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Abstract

Quite a number of medical specialties require distance and angle measurements on x-ray images.
Drafting and measurement on traditional x-ray films can be done with marker pens, rulers and
protractor, but this method is time consuming and often inaccurate. Authors present a computer
aided drafting and measurement method for both digitized and digital x-rays.

Evaluation of cervical spine x-rays is especially important for patients suffering from rheumatoid
arthritis. Our computer program helps users to mark necessary points and draw lines on x-rays
interactively on the computer screen, then the program calculates relevant angles and distances
based on literature data.

Manual drafting on traditional x-ray films is time consuming, and it is usually impossible or at
least difficult to repeat. When one wants to try drafting more than once, previous lines have to be
erased from the film, or a separate transparent film can be used. Reading distance and angle
values requires a ruler and a protractor. The tip size of the marker pen and the precision of ruler,
protractor positioning can result in measurement errors of multiple millimeters and degrees.

Contrarily, computer based drafting allows arbitrary number of users arbitrary number of
attempts to define necessary points on x-rays, and then predefined algorithms calculate the
results.

Computer aided drafting can be performed by many persons, a number of times. Accuracy can
be improved by using image processing capabilities such as zooming, contrast correction, etc.
Results can be superimposed on x-ray images, making follow-up easier.

Compared to ,,traditional” drafting, the computer-aided method’s repeatability and reliability is a
great advantage. It is easier to learn computer-based drafting, especially when a large number of
points have to be marked and complicated measurements are involved. With an appropriate
drafting and evaluation protocol, processing of x-rays provides added diagnostic value, e.g.
further examinations can be ordered based on the results, scheduling of follow-ups can be
optimized.
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Introduction

As stated in the reference' joint destruction in rheumatoid arthritis patients’ cervical spine may
lead to progressive vertebral instability. The consequences of this condition can lead to sudden

death under certain conditions, e.g. during anaesthesia. Physical symptoms are not always in
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correlation with joint destruction, meaning symptomless patients might very well be endangered.
Cervical spine deformities can be visualized on radiographs. Five standard x-ray settings are used:
conventional bidirectional (anteroposterior and lateral), transoral dens and functional (performed
in flexion and extension) lateral images are taken. This study discusses the importance of such
radiographic examinations, both as preoperative evaluation and as follow-up examination. Based
on the results of such examinations, patients can be directed to other imaging tests, such as x-rays
in other directions, CT, MRI, to decide on eventual operative fixation.

In order to uniformly evaluate this radiograph series, various methods are to be found in
international literature. Common in these methods is the use of lines directed through certain
anatomical points. Distances and angles are calculated from these lines, providing the possibility
of diagnostic classification. Traditional drafting methods involve the use of marker pens, rulers, a
protractor and a traditional x-ray film. Manual drafting on traditional x-ray films is time
consuming on the one hand, and it is usually impossible or at least difficult to repeat on the other
hand. Difficulties come up if drafting has to be performed more than once, or the original
radiograph without pen lines has to be kept as well. Further errors can occur from too wide tip
size of the marker pen, precision of measurement devices, and reading errors. Another problem
arises from the use of digital x-rays, when the image is normally not printed, so that drafting can
be performed.

Physicians evaluating such series of radiographs require thorough training in this relatively time
(and resource) consuming drafting process and in determining required distances and angles.

To get around these difficulties, a computer program is developed. The program can use digital
x-ray images natively, while traditional x-ray films have to be digitized. Another advantage is the
systematic onscreen “drafting”’, where the evaluation protocol is to be followed, minimizing the
chances of error from incorrectly marked points and lines. A further asset is that the use of the
program requires less experience, than “traditional” drafting. Other advantages of computer
processing include automated calculation of distances and angles, as well as the opportunity of
evaluation by multiple users, more than once, and digital storage of images, drafted lines and
results.

Methods and materials

X-ray protocol

The method' developed at Policlinic of Hospitaller Brothers of St. John of God is systematically
covers screening, measuring and grading of cervical subluxations and instability. The protocol
specifies how x-rays have to be made (Table 1 and Figure 7).
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# | Description Sample
1 | Anteroposterior axis, 100 cm focus-film distance, 10° caudocranial tilt, centered to Figure 1a
C3

2 | Lateral direction, 150 cm focus-film distance, horizontal primary beam, centered to Figure 1b
c2

3 | Lateral direction, flexion with chin pressed down, 150 cm focus-film distance, Figure 1¢
horizontal primary beam, centered to C3

4 | Lateral direction, extension with head tilted back, 150 cm focus-film distance, Figure 1d
horizontal primary beam, centered to C3

5 | Anteroposterior axis, transoral dens image, 50 cm focus-film distance, Figure 1e

perpendicular primary beam, centered to dens epistrophei

Table 1. X-ray protocol for theumatoid arthritis!

