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Dear Ladies,  
Just a quick note to let you know 
how much I enjoyed your Bone 
Density class. It was really 
informative. It sure was a lot of 
information to soak up in such a 
short time.  
   I have sent my application off 
to take my ARRT RT exam on 
Bone Densitometry. I have test 
anxiety bad; it helps me to test a 
lot before the big one. Iõm glad you 
have online review tests for me.  
Thanks for the course. I thought it 
was great.  
Sincerely  
JB, RT (R) (ARRT), Arlington TN  

Hello Ann,  
   I know you were waiting to 
hear from me:  I PASSED!!!  
This course has been an excellent 
review for me. It is a well put 
together program and if you 
make it a priority, it works well 
for the person like me who had 
already been through a full ARRT 
program. I actually enjoyed going 
back through it! Also, you are the 
master. You were very quick to 
answer any of my questions, and 
very pleasant to deal with. I 
appreciate you very much.  
   Thank you so much for your 
help, time, patience and for 
hanging in there with me. You 
made this doable for me!  
AW, Jackson TN  

Ann,  
   I want to thank you again for 
your kindness and help you gave 
me.  
   [I didnõt pay attention and I let 
my ARRT lapse; then to learn I 
couldnõt reinstate it was 
devastating. Doing the RES 
tutorials with you made it easy to 
pass all the certificate areas on 
the state limited exam. Now I can 
work again.] I couldnõt have done 
it without you.  
Your friend always,  

GW, WH TN  
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ANSWERS TO 

TEST YOUR KNOWLEDGE 

1. a - True 

2. b - collimation 

3. d - distance 

4. d - hands 

DID YOU KNOW? 
 

ƅ That in the 1960s the principals of 

sonar, developed extensively in WW II, 

were applied to diagnostic imaging.  

ƅ That in 1984, MR imaging was cleared 

for commercial clinical availability by the 

Food and Drug Administration. Its use 

spread rapidly throughout the United 

States.  

ƅ That arthritis is one of the most 

prevalent chronic health conditions.  

ƅ That in 1901,  Karl Landsteiner 

discovered that humans vary in their types 

of blood.  

ƅ That in 1907,  the average wage in the 

U.S. was 22 cents per hour; that 90% of 

all U.S. doctors had no college education; 

that the average life expectancy in the 

U.S. was 47 years old.  

FUN TIME!  
The words used in this word search 
puzzle are taken from DR-057 
Radiologic Imaging Management 
Chapter 3 contained in this issue. 
Words may read normally, from 
right to left, bottom to top, top to 
bottom, or on any diagonal. 
Solution is on page 2.  
  dicom 
  protocol 
  communication 
  standardization 
  transmitted 
  archiving 
  procedures 
  specifications 
  teleradiology 
  transferred 
  modalities 
  organization 
  international 
  interconnection 
  infrastructure 
  enterprise 
  framework 
  consistency 
  regulation 
  encompassing 

TEST YOUR KNOWLEDGE 
 

1. An occupational worker should always 

take a copy of the last personnel monitor 

exposure report to a new x -ray job.  

 a. True  b. False 

2. What is the single best protection 

method for the patient?  

 a. use of detail screens  

 b. collimation  

 c. distance  

 d. limit number of x -ray exams per  

           visit.  

3. What is the single best protection 

method for the operator?  

 a. collimation  

 b. always wear lead apron  

 c. limit the number of days working in  

          the x -ray room  

 d. distance  

4. Which of the following body parts can 

withstand the largest exposure dose?  

 a. ovaries   c. total body  

 b. thyroid   d. hands  

Sometimes you just 
have to take the leap 
and build your wings 

on the way down.  
Kobi Yamada 

P N O I T A Z I N A G R O G M N P G C

I N T E R C O N N E C T I O N B T G C

S M D T E L E R A D I O L O G Y M M M

D T W T L Z X K C O N S I S T E N C Y

D M A S M J I N T E R N A T I O N A L

J O W N F Z R R E G U L A T I O N Z F

W C V O D N C O M M U N I C A T I O N

T I E I F A N Z M E Z V Z G A R N Y S

R D N T R N R T D N N J Q R W L N E T

A R C A A X P D Y E N T C K O T I Q T

N T O C M V C W I B R H E C J T B C R

S R M I E Q N Y K Z I R O R I L G G L

M M P F W D G Y V V A T E L P J G H N

I Z A I O F F T I D O T A F Y R R Y K

T R S C R L Z N B R H D I Q S J I F R

T R S E K T G Y P F O G Z O R N M S L

E D I P B T N H T M L D Q K N M A Q E

D N N S Q K S E R U D E C O R P K R G

M V G X E R U T C U R T S A R F N I T

www.WordSearchMaker.com



Oct-Nov-Dec 2008 X-Ray News, Vol. 14, No. 4     Page 4 

Direct Reading DR-057 
Radiologic Imaging Management 

Chapter 3: Understanding PACS 
by Laura L. Smith, A.S., RT(R)(M)(ARRT) and Donna H. Smith, B.S. 

To receive 2  credits for this Continuing Education Direct Reading, read this article, read the  Post-Test questions on 

pages 16 -18 , read the Answer Sheet Instructions on page 15 , answer the questions on the Answer Sheet Insert, 

then mail the Answer Sheet to X -Ray News.  

 
Note: X-Ray News subscribers can receive Continuing Education credits through Direct Readings in  

X-Ray News. If you are not a current subscriber to X-Ray News, you may use the Direct Readings in this issue for 
Continuing Education credit by subscribing on page 19. We will immediately send you an Answer Sheet. 

Current and past issues of X-Ray News can be read or downloaded from our website at www.resxrn.com 
 Click on link for X-Ray News Articles 

   This is Chapter 3 of the multi-part article we have been publishing on 

Radiologic Imaging Management. 

   In Chapter 1 (V14, N2, April 2008), we discussed the beginning and 

progression of radiologic imaging. 

   In Chapter 2 (V14, N3, July 2008), we discussed the digital era: CR/DR 

and compared this life to film/screen imaging. 

   In this issue, V14, N4, October 2008, we have Chapter 3, the final chapter 

of this series. Here, we discuss DICOM, PACS, and the impact of this on our 

lives thus far. 

As discussed in Chapter 2, a facility has several choices 

when deciding on a digital imaging path. Before they can 

make those choices, they need to set up their network 

infrastructure, a type of image management technology 

called a Picture Archiving and Communications System 

(PACS). PACS is a networked communication system of 

digital image acquisitions, digital workstations, and storage 

devices. PACS will allow electronic access to a healthcare 

system to many users, significantly improving workflow, 

competency, quality, and equipment use. In the past, the 

information technology (IT) department was not involved 

in radiology decisions or implementations. But that all 

changed with digital imaging evolution. The whole process 

is now IT based, and the IT department is involved early in 

the process of establishing a PACS network. 

In 1982, the principles of PACS were discussed at a 

meeting of radiologists. At this meeting, Dr. Andre 

Duerinckx claimed he was the first one to use the term 

PACS in 1981. But Dr. Samuel Dwyer credits Dr. Judith 

M. Prewitt with introducing the idea of a PACS system. 

The United States military helped to develop the early 

PACS in an attempt to move images between Veterans 

Administration (VA) hospitals and to transmit their 

battlefield images to hospitals. PACS technology has 

advanced to its current level due to the governmentôs early 

participation. 

PACS affords a more efficient management tool for 

image archiving and is replacing standard film archiving 

methods. In order for images to be entered into a PACS 

system, they must be direct digital radiography images DR, 

be digitized via a CR system, or be scanned into the digital 

system. PACS systems are computer networks dedicated to 

the capture, storage, retrieval, distribution, presentation, 

and management of images. PACS consists of network 

components, hardware and software, that can store and 

manipulate information. PACS utilizes images produced by 

a standard x-ray machine, and interfaces the images with a 

computer system to provide digital images much like the 

images on your home computer. 

Development of DICOM 
Very early on, PACS developers had a problem acquiring 

images and related data from different manufacturersô 

equipment. It was determined that a PACS standard was 

needed. In 1983, the American College of Radiology 

(ACR) and the National Electrical Manufacturers 

Association (NEMA ) formed a committee with the 

objective to find a way to produce the ability to bring 

digital image information through a piece of equipment 

using standard hardware with a standard format. This took 

two years and the standard was named ACR-NEMA V2.0 

(Continued on page 5) 

Photo courtesy of Healthinformatics.wikispaces.com 

A PACS network 
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in its second revision. By its third revision in 1989, the 

name was changed to DICOM  which is an acronym for 

Digital Imaging and Communications in Medicine.  

