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Terminal phalangeal osteoscierosis
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Halim, W., van der Korst, J. K., Valkenburg, H. A., and van Elteren, Ph. (1975). Annals
of the Rheumatic Diseases, 34, 82. Terminal phalangeal osteosclerosis. Osteosclerosis
of the terminal finger phalanges was assessed by means of a grading score in two age-

matched groups of 96 females, each suffering from rheumatoid arthritis (RA) and osteo-
arthrosis (OA), respectively, and in a sample of 894 males and females, above the age of
44 years, from Dutch small town populations. Cortical thickness of the terminal phalanges
decreases markedly with age. Whereas in the age group 45-54 years, terminal phalangeal
osteoscierosis is more pronounced in females, at higher ages the difference between
the sexes disappears. The diameter of the terminal cortex increases gradually from the
second to the fifth finger. No differences were found between the RA and the OA
groups, nor were these groups different from the population survey except for a lower
incidence of terminal phalangeal osteosclerosis in female osteoarthrotics between 45
and 55 years of age, compared to females of the same age group from the population
sample.

It has been contended that diffuse osteosclerosis of
the terminal phalanges is an indicative radiological
feature of diffuse collagen diseases, for instance
scleroderma (Edeiken, 1929), systemic lupus ery-
thematosus (Goodman, 1967), and RA (Goodman,
1967; Forrester and Nesson, 1973). So far, however,
terminal phalangeal osteosclerosis has been poorly
defined and the above statements are not based on
balanced comparative investigations. In order to
verify the hypothesis that terminal phalangeal
osteosclerosis of the fingers is a symptom of RA,
cortical thickness of the terminal phalanges was
determined in two age-matched groups of females
suffering from RA and from OA, respectively. The
results of this study were compared with those
obtained from a sample population survey of the
inhabitants of some small Dutch towns.

Material and methods

Cortical thickness of 8 fingers-excluding the thumbs-
was assessed from standard hand x-rays by means of a
grading score ranging from 0 to 4 (Table I and Figure).
In a pilot study 19 selected hand x-rays, with a varying
degree of terminal phalangeal osteosclerosis, were assessed
by two observers independently and their scorings
compared.
Hand x-rays of 96 females suffering from definite RA

and 96 females with polyarticular osteoarthrosis, but

Table I Grading for assessment of terminal phalani-
geal osteosclerosis

0: Bone cortex at both sides <1 mm thick
1: Cortex >1 mm thick, but distance between the opposite

cortices is >1 mm
2: Distance between both cortices is <1 mm but there is

still an intermediate space discernible
3: Complete fusion of both cortices, but the base of the

terminal phalanx is 'open'
4: Whole terminal phalanx consists of compact bone

without signs of inflammatory joint disease, were col-
lected. Both groups were matched for age, range 40 to
80 years. Scores for the index finger, middle finger, ring
finger, and little finger were determined individually.
From these individual scores the sum scores of the left
and of the right hand and of both hands together were
calculated.
The population survey was based on approximately

3800 hand x-rays obtained during a population survey
on rheumatic diseases performed in 1968. This survey
included all persons over 44 years of age, living in three
small Dutch towns and villages (Sluis, Oud-Vossemeer,
and Vleuten) and a random sample of 25 % of the persons
above 44 years of age living in Haaksbergen. The com-
pletion rate of this study was over 90%. The villages are
all predominantly agricultural. For each municipality 13
persons of each sex and each 5-year age group were taken
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Terminal phalangeal osteoscierosis 83

FIGURE Schematic presentation of various degrees of
terminalphalangeal osteosclerosis, scoring 0 (above left) to
3 (under right)

at random. If such a group contained fewer than 13
persons, all available hand x-rays of the group concerned
were included. Thus, x-rays of 905 persons were incor-
porated into this population study. Scoring for terminal
phalangeal osteosclerosis was performed in the same
way and by the same observers as for the above-mentioned
clinical survey. 11 x-rays were found to be unsuitable for
determining terminal phalangeal osteosclerosis, leaving
894 x-rays from 451 males and 443 females (Table II).
In a random sample of 208 x-rays the metacarpal index
(Nordin, MacGregor, and Smith, 1966) was determined.

