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Clinical Study of Pneumoconiosis Featuring
Small Nodules and without Large Opacities on
High-Resolution CT

Kosuke Yamane

High-resolution CT (HRCT)was performed in 25 patients
with pneumoconiosis diagnosed as category 1 or 2 accord-
ing to the ILO radiographic classification. The small opaci-
ties shown on HRCT images were classified as small branch-
ing structures (SBS)or small rounded opacities (SRO). Pa-
tients in these two groups were compared with respect to the
distribution of small nodules, pulmonary function,arterial
blood gas analysis, degree of exertional dyspnea, and alter-
ation ratio of the lung field CT numbers between maximum
inspiration and maximum expiration (% (I-E)).

The small nodules in all patients of the SBS group were
classified as type p. SBS were distributed evenly through-
out the lungs, while SRO were mainly localized in the up-
per middle lobe. Pulmonary emphyserna was observed in
patients with SBS and was particularly common among
patients in this group with an irregular septum (IS). No em-
physematous lesions were detected in the SRO group. RV/
TLC was higher and exertional dyspnea was more severe in
the SBS group than in the SRO group. It was considered that
an increase of RV/TLC resulted in worsening of exertional
dyspnea in the patients with SBS. The % (I-E) value was
significantly lower in the SBS group than in the SRO group.

Research Code No. : 506.1

Key words : CT, High-resolution, Pneumoconiosis, Small
rounded opacity, Small branching structure
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BEfliix, BYBEZWE AT A Z L IZ & - THlilCAE U 7o f i
TEMZAL T B E T AEREER SN TEY, ZOE[i®
W& Ty 7 ARG L R O 2 REH L, B
S SN THE DY, & SILRFEIREDIFEECT (high-reso-
lution CT, EAFHRCT) & R biE S Tna
0.6, INLOMELSEIITLE, BTy 2 AREEE
DOFREZ, HRCTIZBWT, 2 #BlcoHETELE. 12
&, AiFATHHEE R BENASER T& 5. Z 1% small rounded
opacity (L FSRO) & L7z, SROIE, /hEER.OEIZHAT 2
boE, NEDFEHIZHHET L2005, AR
DAY B O DL, HARMREL T /o IEFRRE I L
THAT S E Vb TW5Y, 2 2BH1E, AkirabYD5HRE L
o, RERFEOMFB DA EER T D 725 b K ORGSR O Fe i
PABANCEA L7 L9 ICRZARETHS. Zh%small
branching structure (L FSBS) & L7z, SBSIZ, MUl
TREBIZH > THRET 2 RELBHELLTH Y, ZOHHL
DREIISRONDENL D BBETHL LvbITWnE, 4
[OFE# 1L, SBS&SRODIFED FEED @R LOIEED
75, SBSOHHSRO & ) R FERZ L L TOMEREHH
WOTIIRWAEEL, BEORIKEEZSBS L SROIZMTT
FRIRFIZIRGET L7z, TbbEAXOBEMIZ, EEHfiORIRE
#HRCT# H\»T, SBS,SROM 2 FEFIZHHL, 2 BIZH
I BAARE O, MSAEDA K, MitkeE, SHIRIMLE Y X
AT, FIVERER REERE, RARRAR, RAIERICBIT G
BFCTEDEA LA 54T A2 L12L 1, SROESBSD#E:
FHLNIITLIETH A,

MRB LVHEIFE

XL, 19884 5 HH 519904 9 Fl & TI2IE B#kE b
W THERCT % HifT L 7-BERRE @ ) H, ILOAEIZB VT
B RIB XU 2 BICRG 35256 (&R B thb.
1 BIATLAfl, 552 BIDSIIBITH -7z, BEOFHII465H
P HT705E CFH62.15), TERGEIERIT129E D 5454 (F8
24.54F), Brinkman Index |30~ 1800 (*F-}580) T 5.
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f#E I 2E @ IXGEFLBCT/TE800TH 1, A F v L Ff9.6
F, W EE120kVp, B EIR400mA, AT 1 AE
1.5mm, AF v rME20mm THiZh & MEE F To B
CTHR# & §E4T L 72, Wi FFHER I Ibone algorithm THTV>,
window width 2000HU, window lebel-600HU CHiat L7z,