There are several parts of the DICOM standard which are 

upgraded almost yearly. DICOM is a universal standard 

format for communicating digital medical images between 

different devices, modalities, viewing, and archiving. It 

allows all phases of PACS to work together to create an 

easy transitional process of sharing medical information. 

DICOM is the standard language in which all digital images 

are filed. It allows all images to speak to each other and be 

housed by any PACS, and be read by any computer with the 

network communications software. 

One way to understand DICOM is to compare it to creating a 

presentation using Microsoft PowerPoint. If someone else 

created a presentation using software other than PowerPoint, the 

two could not be compared or viewed with the same system. A 

PowerPoint presentation requires a PowerPoint viewer to display 

it on a computer screen. 

Another example is when a document is saved as a PDF file. If 

you want to view that PDF file, your computer must have a PDF 

viewer. 

DICOM has established a data format that contains the 

patient ID within a 

single file. For 

example: a file of 

an abdominal 

series self-contains 

the patient 

information within 

the file so that the 

patient ID can never 

become separated from the abdominal images by accident. 

There are ways to deliberately separate patient ID from a 

file in the event an error was made in properly assigning a 

patient to a particular file. With DICOM, a relationship has 

been developed 

that allows 

standard and 

consistent 

communications 

between 

equipment within 

the medical 

department 

modalities. CT can 

now communicate 

with MRI, MRI with Ultrasound, Ultrasound with Nuclear 

Medicine, Nuclear Medicine with X-ray, and all the 

modalities can then communicate with the Emergency 

department, Critical Care Units, doctorôs offices, etc. 

(Continued from page 4) PACS will support the transmission of vital information 

throughout the medical system as long as the equipment 

follows the DICOM standard. 

Interfacing with Other Systems 
PACS also requires links with Hospital Information 

Systems (HIS), and Radiology Information Systems (RIS) 

to be able to efficiently transmit information from one 

point of service to another. Through a web-based system, if 

a patient is seen at 

one facility and 

then transferred to a 

second facility, it is 

possible to access 

images and other 

patient information 

pertinent to the 

treatment of the 

patient through 

PACS and HIS as long as the facilities have established 

communication network between the facilities.  

Not all computers can communicate with each other. In 

order to link to a hospital or hospitals throughout your 

patient base, it will be necessary to have interfacing 

programs designed to link with these facilities. Keep in 

mind that not all software is created equally. It may be 

necessary to build an interface so that different computers 

can speak the same language. In other words, your office 

computer may not be able to communicate with your lab, 

or medical imaging department without an interface 

program. This building process may be pricy, so prepare 

yourself for this expense.  

Interfacing between HIS, RIS, and other dataset improves 

accurate data input such as: patient identifiers (name, social 

security number, accession number.) Via the interfacing, 

merging is possible from other sources such as other 

hospitals, clinics, and centers that may not use the same 

internal patient ID systems.  

As with a HIS, the RIS must also be interfaced with your 

system via a software program which will allow 

communication between the medical imaging center of 

your choice, and your office system. There is also software 

that is capable of scanning images from outside your office 

into your system for future retrieval. Rather than 

transporting heavy, cumbersome film jackets, or charts, 

your patients and you can transport the information on a 

compact disk (CD) or a USB device. If you were to reclaim 

the storage space your medical records and x-ray jackets 

now occupy, the amount of new available space would be 

tremendous and at the same rental space cost as before. 

(Continued on page 6) 

Photo courtesy of Healthinformatics.wikispaces.com 

Different equipment using DICOM 

Photo courtesy of Wikipedia, The Free Encyclopedia 

A nuclear medicine image in Dicom format 

Photo courtesy of Healthinformatics.wikispaces.com 

Hospital Information System (HIS) 
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With a custom designed PACS system for your individual 

needs, some of the things that could be deleted are: the 

darkroom and smelly chemicals, noisy film processor, the 

cost of maintaining the equipment, the expense of film, 

chemicals, silver recovery system, film storage files and 

the expense of the jackets for film storage. The laws for 

maintaining medical records, including images, can vary 

from state to state. Most often found would be four to 

seven years with a much longer period for pediatric and 

mammography images. The upside of the PACS system 

relating to storage is that all patient records are available at 

your finger tips, and for any length of time you are 

mandated. 

Upon dictation, the PACS system can flag the imaging 

study as having been read, avoiding the re-reading of the 

same study by another radiologist. An automated dictation 

line is available where the dictation rests until a formal 

report is typed by a transcriptionist. 

Health Level Seven 
Health Level Seven (HL7 ) is both a Clinical Information 

Standard (CIS) used by RIS and most HIS and an 

accredited Standards Developing Organization (SDO). 

HL7 is officially recognized by the American National 

Standards Institute (ANSI). HL7 functions as a not-for-

profit guardian to healthcare parameters such as medical 

devices, medical imaging, pharmacies, and insurance 

claims management. There is a misunderstanding in which 

it is thought that HL7 develops software, when actually, 

HL7 develops detailed descriptions involving members 

including vendors, consultants, government groups, 

medical providers, others interested in the rapidly changing 

medical environment, and the promotion of enhanced 

medical treatment. HL7ôs area of concern is clinical and 

administrative data. It enables different HIS networks to 

exchange data by identifying patients, processing orders, 

and storing reports, but it does not manage DICOM data, 

such as PACS does. 

Integrating the Healthcare Enterprise 
Along with DICOM and HL7, a third player emerged. 

Integrating the Healthcare Enterprise (IHE ) is a 

workgroup formed by the collaboration of the Healthcare 

Information and Management Systems Society (HIMSS) 

and the Radiological Society of North America (RSNA) 

and industry vendors to stimulate the integration between 

healthcare information systems and to enhance the method 

by which computer systems share healthcare data. It 

supports the use of DICOM and HL7 standards. 

Technical Management Board 
Without standard developing organizations, the medical 

(Continued from page 5) business would be lost in a sea of products that could not 

communicate with each other, and ultimately result in 

faulty diagnoses and reports on patient conditions. The 

Technical Management Board (TMB ) operates trans-

globally to create international standards. By this act, the 

TMB involves all stakeholders, patients, vendors, and 

manufactures alike in an effort to bring consistency to 

communication equipment such as PACS, networking, and 

other segments essential to the liquid movement of vital 

medical information. The TMB brings awareness of current 

standards to developing countries so that they may safely 

participate in the economic boom created by technological 

advances. The TMB is receptive to partnering with the 

International Standards Organization (ISO), which is the 

worldôs largest non-governmental standards organization. 

The TMB encourages the development of voluntary 

standards rather than enforced regulation requirements. The 

TMB is the leader in providing International Standards in 

its effort to encourage conformity to technical advances. 

The TMB employs efficient methods and procedures for 

the development of an easily understandable and all 

encompassing range of products on the international 

market. 

Integration Profiles 
Detail information management on how to use particular 

clinical examples in coordination with HL7, DICOM, and 

other standards organizations compile information to 

address these cases. The target is a system which will 

combine efforts to solve problems relating to the ability of 

components of the system to successfully work together. 

Integration Profiles are guide tools for equipment 

vendors. 

Integration Profiles are a quick method for healthcare 

providers to comply with requirements prior to 

purchasing documents (Technical Frameworks). These 

documents specify the Integration Profiles and the 

necessary system players for negotiating the purchase. 

Annually, there are events, called IHE Connectathons, 

where vendors bring new products with the IHE Profiles, 

and examine the compatibility with other vendor products. 

PACS Administrator  
Who coordinates a move into digital imaging? A PACS 

Administrator would coordinate the delivery of an 

integrated system, including specific, chosen equipment, 

designed for your particular needs. A PACS Administrator 

is sometimes referred to as a PA. This can create confusion, 

since a Physicianôs Assistant is also called a PA. So, 

instead of (PA), it is more common to use PACS Manager, 

PACS Person, IT person (Information Technologist), IST 
(Continued on page 7) 
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(Information Systems Technologist), although these last 

two have a more specific job than PACS. For this article, 

we will use PACS Administrator. 

The duties of a PACS Administrator include monitoring 

and coordinating the entire transition process from film to 

filmless, paper to paperless charting, standard imaging to 

CR or DR radiography, and the archiving of the images. 

CR and DR have each been called several names in the 

past, but both imaging systems are filmless.CR has been 

called Computer Radiography, Computed Radiography, 

and (more accurately) Computed Digital Radiography. DR 

has been called Digital Radiography and (more accurately) 

Direct Digital Radiography. The current preferred term for 

CR is cassette-based radiography since is does require a 

cassette, although no film. The current preferred term for 

DR is cassette-less radiography since is does not require a 

cassette at all. The CR image requires a Reader before 

going to the workstation. The DR image goes directly to 

the workstation.  

