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SUMMARY

All available roentgenograms of the hands, wrists
and other joints of subjects in two previous clinical
investigarions diagnosed according to criteria of the
American  Rheumatism  Association as having
definite rheumaroid arthritis were reviewed in order
to: (1) demonstrate in derail the progress of the
disease in the hands and wrists; (2) define the
relative frequency of involvement of these and other
joints; (3) compare the demonstrability of hand and
wrist lesions by radiographic projection; and (4)
specifically  evaluate the anteroposterior oblique
(Norgaard) hand and wrist roentgenograms for their
ability to demonstrate early lesions of rheumaroid
arthritis.

Results of this investigation showed that joints
were involved in the following order of decreasing
frequency: hands and wrists, feet, elbows, shoulders,
knees, ankles and cervical spine. The anteroposterior
oblique (Norgaard) films failed to demonstrate the
very early metacarpophalangeal changes of rheumatoid
arthritis in the majority of our cases bur were
invaluable in evaluating other bones and jeints at any
disease grade. The earliest evidence of rheumatoid
arthritis occurred in the proximal interphalangeal
and greater multangular regions. Once it involved the
radionavicular  region, the disease progressed
relacively rapidly - indicating the urgency for frequent

clinical follow-up with hand and wrist roentgenography.

Contrary to other reports, in our series all carpal
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bones and joints did not become involved at the same
time, nor did their disease progress at the same speed.
After the proximal interphalangeal and metacarpo-
phalangeal joints were initially involved by disease
of minimal degree, rheumatoid arthritis advanced
from distal locations in the hands and a few points in
the wrists, to ultimarely marked involvement of all
carpal bones and joinrs.

HACKGROUND

All persons with known rheumatoid archritis diagnosed
by criteria of the American Rheumatism Association
(ARA)T during two previously reported studies2.3 of
the prevalence and incidence of this disease in the
ABCC-JNIH  Adult Health Study (AHS)4 were the
subjects of the present investigation. There was no
effect aceributable to A-bomb
radiations in the earlier studies.2,3 The roentgeno-
grams of the participants in the two previous investi-
gations and two additional subjects were observed in

evidence of any

the present study.

AHS participants are subjects of a long-term follow-up
investigation to detect any late radiation effects of
the Hiroshima and Nagasaki A-bombs. They report
for clinical examinations biennially, and more
{requently when clinically indicated.

MATERIAL AND METHODS

There were 68 subjects in this study, 57 of whom
The age and sex distribution of
subjects is shown in Table 1. Except for three
females, all subjects were over 40 vears of age.
The preponderance of female subjects is a reflection,
not only of the increased prevalence of the disease
among females, 2.3 but of the structure of the AHS
sample,4 in which they predominate by a ratio of four

were  females,

to three.
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TABLE | RHEUMATOID ARTHRITIS STUDY SUBJECTS
#l1 U FHREEAORNEHNRE

Age at last radiography

Sex Tutal
27.39 40-59 60+
Male 0 3 8 11
Female 3 26 28 a7
Total 3 29 36 68
The hands and wrists of suhjects were examined at LR EL2ETL MR EOFHIUFIREOBE %
;g ; § ;
least every 2 years. Posteroanterior (PA), PA Gk, MBIZIE, FHEUFROSWMSE, BHEY

oblique, and anteroposterior (AP) oblique projections
of the hands and wrists were included in nearly all

m, HLUEEHFa0EWREHITHILE. Norgaard?



of these examinations. Norgaard6 reported thar rhis
AP oblique view demonstrated minimal osteoporosis
and erosions at the bases of the proximal phalanges -
very early signs which are forerunners of definite
disease.

The hands and wrists and all other joints of all
subjects known or suspected of being clinically
involved with rheumatoid arthritis were radiographed
during and after the two previous invesrigations; 2.3
These and all roentgenograms of two new cases
confirmed as noted above were reviewed in the
present study. According te radiologic criteria,$ all
available roentgenograms of the joints of these
subjects were reviewed in order to: (1) demonstrate
in derail the progress of the disease, especially in
the hands and wrists; (2) define the relative frequency
of involvement roentgenologically of these and other
joints; (3) compare the demonstrability of hand and
wrist lesions by radiographic projection; and (4)
specifically evaluate the AP oblique hand and wrist
roentgenograms for their ability to demonstrate early
lesions of rtheumatoid arthritis.

