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Me tal lic in ter nal fixa tion de vices are em ployed rou tinely 
in cranio fa cial sur gery to pro vide three- dimensional

sta bil ity and fa cili tate the bony un ion of skele tal seg ments.
How ever, these fixa tion de vices pro duce ar te facts in com -
puted to mo gra phy (CT) scans, which can po ten tially in ter -
fere with the di ag nos tic in ter pre ta tion of post op era tive ra dio -
graphical im ages. CT ar te facts are rec og nized as a sig nifi cant 

clini cal prob lem as so ci ated with the use of hip ar thro plas ties
(1,2), spi nal fixa tion de vices (3,4), in trac ra nial clips (5) and
in tra-ab domi nal clips (6,7). Recently, Fiala et al (8) and Sul -
li van et al (9) in de pend ently in ves ti gated CT ar te facts gen er -
ated by cranio fa cial fixa tion de vices, and spe cifi cally de -
scribed the de grees of ar te fact as so ci ated with varia tions in
size and al loy com po si tion of im plants. An as takis et al (10)
fur ther ana lyzed the de gree to which CT ar te facts in ter fere
with the visu ali za tion of cranio fa cial anat omy. Ti ta nium im -
plants of any size and micro vi tal lium im plants did not pro -
duce sig nifi cant im age deg ra da tion, while larger vital lium
im plants in ter fered with the visu ali za tion of anat omy, par -
ticu larly of soft tis sue win dows and in the im me di ate vi cin ity
of the im plant (10).
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The fac tors that pro duce com puted to mo gra phy (CT) arte facts as so ci ated with cranio fa cial fixa tion de vices were analyzed. The ef fects of
at tenua tion, mo tion, par tial vol ume and im plant shape were evalu ated. By using a CT phan tom model with an en gine to pro duce
re pro duci ble mo tion, a vital lium rod, fixa tion plate and blank were scanned se quen tially. For each ex peri men tal con di tion, the de gree of
ar te fact pro duced was quan ti fied by meas ur ing the stan dard de via tion of the CT number at stan dard ized re gions of in ter est, and a
com para tive analy sis was per formed. Mo tion pro duced the great est de gree of arte fact. Both the fre quency and di rec tion of mo tion were
im por tant, with high fre quency mo tion in the plane of the CT slice pro duc ing the great est de gree of CT arte fact. Par tial vol ume arte facts
in creased as the vol ume of ma te rial in the plane of sec tion in creased. The amount of ar te fact pro duced was de pend ent on the vol ume of
ma te rial x- rays passed through the ob ject rather than on the geo met ric con figu ra tion. Attenua tion ef fects were evalu ated. Re sults re vealed
that the amount of ar te fact was great est be tween highly at tenu at ing ob jects.
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In terfé rences à la to mo gra phie par or di nateur : re cher che expé ri men tale des fac teurs re sponsa bles

RÉS UMÉ : Les facteurs qui entraînent les interférences à la tomographie par ordinateur associées aux appareils de fixation cranio-faciaux
ont été analysés. Les effets de l’atténuation du mouvement, du volume partiel et de la taille de l’implant ont été évalués. À l’aide d’un
modèle de CT factice doté d’un moteur apte à produire, de façon reproductible, le mouvement, la tige de vitallium et la plaque de fixation
ont été scanographiés en séquence. Pour chacune des conditions expérimentales, le degré d’interférence produit a été mesuré au moyen de
déviations standards en certains points d’intérêt et une analyse comparative a été effectuée. Le mouvement a produit le degré le plus élevé
d’interférences. La fréquence et la direction du mouvement ont toutes deux été importantes, les mouvements de haute fréquence du plan
produisant le degré le plus élevé d’interférences. Les interférences de volume partiel ont augmenté à mesure que le volume de matériel
inclus dans le plan de la section augmentait. La quantité d’interférences produite dépendait du volume de matériel traversé par les rayons X
plutôt que de sa configuration géométrique. Les effets d’atténuation ont été mesurés; les résultats ont révélé que la quantité d’interférences
était plus forte entre les objets hautement atténués.
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These find ings pro vide clini cally rele vant guide lines for
the cranio fa cial sur geon. In situa tions where post op era tive
CT im ag ing is im portant, ie, fol low ing tu mour ab la tive pro -
ce dures or cranio- orbital pro ce dures, im age deg ra da tion is
mini mized by the in traop era tive use of the least at tenu at ing
fixa tion de vices of the small est cali bre and number pos si ble
to achieve sta bil ity of bone seg ments. How ever, there is a
large popu la tion of pa tients with larger cali bre or highly at -
tenu at ing cranio fa cial im plants in whom di ag nos tic in ter pre -
ta tion of CT im ages is sig nifi cantly com pro mised (Fig ure 1).
Mini miz ing the de gree of ar te fact is predi cated on hav ing a
thor ough un der stand ing of the phys ics of CT ar te facts and of