Results

PILOT STUDY
A grading score for the assessment of terminal
phalangeal oesteosclerosis (Table I) was tried out
by two observers independently on 19 hand x-rays.
Out of 148 fingers which could be evaluated, complete
agreement between the two observers was established
in the scoring of 113 terminal phalanges. For the
remaining 35 fingers the scores assigned by observer
A was in 34 cases higher than those by observer B.
This is significant according to the sign test (P < 10-);
but in only three instances did scoring differ by two
grades and in the remaining 32 cases scoring differed
by only one grade (Table III). There was nearly

Table III Comparison ofgrading scores by 2 obser-
vers of terminal phalangeal osteosclerosis in 19 hand
x-rays

Observer A Observer B

Grade 0 1 2 3 4

0 56 1
1 11 -

2 18 12
3 3 13 34
4 - _

complete agreement between both observers in
assigning grade 0, whereas grade 4 was not en-
countered in this pilot study (Figure).

CLINICAL STUDY
Assessment was made of the terminal phalangeal
cortical thickness in 96 females with RA and an
equal number of females with OA. Both groups,
matched for age, revealed no instance of grade 4
terminal phalangeal osteosclerosis.
As shown in Table IV the differences in the average

scores between the right and corresponding left
fingers are very small, both in the RA group and the
OA group. In the majority of cases the scores for

Table I Number ofpersons from 4 Dutch municipalities, included in a population survey for assessment of
terminalphalangeal osteosclerosis

Agegroups
(yrs)

Haaksbergen Oud Vossemeer Sluis Vleuten

Males Females Males Females Males Females Males Females

45-54 26 25 26 26 25 26 26 25
55-64 26 26 26 26 26 26 26 25
65-74 26 25 26 26 26 25 25 26
75-84 26 21 22 25 26 26 26 25
84-95 10 6 3 9 18 17 10 7

Total 114 103 103 112 121 120 113 108

CC, C~~~~~~'

grde2Irae

grade 0 grade 1

iztS w_t~~~~~~CC
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Table IV Terminal phalangeal osteosclerosis in 2
age-matched groups ofwomen with RA and OA

Rheumatoid arthritis Osteoarthrosis

No. of patients 96 96
Age (yrs)
Mean 60-4 60-3
SD 8-9 8-8
Range 42-78 43-79

Sum scores Right Left Right Left

Index finger 35 35 28 26
Middle finger 50 51 38 40
Ring finger 79 86 65 58
Little finger 106 101 90 78

Total 270 273 221 202

the right and left fingers were the same. The sum
scores for right and left hands were equal in 62 RA
patients and in 67 OA patients. In eighteen RA
patients the right hand score was higher than the
left hand score, and in sixteen the reverse was true
(sign test P > 0-10); the corresponding numbers for
the OA patients were nine and twenty (sign test
P = 0 06). Therefore, no strong evidence for a
difference between left and right hand scores was
obtained.
The difference between the RA and OA groups

was tested on the sum scores of the fingers of both
hands. The sums were 0 for 37 of the OA patients
and 34 of the RA patients. These sum scores
showed a highly significant negative correlation to
the age of the patients (Spearman's rank correlation
coefficient for RA: -4043, P < 101; for OA: {)339,
P < 10-3). Therefore, the difference between both
groups was tested within each 5-year age group
separately. Neither the Wilcoxon two-sample tests
nor the X2-test for 2 x 2-tables revealed a significant
difference in any age group. The sum of the test
statistics over the age groups were also tested and
were not significant (P = 0-20 for the Wilcoxon,
P = 0-08 for the 2 x 2-table tests). There is no

evidence, therefore, for a difference in grading
score between RA and OA patients.
The mean scores for both hands and both groups

increase steadily from the second to the fifth finger.
The result was highly significant according to
Friedman's test for concordance between rankings
applied to sum scores of corresponding left and
right fingers (P < 10-5 for both patient groups).