The criteria for grading rheumatoid archritis radio-
graphically were those specified in the Atlas of
Standard Radiographs of Arthritis,3 as shown in
Appendix 1. The form for interpreting the roentgeno-
grams is shown in Appendix 2. The hand and wrist
joints were arbitrarily numbered to facilitate detailed
recording of grade of disease at 68 joint surfaces
in the hands and wrists for the purpose, at each
examination, of providing uniformity. One form
was used for each radiographic study of the hands and
wrists, and the results of examinations of other body
sites at or about the time of the hand and wrist
examinations were recorded on the same form.

For purposes of this study, the hand included
metacarpophalangeal  (MP)  and  interphalangeal
joints; the wrist, the carpometacarpal, carpal,
radiocarpal, radio-ulnar, and ulnocarpal joints.

RESULTS

The distribution of subjects by grade of disease
and body site is shown in Table 2. 1In Tables 2
and 3, the most severe grade of disease for joint
pairs or combinations was used. There was a
preponderance of definite disease of grades 2, 3,
and 4 severity in the hands and wrists. These were
followed in frequency of involvement by the feer,
elbows, shoulders, knees, ankles, and cervical spine,
in that order.

The distribution of subjects with rheumatoid arthritis
inthe hand and wrist, and the hand and wrist combined,
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TABLE 2 RHEUMATOID ARTHRITIS DISTRIBUTION BY GRADE AND SITE

#2 NI FMMEEOI: EHED L L B

St Grade ?;f;nit; Sl
0 1 2 3 %

1. Hand & wrist 2 A 8 22 31 i1 it}
2. Feet 16 5 b 12 g 24 45
3. Elbow 18 7 3 7 3 13 38
4. Shoulder 9 2 6 4 [ 10 21
5, Knee 31 12 3 6 0 9 52
6. Ankle 13 3 2 3 3 8 24
7. C-spine 36 8 1 1 0 5 49
8. L-spine 9 1 0 0 0 0 10
9. T-spine 3 0 0 0 1] [i] a
10. Mandible 2 1 0 0 1] 0 3

TABLE 3 RHEUMATOID ARTHRITIS DISTRIBUTION BY GRADE, HAND AND WRIST

#£3 Vo FRMEAOGT: BHEN, F&LUTHEN
Grade
Site Total
i} 1 2 3 4
Hand B 17 12 27 i ]
Wrist 5 3 14 16 30 68
Hand & wrist 2 5 B 22 31 68

Definite
disease, especially far advanced, was observed more
frequently in the wrist than in the hand.

is shown by disease grade in Table 3.

All of the 68 subjects’ hand and wrist data were
analyzed for distribution of involvement by rheumatoid
arthritis according to joint number., The results are
shown in Figures 1-7. Again, disease of grades 3
and 4 severity was more frequent in the wrist than in
the hand. This was especially true of grade 4
lesions. Definite lesions were least frequently
abserved in the distal interphalangeal (DIP) joints.
In each figure both the left and right sides are shown.
Though there appeared to be a difference in disease
involvement by side, this difference did not prove
statistically significant. The frequency distribution
of each disease grade for groups of joints, left and
right sides combined is shown in Table 4. The
grouping of joints was by distal to proximal location.

The distribution of disease of 1 to 4 grades is shown
in Figure 1. There was infrequent involvement of the
DIP joints (27.8%). The carpal bones were most
often involved (61.9%), especially the proximal row
(71.7 %) laterally, adjacent to the radius.