The PACS Administrator would be relied on during the 

vendor selection for the system as well as long term system 

maintenance ï the go-to person. This person should have a 

substantial background in all modalities of medical 

imaging, along with IT experience. His inside knowledge 

of what and why certain things are omitted or changed will 

be essential in the event short-term exchanges are made in 

order to allow the purchase to be affordable. This 

knowledge will be most critical at the time of go-live and/

or to analyze certain workflow issues. 

Recently, The Thomas Group, Ltd, out of Anaheim, 

California conducted a non-scientific survey consisting of a 

few questions. These questions addressed basic concerns 

such as: Who do I hire? When do I hire a PACS 

Administrator? Where do I find such a person? What kind 

of skill is required for such a position? What experience 

level is required? What is the salary expectation of the 

PACS Administrator? How difficult is it to find a 

prospective PACS Administrator? Answers to these 

questions can be found within an article in the online 

MEDICAL IMAGING magazine by Michael Mack 

entitled: PACS Administration: The Who, What, Where, 

When, and How. 

Out of curiosity, I asked a co-worker in our PACS office 

how she became interested in PACS. Her response was 

this: she had been working with a system called Cerner     

(a procedure-ordering network within the hospital) and was 

eventually absorbed into PACS because of her IT interest 

and skills. I also asked her if she understood the personal 

sacrifice that PACS demanded. She responded by saying 

that she realized from the beginning that a PACS 

(Continued from page 6) Administratorôs responsibilities required 24 hours, seven 

days a week of personal availability to problem-solve and 

intervene within the PACS system. 

The person selected for your PACS Administrator should 

have the patience of a Saint, and be prepared to assume a 

thankless job. This person should have extraordinary 

people skills, be a calm individual, and be capable of 

coaxing others out of a frustrated mind-set. People will 

resist change and it will take a while for people to adjust to 

an entirely different environment.  

What new equipment is required for a PACS system to 

operate? What preparation is required for PACS transition? 

Planning, planning, and more planning has to take place. 

Each site presents its own individual challenges in planning 

conversion to PACS based on the requirements of each 

office setting. 

PACS Network 
Networks are classified in two major categories: Local 

Area Network (LAN ) and Wide Area Network (WAN). 

The LAN is used in small geographical areas. A WAN is 

used across large cities to across the world. 

A computer network can consist of two or more 

computers linked for the purposes of sharing resources 

such as data, printers, scanners, and other resources and 

peripherals. Computers can interact with each other by one 

of three methods: 

1. a Peer-to-peer network where computers are 

connected to other close-by computers by cables or by 

a wireless (WIFI) device 

2. a Server-based network where the Server is the main 

guy, loaning out documents and files to clients upon 

request, then receiving files back to keep until 

requested again. 

3. a Client-based network is similar to Server-Based, but 

in this case, the Client asks the Server to perform 

tasks, then the Server sends the end product to the 

Client. 

A PACS network consists of a central server, the first 

step in capturing images onto the PACS system. The 

central server stores a database containing images 

connected to different functioning servers. It is possible to 

have multiple servers depending on the need of the facility. 

Clients are connected to the server via LAN, or a WAN 

through a web-based server, and are provided the images 

through the server. 

Usually, the central server is located on site, but another 

method is to have a replicated system. PACS Replication 

refers to a duplication of information or images, for the 

(Continued on page 8) 
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purpose of an information backup in the event of a system 

loss due to power failure or other disaster.  

Functions of Computers 
The four functions of a computer are: 

1. Input of information (keyboard, mouse, scanner) 

2. Processing the information (motherboard, 

microprocessor, memory, BIOS, CMOS) 

3. Outputting the information (monitor, printer, speakers, 

data projector) 

4. Storage of the information (hard drive, external USB 

drive, CD, DVD) 

In order for a computer to operate, two distinct 

components are necessary:  

Hardware: tangible things like disks, disk drives, 

keyboards, printers, internal parts like functional 

boards and task-specific chips 

Software: the computer instructions; anything that 

can be stored electronically, like programs that tell the 

computer what data to retrieve, or what functions to 

perform. 

There are two categories of software:  

1. Systems Software, which includes the operating 

system and all the utilities that enable the computer to 

function  

2. Application Software, which includes programs that 

do the real work for users. For example, word 

processors, spreadsheets, and database management 

systems fall under the category of applications 

software.  

The two terms, hardware and software, are so closely 

linked that one will not work without the other. The 

computer will take raw data, the images created by the       

x-ray machine, and manipulate that data into meaningful 

information using a preset guideline.  

PACS Workstations 
The above actions are accomplished with the assistance 

of workstations. These workstations connect the CR/DR to 

the PACS system. Even with all the standards 

organizations and standards for standards, etc., it 

seems there is no standard for naming PACS 

workstations.  

The image from a DR exposure or a CR Reader output 

first appears on a monitor/workstation that might be called 

Remote Operation Panel (ROP) or Technologistôs 

Workstation, or something similar. This workstation is of 

high resolution, but not as high as the one the Radiologist 

uses for interpretation. The technologist manipulates the 

(Continued from page 7) image until he/she declares it ready to go to PACS.  

At this point, the Radiologist can view the image on his 

Radiologistôs Diagnostic 

Review Station or Diagnostic 

Workstation. This 

workstation is of much 

higher resolution and is for 

interpretation. 

There are other workstations 

needed for Clinicians, ER, 

primary attending 

physiciansô offices, etc. 

These are called anything 

from a Secondary Review 

Station, Secondary Review 

Workstation, Secondary Review/Cliniciansô Workstation, or 

Remote Physician Workstation. 

The diagnostic workstation has a multitude of devices to 

manipulate images from numerous modalities such as 

diagnostic, MRI, CT, Nuclear Medicine, etc. 

 Computer-generated exam requests will have all basic 

patient information encoded on them. The technologistôs 

workstation allows a preview of the images prior to being 

sent to PACS. Depending on the complexity of your 

system, the patient request 

should have a bar-coded 

number (accession number) that 

will forever connect the request 

with images you are about to 

secure. 

The secondary or clinical 

workstation is used in areas like 

patient floors, in the ER, 

clinical locations, and viewing 

stations. Where the primary 

workstation may contain as 

many as four high resolution 

monitors, the secondary workstation 

usually has only two, with most of 

the same tools available from the 

primary workstation.  

The remote physician workstation 

is a single monitor used in a 

clinicianôs office through a WAN. 

PACS workstations need a high 

resolution monitor and specialized 

software designed for image 

viewing. Some of the workstations 

can use area satellite workstations to 

scan film-based images or print 
(Continued on page 9) 

Photo courtesy of AFC Industries, Inc. 

A remote workstation 

Photo courtesy of AFC Industries, Inc. 

A diagnostic review workstation 

Photo courtesy of AFC Industries, Inc. 

A clinical workstation 
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studies from the PACS database. 

The more sophisticated systems have a built-in scanner to 

enter patient ID. The technologistôs workstation is used to 

input patient information such as patient name, ID number, 

type of exams being performed, and some are capable of 

providing an area for patient history. The workstation is 

connected to PACS so that, on completion of the images, 

the images are sent by pressing an accept images key. Once 

the images have been sent to PACS, no further changes can 

be made because the image we just created is encrypted by 

use of task-specific software so that the data is stored and 

safe from inadvertent corruption. 

But, in the event of an error such as wrong exam sent 

with a particular patient, the PACS Administrator has the 

ability to correct the error. This is sometimes a time-

consuming correction process, but it can be done.  

What Is a Pixel? 
Take the two words: picture and element; combine them 

and you have the term 

pixel. A pixel is a single 

point of a graphic image. 

In the preceding paragraph, 

resolution was discussed. It 

was illustrated that higher 

resolution determines the 

overall sharpness of the 

image. In a display screen, 

thousands of pixels are 

arranged in horizontal rows 

and vertical columns. The 

pixels are so close that the 

image created appears to be 

one solid image. In other words, spacing is not visible to 

the naked eye. 

A scale called a Hounsfield Scale is used primarily in CT 

and MRI images. This scale is the basis for assigning a 

numerical number representing tissue types from fatty 

composition to congealed blood. This is the foundation of 

what we have come to know as the gray scale. 

The translation into digital form is accomplished by the 

formation of a matrix grid over the image. Each square 

within the grid is called a pixel, and a numeric value is 

assigned to each individual pixel. The computer will then 

present the images for viewing, and convert the 

information to a storable format that can be manipulated 

for future viewing.  