the rela tive con tri bu tions of the vari ous fac tors that cause im -
age deg ra da tion.

A CT phan tom model was employed to ana lyze the fac -
tors that pro duce CT ar te facts as so ci ated with cranio fa cial
fixa tion de vices. The ef fects of at tenua tion, im plant shape,
par tial vol ume and mo tion were spe cifi cally evalu ated.

MA TE RI ALS AND METHODS
A CT phan tom was con structed for this ex peri ment (Fig ure 2). 
The CT phan tom con sisted of a tetrafluoroethylene- fluoro -
carbon (Tef lon, Du Pont, Dela ware) cyl in der meas ur ing
20 cm in di ame ter with a wall thick ness of 0.5 cm. The Tef lon 
shell had a CT number ap proxi mat ing that of cor ti cal bone.
Three plas tic ra dio graphi cally tissue- equivalent rods with
dif fer ent com po si tions were placed in the phan tom. These
rods served as in ter nal con trols and had den si ties equiva lent
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Fig ure 1) Top Plain x- ray of a lat eral skull with a per fo rated tan ta lum
plate pre vi ously em ployed in cranio plasty for a post- traumatic fron tal
de fect. Bot tom Ax ial com puted to mo gra phy of the soft tis sue win dow.
The arte fact pro duced by the tan ta lum plate in ter feres with visu ali za tion
of the fron tal sinus and in trac ra nial soft tissue

Fig ure 2) Top Tef lon cyl in der filled with dis tilled wa ter is po si tioned
within the com puted to mo gra phy scan ner. An en gine, shown in front of
the phan tom, pro duced re pro duci ble mo tion of the plat form on which
im plants were placed for scan ning. Bot tom Scout x- ray dem on strat ing
the plane of ax ial com puted to mo gra phy rela tive to the phan tom implant



 

to fat, mus cle and the ocu lar globe. The phan tom was filled
with dis tilled wa ter. A vi tal lium rod was se cured to the side
of the phan tom with its long axis par al lel to the cyl in der to
en hance at tenua tion of the ob ject be ing stud ied. The in ter nal
fixa tion de vices were se cured to a plat form on the ex ter nal
sur face of the phan tom with their lon gi tu di nal axes par al lel to 
the axis of the phan tom.

To evalu ate the ef fect of mo tion on CT ar te facts, an en -
gine that al lowed for the pro duc tion of re pro duci ble mo tion
was con structed. This en gine moved the plat form on which
the im plant was mounted at a speci fied fre quency and am pli -
tude. This mecha nism fur ther con trolled the di rec tion of mo -
tion, ie, within the plane of the CT scan or per pen dicu lar to
the scan plane.

Dif fer ent im plant pa rame ters were ana lyzed by us ing three
dif fer ent im plants – a vital lium rod meas ur ing 2 x 0.31 cm, a
four-hole vital lium plate and a blank (a vi tal lium plate of
simi lar di men sions but with out fixa tion holes).