B

Vo v F MBI RO s ERD
BTH D,

WHNZR L 2 %

BAREABRD, FHIETEOREL VL0, FE0LFE
DAIZECBbENL, BAOHNEEO T L UERIC
BB FHEMREICET 5 £3EO S5 MR
FIEE2THITLA, 2088231 -7 0RY. BF
EIHLVAEDRLE, FLOLFRIIErPA &
NEFCEBELOREORE RS 6k, HIEL®E
BARELECBO N, WITIEHMETS - /.
ERIEEGHMMOMB LT 2. EHNCHEDS
AhakHIIZEBEhhEHN, ERHEHEOCEETCES
o, MEBCETA8ELBRBENVEESRT, £
Gl SR LboeRscmL A MEio5EIE,
BALES 2 BALAL AR~ DR 1297 - 7=,
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TABLE 4 FREQUENCY DISTRIBUTION OF JOINTS BY DISEASE GRADES, HAND & WRIST

£4 WAEMEOMESN: FRLUOFRLETIELORERRER
Joint Number Gl
Total a 1 2 3 4
DIP 1-4 Total 544 393 110 40 1 0
% 100.0 72.2 20.2 7.4 0.2 0
PIP 5-8 Total 544 311 171 77 42 3
% 100.0 57.2 31.4 14.2 7.7 0.6
Thumb -] Total 136 38 41 5 2 0
% 100.0 64.7 30.1 3.7 1.5 0
MP 10-14  Total 680 259 251 116 49 5
% 100,40 38.1 36.9 17.1 7.2 0.7
cp raoh 1548 Total 544 221 46 93 82 102
% 100.0 40.6 8.5 16 .8 14.8 18.4
CP (Thumb) 19 Total 136 43 26 39 19 9
% 100.0 3.6 19.1 28.7 14.0 6.6
Carpal 20-22  Total 408 168 25 58 54 103
% 100.0 41.2 6.1 14.2 13.2 25.3
Carpal 23-27  Total 680 275 53 102 00 160
% 100.0 40.4 7.8 15.0 13.2 23.5
Carpal 28-30  Total 408 162 28 62 56 100
% 100.0 9.7 6.9 15.2 13.7 24.5
Carpal 31-34  Total 544 166 h4 91 109 124
% 100.0 30.5 9.9 16.7 20.0 22.8
Carpal 15-34  Total 2720 10:35 232 445 410 598
% 100.0 381 8.5 16.4 15.1 22,0
CP: Carpophalangeal
The distribution of grade 1 disease is shown in E2isix, WI1EMBEOSAEFL A, 645N

Figure 2. The proximal interphalangeal (PIP) (31.4 %)
and metacarpophalangeal joints (36.9%) were most
frequently involved, bur carpal joint involvement was
relatively rare (8.5 %).

The distribution of grade 2 disease is shown in
Figure 3. Most frequently involved were MP joints
(17.1 %) and the of (16.4%) -
especially near the base of the first metacarpal

(#19;28.7 %).

joints the wrists

The distribution of grade 3 disease is shown in
Figure 4.
frequently involved (15.1 %).
advanced to grade 3.

At this grade, the carpal bones were most
Only one DIP joint

For grade 3 disease, wrists combined, the ulnocarpal
joint (#31) was more frequently involved (28.7 %) than
all other carpal joints (#15-34) combined (14.4%).
This difference was statistically significant (P<0.05).

Figure 5 shows the distribution of grade 4 disease,
again with invelvement mainly of the carpal regions
(22.0%). DIP joints were not involved by grade
4 disease.

(31.4%) & £ O ep F BB AT (36.9% ) 1218, 9% A
bEdo A, FREMEOBESILENE LTS - 72
(8.5%).

W2HOHAITEITRELE HBEANREL £ 0,
h RGN (17.1% ) &5 L O T S B M (16.4% ), %
1P FHOESMIE(H#19; 28.7%) Th - 7=,

Halk, S3amosmend. Shid, FEGCHES
Wb 2 LN (15.1%) . WALIEHIMA TILE 3 E
FTHEITLTVAEGE, bTF21HTH L.