POPULATION SURVEY
Terminal phalangeal osteosclerosis was also assessed
in a sample of hand x-rays of 894 persons above
the age of 45. In 43% of the males and 41 % of the
females no detectable OA of the terminal phalanges
was found, i.e. in none of the fingers was the terminal
phalangeal cortex more than 1 mm wide. Sum
scores higher than 8, evaluated per person, for all
8 fingers were found more frequently in women
(20%) than in men (7 %), as shown in Table V. In
accordance with the findings in the pilot study and
in the two clinical groups, no instance of grade 4
OA was found in the population sample.
The population sample was divided into 32

groups, with both sexes in four 10-year age groups
and each group subdivided for the four municipalities
involved (Table VI). In all groups there was a

Table V Sum scores of terminal phalangeal osteo-
sclerosis in all fingers (not thumbs), in a population
sample of 894 persons above the age of 44 years

Score Males Females
(no. = 451) (no. = 443)

0 195 183
1-5 96 95
5-9 127 78
9-13 32 65
13-17 1 10
17-21 0 10
21-24 0 2

Total 451 443

Table VI Mean sum scores of terminal phalangeal osteosclerosis of all fingers (not thumbs), in a population
samplefrom 4 Dutch municipalities

Age groups (yrs)

Males:
45-54
55-64
65-74
>74

Females:
45-54
55-64
65-74
>74

Haaksbergen Oud- Vossemeer Sluis Vleuten Total

5-23
4 15
3 85
1-11

9-76
5-62
1-56
1-04

4-12
3-15
3*88
2-56

10*00
4-31
3-42
1-03

3-92
3-19
1-38
0-75

8-04
3 65
2-68
0-86

4-61
5.39
3-24
2-05

6-48
3 60
3-15
2-00

4-46
3.97
3-09
1-53

8-58
4-30
2-73
1 21
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Terminal phalangeal osteosclerosis 85

significant increase of terminal phalangeal osteo-
sclerosis from the second to the fifth finger
(Friedman's test: in 29 groups P < 0001, and in 3
groups P < 0 05). In 67% (598 persons) of the whole
population sample the sum scores of the left and
right hands were the same; in the remaining group
of 296 persons, the left hand score was significantly
lower (sign test: P < 0-001) than the right hand
score, both in males and in females. This is true
also for the four age groups of both sexes separately,
with the exception of two male age groups over 64
years of age. In these groups less terminal phalangeal
sclerosis was found than in the other groups.

In all four municipalities both the male and the
female groups were found to have a significant
(Spearman rank test: P < 0-01) negative correlation
with age of terminal phalangeal acro-osteosclerosis
of all four fingers separately as well as with the sum
score, with the exception of the male sample of
Oud-Vossemeer, in which none of the four fingers
showed any age-dependency of terminal phalangeal
thickness. A significant difference between males and
females was found only in the age group 45-54 years,
in which terminal phalangeal sclerosis in females
exceeded that in males with regard to the fifth
finger only (Wilcoxon test: P = 0-0002), but not
with regard to other fingers nor to the sum scores.
Comparing the four municipalities, it was found that
only the population sample from Sluis had signific-
antly less terminal phalangeal osteosclerosis of all
fingers than those of the other three municipalities.
This difference was due to significantly less OA
(Kruskal-Wallis test: P < 0-01) in males only,
especially in the two age groups over age 64 years
(Table VI).

In a random sample of 101 males and 107 females,
included in the population survey, the metacarpal
index had been determined independently from the

assessment of terminal phalangeal osteosclerosis.
Neither in males nor in females was a significant
correlation found between the sum score of terminal
phalangeal osteosclerosis and the metacarpal index.

COMPARISON OF CLINICAL GROUPS AND THE
POPULATION SAMPLE
The sum scores of corresponding fingers of the right
and of the left hands, as well as the sum scores
of all 8 fingers of the patients from both clinical
groups and from the population survey, were
compared by means of the Kruskal-Wallis test for
three samples. Only in the age group 45-54 years
was there a slight indication of a difference between
the three groups with respect to the index finger
score (P = 0-06) and the total score. In the other age
groups there was no significant difference in any of
the separate finger scores nor in the total score
between the three groups. Therefore, only for the
first age group were both RA and OA groups and
the population survey compared pair-wise with
Wilcoxon's two-sample test. There were no significant
differences between both patient groups, nor between
the RA group and the females from the population
survey (Table VII). However, the scores for those
with OA in the age group 45-54 years were signific-
antly or nearly significantly lower than for the
population sample (little finger P = 0x08; ring
finger P = 0 05; middle finger P = 0 04; index finger
P = 0-06; total score P = 0 3).

