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Abdract: Tomosynthesis recondructs a 3D object from a scan consigting of alimited number of projections
Hence, tomasynthesis requires much less radiiation dosage as compered to computed tomography (CT). A mgor
problem with tomosynthesisisimage artifacts assodiated withincompleteness of deta. In this peper, wepropose
a tomogyrnthes's goproech to achieve higher imege qudity in a region of interest (ROI) then competing
techniques. Frg, alowv-resdlutionglobe CT scen is acouired. Then, ahigh-resolution locdl scanis performed
with repect to the ROI. Findlly, images of the ROl are recondructed from these two datessts Our numerica
smulaion results show that images of the ROl dbtained by our goproach are sgnificantly better then the
counterpartswithout using the globa scan information.
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1 Introduction

Tomosynthess is a technique for reconstrudting an object from a saries of projedtions?.  This area was firt
initicted by Grart in 1972 , and hes been Sigrificantly acvanced sncethen . Thefirgt type of tomosynthesis
dgorithms which are mainly besed on a beckprojection prooedure, auffers from the residud erors in the
recongiructed dices Severd dgorithms were then proposed to remove these artifacts such as ectomography,
Hedtive plane remova ™, and matrix inverson tomosynthesis (MITS) techniques”®. Neverthdess dueto the
incompleteness of datathere is dways some interference from surrounding structures in the recongruction. The
seoond type of tomosynthesis dgoarithms imitates the filtered backprojection (FBP) processwiddy used in CT.
However, the atifadts dill exist deite a a lessextat 8. Sofar, these FBP tomogynthess dgorithms were
typicdly used inthecircular scan case.

Sncetomosynthesisdgorithms cannat do an exact inverson dueto incomplete deta, iterative methods were
devdopead to achieve better image qudity. Over recant years, severd iterative dgorithmswere adgpted from CT
recongirudtion to tomosynthes's such as agebraic recondtrudtion technioues (ART) 1, smuitaneous- ART
(SART) B, and expedtation-maximization (EM) dgoritms ™. Generdlly spesking, thee itarative dgorithms
produce superior resuits ™. Compared with andytic dgorithms iterdtive dgorithms are more powerful to dedl
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with alimited view scan because prior knowledge or condraints can be effectively introduced in the iterative
reconstruction ¥, but iterative dgorithms are much dower than andlytic dgorithms ™2

Compered with CT, tomosynthesis can provide 3D imeges & amuch lower dose Vaious dudies were
done on tomosyrthess for mgor dinicdl gpplications; such as mammography ™, chest imaging ™ and dentdl
imeging ™. However, for high-resolution reconstruction, full-fidd tomosynthesis still reuires aquite high dose
Hence alocd tomosynthesis scan is pradiicaly dedrable in terms of dosage, but the resultant reduction in
projection detawill further complicate this recongtruction problem. Not surprisingly, srong gray-levd shifting
and coupling effects are more evident in theimages synthesized from such aloca scan.

In this paper, we propose a novd methodology to address the abovementioned problem by integrating
globd CT datawith locd tomosynthesis deta, ingaired by our previouswork on the so-cdled dinicd micro-CT
(CMCT) . In our method, aglobdl low-resolution CT (GLCT) scan and alocd high-resolution tomosynthesi's
(LHT) scan are combined to produce imege qudity thet is otherwise not possible. In the fallowing section, we
destribe our gpproach in ddtal. In the third section, we report numerica Smulation reaults. Findly, we discuss
relevant issues and cond ude the paper.

2 MATERIAL AND METHODS

Here we focus on image recondruction from allimited number of severdy truncated projections utilizing a
low-redution CT scan. The imaging syslem geomelry is shown in Fgure 1 In our method, a glabd
low-resdlution CT scan (Figure 1(8)) and alocd high-resolution tomasynthesis scan (Figure 1(h)) areintegrated
to recondruct aROI. By utilizing the CT stan thelocd tomaosynthesis (Figure 1(b)) can be trandformed into a
virtud full-fiddtomosynthesisscan for the ROl (Figure 1(C)). Therefore, with theinformation from CT dataour
tomasynthesis can achieve better recongtruction than that without such individudized knowledge.

Firg, the prindiple of X-ray imeging isbrigfly reviewed asfalows If weignore the sdtidticd fluctuaion in
X-ray, the atenuated intengty of an X-ray beam obeys (1):

-6f(s& t)dt
I(t)=1.e° : @

where |, istheinitid intensity of the Xcray beam, | (t) amessuredintensity & & t, S thevedor for the
X-ray source positign, € avector in the unit sphere, f (X)) the attenuetion fundtion of the object. Usuly, we
refer theintegra: () (s& t )dt asthelineintegrd or projectionvduep ,ie, | (+¥) =1,e".