8 3 EOERTRIRME & oS, R FRME ( #31)
DIFRLE(28.7%) 15, ZOMTSTOFHREAE (#15-34)
OEE (14.4%) £V 6 Ehal, COXEHTMCEE
Th-#i(P<0.05).
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HER Lot



For grade 4 disease, wrists combined, the radiocarpal
joint (#32,33) was more frequently involved (26.8 %)

than all other carpal joints (#15-34) combined (21.4%).

This difference was statistically significant (P<0.05).

To illustrate more clearly the early and the later
theumatoid grades 1 and 2
combined and grades 3 and 4 combined are shown in
Figures 6 and 7. This reveuled a predominance of
grades 1 and 2 involvement in the PIP (45.6%) and
MP (54.0 %) joints (Figure G). The carpal bones were
less frequently involved (24.9%). The distribution of
grades 3 and 4 disease combined (Figure 7), showed
the carpal bones
(37.1%).

stages of arthritis,

to be most frequently involved

These findings indicated that, whereas early disease
of grades 1 and 2 occurred mainly in the PIP and
MP joints, advanced disease of grades 3 and 4
occurred mainly in the carpal regions. This suggests
that the disease developed first in the digits, and
advanced tothe wrists, and distal radius and ulna.

The interphalangeal joint (#9) for the thumb could not
be grouped with the PIP joints (#5-8). It could, at
disease grades 2-3, however, be combined with the
DIP joints (#1-4). The frequency of involvement was
significantly different (P<0.05).

JToint #19 near the base of the first metacarpal showed
a relatively high frequency of iInvelvement as
compared to DIP and PIP joints, in all grades of
definite (2-3) disease. (Compared to carpal joints,
joint #19 was more frequently involved in grade 2 and
less frequently involved in grade 4 disease. These
findings were statistically significant (P<0.05).

Table 5 shows the number of joints with progression
of rheumatoid arthritis. The subjects were examined
at least every 2 years, and more frequenctly if
clinically indicated by symptoms, laboratory findings
or results of radiography. In the hands and wrists,
there was a fairly even diseribution of progress by
joint from questionable to definite disease, with the
exception of the PIP and DIP joints, as shown in
Table 3. Such progress most frequently involved the

radiocarpal and ulnocarpal joints.

In summary, progression occurred as follows:
(1) DIP and PIP joints to grade 2; (2) MP joints to
grade 3; and (3) carpal joints to grade 4.

The distribution of 39 cases with only grades 1 and 2
disease ar their first examinations (Figure 8) and
grades 3 and 4 disease at their last examinations
(Figure 9) was therefore studied in dertdil, right and
lefe sides combined, The MP joints and the proximal
carpal bones adjacent to the radius

were  most

WABEOFBEETERMESHOE S, 5 RN
($#32, 33 E2OMT2TOFBIYNE( £15-3) O &t
(21.4%) LN ELHREA LA -7 (26.8%). — OEIEHA
B HETHh- 2 (P<0.05).

) FHAMA A IR B kN RO B RE S kD BARE (2
T, BIERLUE2EORINEZAVIZEIESD
LUBAEOSHE, MEHLUETCTL 2,
mOSEREE M (45.6% ) B R USRI A (54.0% )
CEIEFLCE2ENEENEL LA hh (H6].
FARBICHETE AL A Ao (24.9%). BIEL LU
AEDRBESHOSA (7 ) ClE, FRECHEN KL
s LARDHLNE(37.1%).
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FFECBRAL, s a5 FR, LLTIMEFLIUR
FRA AT LA Z L ERET 5.

Wi IEaHME (F 903, ELIEMME (£S5 - 8)
Ll ETs Aok, LAL, B2 -3HEORK
EIZHWTIE, HAEmMNEE Il e TEL
(#1-4). WEDHECEEENEN b5 (P<
0.05).