Without delving too deeply into the principles of CT 

imaging, the numbers are important because the lower 

numbers, numbers in the negative range, represent tissue 

(Continued from page 8) composed of air (-1000) to fat (-100), while the higher 

positive numbers represent more dense tissue like bone 

(+4000). In between are found substances such as water 

(0), grey matter (+25to +35) and congealed blood at +60. 

Higher numbers show as white, while low numbers are 

shown as black. This method of numeric assignment 

applies to CT, MRI, and conversion to digital imaging.  

The pixel in the top-most left horizontal space is line one 

in the grid arrangement, while the first left vertical column 

is sample one. The number of pixel rows represents the 

height, while the number of columns reflects the width of 

an image grid and directly affects image resolution. 

A grayscale digital image is where each pixel is assigned 

a variety of shades of white, to gray, to black. Each pixel is 

a single sample. Black has the weakest intensity (such as 

air), and white has the greatest intensity (such as bone).  

The Hounsfield Scale 
The diagram below represents the number scale used to 

assign numerical 

values to various 

tissue thicknesses.  

These numbers are 

called Hounsfield 

Units (HU). The 

denser the tissues, 

the higher the 

number assigned to 

that tissue. 

Likewise, the less dense the tissue, the lower the HU 

assigned to the tissue. The numbers are in line with the 

different shades of black to white on a standard radiograph. 

These numbers have a direct bearing on the algorithms 

assigned to each body part. A skull, for example, is almost 

all bone and might be assigned a higher number such as 

+800 to +1000, where an abdomen, almost all soft tissue, 

would be assigned lower numbers such as 0 to-1000. This 

numeric assignment will account for density differences 

like the liver and kidneys vs. the bones of the spine and 

pelvis. The abdominal fat tissue would fall in the lower HU 

tissue assignment such as the -80 range. If there was 

congealed blood in the abdomen, it would show as a plus 

number depending on the amount in the abdomen. In CT 

and MRI exams, these numbers are very critical. This is 

certainly not to say that with digital systems the algorithms 

are not important.  

Apply the previous information to what you know 

regarding density and contrast as it relates to standard 

radiographic imaging. Bone appears white, fat appears 

black, and body organs such as kidneys appear somewhere 

(Continued on page 10) 

Photo courtesy of Radiology Education Publications 

A chest radiograph with a matrix grid and 
a histogram showing the number of pixels 

Photo courtesy of The University of Manchester 

A representation of Hounsfield Scale  
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in between in the gray area. Digitalization of images 

depends on the principles found in the Hounsfield Scale. 

Each pixel within the matrix (or grid) is assigned a number 

depending on the makeup of the tissue sample. The 

computer scans the imaging plate and assigns a numerical 

value to each electron energy particle based on the degree 

of tissue density and the amount of light released by the 

photostimulable plate.  

PACS Monitors 
Human vision is able to discern about 32 to 64 shades of 

gray. An 8 bit per sample pixel will provide 256 different 

levels of gray, while a 16 bit per sample pixel will provide 

65,536 levels of gray. The latter figure is calculated by 

multiplying 256 x 256, or 256 ². 

Essentially, the digitized image transmits an image that 

contains a great deal more information than the human eye 

can discern, thus providing an optimal image. It is the 

process of assigning a Hounsfields Scale number to each 

pixel sample that produces such a detailed image. 

Earlier, different types of viewing monitors were 

mentioned. What makes these monitors different from each 

other is the resolution, or sharpness, of the display image. 

Resolution has a direct connection to the number and size, 

of pixels present on a monitor, and the area the pixel 

represents.  Resolution is represented by a relationship of 

the number of pixels on the horizontal axes to the number 

of pixels on the vertical axes.  

Using high definition television as a reference, you may 

have noticed that the low end big screen TVs donôt have 

the sharpness of the higher end big screen TVs. The reason 

for the difference in the image is not the size of the screen 

but rather the total number of lines of pixels available per 

inch. If we have 500 pixels measuring one inch square and 

put them in a 10 by 12 box, the space between each pixel 

is .25 inches. But if we have the same 10 by 12 box and 

now have 1000 pixels, the space between each pixel is .12 

inches. Assume that we still have the same 1000 pixels, but 

now we reduce the box size to 8 inches by 10 inches. The 

distance between pixels is now .08 inches. The smaller the 

distance between pixels equals higher overall resolution. 

The higher the resolution, the sharper the image. 

The more rows and columns of pixels present on the 

monitor, the sharper the image. The following example is 

an over-simplification of pixel and the relationship to 

digital images. Keep in mind that pixels are arranged in 

rows and columns, so use a little imagination with the 

following analogy. 

One single leaf does not represent a tree. But if you look 

at a twig filled with leaves, then a branch filled with twigs, 

(Continued from page 9) the image of a tree becomes clearer. Now multiply the 

appearance of a single branch many times over and a tree 

finally emerges. Note that each leaf is not the same color or 

exact shape. Some are large and some are small but they 

are all part of the tree.  

Imagine the sun as the source of radiation. On a hot, 

sunny summer day, you seek the shade of a large tree. 

While under the tree you notice that there are patches of 

sunlight the dense tree did not stop. The sunlight that has 

slipped through the branches must also be accounted for. 

The sun-streaks represent yet another facet of the overall 

image of the tree increasing the information which needs to 

be translated into data. That data can be interpreted by the 

computer and converted into a digital image. Each leaf, 

twig, branch, and incidental density will be assigned a 

number to indicate the overall lightness or darkness 

(density) of each part of the tree. 

Just as the size of the leaves on a branch do not determine 

the size of the tree, one pixel sample will not determine the 

detail of a complete image. The grayscale value, or with 

our tree analogy, the variety of colors of green, are each 

assigned a numeric value. The dense leaves are assigned a 

higher number because they are darker shades and denser. 

The trunk and main branches would be assigned a yet 

higher number because the sun (the radiation source) 

cannot penetrate these parts at all. The lighter shades are 

assigned a lower number representing the parts that are 

easier to penetrate by the sun (radiation source). The lower 

numbers would represent air and fat on the Hounsfield 

Scale. Imagine that each part of the tree is assigned a 

number from +4000 (bone density equivalent) to -1000  

(air and fat) in Hounsfield numbers.  Depending upon the 

overall density of tissue, the Hounsfield number is assigned 

to provide numeric data the computer can understand and 

change into a digital image.  

If a picture of a forest is the target image, it is known that 

one single tree does not represent a forest.  But if you 

combine many different trees in a group, each with 

different densities, you have the target image made up from 

its parts. Each part will have a different density, thus a 

different Hounsfield number. The detail held by an image 

describes its image resolution. Higher resolution equates to 

increased image detail. The term image resolution is 

applied equally to digital, film, and other images such as 

digital cameras, TVs or your PC monitor. 

The smallest unit of information available within a 

computer processor is the binary digit, or bit. More 

meaningful information is obtained by combining 

consecutive bits into larger units called bytes. The number 

of bits used to display each pixel determines how many 

(Continued on page 11) 
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shades of gray can be visualized. Remember that the 

human eye can only recognize 32 to 64 different shades of 

gray, but with computer assistance and an allowance of 

greater numbers of bits per byte, a possibility of 256 shades 

of gray are available in one pixel, assuming the byte 

consists of 8 bits. But in medical imaging, samples of 16 

bits per byte are used to make full use of sensor accuracy 

making the number of shades of gray approximately 

65,536. The numbers of shades of gray are arrived at 

mathematically using powers of 2 to the 8th power for 256 

shades and 2 to the 256 power for the 65,536 shades. 

Keeping these large numbers of shades of gray in mind, 

remember that the quality of a monitor display depends on 

how many pixels it is able to display, or the resolution it is 

capable of displaying.  

Electronic Medical Records 
To one degree or another, all aspects of current digital 

imaging, PACS systems, governing organizations, 

computer networks, and transitioning techniques have been 

discussed. There is one more topic pertinent to todayôs ever 

changing medical requirements for patient care: the advent 

of the Electronic Medical Record (EMR ). While 

understanding that medical imaging is not the entire focus 

of a well coordinated office, the topic of EMR arises. With 

the proper software, an entire patient chart could be 

scanned onto an office database. 

In a telephone interview with Scott Ensminger from 

AccuStat®EMR, a medical and legal technology 

consultants business, I learned a great deal of information. 

The focus of the interview was to walk an uninformed 

medically-oriented individual through the process of 

developing a plan to convert a paper documented office to 

a paperless system. I had given only minor thought to the 

process until the discussion with Mr. Ensminger. He told 

me that there are several EMR special software companies 

with over 300 plus versions of paper to paperless systems. 