Scan ning pro to col
The CT scan ning pro to col was stan dard ized, and rou tine tech -
ni cal pa rame ters for clini cal cranio fa cial im ag ing (volt age
120 kV, tube load 200 mA x 2 s, 3.0 mm slices, gan try tilt 0)
were em ployed.

Ex peri men tal con di tions
The first experiment evalu ated the ef fect of at tenua tion on
CT ar te facts. A vi tal lium rod was placed on the CT phan tom
plat form with its long axis par al lel to that of the phan tom. At -
tenua tion was ana lyzed by quantifying the de gree of ar te fact
gen er ated by a sin gle im plant and by two im plants. The sec -
ond experiment evalu ated par tial vol ume ef fects by us ing a

sin gle vi tal lium rod and se quen tially in creas ing the amount
of rod pres ent within the scan. The third experiment ana lyzed 
the ef fects of im plant shape by com par ing the de gree of ar te -
fact gen er ated by a vi tal lium four- hole fixa tion plate and that
of a blank plate of simi lar di men sions. The fourth experiment 
ana lyzed the ef fects of mo tion with re spect to di rec tion and
fre quency.

Evalua tion of CT scans
Re gions of in ter est (ROI) were se lected in ar eas of uni form
com po si tion such that noise could only be at trib uted to quan -
tum sta tis tics and sys tem noise. An in crease in stan dard de -
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Fig ure 3) Com puted to mo gra phy scan evalua tion tech nique. Re gions of
in ter est (ROIs) 1, 2 and 3 serve as in ter nal con trols and rep re sent den si -
ties of the globe, in traor bi tal mus cle and fat. ROI 4 is lo cated in the cen -
tre of the phan tom, and ROI 5 is im me di ately be neath the plat form on
which spe cific im plants are evalu ated. P1 Vi tal lium plate

Fig ure 4) At tenua tion effect. Top A sin gle im plant (on the right side of
the phan tom) pro duced a lo cal ized streak arte fact ema nat ing from the
im plant. Bottom Two implants substantially in creased the amount of
ar te fact, particularly between ob jects. P3 Vi tal lium rod



 

via tion in the number of ROIs was re lated to the in abil ity of
the scan ner soft ware to cor rectly as sign CT num bers to a
pixel due to non line ari ties, beam hard en ing or other data in -
con sis ten cies.

Five stan dard ized ROIs were iden ti fied within an ax ial
pro jec tion of the CT phan tom (Fig ure 3). The size and lo ca -
tion of these ROIs were stan dard ized for each scan. ROIs 1, 2
and 3 served as in ter nal con trols rep re sent ing den si ties of in -
traor bi tal soft tis sue. ROI 4 was lo cated within the cen tre of

the phan tom, and ROI 5 was lo cated im me di ately be neath the 
im plant. The CT number in Houns field units (ie, the rela tive
x- ray ab sorp tion co ef fi cient) was cal cu lated for each ROI,
and the stan dard de via tion of the CT number was cal cu lated.
The stan dard de via tion of the CT number is a di rect in di ca -
tion of the varia tion in CT number within a ROI and pro vides
a quan ti ta tive in di ca tion of the mag ni tude of the ar te fact pro -
duced.

RE SULTS
Ef fect of at tenua tion
The pres ence of a sin gle metal im plant (at tenu at ing ob ject)
within an ax ial CT slice pro duced an ar te fact char ac ter ized
by ra dio lu cent and radio dense streaks ema nat ing from the
ob ject (Fig ure 4A). The pres ence of two at tenu at ing ob jects
within a CT scan slice sig nifi cantly in creased the de gree of
ar te fact, and re sulted in im age deg ra da tion and streak ing,
par ticu larly be tween the two ob jects (Fig ure 4B). Quan ti ta -
tive analy sis re vealed an in crease in the SD of the CT number 
in all ROIs when two im plants were pres ent, par ticu larly in
ROI 5, which was ad ja cent to the im plant (Fig ure 5).