0

Nomaly, the drudures indde a ROl are of our main concan rdative to that outgde the ROl We can
goproximatered projectionsoutsdethe ROI Pyn.rol by syntheszingthem Py ~roi fromthelow+esduion CT

data, where ~ ROl meansthat region isout of ROI and Syn stands for synthesized projection:
P -ror » psyn,~ROI : @
If Py ~roi issynthesized in the same geometry of tomasynthesis we can obtain un-truncated projection detaof
the ROl from p,,,;, where LHT stands for locdl high-resolution tomogynthesis scen |, U stands for true
projection md psyn,~ROI : pt, ~ROI + pt,ROI = pLHT ) (3)
Therefore, we have
P rot = Piar = Py, ot » Puar - psyn, ~ROI* 4
By doing S0, we can trandfer the truncated tomosynthesi s problemto a full-field tomosynthesis problem
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Inthisfeasibility study, our method of chaicefor tomosynthesisisthe tranmission EM dgorithm!?, because

prior knowledge or regularization can be naturdly induded to improve theincompleteness of thedataset. This
EM dgoarithm is besed on the Poisson modd of the photon count. For eech projedtioni , let W, bethettatdl
number of photons leaving the source and heeding toward the detector. Let Y beﬂlea:tud number of phatons
detected.  Cleatly, the initid phatons may reech the detector with a probehility e- ﬂlim , Where | isthepixd
subsoript, | the set of pixels contributing to projection i, and | length of the segment in the projection line
i thet intersectspixdl | . Then, thelog likelihood over dl projections reducesto (5):

< o ‘| --»é‘.liin] 0 P
Ing(Yl )=ai-de"" -Yalm+Yind -InYly, ©)
i f i, b
where Y and i are vedtors whose components are the Y, and I, respectively, d, isthe x-ray dose per ray
whichisequd to Dta, =1, , Df; thelength of time over which the ith projection is cdllected, and a; the
sourceintensity. Theprojection p in(1) canbeexpresssdby p. =In(d, /Y;) =In(l,/Y) withthephoton
countY, . Aspointed out in ™, the updating scheme can be written as:

rqnﬂ zm n+Dq(n)'
m"8 1,0 ) ©)
a (U <| ’ m(n)>i Die_<l’m(m>i ).

" =

Findly, theinitid guessfor theiterative tomosynthesis can be made from the globd CT data

Gengrdly, our dgorithm congsts of the following steps:

(D Acqireagaa lon resdution CT (GLCT scan) (for example, 10 fold degradation in imege resdlution
relative to what we need);

(@ Aogirealoca highresdution tomosnthess (LHT) scan (for example, 20 projections over a 60 degree
angular range);

(3 Snthesze the virtual scan P -, from the GLCT valume according to P, and Py, oy (Hence,
overlying structures from other planes can be basically diminated);

(4 Recongruct the ROl from P ., (Our method of choicein this study is the trangrission EM algarithm Its
update formula is gven in (5) with the initial value baing st to the GLCT reault) Normelly,68iterations
are needed in our experiments.

3 SIMULATION RESULTS
The phentom isddfined in hitp:/Anwwv.imp.uni-erlangen.de/phantomsheed/heed himl. Itsleft region containsfine
drudures Thus we placed our ROI in thet region. The glabdl low-resolution CT detaof the phantom was aoouired in

the geomary sumimaized in Table 1. Then, the locd high-resolution tomosynthesis scan of the same phantom was
performed as ecified in Table 2. All variables arein mathematica units.
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Table 1 Geometry of alow resolution cone beam CT scan.
Detector Array 1282
Detector Cell 0.0187°
Source to Origin Distance 8
Source to Detector Distance 9
Number of Projections 180
Reconstruction Grid 1283
Voxel size 0.0156°
Table 2 Geometry of alocal micro-tomosynthesis scan for left ear.
Detector Array 1282
Detector cell 0.00342
Source to Origin Distance 8
Source to Detector Distance 9
Number of Projections 20
Angular Range [-30°,30°]
Reconstruction Grid 1283
Voxel size 0.0031°
Source and its orbit Source and|ts ,0 ot
Angular range
object
- object
» y
- -
y
/ High-resolution detector
X (b)

.,
s,
e
(S

Anaular rance

Rro > R = Psn, ra
X Hioh-resolution detector
(c)

Fgure 1Scan geometries (a) Glabd lonsresolutioncore
beem CT scan fromwhich py, ro. Gan be gynthesizen,
() locd hightresdlution tomosynthesis scan fromwhich
P aeaquired. (C) virtud tomosgynthessscan of only
RO whoe pgetion Ry can be gyntheszad
gopraximate from (a) and (b).
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The recongructed imeges from the glabd low-resolution CT scan are shown in Hgure 2. Astheresdlution
is quite low, detaled sructures look dramaticaly blurred. On the ather hand, using our new  tomasynthesis
gpproach, these sructures show very wel. Quantitatively, the coupling and shift artifacts are greetly reduced in
the integrated tomosynthesis as compared to the direct tomaosynthesis, as shown in Figures 3-6.