ELPFEHOESISECEIGMEIE, W SHE(2 -
3HE) (D TR R R0 BB & & 0N B B B kb
NTHEOHEENBV I LD LA A, H19ME L,
FIRMPAHIIENTH 2EDRENE{, F4EORE
hhdok, ChonfRid, HKHMIIAEETLH- L
(P<0.05).
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TABLE 5 JOINTS WITH RHEUMATOID ARTHRITIS PROGRESSION, BY GRADE, HAND AND WRIST
=

o)

#5

& OFARBANG IS ) 7 < F BB %

Ok BT R

JOINT GRADE
NUMBER 12 23 M 13 24 14
1-4 10 1 0 0 0 0
58 3 1 1 15 0 1
g 1 1 0 0 0 0
1014 59 16 0 19 3 2
1518 7 33 22 13 16 13
19 6 4 a 1 0 2
2022 22 23 13 13 15 12
2327 3 51 12 14 2 20
28-30 17 3 6 7 14 14
3134 37 a3 16 29 19 15

frequently involved by early disease, grades 1 and 2
(Figure §) - especially the second MP joint (§13).
Advanced (grades 3,4) disease (Figure 9)
frequently involved the carpal bones. Follow-up of
these same cases showed that joint #19 was not
more involved later.
subjects were joints #30 and #34 involved at their
However, both of these joints
all 39 at their last

most

severely In less than five
first examinations.

were involved in cases

examinations.

Review of all roentgenograms made it possible to
evaluate the PA, PA oblique, and the AP oblique®
projections of the hand and wrist for visualizing

Joints at each numbered site were inferprefed separately
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TABLE 6 RELATIVE MERIT OF THREE PROJECTIONS, HAND AND WRIST

#£6 IHEBHEOBEMMAL: FHLUFR
Joints PA PA-Oblique  AP-Obligue
(Norgaard)
Distal Interphalangeal + + +
Proximal Interphalangeal - - Y
Proximal Phalanx, Base - - g
Metacarpals, Distal Ends o+ + +
Metacarpals, Proximal Ends + + -
Pisiform - - +
Other Carpals + + -




TﬁBLE_? RHEUMATOID ARTHRITIS PROGRESSION ACCORDING TO NORGAARD FILMS
# 7 Norgaard 7 ¢ WL 12 k3= &0 THIE

) Years
Progression Total
1 3 4
Progress from grade 1 to 2 - 5 5
No progress from grade 1 1 3 6 11

structures and detecting lesions (Table 6). It was
clear that all three projections are necessary to
visualize to good advantage most, if not all, joint
surfaces,

Norgaard described early rarified zones at the bases
of the proximal phalanges of the hand, which
preceded the onset of erosions of rheumaroid arthritis
in the same regions.

Using his criteria® as signs of early disease, we
observed disease progress from grades 1 to 2 in
five hands of four of our subjects (Table 7). However,
unlike Norgaard’s experience, in all but one of
our subjects, there was evidence of definite disease
in the wrists by the time early phalangeal signs
developed on the Norgaard films,

The case shown in Figure 10 is a good illustration of
progress from questionable disease on a Norgaard
film to subsequently definite rheumatoid arthritis.
On the first examination, the Norgaard film demon-
strated only osteoporosis and some loss of derail at
the bases of the proximal phalanges for both second
digits. These were the forerunners of cysric
erosions.

Our usual experience with the Norgaard films is
exemplified by the case shown in Figure l1. The
suggestive signs of rheumatoid arthritis in the bases
of the proximal phalanges were preceded by definite
involvement of other joints. The course Norgaard
described was never seen,

Two patients each had a pseudocyst adjacent to the
articulating surface of the distal end of the radius,
which could have been confused with a bone tumor,
Though both had already been diagnosed as having
definite rheumatoid arthritis, one had no definite
abnormalities elsewhere in the wrist or in the hand
at the rime the pseudocyst appeared. Tomographically,
there was no apparent communication hetween the
rarified arean and the distal surface of the radius.
These lesions gradually progressed and the distal
radial surfaces were eventually destroyed (Figure 12).
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Subjects
11-20
21-30
31-40
41-50
51-60

>OmEPre

Figure I Disivibution of rheumatoid arthritis, Grades 1,2, 3, & 4 combined in all subjects.
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Subjects
® 1-10
A 11-20
W 21-30