F 72, HIORMEE BT, feiks ., MR
DIREETCTZ & V), ZNFNOWHIIKAEZ BT 5B OCT
EOZELEME L7z, SCTHIGIZCTHEIC X 2Bz R 2
ZliZloT, HiKiE TOREL EMMIMmE, s X
U & AL L, - 7289 % CT L ofifiy & {x.zE‘ L, &%
SR BT ACTEZ KDz, vy /zparameterid, % (1—
E)= (I—-E)/EX100°T, 1, EliFhFhigklhEs, fks
O CTETH 5. MEOHEFBE(Z Lfﬁ’:uf L7-H
H %Table AR,

T 1328 6 15 BEfifi ORLKFE % small branchmg structure
(SBS) & small rounded opacity (SRO) @ 2 #2574 L 7=, SBS

(348 4 ORCIRFZ OLIFHAEEI T, B 72h b KAH O RiEhik
DY AN )\Lf_é IRZDEETHY, R
MEEXHEL L TR#TE20DTH A, Fig.1lZSBSD
HRCT#7~¥. SBSIZid ﬂﬂﬁc:q{% LTHIET 2 D DIE% {/h
RS AR L TWD EEZ SN, SROIFGHI
72 R AL ORLIRGE CEEBRS B 2 g 5 L S hvTw b,
SROZIL/NERLEGAHERTE DL, MEL IR
B ANEEN G A B R T b O DT )i H%d - 72 (Fig.2). SBS
BE L SROFEDIRIL, KD TRTHSBSTHL D%
SBS# &L L, SROXAETHHDESROFE L7,

HRCT T, ML > b7 Y BETIIIERHT & v /g
LM IE %, low attenuation area (ML FLAA) & LT &5 2
AHIENTES. Fig3IlSBSHICAPF LAZLAAZ T, fil

h

Fig.1 Studies in a 65-year-old coal miner (employed
for about 36 years underground,smoker).

HRCT demonstrates small branching structures
(arrow). (abbreviation ; SBS)

SBS show centrilobular distribution.

R 8 4E 4 H25H
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SHEOKEZ A, HEFE2mmEl 2% 5 ELAA L LT S
NBHEVDIRTWEY, L 7EENRER 2 MRS 5 b D IRk
FOMIAEETEIE R (irregular septum, LA FIS) A3% 5. Fig.4
ZHRCTT & & X b NIRRT, ISR
BAERPROBEELEZ 5NDLEDTHA

#& R

Table 21-SBSH: & SROFFOSEGIEL, X UILOGMHEIZL 5

{Z/R9. SBSHEI3H] (P 4FE#63.258, FIBrinkman
Index 459), SRO#E 126 (CEH4ERG61.15%, FFYBrinkman
Index 690) T 72, SBSEEIILOSHEIZ BT A E 1 BHs
B, #F2RBH 26T, F1MOKFIELH -7, SROEED,
FI1B3E, FoRopITHY, H2RIEh-7, F
7z, KWREO Y A 1L BHHHTIE, SBSTEL, &fflhss A

Table 1 Descriptive criteria of pneumoccniosis

1. small nodular opacities

(1) small branching structure (SBS)

(2) small rounded opacity (SRO)

emphysema

irregular septum (IS)

pulmonary function tests

arterial blood gas analysis

degree of dyspnea (Hugh-Jones classification)
alteration ratio of lung field CT numbers

No;meOn

% (I-E) = -Fx100

| =lung field CTnumbers of fully inspired state
E =lung field CTnumbers of entirely expired state

4||“| ,,..

Fig.2 Studies in a 61-year-old man (employed for
about 24 years tunnel drilling,smoker).