He pointed out that there are several features central to the 

database. Some of the topics we discussed were topics 

involving medication alerts. He mentioned two distinct 

scenarios:  

The first scenario was a recall of two popular pain 

medications. The medications were withdrawn from the 

Food and Drug Administration (FDA) approval, and 

voluntarily withdrawn by the manufacturers. The FDA 

issued a Public Health Advisory. As a result, the 

prescribing physicians were responsible for contacting their 

respective patients to inform them of the dangers in 

continuing the medication. Thousands of patients needed to 

be contacted. Because most doctorsô offices are still using 

paper charts, the time and effort spent in compliance with 

(Continued from page 10) the mandate of informing patients was monumental. Charts 

had to be manually scanned for prescription information. 

Pharmacies helped with the recall of the drug by pulling the 

drug from their shelves, but the expense of manually 

checking every patient chart on the medical office end 

would be staggering.  

The second scenario was the medical records information 

loss due to hurricane Katrina August 29th, 2005. Talk about 

a Health Insurance Portability and Accountability Act 

(HIPAA) nightmare! How would you like to be living 200 

miles from the target area, walk out into your yard and find 

a medical chart with all types of personal information 

belonging to some person unknown to you? There were 

deaths following the initial storm because of mass 

destruction of patient paper charts. People could not get 

prescriptions and/or urgent medical attention due to 

absence of accurate documentation of medical conditions. 

The loss of paper charts is also affected by other disasters 

such as fire, tornados, water damage, and the occasional 

break-in and destruction that can occur by vandals or 

thieves. With an EMR system in place, the database, at a 

remote location, could be scanned, and all patient records 

retrieved. 

Other benefits of an EMR system: 

Electronic Pharmacy Orders: Mr.Ensminger told me 

of a photo scanning function that could be built in to 

your system. Using a tablet personal computer, it is 

possible to take pictures of your patients for easy 

identification, patient wound conditions, etc., and then 

add these notes to the patientôs EMR chart without the 

conventional hard copy photos. How many times have 

a pharmacy, nurse from a hospital, laboratory, or 

medical imaging site called and asked for a 

clarification of an order because the order is illegible 

or incomplete? Or worse, when they just make 

assumptions or guesses when the order is illegible. 

Built in to EMR software is a program to print 

prescriptions and orders. The physician needs only to 

sign the prescription. 

Lost or Misplaced Charts: If one patient chart is 

misfiled, that is one too many. With EMR in place, 

gone are the days of searching for lost charts. With 

accurate input, each patientôs medical information and 

history are stored on a retrievable database. I will 

mention that the initial input must be completed with 

the utmost attention to detail. There is still room for 

human error. 

Improved Work flow: With patient information easier 

to access, and new information easier to update, the 

(Continued on page 12) 
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workflow should improve, allowing for less down-

time and an increase in data flow. An automated 

patient appointment program is on the horizon. The 

office would set up their available appointment time 

slots based on the reason for a visit, and the patient, 

calling into the service, would select an appropriate 

time based on their schedule.  

Electronic Health Record (EHR): Portable Health 

Records are being demanded more often as the 

population 

learns about 

paperless 

charting. 

Mr.Ensminger 

predicts that 

as people 

begin to 

demand their 

portable 

personal 

medical records 

from their 

physicians, the burden will be placed on the shoulders 

of the physician and his/her staff to provide the 

information on a portable device, such as USB flash 

drive device.  

Patient Profile Information System (PPIS): For a cost 

of about $30.00, a person can obtain a PPIS which 

comes to the individual with preloaded categories of 

information such as: past medical history, current 

medications, surgical history, allergies, emergency 

contact information, living will, durable power of 

attorney, health insurance information, just to mention 

a few. There is also available a wallet-sized card with 

a pull out USB port. With the advances in EMR, 

treatment in the emergency room (ER) will not be 

delayed because the primary providerôs office is 

closed or not available for consult. 

EMR and Insurance Companies: The insurance 

companies are now beginning to recognize the 

advantage of an EMR system. There are naturally 

requirements that must be met, but a premium credit 

amounts to a two-to-five percent reduction in 

premiums. Consensus is: duplication of services saves 

the insurance companies thousands of dollars in the 

long run. An example could be this: Physician A 

ordered a CBC on his/her patient; the patient also sees 

Physician B who requires a test that was not included 

in the first lab test. Doctor B needs information 

(Continued from page 11) obtained from the CBC in addition to the additional 

test he/she ordered. By sharing the lab information 

using an EMR, the insurance company was spared the 

expense of the additional CBC done by Physician B. 

On the most expensive side of that coin is duplication 

of tests like MRIs and CTs. 

As a side note of interest, Google and Microsoft are 

working on programs that would permit everyone to have 

his own individualized portable Personal Health Record 

(PHR). All of your medical records could be viewed by 

you, in your own home, on your own PC, in addition to 

taking that same information to visits to new doctor. 

Conclusion 
How would you implement PACS? First, you would need 

to compile a detailed flow analysis as a guide. A phantom 

patient would be followed from initial presentation to your 

office and at each step all the way through discharge. Each 

step would then be analyzed for exposure to PACS and 

EMR. This might include paperless charting information, 

orders for lab and imaging, results of lab tests and images 

obtained from your site, or images from outside imaging 

centers. Each person involved in the process of designing a 

flow analysis must clearly understand his role and 

responsibilities. A clearly stated expectation of final, 

tangible, output should be created and measured at 

intervals. 

Here is one example of the discovery process. Your 

PACS Administrator and vendors need to analyze the 

following steps: you have just made and processed a 

radiographic exposure. Where should the image go; who 

needs to see it; where should it be filed for short term and 

for long term storage?  

A PACS Administrator, working alone or with a Project 

Manager, needs to be selected to coordinate functions 

between your equipment vendor and your facility site. 

Selection of appropriate equipment and vendors is critical 

if your transition from analog to digital is to be successful. 

Your old analog workflow may encumber your advanced 

system. By analyzing your workflow with your PACS 

Administrator and vendors, a new and more efficient 

approach can eliminate time consuming steps. 

Technology is the basis for advanced PACS utilization. 

However, the teaming of the right people, new streamline 

processes, and technology all work together for successful 

management of the transition to PACS. Data flow is the 

essence of a successful imaging system.  

The overall and far reaching advantages of moving into 

PACS far outweigh the investment in time, training, and 

costs. The operational efficiencies are shared system-wide. 

(Continued on page 13) 
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Sample patient record view from an image-based 
Electronic Health Record (EHR) (Vista) 
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The next advancement will surely be systems and abilities 

which are now seen only in Star Trek ī and our 

imaginations. The question now is not whether to 

implement PACS, but when. 

 
References: 

1. PACS in Community Hospital. [McKesson website]. Available at:               

http://www.allaboutpacs.com/  Accessed October 31, 2008. 

2. Teleradiology. Wikipedia, the Free Encyclopedia. Available at: 

http://en.wikipedia.org/wiki/Teleradiology.Accessed February 8, 

2008.  

3. Software. Internet.com: Webopedia Available at:http://

www.webopedia.com/TERM/s/software.html Accessed March 3, 

2008. 

4. Hardware. Internet.com: Webopedia. Available at:  http://

www.webopedia.com/Term/s/hardware.html  Accessed March 3, 

2008 

5. Mack M. PACS Administration: The Who, What, Where, and 

How. Medical Imaging [serial online]. August 2005. Available at:                                       

http://www.medicalimagingmag.com/issues/articles//2005-

08_06.asp     Accessed October 31, 2008. 

6. Mack M. The Vital Role of the PACS Administrator. Medical 

Imaging [serial online]. May 2006. Available at: http://

www.medicalimagingmag.com/issues/articles/2006-05_06.asp. 

Accessed December 10, 2007. 

7. Mack M. PACS Administration: A Second Take. Medical Imaging 

[serial online]. January 2006. Available at:  http://www 

medicalimagingmag.com/issues/articles/2006-01_06.asp. Accessed 

December 10, 2007. 

8. Aliasing. Wikipedia, the Free Encyclopedia. Available at: http://

en.wikipedia.org/wiki/Aliasing.  Accessed January 29, 2008. 

9. Algorithm. Wikipedia, the Free Encyclopedia. Available at: http://

en.wikipedia.org/wiki/Algorithm. Accessed January 22, 2008. 

10. How are CT images generated? Imaging for Idiots-Techniques 

Tutorial Page 8. Available at: http://www.elp.manchester.ac.uk/

pub_projects/2000/mmmr7gjw/technique8.htm Accessed October 

31, 2008. 