Figure 1. Sample images! prepared according to x-ray protocol for patients with rheumatoid arthritis

a: Anteroposterior, b: Lateral, c: Functional lateral (flexion), d: Functional lateral (extension), e: Transoral
anteropostetior dens

Drafting protocol

Drafting protocol, e.g. specific points and lines, developed at Policlinic of Hospitaller Brothers of
St. John of God is composed of a number of evaluation methods from international literature.

There are two types of x-rays, anteroposterior (normal and transoral dens), and lateral (neutral,
fully flexed and extended). The points, lines and distances needed in evaluation of transoral dens
images are shown in Table 2 and Figure 2.

Objectid | Description
1 intervestibular line
2 bimastoid line
3 transspinous-transdental line going through the central line of dens
4 distance from dens to lateral mass of atlas on both sides

Table 2. Objects to be marked on anteropostetior transoral dens radiograph!
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Figure 2. Lines to be drawn on anteroposterior transoral dens radiograph!

Lateral radiographs are evaluated with the use of points, lines and angles specified in the above

mentioned protocol, and are presented in Tuble 3 and Figure 3.

Objectid | Description

1 atlantodental interval (ADI) is measured between the line drawn over the dorsal
contour of C1’s anterior tubercle and the ventral surface of dens

2 posterior atlantodental interval (PADI) is the retrodental space

3a lower atlas line in Sakaguchi—Kauppi method

3b tangential line of upper arc of C2’s pedicle in Sakaguchi—Kauppi method

4 subaxial central canal (sAC) is the shortest distance between dorsal vertebral line (8)
and spinolaminar line (7) on a given level

5 line in McGregor method connects dorsal endpoint of os palatum with outer contour of
occiput, and the relative position of the dens’ tip is compared to it

6 in Wackenheim method a line is drawn down the posterior surface of the clivus and its
position is compared to the posterior aspect of dens

7 spinolaminar line is an arc connecting the inner contours of spinous processes from the
posterior margin of foramen magnum

8 posterior vertebral line is an arc above the dorsal contours of vertebral bodies

9 processus spinosus relation is the distance between two neighboring spinous processes
(lower arch of the upper one and the upper arch of the spinous process below)

10 angle of lines drawn at the lower surfaces of two neighboring vertebrae

Table 3. Objects to be marked on lateral radiographs (neutral, flexed, extended)!
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Figure 3. Objects to be marked on lateral radiographs!

Results
Drafting and evaluation program

2009 versions of National Instruments LabVIEW? and NI Vision® were used to implement
computer based drafting and for calculating relevant distances and angles.

The program has a main window (Figure 3), to control execution. Each function (selecting
radiographs, evaluating various images and finally displaying results) can be accessed with a
button. At the moment everything (button labels, instructions, etc.) are bilingual.

Functions have to be performed in a certain order, so it is not possible to press the five drafting
buttons, until the first task, namely selecting radiographs has not been completed. The
completion of each task is indicated by a round LED next to the button (e.g. the first task is
completed in Figure 3). Similarly, it is not possible to press the Results button, until at least one
evaluation has not been completed. When the user presses a button, a new window opens, and
after finishing the selected task it is closed, and the user is returned to the main window. The
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Stop button in the lower right corner of the main program window allows stopping the program;
however without performing the saving of results, each and every drawn line and calculated value

will be lost. To avoid accidental data loss,

pressing Stop pops up a confirmation dialog.

Traditional x-ray films have to be digitized (into JPG format), DICOM digital images has to be
converted to JPG. When the program asks the user for the five images, user has to select the one
that is specified in the title row of each File Open dialog box (Figure 4).