Discussion

A recently published textbook on the radiology
of joint disease stated that diffuse sclerosis of the
terminal phalanges is sometimes observed in diseases
like myelofibrosis, sickle cell anaemia, osteopetrosis,

Table VII Mean score for terminal phalangeal osteosclerosis in 3 groups offemalesfrom a population survey
(Pop), patients with RA, andpatients with OA

Age groups Sample groups No. offemales Mean terminalphalangeal osteosclerosis score
(yrs)

Index finger Middle finger Ringfinger

45-54 Pop 102 0-69 089 1-27
RA 22 0-55 0-84 1-25
OA 22 0-50 0-66 1-09

55-64

65-74

75-84

Pop
RA
OA

Pop
RA
OA

Pop
RA
OA

103
41
41

102
22
22

97
7
7

0-27
0-45
0-29

0-15
0-09
0-12

0-05
0

0

0-40
0-58
0-40

0-23
0-23
0-16

0-08
0

0-15

0-59
0-93
0-67

0-35
0-36
0-27

0-17
0

0-21

Little finger

1-48
1-48
1-25

0-88
i -20
0-84

0-63
0-59
0-63

0-33
0-43
0-50
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sarcoidosis, chronic active hepatitis, and connective
tissue diseases, but that it is most commonly seen in
RA (Forrester and Nesson, 1973) affecting all
fingers of both hands. This is in agreement with the
findings of Goodman (1967), who observed diffuse
terminal phalangeal sclerosis in 35 of 100 patients
with RA and in only six of 100 patients with OA, and
that there is a significant age difference between both
groups mentioned can be derived from Goodman's
data.

Until now terminal phalangeal sclerosis has been
dealt with only as a qualitative feature (Deaik, 1958).
As we found it impossible to differentiate between
'normal' cortical thickness and terminal phalangeal
sclerosis, a grading scale was designed based on
measuring the width of cortex and the intercortical
space. Like other scoring systems of x-ray features of
the hand (Kellgren and Bier, 1956; van der Korst
and Cats, 1969) there was some inter-observer
difference in the intermediate grades, but otherwise
reproducibility was satisfactory.

Using this scoring system it was found that the
relative thickness of terminal phalangeal cortex is
dependent on age and sex. In the age groups studied,
i.e. above the age of 44 years, there is a steady
decline of cortical thickness with age, and whereas
between the age of 45 and 55 years terminal phalan-
geal osteosclerosis is more prominent in women
than in men, at higher ages the differences between
sexes become negligible. As yet no data on the
relative thickness of the terminal phalangeal cortex
are available for younger age groups. A similar
decline of relative cortical thickness of the meta-
carpals with age has been shown in menopausal
women (Nordin and others, 1966). However, in
the population sample we have studied, no correla-
tion was found between terminal phalangeal cortical
score and the metacarpal index. Perhaps in a longi-
tudinal study such a correlation could be established.

Terminal phalangeal thickness is not only depen-
dent on age and sex, but also differs between fingers.
There is a marked increase of cortical thickness
from the second to the fifth finger. This phenomenon
had already been observed by Andreas Vesalius
in the beginning of the 16th century (O'Malley,
1965), in contradiction to Galen, who thought that
all terminal phalanges consisted of wholly compact
bone. Although terminal phalangeal osteosclerosis
was more marked in the right hand than in the left
hand, our data do not confirm whether this pheno-
menon is related to the dominant hand.

In the population survey only one group was
found to have less terminal phalangeal osteosclerosis
than all other groups involved. Males above the
age of 64 years, from Sluis in Zeeland near the
Belgian border, had almost invariably terminal
cortical phalangeal thickness of less than 1 mm.
So far the only external common denominator
evident in this group, distinguishing it from the other
groups studied, is that the male population has been
involved predominantly in the culture of flax. Ethnic
differences are doubtful, since the population of
Oud-Vossemeer is of the same descent.
Our data suggest that terminal phalangeal cortical

thickness is not a pathological phenomenon but a
physiological variant. By using semiquantitative
scoring data and accounting for age and sex differ-
ences, terminal phalangeal sclerosis was found to be
no more frequent in patients with RA than in
patients with generalized primary OA or in the general
population. In contrast with the data from the litera-
ture, excessive terminal phalangeal osteosclerosis
(grade 3) was a rare finding even in women with
RA between 45-54 years of age. A slight tendency
to smaller cortices of the terminal phalanges in
comparison to the general population was found in
women with generalized OA only between 45 and
55 years of age.
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