Y/ 2 z
X X i > Y
(%) (b) (©

Figure 2 Images from low-resolution cone beam CT
recongruction. Dark rectanglesindicatethe RO of Ieft ear.
(@ Imageinplane: Z=0, (b) imagein plane Y=0, (C) image
inplane X=0.55, and (d) rdativepostionsof Ieft ear ROI.
Gray levd isset t0[0.75,1.85]

Figure 3 Reauitsfromtomosynthessof ROI according tothegeometry of Teble2. (8) high resduiion CT
imegeat Hane (x=0.55), (b) resuit fromtomasynthesislby EM dgorithmand (C) result from tomaosynthesis
by EM with theinitid vdue of low-resolution CT data. Gray level window [0.75,1.85]

(2} (ch)

(@

Fgure4 Imagesaof high resdlution CT and severd recondruction dgarithmsin plane: z=0. (a) Heed phantomimage, (b) image of low-
resolution CT déta, (C) directly tomosynthesizewith EM dgorithm, and (d) our tomosynthesis scheme. Thegray leve of (a), (b) and (d)
isst0[0.75, 1.85]. Asthere are strong shifting effect in (C), itsgray levd issst to [3.0, 5.5] to show good image
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@
Foure5 Imagesof heed ma’tomardsa/erd recxmlw]mdgmﬂ’rrsln p|a1e x=-055.(3) Headpfﬁrtcmlrmge, (b) imeged

low-resdlution CT data, () directly tomosynthesizewith EM dgoarithm, and (d) our tomosyrnthesisscheme Thegray levd of (), (b)
and (d) isset to[0.75, 1.85]. Asthere are strong shifting effect in (C), itsgray leve isset 10 [3.0, 5.5] tqsth good imege
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4 DISCUSS ON AND CONCLUSION

It hes bean shown in the smulation thet our goproach dfectivdy diminates the interference from surrounding
dructiures and minimizes the shift and coupling effects (Figure 6). Clearly, by integraing globd lowresolution CT
detawith locd high-resolution tomosynthesi's data, amore accurate locdl high-resol ution recongruction can beachieved,
whichisaiticaly important for quantitative andyss  The reeson for suchan improvement isnat difficult to underdand.
Whenwe performiterativee recongruction from alimited view scan, theinitid valuewould have asgnificant influence
on the autcome Because we teke advantage of the lonrresolution CT data, our method darts with a better guess
producing higher imege qudlity rddive to that associated with anorma tomosynthesis.

Also, our locd iterative recondruction method is computationdly effident. Normdly, iterative dgorithms
ae nat paticulaly sitable for recongrudtion of a ROl dnce dl the voxds are involved in eech iterdion.
However, in our method we form an intermediate virtud scan of the ROI. Conssquently, the voxds thet are
revant to thetomosynthesisare restricted to the ROI. Henoe, the number of such voxdsisreduced by an order
of magnitude rdaiveto anorma tomosynthesis, which istrand ated to a speedup of asmilar magnitude.

Although there are some recent cone-beam reconatruction agorithms for exact RO reconstruction M- they
ae et to severe condraints on the scan geomery; for example, the angular range mugt be aufficient large
Also, we recognize that the globd low-resolution CT scan dso ddiversa certain amount of dose, but such
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ascan is often available anyway for medicd reesons, such asin thecese of tempord bone CT imeging ™
Furthermore, we plan to evauate the feesihility thet we firg perform aglobd low-resolution tomosynthessscan
ingtead of aglabd low-resalution CT scan, which might be beneficid in somedinicd goplications auch asfor
dentd imaging.
In conduson, we have deveoped a tomosynthesis goproech to achieve higher image qudity in a region of
interest (ROI) then competing techniques Our numericd Smulation results have demondrated thet theimage quidity in
the ROI isdgnificantly better using our method than thet without using the globd scan informetion.
Adknomedgment Thisworkispartialy supported by Foundation NIH grantsDC03590, EB002667 and EB004287.
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