P! C-gerinc Rtg. értékelés (C-spine X-ray evaluation).vi -0 5'

File Edit View Project Operate Tools Window Help ||PEE—INC|
o SPINE
»|=|[@[n] 2]

Rontgenfelvételek kivdlasztdsa
Select X-Ray images

Q

Nyaki gerinc réntgenfelvételek szamitogépes értékelése rheumatoid arthritisben
Evaluation of cervical spine radiographs in rheumatoid arthritis

A gomb megnyomasa utdn kivalaszthatja az értékelni kivant 5 felvételt.
Press this button to select the five x-rays to be evaluated.

Anteroposterior

Anteroposterior transoralis dens
Anteroposterior transoral dens

Lateralis felvétel
Lateral, in neutral position

Lateralis flexids felvétel
Lateral, in flexion

Eredmeények
Results

Lateralis extensids felvétel
Lateral, in extension .

jelzi, hogy a feladat végrehajtdsa sikeres
indicates that task is completed

Ezekkel a gombokkal az egyes felvételeken lehet felvenni
a protokollban meghatérozott vonalakat.

Use these buttons to draw lines specified in protocol.
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A gomb megnyomasa utdn megtekintheti és mentheti az eredményeket.
Press this button to display and save results.

A protokoll lefrasa
Source of protocol

Németh Iidiké; Buday Ilona; Molndr Eva; Nyitrai Mérta; Sadry Krisztina; Tarkovécs Andrea; Varsanyi Néra; Farbaky Zsdfia. STOP
Rheumatoid arthritises betegek nyaki gerinc-rontgenvizsgalatanak jelentdsége és mddszere a mindennapi gyakorlatban.
Magyar Radioldgia 2008;82(5-6): 175-184. http://www.socrad.hufupload/radiologia/magazine/175_184.pdf —
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Figure 4. Selecting and opening JPG format radiographs one by one
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The user interface in each of the drafting tasks shows the graphics (Figures 2,3) and bilingual text
guides (Tables 2,3) from the protocol as a help for users. In Figure 5 evaluation steps for the
anteroposterior transoral dens radiograph are presented, showing that step 3 is already
completed. In the small image in the lower left part of the window the already drawn
transspinous-transdental line is visible. When the user presses one of the numbered buttons, a
new window opens up with the image sized to the maximal vertical screen resolution, in order to
make drawing not too difficult and as precise as possible. Until this image window is open, the
line can be modified by its endpoints or moved as a unit. Each numbered drawing step can be
redone as many times, as it suits the user. Stop button can be pressed anytime, without even
performing any drawing; however it has no use, because it does not produce any lines and
consequently nothing can be calculated.

P Anteroposterior transoral(is) dens.vi - IEI Iil
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Evaluation of cervical spine radiographs in rheumatoid arthritis
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. bimastoid line

. transspinous transdental line going through the central line of dens
. distance from dens to lateral mass of atlas on both sides

b

ARADI Petra; DANKA Laszl6; LIPOVSZKI Gydrgy; NEMETH Tidiké
Hyak'lgerinc = ;a PR I | - h':'l— fald |= =
Computer Aided Processing of Cervical Spine Radiographs

V. Magyar Biomechanikai Konferencia
5th Hungarian Conference on Biomechanics
Budapest, 2013.05.24-25.

elo[zla@loOh e vl

Figure 5. Drafting on anteroposterior transoral dens radiograph with step-by-step instructions

Windows similar to the one in Figure 5 are available for all the other images. Because of the
interdependency of elements drawn on lateral images (as shown in Tuble 3), e.g. step 4 requires
lines 7 and 8, user have to draw these two lines first, to enable button 4.

When drafting tasks are completed and Results button is pressed, first patient’s data can be set, as
well as the evaluating person and other relevant data. The program then performs the necessary
calculations to provide results needed to determine patient’s status. Pathologic values and the
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recommended diagnostic procedures from the referenced articel are included in the program, so
that it can mark them and classify the type and degree of atlantoaxial subluxation accordingly.

For the time being, the possibility of drawing other widely used auxiliary lines for methods, which
are not part of the protocol, such as Ranawat, or Redlung—Johnell-method, a button is set in the
Results section. By pressing this button similar drafting windows appear, and results can be
obtained, too.

Conclusion

The program is still under extensive testing and development, according to users’ needs; however
one can immediately see the positive difference it brings, compared to traditional manual
drafting. Among the advantages one have to mention that drafting and evaluation can be
repeated, results as numbers, text and lines superimposed on radiographs can be stored.

Further development might include some kind of automation in recognizing points to be used to
draw the lines, true multilingual user interface, etc.
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