HRCT demonstrates small rounded opacities
(abbreviation ; SRO).

SRO show centrilobular distribution or perilobular
distribution (arrows).
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Table 2 Distribution of SBS and SRO group

Fig.3 Studies in a 61-year-old
coal miner (employed for about 35
years underground,smoker).

Some low attenuation areas are
seen in the patient's lung field with
SBS(arrows).
These low attenuation areas rep-
resent centrilobular emphysema.

2T LEMOHRCTIZ L A48

No. of ILO No. of type of No. of
Group patients category patients nodule size  patients
1 11 p 13
SBS 13
2 2 q 0
1 3 p 10
SRO 12
2 9 q 2
Table 3 Lung field distribution of SBS and SRO group
SBS (n=13) SRO (n=12)
RU 13 12
RM 11 9
RL 13 7
LU 12 11
LL 11 5

# Abbreviation
RU : right upper lobe

RM : right middle lobe RL : right lower lobe

LU : left upper lobe

Table 4 Complication of Emp. and IS between 2 groups

LL : left lower lobe

IS
Group Emp
‘+. -—
SBS (+) n=6 4 2
() n=7 2 5
+) n=0 0 0
SRO : )
() n=12 3 o

* Abbreviation
Emp=emphysema

50

IS =irregular septum

Ve

Fig.4 irregular septum (arrow) (abbreviation ; IS)
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Table 5 Comparison of FEV1.0% between

I ik

Table 6 Comparison of RV/TL.C between SBS

291

Table 7 Comparison of Ves/HT between SBS

SBS group and SRO group group and SRO group group and SRO group
(%) (Isec/m)
100 - 0
00 ©8) *:p<0.05 08l —— NS —
—— NS — ’
- 1.6 -
80+ 50 . 06
76. 4
9735 62 i ® 0.47 1 0.47
34.3 0.4
60} L
a.2F
0 =
SBS SRO EBS i 00"5gs SRO

Table 8 Comparison of %DLco between SBS
group and 5RO group

Table 9 Comparison of %VC between SBS
group and SRO group

(%) (%)
100 — NS 120 F
—— NS ——
|
g0l 100 + 975
®76.7 76.1 ¢93.1
80
60
60 [
SBS SRO SBS SRO
Table 10 Comparison of PaOz between SBS Table 11 Comparison of PaCQz between SES
group and SRO group group and SRO group
(mmHg) (mmHg)
—— NS—— —— NS ——
100
91.6 40 -
88.1 ¢ {' 37.4 + 36.8
50 20+
O g
0 SBS SRO
SBS SRO

TR 84 H25H

TpTHozDIIH LT, SROEEE, ¥
A4 Tph106, ¥ A Tqis2HITH-
7

SBSHE, SROBEDEAEEIZBIT 25
fii % Table 31277 9. SROAS LA EERLL
W2 LTWizdiza LT, SBSIES
[EIMEIEeSE AN v AP QY AR

Table 413, 2 2B A05E &£ 1S
DEEXRLI-bDTHAE, SBSEHT
13, 1360 6 B /NEEFLLPE OBl S E
RO LN, WELY Y MY ER
TR AE 7 8% o /B L PR S8
RN EMEN IO SN2
. Zo6HD) L ABNISEHLT
W7z, SROBRIC 0 ZUIE = £ 9 fEFIE
BN Loi,

Table 57%* 5 Table 9IZffifEREIZ 2\ T
D2 FHEORER Y. #W%Eld, Mann
Whitney# & % V272, SBSHEELZBW
T, BEAFE(RV/TLC)A, AHEIZLEA
L Tw7., FEV1.0%, Vas/HT, %
DLco, %VCIZ2WTI, HHEEZR
Diphoiz,

F 7, BIRMLES 2 GHIZBWT
3, PaO2, PaCOZFEEEZ DL,
-7z (Table 10, 11).