Par tial vol ume ef fect
Par tial vol ume ef fects were stud ied by se quen tially in creas -
ing the amount of im plant pres ent within the scan (Fig ure 6).
The de gree of ar te fact pro duced, par ticu larly in ROI 5, in -
creased as the vol ume of ma te rial in the plane of sec tion in -
creased (Fig ure 7).

Im plant shape
The ef fect of im plant shape on CT ar te fact was ana lyzed by
com par ing two im plants iden ti cal in shape and di men sion,
dif fer ing only in the pres ence or ab sence of screw fixa tion
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Fig ure 5) Effect of at tenua tion  on com puted to mo gra phy (CT) ar te facts. 
ROI Re gion of in ter est; SD Stan dard deviation

Fig ure 6) Tech nique of as sess ing par tial vol ume ef fect. The im plant was
ad vanced into the plane of the scan to pres ent in creas ing vol umes of at -
tenu at ing ma te rial within a com puted to mo gra phy (CT) slice

Fig ure 7) Ef fect of par tial vol ume on com puted to mo gra phy (CT)
artefacts. In creas ing vol umes of im plant within a CT slice were used
(par tial thick ness [PT] 3 of 9 mm, PT4 of 12 mm and PT5 of 15 mm). ROI
Re gion of in ter est; SD Stan dard deviation



 

holes (Fig ure 8). The pres ence of holes in a fixa tion plate
may pro duce in con sis ten cies in the scanned im age. How -
ever, in this ex peri ment, the fixa tion plate with holes con sis -
tently pro duced fewer ar te facts than the com pa ra ble blank
im plant across all ROIs (Fig ure 9).

Ef fec tive mo tion
Mo tion pro duced ob vi ous CT im age deg ra da tion (Fig ure 10). 
For a given fixed am pli tude and fre quency, mo tion in the ax -
ial plane (ie, in the plane of the CT scan slice) pro duced the
great est stan dard de via tion of the CT number across all ROIs, 
par ticu larly in ROI 5 (Fig ure 11). With mo tion main tained at
a fixed am pli tude in the ax ial plane, a sig nifi cant number of
ar te facts were noted at a fre quency of 0.5 Hz, and the number
in creased sig nifi cantly with an in crease in fre quency to 5 Hz
(Fig ure 12).

When all po ten tial CT artefact- generating ef fects were
com pared, the great est varia tion in the stan dard de via tion of
the CT number was pro duced by mo tion in an ax ial plane
(Fig ure 13).

DIS CUS SION
When an ob ject is scanned by CT, x- ray ra dia tion is re ceived
from many dif fer ent an gles and passes through each point of
the ob ject. The im age pro duced is a re sult of com puter re con -
struc tion of all rela tive at tenua tion val ues at each point. The
recon struc tion pro gram as sumes that all meas ure ments are
in ter nally con sis tent. Any in con sis tency re sults in ar te facts in 
the fi nal im age (6).

Ob jects with high at tenua tion co ef fi cients (high atomic
number) re sult in beam hard en ing (11), which oc curs due to
the poly ener getic na ture of the x- ray beam used in the scan -
ner. As the beam passes through a ma te rial, more low en ergy
x-rays are at tenu ated from the beam than high en ergy x- rays,
re sult ing in a beam that is ‘harder’ and com posed of a greater
pro por tion of high en ergy x- rays. This beam has dif fer ent at -
tenua tion char ac ter is tics than the origi nal beam. Dur ing re -
con struc tion, it is as sumed that the beam is monoener getic
and ex pe ri ences uni form at tenua tion through a ho moge nous

me dium. This re sults in a non lin ear re sponse to thick ness
changes. With highly at tenu at ing ma te ri als, the trans mit ted
ra dia tion lev els, which are near the mini mum sig nal and
noise lim its of the elec tronic de tec tors, are attenuated. De -
pend ing on the elec tronic de sign, trun ca tion of val ues or re -
moval of off sets may re sult in sig nals with ‘0’ val ues. As a
re sult, pro jec tion data through long path lengths of highly at -
tenu at ing ma te rial may re sult in sig nals that are in cor rect,
which re sult in in con sis ten cies in the cal cu la tion of the im age.