11. IP address. Wikipedia, the Free Encyclopedia. Available at: http://

en.wikipedia.org/wiki/IP_address.  Accessed April 15, 2008. 

12. Digital Imaging and Communications in Medicine. Wikipedia, the 

Free Encyclopedia. Available at: http://en.wikipedia.org/wiki/

Digital_Imaging_and_Communications_in_Medicine. Accessed 

April 15, 2008. 

13. Technical Management Board. Available at: http://www.iso.org/

iso/standards_development/governance_of_technical_work/

technical_m.     Accessed April 7, 2008. 

14. Picture archiving and communications system. Wikipedia, the Free 

Encyclopedia. Available at: http://en.wikipedia.org/wiki/PACS. 

Accessed March 13, 2008. 

15. What is local area network?-a definition from Whatis.com 

[SearchNetwork.com website]. Available at:  http://

searchnetworking.techtarget.com/

sDefinition/0,,sid7_gci212495.html.  Accessed October 31, 2008. 

16. What is WAN?-a definition from Whatis.com [SearchNetwork.com 

website]. Available at: http://searchnetworking.techtarget.com/

sDefinition/0,,7_gci214117,00.html.  Accessed October 31, 2008. 

17. Analog vs. Digital Images: Discovering the Difference Between 

Two Types of Images. Available at: http://geo.nasa.gov/sge/jskiles/

top-down/analog_vs_digital/analog_vs_ditital.html. Accessed 

November 20, 2007. 

18. Grayscale. Wikipedia, the Free Encyclopedia. Available at: http://

(Continued from page 12) en.wikipedia.org/wiki/Grayscale. Accessed November 20, 2007. 

19. Hounsfield G. NNDB tracking the entire world. Available at: http://

www.nndb.com/people/500/000131107/. Accessed January 10, 

2008. 

20. 16 bit Image Display. Madena 16-bit Window & Level. Available 

at: http://radonc.usc.edu/USCRadOne/Madena/

MadenaDICOM.html. Accessed January 24, 2008. 

21. What is Topology? A definition from Whatis.com.

[SearchNetwork.com website]. Available at: http://

searchnetworking.techtarget.com/

sDefinition/0,,sid7_gci213156,00.html. Accessed February 5, 2008. 

22. Ensminger, S. [AccuStat®EMR, a medical and legal technology 

consultants business]. Telephone interview. January 9, 2008.  

23. Portable medical record. [Patient Profile Information Systems 

website] Available at: www.ppis64mb.com. Accessed April 14, 

2008. 

24. Pizzi,R. Insurance company offers discount to docs using EMRs. 

[Healthcare It News].  Available at: http://

www.healthcareitnews.com/story.cms?id=7783. Accessed January 

16, 2008. 

25. FDA resource page. Food and Drug Administration Web site. 

Available at: http://www.fda.gov/bbs/topic/news/2004/

NEW01122.html. Accessed January 15, 2008. 

26. About HL7 [HL7 standard website] Available at: http://

www.hl.org/sbout/hl7about.htm.  Accessed December 7, 2007. 

27. Technical Management Board (TMB). ISO-Standards development

-Governance of technical work-Technical management board. 

Available At: http://www.iso.org/iso/standards_development/

goverance_of _technical work/technical.  Accessed January 2008. 

28. Integrating the Healthcare Enterprise® (IHE). [Main Page from 

IHE Wiki]. Available at: http://wiki.ihe.net/index.php?

title=Main_Page. Accessed October 31, 2008. 

29. ISO-The ISO Story. Key markers in ISOôs history. [ISO Website].           

Available at: http://www.iso.org/iso/about/the _iso_story.htm. 

Accessed February 4, 2008. 

30. Hospital Information Systems (HIS) Information Technology 

Directory. [Hospital Information Systems (HIS) Information 

Technology Directory Website]. Available at: http://

www.health_infosys-dir.com/yphchis.asp. Accessed December 18, 

2007. 

31. Display resolution. Wikipedia, the Free Encyclopedia. Available at:               

http://en.wikipedia.org/wiki/Display_resolution. Accessed October 

31, 2008.    

32.  Image resolution. Wikipedia, the Free Encyclopedia. Available at:                  

http://en.wikipedia.org/wiki/Image_resolution. Accessed October 

31, 2008. 

33. Graphics?? [SpringCharts EMR website] Available at: http://

www.springmedical.com/qt8full/MacPractice.html. Accessed 

January 9, 2008. 

34. Why SpringCharts? : Your practice. Your way. [Spring Medical 

Systems website]. Available at: http://springcharts.com/

YPracticeYWay.html.  Accessed October 31, 2008  

35. Why SpringCharts? : Unique Features. [Spring Medical Systems 

website]. Available at: http://springcharts.com/

UniqueFeatures.html. Accessed October 31, 2008. 

36. Bruce R. RIS/PACS Integration-shat is it and what are its benefits?  

[AuntMinnie.com Website]. Available at: http://

www.openmedtech.com/images/RIS.htm. Accessed October 31, 

2008. 

37. PACS/Teleradiology. [Biomedical Equipment Corp. Website]. 

Available at:  http://www.4biomed.com/pacs.asp?cid=4  Accessed 

October 31, 2008. 

(Continued on page 14) 

http://www.allaboutpacs.com/%20%20
http://en.wikipedia.org/wiki/Teleradiology
http://www.webopedia.com/TERM/s/software.html
http://www.webopedia.com/TERM/s/software.html
http://www.webopedia.com/Term/s/hardware.html
http://www.webopedia.com/Term/s/hardware.html
http://www.medicalimagingmag.com/issues/articles/2005-08_06.asp
http://www.medicalimagingmag.com/issues/articles/2005-08_06.asp
http://www.medicalimagingmag.com/issues/articles/2006-05_06.asp
http://www.medicalimagingmag.com/issues/articles/2006-05_06.asp
http://en.wikipedia.org/wiki/Aliasing
http://en.wikipedia.org/wiki/Aliasing
http://en.wikipedia.org/wiki/Algorithm
http://en.wikipedia.org/wiki/Algorithm
http://www.elp.manchester.ac.uk/pub_projects/2000/mmmr7gjw/technique8.htm
http://www.elp.manchester.ac.uk/pub_projects/2000/mmmr7gjw/technique8.htm
http://en.wikipedia.org/wiki/IP_address
http://en.wikipedia.org/wiki/IP_address
http://en.wikipedia.org/wiki/Digital_Imaging_and_Communications_in_Medicine
http://en.wikipedia.org/wiki/Digital_Imaging_and_Communications_in_Medicine
http://www.iso.org/iso/standards_development/governance_of_technical_work/technical_m
http://www.iso.org/iso/standards_development/governance_of_technical_work/technical_m
http://www.iso.org/iso/standards_development/governance_of_technical_work/technical_m
http://en.wikipedia.org/wiki/PACS
http://searchnetworking.techtarget.com/sDefinition/0,,sid7_gci212495.html
http://searchnetworking.techtarget.com/sDefinition/0,,sid7_gci212495.html
http://searchnetworking.techtarget.com/sDefinition/0,,sid7_gci212495.html
http://searchnetworking.techtarget.com/sDefinition/0,,7_gci214117,00.html
http://searchnetworking.techtarget.com/sDefinition/0,,7_gci214117,00.html
http://geo.nasa.gov/sge/jskiles/top-down/analog_vs_digital/analog_vs_ditital.html
http://geo.nasa.gov/sge/jskiles/top-down/analog_vs_digital/analog_vs_ditital.html
http://en.wikipedia.org/wiki/Grayscale
http://en.wikipedia.org/wiki/Grayscale
http://www.nndb.com/people/500/000131107/
http://www.nndb.com/people/500/000131107/
http://radonc.usc.edu/USCRadOne/Madena/MadenaDICOM.html
http://radonc.usc.edu/USCRadOne/Madena/MadenaDICOM.html
http://searchnetworking.techtarget.com/sDefinition/0,,sid7_gci213156,00.html
http://searchnetworking.techtarget.com/sDefinition/0,,sid7_gci213156,00.html
http://searchnetworking.techtarget.com/sDefinition/0,,sid7_gci213156,00.html
http://www.ppis64mb.com
http://www.healthcareitnews.com/story.cms?id=7783
http://www.healthcareitnews.com/story.cms?id=7783
http://www.fda.gov/bbs/topic/news/2004/NEW01122.html.
http://www.fda.gov/bbs/topic/news/2004/NEW01122.html.
http://www.hl.org/sbout/hl7about.htm
http://www.hl.org/sbout/hl7about.htm
http://www.iso.org/iso/standards_development/goverance_of%20_technical%20work/technical
http://www.iso.org/iso/standards_development/goverance_of%20_technical%20work/technical
http://wiki.ihe.net/index.php?title=Main_Page
http://wiki.ihe.net/index.php?title=Main_Page
http://www.iso.org/iso/about/the%20_iso_story.htm
http://www.health_infosys-dir.com/yphchis.asp
http://www.health_infosys-dir.com/yphchis.asp
http://en.wikipedia.org/wiki/Display_resolution.
http://en.wikipedia.org/wiki/Image_resolution
http://www.springmedical.com/qt8full/MacPractice.html
http://www.springmedical.com/qt8full/MacPractice.html
http://springcharts.com/YPracticeYWay.html
http://springcharts.com/YPracticeYWay.html
http://springcharts.com/UniqueFeatures.html
http://springcharts.com/UniqueFeatures.html
http://www.openmedtech.com/images/RIS.htm
http://www.openmedtech.com/images/RIS.htm
http://www.4biomed.com/pacs.asp?cid=4