Table 121%, 2 #: X Hugh-Jones45 367D
MEERLbDTHA. SBSEEL,
Hugh-JonesZ3 DI, IVIZ136 6 #l
MET 0126 LT, SROFETIN, IV
R T A0 1260 bh 1 flicT &
Lol Thbb, SBSHEOEN
SROBEIZ H: L TH R [ 8 1R AHS58
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Table 12 Relationship between Hugh-Jones classification and HRCT patterns (SBS, SRO)

Hugh-Jones classification

Group I 11 il v
SBS n=13 3 4 5 1
SRO n=12 6 5 1 0

Table 13 Alteration ratio of lung field
CT numbers (% (-€) )

(%)

20+
16.3
12.0
10
#:p<0.05
d SBS SRO
WE[A A EH o 7.

% (I—E)fEi%, SBSEHIZAHEDIKT %327 (Table 13).

%z =

BRI R T 5 L DIk, HRCTTSBS LSRO® 2
IO TE S, SBSIIMPRAMSE AN TIRET
AAELHHECTH Y, WML L D NEFOEED TR
LU, KA RE ST B A& A % Bl S ik
BLwbhTwaY, 7, SBSOMKMELOEIL, SROX
WYWETHLEEZLNT VAT, 512, SBSIEAY A
MR 2R ThH o o L WG %, BIEZ27%12
SBSOFTRNELNI L VI MEI DD S,

SROUE, Wb 2 EMMEEHICTh 5. HEMFEEIIZIE, #E
MBS F 72 I R S LN I B
bk, /NEERFREECREBIFIRE - —3 L T/EDRRME IS
T HLONHY, EEI ~3mmTHS. FhHiE, Eik
EID8S W AVINEEFLEIZ AT L Tz E i LT 39, /b
FELLENE, FORMSE AP S S ST B
AL TH B0, O TRFEEFETL, BASH
ToRREEDSIEAE LT\, Z O/ ERLER I RS A
ELRTVEVDR TS 9. 0 AEHSROBEE Lzd D
{2, SRODARIZE o T SN TV EHITTIE%R {, SBSD
FEL Tz, LA L, SROBEZ, SBSOIEFEIZFIES T,
SROMFAETH Y, SBSIZ &I EH VA2 WVERAE -
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72, RARE OS5 TISROIIGERDOI|ED TL (O 1| |
LW AIDTH H A5, SBSIE EA FEECITITY S 546 L
Twie, Zh6DZEhs, EICIETN I = 28RE
WEZWAT S5 ) Al EE I ZSBSHUHMII TH -7z L)
WMEDTELY, WATHAMEOHIARKE S, ERMHLD
FEHBUEDZERL 128 T, SBSHME LR\ EE L SROAS
HELRTWENDH Y, WEDOREDFELTERTHRL
BAREMEDSTREE S h %,

BERG A0 2 M sE 1B L <, fhREE 2 Flv e
ANBERLOERT S IEOCTIS: L iRHEAT ROt b OWF5ed 5,
HRCTIZ, FEID/NZE ORS8O IR f & SRR
HTHHTH Y, HRCTTIL, 2mmPEE Ol 2> 5low
attenuation area(LAA) & LTE B Z A EANTE DL L HE
SNTVBD 129 IS, SN IRE L 7o/ R R
H2oh, MBEIERT 2HRET, FICHBERHICEE
T A, IS, WMAENTHMEO—EAY v NEIc L > TH
L, /NEERAPRBE, WERRY) > SELEITN A BB ICB W TA
EMREEIZAET 2L Vb Tnwa, SRIOKEHZE
WT, SBSEEICHTSMEAYFAE L, SROBZITEMEATEAE L %
DoleZ LIZRRIRCETH L. ¥4 TpDHIY 1 Tqer
£ L IRBUMSIEZE-> Tz & v BEDSH 5 A0, K
BEHIBW T, MOREOKE & LHi%HE DT 4 A3 R
Td 5 REMARIZ SNz, FERCHIENEATE U 88 &
LTiE, Morgan 5" A58 L7z T8 £, & 8 = IR
D RIFILAFRLHEMEIZ LD, PR LD g I E
HAAEL, Z ZIHHRE IR ARFONE LS, F o
v 72N TEEREATIND O, WSS S OYEIR R0 BE DR R
PETLILNEZOLNS. T4bb, SBSOHASROL
N, Fxu 75V THHGREZ LTz, SBSEEICHIS
JEAHE LR vwE#EZ 5N, SBSIX, RELE#4E L8 L5
EF& LTRHiishs~<&bntBbhs, T/ 1ISEH
Bf LB IE &0 Lo Bl & LTid, Bk
R /NEE B PR BE DML IC X - THT B IR ERIE N T S
B 1000 e g ARG ACT/T88001E, Rl ofE
ARSI D TH SHH, SBS, SRO, MisE, 1SiIcow
TORFHEI+ATHETH - 7-.