A number of fac tors have been shown to gen er ate in con -
sis tent pro jec tion data (12). Ob jects with high at tenua tion co -
ef fi cients do not al low com plete pene tra tion by the x- ray
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Fig ure 8) Vi tal lium blank plate (left) and four- hole fixa tion plate used
to e valu ate the ef fect of im plant shape on com puted to mo gra phy
artefacts

Fig ure 9) Ef fect of im plant shape on com puted to mo gra phy (CT) ar te -
facts. ROI Re gion of in ter est; SD Stan dard deviation

Fig ure 10) Ax ial phan tom com puted to mo gra phy scan dem on strat ing
the in crease in ar te facts with mini mal mo tion (0.5 Hz) in the ax ial plane



 

beam. As a re sult, the de tec tor re ceives a de creased sig nal, re -
sult ing in miss ing pro jec tion data. Re con struc tions us ing this
data ex hibit low den sity streak ar te facts ema nat ing from the
ob ject (6). The number of streak ar te facts in creases with in -
creas ing at tenua tion co ef fi cient and ma te rial path lengths
(1,2). This re la tion ship is ex pressed by Beer’s law:

I I e t= − µ
0

where an x- ray beam with an ini tial in ten sity, I0, has an in ten -
sity of I af ter pass ing through a ma te rial of thick ness t with an 
at tenua tion co ef fi cient of µ (8).

An increased number of ar te facts was as so ci ated with
greater at tenua tion and longer path lengths of the ma te rial. A
greater number of streak or ‘sta rburst’ ar te facts was seen
ema nat ing from the im plants when a larger ma te rial path

length was used. The great est de gree of ar te fact was de tected
in the RIO im me di ately ad ja cent to the im plant. When two
highly at tenu at ing ob jects were pres ent, streak ar te facts were
most promi nent be tween the two ob jects, re sult ing from an
in crease in the to tal path length of highly at tenu at ing ma te -
rial, as well as from an ex ac er ba tion of the beam hard en ing
and sig nal re duc tion prob lem.

The ef fect of shape was evalu ated to de ter mine whether
the an gles pres ent on a fixa tion plate con trib uted to an in -
crease in the degree of ar te fact and whether empty screw
holes con trib uted to a par tial vol ume ef fect. How ever, no sig -
nifi cant ef fects were pro duced by vary ing the shape of the
ob ject. The vol ume rather than the geo met ric con figu ra tion
of the ma te rial was the main fac tor in de ter min ing the de gree
of ar te fact gen er ated.

Par tial vol ume ef fects cause ar te facts when ob jects are
axi ally non uni form in the field of view (13). Any ax ial varia -
tion in at tenua tion re sults in in con sis ten cies in the data set
used in the re con struc tion al go rithm, which re sults in streak
ar te facts. Par tial vol ume ef fects may oc cur in the ax ial or
trans verse di rec tions; how ever, the greater ef fect is seen in
the ax ial di men sion. In a CT scan ner, a larger vol ume is sam -
pled in the ax ial di men sion than in the trans verse di rec tion.
Also, trans verse par tial vol ume ef fects within a slice vary
from view to view, so they may be av er aged out dur ing re -
con struc tion, whereas ax ial ef fects are con sis tent from view
to view (13). The ef fect of par tial vol ume was sig nifi cant. In
par ticu lar, more ar te facts were pro duced as the vol ume of
ma te rial in the plane of sec tion in creased. This is con sis tent
with what is known about par tial vol ume ef fects.