Oct-Nov-Dec 2008 X-Ray News, Vol. 14, No. 4     Page 14 

38. Orand MR. PACS Platform Going Digital: The Operation Impact 

of PACS. Radiology Today [serial online]. June 7, 2004; 5(12):28. 

Available at: http://www.radiologytoday.net/archive/

rt_060704p28.shtml. Accessed October 31, 2008. 

39. Gater L. Getting Digital Radiology on TrackðInfrastructure 

Makes It Run. Radiology Today [serial online]. April 24, 2006; 7

(8):8.  Available at: http://www.radiologytoday.net/archive/

rt42406p8.shtml.  Accessed October 31, 2008.  

40. Ratib O. From PACS to the World Wide Web. [Health on the New 

(HON) website]. Available at: http://www.hon.ch/Library/papers/

ratib.html.  Accessed October 31, 2008.    

41. Valenza T. The Evolution and Revolution of PACS. Medical 

Imaging [serial online]. September 2007.  Available at: http://

www.medicalimagingmag.com/issues/articles/2007-09_02.asp. 

Accessed October 31, 2008.    

42. Joseph, N Jr. Computers in Radiology Series: PACS, RIS/HIS, DR/

CR (Part 1). [CE Essentials Website]. Available at: http://

www.ceessentials.net/article9.html.  Accessed October 31, 2008.  

43. Carter CE, Veale BL. Digital Radiography and PACS. St Louis, 

MO:  Mosby, Inc; 2008. 

44. Photos courtesy of AFC Industries, Inc. 

45. Photos courtesy of Wikipedia, the Free Encyclopedia. 

46. Photos courtesy of Healthinformatics.wikispaces.com. 

47. Photos courtesy of The University of Manchester. 

48. Photos courtesy of Radiology Education Publications. 

(Continued from page 13) 

Laura L. Smith, A.S., RT(R)(M)(ARRT) has worked in 
the field of radiology since 1968. She is versed in general 
radiography, special procedures, CT, mammography, 
orthopedics, urology, and is cross-trained in laboratory 
skills. Her experience includes radiology clinical 
instruction in hospitals, teaching radiology subjects, and 
writing medical articles. 

Some other sides of Laura include a degree in paralegal 
studies, her interests as a self-taught musician, and her 
experiences as a private pilot- flying planes for nighttime 
aviation advertising. 

These interesting life experiences, together with her 
passion for quality patient care, make Laura an excellent 
candidate to share through teaching and writing.  

Donna H. Smith received her Bachelor of Science degree 

from the University of Arkansas at Little Rock. She has 

authored several works. Donna has worked in various 

aspects of the healthcare field for over 26 years. 

  
 

RES  

Classes 

Can  

Also 

Satisfy 

Your 

CE 

Needs  

For 

All  

TN 

Limited 

X-ray 

Licenses 

 

 

 
 

For  

2009 RES 

Spring Class 

Schedule go to 
www.resxrn.com 

http://www.radiologytoday.net/archive/rt_060704p28.shtml
http://www.radiologytoday.net/archive/rt_060704p28.shtml
http://www.radiologytoday.net/archive/rt42406p8.shtml
http://www.radiologytoday.net/archive/rt42406p8.shtml
http://www.hon.ch/Library/papers/ratib.html
http://www.hon.ch/Library/papers/ratib.html
http://www.medicalimagingmag.com/issues/articles/2007-09_02.asp
http://www.medicalimagingmag.com/issues/articles/2007-09_02.asp
http://www.ceessentials.net/article9.html
http://www.ceessentials.net/article9.html


Oct-Nov-Dec 2008 X-Ray News, Vol. 14, No. 4 Page 15 

SCHEDULE FOR X-RAY NEWS SUMMARY REPORTS  
  X-Ray News will send out MONTHLY Summary Reports of 
Credits. Answer Sheets are stamped the date we receive them. 
This establishes the date of your credits. On the 15th of each 
month we will mail a summary of credits earned through the last 
day of the previous month. Check your credits when you receive 
your monthly Summary Report. Call us immediately if it appears 
we did not receive all that you mailed in. 

  We also send out an Annual Summary Report each January. 
 

  Make copies of your Answer Sheets before mailing them. 

 
  If you need a summary report of your X-Ray News continuing 
education credits in between the Monthly Summary Reports, just 
call X-Ray News at (615) 333-9600 and request a special 
Summary Report. 

INSTRUCTIONS FOR USING THE  

ANSWER SHEET INSERT 
X-Ray Newsis designed for continuing education for Limited X-ray Certification in Tennessee 

 

X-Ray News has an electronic scoring system so that we can score, grade, and record your credits in a fast, 

efficient method. 

Current subscribers will receive one Answer Sheet inserted in this newsletter. (If yours did not arrive with 

your newsletter, please call (615) 333-9600 and we will mail one immediately.) 

On Side 1 of the Answer Sheet, fill in your name (beginning with your Last name). 

On the Subject line, write in the name of the Direct Reading Article: Radiologic Imaging Management - 

Chapter 3 

In the space marked Hour/Day, print DR-057. 

In the box headed I.D.Number, print the numbers of your Social Security Number, and then also fill in 
the ovals directly under the numbers. (Please double check your marks.) 
Leave the boxes headed Test Form and Exam Number blank. 
Use answer lines 1 through 38 to answer the Post-Test on Radiologic Imaging Management - Chapter 3 

The Post-Test begins on page 16. 

Do not use Side 2 of the Answer Sheet. 

Mark with No.2 pencil only. Completely fill in the oval with a dark mark. 
If you erase, do so completely. 

You must mail in your Answer Sheet. The scanner will not read Fax copies. To 
assure that we record your answers accurately, please mail the Answer Sheet to X-Ray News. 
You may fold the answer sheet but do not staple it. 
Please do not fax your Answer Sheet. 

Before mailing your Answer Sheet, make a copy for your files in case it is lost in the mail. 

You will need to score 75% or better to receive the approved credit. 
You will receive Monthly reports of your credits. 
If you do not score a passing grade on this quiz, you will be notified immediately after 
grading.  

DO NOT send in your record of credits when you renew your license. But be prepared to 

produce them if you are asked to show documentation of your credits. 

COMMON ERRORS MADE  

MARKING ANSWER SHEETS  

 1. Not writing in Social Security number. 

 2. Writing in Social Security number but not 

marking provided blocks. 

 3. Not writing DR# at top of Answer Sheet. 

 4. Not filling in the answer blocks completely 

 5. Not marking answer blocks dark enough. 

 6. Not erasing thoroughly. 



Oct-Nov-Dec 2008 X-Ray News, Vol. 14, No. 4     Page 16 

1. What is PACS? 

    A. a portable system for archiving patient charts 

    B. a networked communication system of digital image 

         acquisitions, digital workstations, and storage devices 

    C. a public computer system to access medical 

         information 

    D. a permanent storage facility for medical records 

 

2. What does the acronym PACS stand for? 

    A. Portable Archiving Chart Systems 

    B. Public Act for Charting Systems 

    C. Picture Archiving and Communications System 

    D. Picture Archiving and Computer Systems 

 

3. What is DICOM? 

    A. a universal, standard format for communicating digital 

         medical images between the modality, viewing, and 

         archiving 

    B. a method of digital acquisition and storage 

    C. a network system for digital computers 

    D. a digital viewing box 

 

4. What does the acronym DICOM stand for? 

    A. Digital Imaging Computer Operations Manager 

    B. Digital Information Computer Operations Manager 

    C. Digital Information Communications in Medicine 

    D. Digital Imaging and Communications in Medicine 

 

5. When was DICOM developed through a committee  

    formed by the ACR and NEMA. 