Figure 2 Distribution of rheumatoid arthritis, Grade I in all subjects.
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Subjects
® 1-5
A 6-10
| 11-15
O 16-20

Figure 3 Distribution of rheumatoid arthrilis, Grade 2 in all subjects.
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Subjects
® 1-5
A 6-10
W 11-15
O 16-20

Figure 4 Distibution of rheumatoid arthritis, Grade 3 in all subjects.
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Subjects
® 1-5
A 610
| 1115
0o 16+

Figure 5 Distribuiion of rheumatoid arihritis, Grade 4 in all subjects.
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Subjects
® 1-10
A 11-20
H 21-30
] 31-45

Figure 6 Distribution of rheumatoid arthritis, Grades 1 & 2 combined in all subjects.

FE U FMEAOTHE: sHEERELES I UEIEOSI

11



Subjects
® 1-10

A 11-20
W 21-30
0 31-40

Figure 7 Disiribution of rheumatoid arthritis, Grades 3 & 4 combined in all subjects.
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Subjects Subjects
@® 1-5 ® 1-10
A 6-10 A 11-20
W 11-15 | 21-30
O 16-20 O 31-40
Figure 8 Distribution of rheumaioid arthriits, Grades 1 Figure 9 Distribution of rheumatoid arthritis, Grades 3
& 2 combined in 39 subjects. & 4 combined in 39 subjecis.
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Figure 10 ({A) A 62 year old male, in February 1966, with a positive rheumatoid
factor and clinically definite rheumatoid arthritis. This Norgaard film shows
minimal radiolucencies al the bases of the proximal phalanges of the 2nd digit.
Diagnosis of definite rheumatoid arthritis was possible radiologically at this ex-
amination (MF -)
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Figure 10 (B) December 1970. Nearly 5 years later, the Norgaard film demon-
strated very minimal erosions at the bases of the proximal phalanges of the lefi
bth and the right 2nd and 3vd digits. Grade 2 disease was also present in the
wrist, with bilateral ulnar deviation of the digits. Though his titer had risen since
February 1966, he still had a mild form of definite rheumatoid arthritis clinically,
which did not incapaciiate him.

b Ey5 EB, Norgaard

L EHE 4R %
U 3 15 o i A

BID (B} 1970128,

L ki ahiz, T4 B FHR-EE
21 Boh, EELFIDRARE SR hiEit b
LT L o o 2l D 3 S, Tk
SEEMNTHAIR T - 7.




Figure 10 (C) January 1972, One vear later, there were Grades 2 and 3 disease
in the metacarpophalangeal joints.  This is a classic example of a posiiive
Norgaard film with subsequent development of definite rheumatoid arthritis.
However, there was only one such case in this series. Though advanced disease
was demonsivated on all projections radiologically ai this fime, no change in stalus

was noted clinically,
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Figure 11 (A) A 21 year old female with mildly positive rheumatoid factor and
questionable rheumatoid arthritis in May 1966. The initial posteroanterior, oblique
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Figure 11 (B) In October 1966, 5 months later, there was only marked swelling
of the soft tissue about the proximal interphalangeal joint of the right 3rd digit.

Clinically, her status was unchanged.
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Figure 11 (C) In April 1967, 6 months later, a single posteroanterior view of the
hands and wrists revealed minimal narrowing of the joint spaces in the right wrist,
and minimal soft tissue swelling of the right 3rd metacarpophalangeal joint.
Rheumatoid factor was strongly positive, and clinically she had classical early

active rheumatoid arthritis with moderate disability.
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Figure 11(D) In January 1969, 2 years later, there was narrowing of the right
4th metacarpophalangeal joint, Grade 2 disease ai the right 3rd proximal inter-
phalangeal joint, and Grade 4 disease in both wrists. None of the early changes
described by Norgaard were ever apparent. Clinically, she had classically pro-
gressive rheumatoid arthritis.