The de gree of CT ar te fact is par ticu larly en hanced by mo -
tion of the ob ject. Sub tle mo tion of a high den sity ob ject re -
sults in streak ing (12). The slight mo tion pro duced by res pi -
ra tory, cir cu la tory or peri stal tic func tions is suf fi cient to
pro duce streak ar te facts (6). Mo tion was evalu ated spe cifi -
cally in this study and pro duced the great est de gree of ar te -
fact. In par ticu lar, hori zon tal mo tion within the plane of the
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Fig ure 11) Ef fect of mo tion di rec tion at 5 Hz on com puted to mo gra phy
(CT) artefacts. ROI Re gion of in ter est; SD Stan dard deviation

Fig ure 12) Ef fect of mo tion fre quency in the ax ial plane on com puted to -
mo gra phy (CT) ar te facts. ROI Re gion of in ter est; SD Stan dard deviation

Fig ure 13) Graph com par ing the causes of com puted to mo gra phy (CT)
ar te facts. SD Stan dard deviation



 

CT scan pro duced the great est de gree of ar te fact, and this ef -
fect in creased with the fre quency of mo tion.

Ar te facts caused by mo tion re sult when an ob ject oc cu -
pies dif fer ent par tial vol umes dur ing each ac qui si tion of pro -
jec tion data dur ing the scan. This causes in con sis ten cies in
the data set used for im age re con struc tion and, hence, the
pro duc tion of ar te facts.

CLINI CAL IM PLI CA TIONS
The re sults of this study have di rect clini cal im pli ca tions,
pro vid ing guid ing prin ci ples for the in traop era tive use of
cranio fa cial metal im plants to mini mize sub se quent CT ar te -
facts and for post op era tive CT scan ning to op ti mize qual ity
de spite the pres ence of im plants.

The pres ent study showed that at tenua tion of the x- ray
beam by a me tal lic ob ject is a con sis tent cause of CT ar te -
facts. The de gree of at tenua tion is pro por tional to the vol ume
or size of the im plant and the atomic num bers of the com po -
nents of the al loys used to construct the im plant. This study
spe cifi cally dem on strated that im plant shape does not af fect
the de gree of CT ar te fact. Fur ther more, the pres ence of two
im plants within a sin gle CT slice greatly po ten ti ates the de -
gree of at tenua tion (ie, the ob served CT ar te fact and stan dard
de via tion of the CT number are far greater than the those of
the sum of the ef fects of two in di vid ual im plants).

Prac ti cal im pli ca tions for in traop era tive plan ning are as
fol lows.

• Im plant shape is not im por tant.

• Im plants of the small est pos si ble size should be
em ployed.

• The great est de gree of ar te fact and im age deg ra da tion is 
in the re gion im me di ately ad ja cent to the im plant. Some 
thought should be given to avoid im planting
im me di ately ad ja cent to an area that might have to be
fol lowed very closely ra dio graphi cally in the
post op era tive pe riod.

• Most im por tantly, the small est number of im plants
should be em ployed, and preferably these should not be 
placed in the same axial or coronal plane.

Meth ods aimed at de creas ing or elimi nat ing ar te facts from
scans have been de vel oped. Be cause an ar te fact is the re sult
of in con sis tent im age data, re con struc tion al go rithms have
been de vel oped for de creas ing or re mov ing ar te facts. How -
ever, these pro grams are not widely avail able (12,14,15).
Other pro posed meth ods in clude re for mat ting the im age into
new or thogo nal or oblique im ages (1,4). How ever, these
meth ods are dif fi cult to em ploy in cranio fa cial fixa tion
because mul ti ple plates are be ing used in mul ti ple lo ca tions
with dif fer ent axes of ori en ta tion.

There are ad di tional di rect and prac ti cal im pli ca tions that
op ti mize the qual ity of CT scans in a pa tient with cranio fa cial 
de vices or im plants in place. Motion is the fac tor that most
sig nifi cantly af fects the de gree of ar te fact. This oc curs in a
physio logi cal range, ie, with a mini mum rate of mo tion less
than 60 cy cles per s. This ef fect is even more dra matic with
gross move ments of the head dur ing scan ning. The most im -
por tant fac tors in ob tain ing op ti mal scans are pro viding bet -
ter head hold ers to mini mize gross head mo tion and
em ploying the fast est pos si ble scan rates (eg, heli cal scan ners 
are likely to pro duce bet ter im age qual ity).
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