SBSHF & SROEED 2 FEM ONfitEE, BIARMIEA R 547, I
W R ORI BV T, SBSTEIISROBEIZIE~N, FREE
o, FUEREITI REERED LR &R 7. 1| B, Vas/
HT, %DLco, %VC, BRILIEA ZIZHEEEZBDH R -
7. ZOTERL, SBSOHED, SROX D LEEREL LT

HARBER SR % 56% 555



AR &4 293

DUREATEN 720, FREAEFHMLTEY, ZO®RAED
Bz X0, FEREONRE#ER M 25 LB bh s,

EH S, EYEAEEMREER BT A MECTHED
IR ZE B3 A #851C, % (I-E)fliA5, FEVI1.0, Vas/HT,
B L URV/TLC BREAF) LHFAA S Y, PHZEMEMBEE OIEHE
B LT A, Fiz, WRMED & 5 Ll s
NDREEZTTIER L, RELE, MREXE, WEMESF
¥MbTREOMEREE T H/87 A—F—12b% D
)5 ELEMLTWwA, SBSEELSROFEIZEBWT, %(I-E)fl
WCEBENECZEN S, SBSEEASROBE L W &EMEZE
(LRI AT S 3 L~V T O B ZEREIE DT & & ATRIE &
/i by

BB E O B RAERRCIERE L, HEHiOKE SR, #
ML dDe 6T LAMBEL v vbitTwaY, 4Ho
E1R, FoRONERYETAEMEBEZOBRFHIZBVT
b, SBSHEIISROHE L V) MGIEDAHEHS {, RAFED LA
LTHY, WHREER -7, 6D &S, SBS
ESROIZ, REDEHESLTEERFI R Y, SBSDHHSRO
EDLFEREL L TORRIEEEZZONE. 414,
FERICHRCT Z I 4 5 B8, SUEMEZ L, EEAEOLA, B
FEMELEF &SR T EE 2 SN ASBSOIFEICHE L TR
FMTaZLhEENSD,

E &£ 9

B DILOT O 1 B, 4 2 BO256|ZHRCT & MifT
L, EEMD/NEEASBS ESROD 2 BRICHHILA, 2D 2 B
B ARAREOS A, MREOF M, HitksE, SHIRIM0TK
AGHT, FUERITI R R, AR S R RIPEIC & B Al

BFCTEDZALF % (1—E)HIZ >V TR L 72,

1. SROATEAEEHLMIA L T /2D LT, SBSI
BAEE SO LT,

2. SBSEEZHIGNE % 1E S IERIATRD S, FFIZIS (+) DIE
Bl # OIEMASEA - 7. SROBEIZIE, FMEMRZEDAHE
DN h o7z SBSIE, SGHEMZELEELE LD SR
FELTCEHmESNEEbD L Bbh:,

3. SBSHf & SROKED 2 REM DONfikERE, BRI A A 55
Mr, VSRS ORREHI BT, SBSEEIISROBEIZHA~, 7%
F[AROEN & S EREIER HEEE O EAPROON. 1§
. VasfHT, %DLco, %VC, BARIMTLA A543, A
BOEFRDR, o7z, SBSEHATSROBEL Y, F{ERHITHL K
AR OIE, BEEOLAVERLEZ SR,

4. SBSEEELSROFFICBWT, %U—EMEICHEEZEEZTRD
Too ZORTA—F = IHEEEFAE L2 8BS, SBSE
HISROFE & 1) SHEPEZAL IR A5 32 L~V T O PAZERE
BEAR T EHTRIE S .