Figure 11 (E) Two years later, in April 1971, the 4th metacarpophalangeal and
2rd proximal interphalangeal joints developed Grade 2 disease. Her rhewmatoid
titer had decreased to normal, but she had marked physical disability.
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Figure 12 (A) October 1965, posteroanierior projection. Normal bones of the

right hand and wrist of a 51 year old female with a strongly positive rheumatord
factor and clinically definite rheumatoid arthritis.

Both wrists had been swollen
and tender (MF-J.
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Figure 12 (B) September 1967. Two years later there was a pseudocysi in the
distal end of the radius but no other abnormalities in the bone or joinis of the

hands or wrists at this time. Tenderness, swelling, and decreased range of motion
of both wrists were noted clinically.
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Figure 12 (C) September 1973. Six years later there was extensive destruction

of mast of the bones and joints of the wrist.
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DISCUSSION

In the two earlier investigations for prevalence? and
incidenced of theumaroid arthritis in this population
undergoing continual surveillance for late radiation
effeces of the A-bombs, precautions were taken to
avoid potentially contaminating and possibly injurious
effects of ionizing radiation from unnecessary or
excessive radiography. Radiography was relatively
conservative unless definite evidence or suspicion of
disease existed. For example, tomography, which
incurs a relatively high dose, was not used to screen
for cervical vertebral involvement. Some involved but
asymptomatic sites therefore may have been missed.

Frequency of joint involvement by definite rheumaroid
arthritis of all grades was found to be in the following
order: feer, elbows, shoulders,
knees, and cervical spine. This differed
from that of an earlier Japanese study 7 in which
the following order was observed: wrists, fingers,
ankles, toes, shoulders, hips, and
jaw.

hands and wrists,
ankles,

knees, elbows,

Norgaard6 reported that AP oblique roentgenograms
of the hands and wrists revealed minimal symmetrical
indistinctness  of bone outline ar the points of
insertion of the joint capsule, dorsoradial of the
four ulnar digits. He observed these long before the
erosive  changes pgenerally regarded the first
roentgen evidence of disease. Clemmesen® corrobo-
rated these findings, and Norgaard? again stressed the
importance of such early changes, suggesting that
the existing criteria for grading rheumatoid arthritis
be correspondingly altered.

l‘e3rlyi}
in four of them,

We observed these changes in only five
subjects. However, there was
already definite evidence of disease elsewhere in
the wrist or hand at that time. In only one did these
minimal changes progress in the manner described by
Norgaard. Contrary to using only PA and PA oblique
views, addition of the Norgaard films facilitated
visualization of many more joints in the hands,
For example, the pisiform
and the ventral cortical surfaces of the bones were
frequently involved, These usually cannot be seen
on the PA and PA oblique views. The Norgaard
films also demonstrated lesions in the proximal and
distal ends of the mecacarpals. We
advocate including this projection with PA and PA

especially in the wrist.

therefore

oblique views in all roentgenological evaluations of
theumatoid archritis in the hands and wrists.

According to Tamba et al,7 the wrist in the Japanese
is not only more frequently involved than the hand;
it is the most frequent site of onset. We found the
wrist more frequently involved by grades 3 and 4
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disease than the digits, but this was not true for
disease of grade 2. The wrist was by far more
frequently involved by grade 4 disease than was

the hand.

McCarty and Gatterl® reported frequent DIP joint
arthritis, clinically,
though most investigators are not of this opinion. We
found DIP joints to be involved relatively infrequently,
and usually only by grade 2 disease. In the present
study, the PIP and MP joints were the most frequent
sites on onset, the PIP more frequently than the
DIP joints. No PIP or DIP joints had grade 4 disease,

involvement by rheumaroid

Martel et alll cited the potential sites of rheumatoid
arthritis in the hand and wrist, and pointed out that
erosions do not occur at the points of attachment of
ligaments - rather, between and adjacent tw them
(Figure 13). Only three sites (#16, #21, #2 -
Appendix 2) observed in the present study coincided
with these attachment sites (Figure 14); all others
were between them.