    A. the 1960s  C. the 1980s  

    B. the 1970s  D. the 1990s 

 

6. A PACS needs to be linked with what other information 

    systems? 

    A. RIS & CIS 

    B. HIMSS & IHE 

    C. HIS & RIS 

    D. HL7 & CIS 

 

7. Which of the following could be referring to filmless 
     radiography? 
        1. DR         3. cassette-based digital radiography 
        2. CR         4. cassette-less digital radiography 
    A. 1 & 2 only  C. 2 & 3 only 

    B. 1 & 4 only  D. 1, 2, 3, & 4 
  

 8. HIS is an acronym that stands for Hospital Information 

    Systems. 

    A. true 

    B. false 

 

9. RIS is an acronym that stands for Radiology Information 

    Systems. 

    A. true 

    B. false 

 

10. Which form of digital imaging does not need a Reader? 

          1. DR  3. cassette-based  

          2. CR  4. cassette-less 

      A. 1 & 3 only  C. 2 & 3 only 

      B. 1 & 4 only  D. 2 & 4 only  

         

11. What is Health Level Seven (HL7)? 

     A. an ANSI-recognized Clinical Information Standard 

          and Standards Developing Organization 

     B. an Integrated Healthcare Information Standard 

     C. a 7-member Technical Management Board 

     D. a 7-Level Tier for International Health Standards 

 

12. What is the purpose of HL7? 

     A. to enable different HIS networks to exchange data in 

          other than DICOM format 

     B. it develops software for government groups and 

          medical providers 

     C. it identifies patients, processes orders and stores 

          reports in DICOM data 

     D. it is a for-profit guardian to healthcare parameters 

 

(Continued on page 17) 
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13. What does the Technical Management Board (TMB) 

      do?  

      A. it is the worldôs largest non-governmental standards 

           organization 

      B. it encourages the development of enforced 

           regulation standards 

      C. helps to create international standards to bring consistency 

           to PACS, networking, and other medical information 

      D. it is the leader in providing local conformity efforts 

           as the first tier in technical advances 

 

14. What does a PACS Administrator do? 

      A. acts as the second in command to the ñgo-to personò 

      B. coordinates integration of equipment, transition 

          from film to filmless and paper to paperless digital 

          operation 

      C. can be OJT and will take on the responsibilities 

           assigned by the Project Manager 

      D. oversees the system after the Applications 

           Specialists have completed all the installations 

 

15. What is IHE? 

      A. Integrating the Healthcare Enterprise, and does not 

           support DICOM and HL7 standards 

      B. Integrated Homecare Entities, supporting Medicare 

      C. Integration of Healthcare Enterprises, including HL7 

           facilities 

      D. Integrating the Healthcare Enterprise, and supports 

           the use of DICOM and HL7 standards 

 

16. What organizations collaborated to form the IHE? 

      A. HIMSS & RSNA 

      B. ISO & SDO 

      C. SDO & ANSI 

      D. RSNA & TMB 

 

17. What are the three (3) major Standards players that 

      currently work together to stimulate the integration 

      between healthcare information systems and to enhance 

      the method for computer systems to share healthcare 

      data? 

      A. DICOM, PACS & HL7 

      B. DICOM, HL7, & IHE 

      C. HL7, IHE, & TMB 

      D. CIS, SDO, & ANSI 

 

18. What are the two major categories of computer 

      networks? 

      A. Local Access Network (LAN) & Wide Area 

           Network (WAN) 

      B. Wide Access Network (WAN) & Local Access 

           Network (LAN) 

      C. Local Area Network (LAN & Wide Access Network 

           (WAN) 

      D. Local Area Network (LAN) & Wide Area Network 

           (WAN) 

(Continued from page 16)  

19. What three methods of networking are used for 

      computers to interact with each other? 

          1. Peer-to-Peer          3. Client Based 

          2. Server Based  4. Client Server 

      A. 1, 2, & 3 only 

      B. 1, 3, & 4 only 

      C. 2, 3, & 4 only 

      D. 1, 2, 3, & 4 

 

20. What two distinct components are necessary for a 

      computer to operate? 

      A. hardware and applications 

      B. software and hard drive 

      C. operating system and software 

      D. hardware and software 

 
21. What is the purpose and value of PACS Replication? 
      A. to be able to send copies of images promptly at 
           patientsô requests  
      B. it is a method of double-checking interpretation for 
           accuracy  
      C. is serves as back-up storage in case of disaster 
      D. it is an expensive, unnecessary part that can be 
           eliminated to save money 

 
22. Which of the following is a description of Computer 
      Hardware? 
      A. CPU, hard drive, keyboard 
      B. operating system, CMOS, BIOS 
      C. chips, ports, game programs 
      D. operating system, motherboard, USB 
 
23. Which of the following is a description of Computer 
      Software? 
      A. computer box, monitor, printer 
      B. scanner, microphone, webcam 
      C. OS, CMOS, BIOS, motherboard 
      D. operating system, word processing program, 
           database 
 
24. What are the two categories of Computer Software? 

      A. applications software and systems software 

      B. hardware and software 

      C. function boardsware and applications ware 

      D. firmware and software 

 

25. Which of the following represent four types of PACS 

      workstations? 

      A. technologistôs workstation 

      B. radiologistôs diagnostic review station  

      C. secondary clinician/review workstation 

      D. remote clinicianôs workstation 

      E. all of the above 

 

 

 

(Continued on page 18) 
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26. About how many shades of gray is the human vision 

      able to discern?  

      A. 8-16 

      B. 32-64 

      C. 256 

      D. 65,536 

 

27. What is a pixel? 

           1. a combination of picture and element 

           2. a single point of a graphic image 

           3. one value on the Hounsfield Scale 

           4. any one square within a matrix grid 

       A. 1, 2, & 3 only 

       B. 1, 2, & 4 only 

       C. 2 & 3 only 

       D. 1, 2, 3, & 4 

 

28. Various shades of gray can be digitized, using numerical 

      values from the ________________ to represent different 

      tissue densities?  

      A. Hounsfeld Scale 

      B. Houndsfield Scale 

      C. Houndsfeld Scale 

      D. Hounsfield Scale 

 

29. A gray scale is created digitally by assigning Hounsfield  

      Units (HUs) to different parts of the 

      body, based on each tissue density. 

     A. true 

     B. false 

 

30. In a gray scale, tissue densities such as air, fat, and gas are 

      assigned HUs of ___________ (and appear black on the 

      image); tissue densities such as water, organs, and congealed 

     blood are assigned HUs of _________(and appear as grays 

      on the image); and tissue densities such as bone are assigned 

      HUs of _____________(and appear white on the image). 

      A. low minus numbers; high plus numbers; zero to low plus 

         numbers 

      B. zero to low plus numbers; low minus numbers; high plus  

         numbers 

      C. low minus numbers; zero to low plus numbers; high plus  

         numbers 

      D. high plus numbers; zero to low plus numbers; low minus 

         numbers 

 

31. What is EMR? 

      A. Electrical Monitor Remote 

      B. Electronic Medical Record 

      C. Emergency Medical Room 

      D. Electric Monitor Receptacle 

 

 

 

 

 

(Continued from page 17) 32. What is HIPAA? 

      A. Healthcare Information Portability and 

           Accountability Act 

      B. Health Insurance Public Affordability Act 

      C. Health Insurance Portability and Accountability Act 

      D. Healthcare Information Public Access Act 

 

33. What are two incidents that started the serious 

      discussion of EMR? 

      A. recall of two prescription medications and insurance 

           fraud 

      B. loss of medical records after Katrina and insurance 

           fraud 

      C. recall of prescriptions and inconvenience of 

           manually contacting patients  

      D. recall of two popular pain medications and loss of 

           medicals records after Katrina 

 

34. The higher the number of ______, the higher the resolution. 

      A. pixels 

      B. grids 

      C. scales 

      D. elements 

 

35. What are some benefits of using an EMR System? 

      A. insurance savings 

      B. medical information available in ER 

      C. personal portability of medical information 

      D. less errors in ordering and filling prescriptions 

      E. all of the above 

36. Did you enjoy this Article? 

  a. yes  b. no  c. undecided 

 

37. Would you prefer to read these Articles online? 

  a. yes  b. no  c. undecided 

 

38. Would you prefer to take these Quizzes online? 

  a. yes  b. no  c. undecided 

Please also answer the following questions on your Answer 

Sheet. The answers do not count toward your score. 