5. SROMEL WSBSHOLH, MicELAIELLT L, 7%
F[EVPLEALTEY, FERFITREERARAZ ED 5,
SBS £SROIE, FHEDFEERFEERFEARLY, SBSOHH
SROL D bRMAEME & L TOMEI BN EEZ BN
1o Ak, BERORREZIZH L THRCT 20 3 58, SBS
DIFECFERTHLENH S L Rbhi:.

TRAERADIIESY, Tl CTHEBEBD $ LREAER
b iRy o (N N D W A N A N P
T HTES F LR BRIl N4 2%k, 1R BEkER
FEICRRE AR, [ JeiR E s I IR L
F9.

X [

1) CABIEAN » B 7y 2. pdegifiy S gm0 ks, p.3-21,
1978

2) /NEESERER, gt NBEAZ, M C AR B SRR
EOXBRBFHMAT. BRAKEHR 31:1103-1108, 1986

3) Caplan A : Correlation of radiological category with lung pa-
thology in coal worker's pneumoconiosis. Br J Ind Med 19 : 171-
179, 1962

4) A D= COBRE | X8R & RIEET RO, p.322-335,
BRedbE, 1995

5) Akira M, Higashihara T, Yokoyama K, et al:Radiographic type
p pneumoconiosis : High- resolution CT. Radiology 171 : 117-
123, 1989

6) “FITHF o MERTAE D FRER(R & HRCTR M%) He — foh R (8 5 il
VR -, HARERSEE 52:35-51, 1992

7) IR, ARG, PERHEEC, Ml A0 AlfoRT#EECT
12X BHT. HAIERSEE 51:656-662, 1991

8) Remy-Jardin M, Remy J, Boulenguez C, et al : Morphologic
Effects of Cigarette Smoking on Airways and Pulmonary Pa-
renchyma in Healthy Adult Volunteers : CT Evaluation and
Correlation with Pulmonary Function Tests. Radiology 186 : 107-
115, 1993

9) Kleinerman J, Green F, Harley RA, et al : Pathology standards

844 H25H

for coal workers' pneumoconiosis. Arch Pathol Lab Med 103 :
375-432, 1979

10) Churg A, Greem FHY : Pathology of occupational lung disease.
p-98-154, Igaku-Shoin, 1988

11) Bergin CJ, Miiller NL, Vedal S, et al : CT in silicosis : Correla-
tion with plain films and pulmonary function test. AJR 146 : 477-
483, 1986

12) WA, A HES, AM5AL, Mt BN SEIEDCTRS .
BRI 32 : 1093-1099, 1987

13) 1EHEE © b O SR OCT —REAH — & CIZCTIC &
LA ORMREII DT —. HIHESREE 28 :681-690,
1990

14) #HfE, duEFED, WEEDL, b CTIC X HMSUERS T
BP9 :797-812, 1990

15) Gough J, James WRL, Wentworth JE : Comparison of radiological
and pathological changes in coal workers' pneumoconiosis.J Fac
Radiol 1 : 28-39, 1949

16) Morgan WKC, Lapp NL : Respiratory disease in coal miners.Am
Rev Respir Dis 113 : 531- 559, 1976

17) SR, B)IDE—, HEHFSS, M BrErEiREE s
VB IBFCTREONME SN 2B A HaT.  WTRE SR 7E 2 MRk
16 : 97-103, 1989

53