Table B shows the frequency of predilection for
marginal erosions by site according to Martel et al, 1l
and the corresponding results of the present study.
We found a preponderance of wrist rather than hand
involvement, the radionavicular region,
the distal margins of the ulna and greater multangular
surfaces. Martel et alll obrained similar resules.

especially
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TABLE 8 FREQUENCY OF MARGINAL EROSIONS

8

30 43 BEAM o) AL

Site

Martel et al'® Present Study

Ulnar styloid or adjacent groove
Radial styloid

Navicular, mid-portion, radial aspect
Capitate, at capitate-navicular joint

Greater multangular, adjacent to navicular

Greater multangular, adjacent to metacarpal |

Thumb, base of distal phalanx, volar-ulnar aspect

46 % 31%
11 33
36 33
11 25
11 27
20 19
12 9

We analyzed 39 with grades 1 and 2
disease who had follow-up films available. Rheuma-
toid arthritis first appeared in the PIP and MP joints.
Later, it was most severe - involved with grades 3
and 4 disease - in the proximal row of carpal bones,
and between the latter and the distal ends of the
radius and ulna,

subjects

Our observations suggest that there is a distal ro
proximal directional progression of disease in the
hand and wrist, This could well be due to relative
dormancy of disease in the joints which are more
independently movable - namely the digits - as
compared to the wrist.
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INTEROSSEOUS INTERCARPAL

RADIAL COLLATERAL x LIGREENTS
LIGAMENT ~— ULMNAR COLLATERAL
LIGAMENT

ARTICULAR DISK

DISTAL RADIO-ULNAR

ARTICULAR CARTILAGE
JOINT

g Source: Martel, et ai 11

Numerous “Bare Areas” (arrows) between the articular cartilage and ligamentous attachments
represent potential sites of erosion. The erosions do not occur at the attachments of ligaments
but rather adjacent to them.

Figure 13 Potential evosion sites.
13 i 7 00 7 e i

Figure 14 Location of ligamentous attachments.
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In the early grades, rheumatoid arthritis appeared
to involve the left hand and wrist more than the
right; whereas in the later grades, the converse was
true. On testing, these findings were not statistically
significant, but the numbers of involved joints were
relatively few., However, this point would seem
worthy of further assessment.

Contrary to reports of other investigators, in our
experience, all carpal bones did not become affected
as a group, despite the communications!? which
reportedly exist berween synovial compartments. Our
findings indicate thar, with early involvement of the
radionavicular region, subsequent progression in the
wrist can be anticipated. Very careful follow-up
roentgenographic and are
indicated in all such cases.

clinical examinations
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APPENDIX |  GRADING CRITERIA FOR RHEUMATOID ARTHRITIS*

GRADE ROENTGENOLOGICAL FINDINGS

0 NEGATIVE NORMAL

1 QUESTIONABLE JUXTA —ARTICULAR OSTEOPOROSIS
PERIARTICULAR SOFT TISSUE SWELLING

2 MINIMAL ABOVE, PLUS
1 OR 2 POCKETED SURFACE EROSIONS
MINIMAL NARROWING OF JOINT SPACES

3 MODERATE ABOVE, PLUS
MULTIPLE POCKET & SURFACE EROSIONS
MARKED NARROWING OF JOINT SPACES, ESPECIALLY WRIST

4 SEVERE ABOVE, PLUS
MARKED OSTEOPOROSIS & NARROWING OF JOINT SPACES
NUMEROUS EROSIONS & MULTIPLE SUBLUXATIONS

*Atlas of Standard Radiographs of Arthritis.”



RHEUMATOID ARTHRITIS STUDY U 7 ¥ FisEE £ D%
Department of Radiclogy # i # & Hiroshima D

GRADING FORM - HANDS AND WRISTS A — FHEMAE
Nagasaki D

M.F. # Date of Birth Date of Exam.

Name Male D Female l:l Examination Number

Norgaard Film D Yes Positive I:I
Left Right

Elbow
Foot

Knee
Ankle
Shoulder
Hip
Mandible

C-spine Abdomen Film (UGI, BE, GB, IVFP, Other)

L-spine

T -spi Pelvis Film
-spine

Remarks:
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