessence In (Berlin,
Germany: 1985). 2013;44:7.

4. Farman AG. Use and implication of the DICOM standard in den-
tistry. Dent Clin North Am. 2002;46:565-573, vii

5. Avrin DE, Andriole KP, Yin L, Gould R, Arenson RL. Simula-
tion of disaster recovery of a picture archiving and communica-
tions system using off-site hierarchal storage management.
J Digit Imaging. 2000;13:168-170.

6. Loose R, Braunschweig R, Kotter E, Mildenberger P, Simmler
R, Wucherer M. Compression of digital images in radiology—
results of a consensus conference. RoFo: Fortschritte auf dem
Gebiete der Rontgenstrahlen und der
2009;181:32-37. [in German].

7. Krishnan K, Marcellin MW, Bilgin A, Nadar MS. Efficient trans-
mission of compressed data for remote volume visualization.
IEEE Transact Med Imaging. 2006;25:1189-1199.

8. Kim KJ, Kim B, Choi SW, et al. Definition of compression ratio:
difference between two commercial JPEG2000 program librar-
ies. Telemed J e-health. 2008;14:350-354.

9. Flint AC. Determining optimal medical image compression: psy-

Nuklearmedizin.

chometric and image distortion analysis. BMC Med Imaging.
2012;12:24.

10. Levin DC, Rao VM. Factors that will determine future utiliza-
tion trends in diagnostic imaging. J Am Coll Radiol. 2016;
13:904-908.

11. Li YC, Yen JC, Chiu WT, Jian WS, Syed-Abdul S, Hsu MH.
Building a national electronic medical record exchange system—
experiences in Taiwan. Comput Methods Programs Biomed.
2015;121:14-20.

12. Wu CS, Khoury I, Shah H. Optimizing medical data quality
based on multiagent web service framework. IEEE transactions
on information technology in biomedicine. /EEE Engineer Med
Biol Soc. 2012;16:745-757.

13. Levin DC, Parker L, Palit CD, Rao VM. After nearly a decade of
rapid growth, use and complexity of imaging declined, 2008-14.
Health Affairs (Project Hope). 2017;36:663-670.

14. Sanchez R, Vano E, Ubeda C, Fernandez JM, Balter S, Hoornaert
B. Influence of image metrics when assessing image quality from
a test object in cardiac X-ray systems: part II. J Digit Imaging.
2012;25:537-541.

15. Ruffolo M, Daskin MS, Sahakian AV, Berry RA. Design of a
large network for radiological image data. /[EEE Engineer Med
Biol Soc.2007;11:25-39.


http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0001
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0001
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0001
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0001
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0002
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0002
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0003
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0003
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0003
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0004
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0004
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0005
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0005
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0005
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0005
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0006
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0006
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0006
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0006
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0006
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0007
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0007
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0007
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0008
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0008
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0008
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0009
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0009
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0009
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0010
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0010
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0010
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0011
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0011
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0011
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0011
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0012
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0012
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0012
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0012
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0013
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0013
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0013
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0014
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0014
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0014
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0014
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0015
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0015
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0015

0000

ORIGINAL ARTICLE

Volume 128, Number 2

16.

17.

18.

19.

20.

21.

22.

23.

Baba Y, Furusawa M, Murakami R, et al. Optimal image resolu-
tion for digital storage of radiotherapy-planning images. Int J
Radiat Oncol Biol Phys. 1998;41:955-957.

Kuzmak PM, Dayhoff RE, Gavrilov S, Cebelinski G, Shovestul
ML, Casertano A. Streamlining importation of outside prior
DICOM studies into an imaging system. J Digit Imaging.
2012;25:70-717.

Levin DC, Parker L, Rao VM. Recent trends in imaging use in
hospital settings: implications for future planning. J Am Coll
Radiol. 2017;14:331-336.

Miao D, Fu J, Lu Y, Li S, Chen CW. Layered compression for
high-precision depth data. IEEE transactions on image process-
ing. IEEE Transact Image Process. 2015;24:5492-5504.
Noujeim M, Geha H, Shintaku W, Bechara B, Kashi KA. Effect
of JPEG compression on the diagnostic accuracy of periapical
images in the detection of root fracture. Dent Traumatol.
2012;28:233-237.

Wenzel A, Gotfredsen E, Borg E, Grondahl HG. Impact of lossy
image compression on accuracy of caries detection in digital
images taken with a storage phosphor system. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 1996;81:351-355.

Yasar F, Yesilova E, Apaydin B. The effects of compression on
the image quality of digital panoramic radiographs. Clin Oral
Investig. 2012;16:719-726.

Chung TY, Sim JY, Kim CS. Bit allocation algorithm with novel
view synthesis distortion model for multiview video plus depth
coding. IEEE Transact Image Process. 2014;23:3254-3267.

24.

25.

26.

27.

el07

Rice et al.

Ling WA, Ellerbee AK. The effects of reduced bit depth on opti-
cal coherence tomography phase data. Optics Express.
2012;20:15654-15668.

Lu Z, Kasaragod DK, Matcher SJ. Performance comparison
between 8- and 14-bit-depth imaging in polarization-sensitive
swept-source optical coherence tomography. Biomed Optics
Express. 2011;2:794-804.

Koufi V, Malamateniou F, Tsohou A, Vassilacopoulos G. A
framework for privacy-preserving access to next-generation
EHRS. Studies Health Technol Informat. 2014;205:740-744.
Ammenwerth E, Duftschmid G, Gall W, et al. A nationwide
computerized patient medication history: evaluation of the Aus-
trian pilot project “e-Medikation”. Int J Med Informat.
2014;83:655-669.

Reprint requests:

Dwight D. Rice

LOMA LINDA UNIVERSITY

Department of Radiology and Imaging Sciences
Prince Hall 4404, 11092

Anderson Street

Loma Linda, California 92350

United States.

drice@]1lu.edu


http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0016
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0016
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0016
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0017
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0017
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0017
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0017
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0018
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0018
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0018
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0019
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0019
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0019
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0020
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0020
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0020
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0020
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0021
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0021
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0021
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0021
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0022
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0022
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0022
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0023
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0023
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0023
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0024
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0024
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0024
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0025
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0025
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0025
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0025
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0026
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0026
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0026
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0027
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0027
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0027
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0027
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0027
http://refhub.elsevier.com/S2212-4403(19)30464-X/sbref0027
mailto:drice@llu.edu 

	Data management practices of cone beam computed tomography volumes: An exploratory user survey
	Materials and Methods
	Results
	Survey questions: management practices of CBCT data volumes

	Discussion
	Conclusions
	Acknowledgments
	References


