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Incidence of Degenerative Bone Changes in the Distal
Joint Surfaces of the Humerus and Femur
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Abstract The distal articular surfaces of the humerus and femur of the Japanese, the
Ainu, and the prehistoric skeletal series of the Jomon period were examined for degener-
ative bone changes, and the incidences of osteoarthrosis were compared with those re-
ported by some authors on several skeletal series from North America. The Jomon
skeletal series was found to be one of the healthiest and the Ainu series to be the worst
in respect of osteoarthrotic involvement of these major appendicular joint surfaces.
The recent Japanese series was intermediate in the liability between those two series,
and more similar to the Canadian Eskimo than to the North American White and Black
series in the inter-joint incidence pattern.

Osteoarthrosis or degenerative disease of articular surface, characterized by
porotic destruction (pitting), increase in bone density (eburnation), and/or formation
of new bone (osteophyte and lipping), is among the commonest pathological changes
observable in macerated or excavated skeletal material (BOURKE, 1967; etc.). Being
closely associated with the aging of joint tissues, it generally occurs in later life and
the incidence increases with the advance of age.

Besides the age factor, mechanical stresses involved in various physical activities
can accelerate the degenerative processes in the joints, causing considerable variations
in individuals and in populations as to the extent of affection (BOURKE, 1967; ORTNER,
1968; etc.). JUrMAIN (1977, 1980) found, in his analysis of the pattern of involve-
ment of major appendicular degenerative joint disease in the skeletal materials of the
Terry Collection, that degenerative diseases in the shoulder and hip joints are highly
associated with age while those in the elbow and knee are less dependent on the age
factor. This seems to suggest relatively high liability of the elbow and knee joints to
localized functional stresses. Particularly high incidence and early onset of degenera-
tive involvement of the elbow joints were reported for Eskimo series by JURMAIN
(1977, 1980) and MERBs (1983). Both authors interpreted their findings as indicating
severe functional stresses exerted upon the elbow joint in the daily life of the Eskimo.

Although some palaeopathological cases of severe osteoarthrotic involvements
of major appendicular joints have been reported (IMAMICHI, 1934; OGATA, 1972; etc.),
hardly any attempt has been made at statistical treatment of the osteoarthrosis from
anthropological view point in this country, except those on the spinal columns (SUZUKI,
1978; WADA, 1975).
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The purpose of the present work is to record the frequencies of osteoarthrotic
involvement of the stress-sensitive joint surfaces of the distal humerus and distal femur
in skeletal samples of modern Japanese, modern Ainu, and prehistoric Jomon popula-
tion from Japan, and to compare the incidence patterns with those reported so far for
various North American populations.

Materials and Methods

The skeletal materials investigated are listed in Table 1. The Japanese sample
was derived from anatomical dissection rooms and well documented as to sex and age
at death. Only the skeletons over 20 years of age were examined.

The Ainu and Jomon samples are excavated materials. Subadult skeletons were
excluded from these series, and sex was estimated by morphological observation of the
innominate bone and the skull. Most of the Ainu materials belong to the Koganei

Table 1. Skeletal materials investigated.

Male Female Total Provenance Collection
Jomon material 35 39 74 Iwate and Aichi Anthrop., Natn. Sci. Museum,
Tokyo
Recent Japanese 97 29 126 Kantd and Anatomy, Sapporo Medical
Hokkaido College
Recent Ainu 56 34 90 Hokkaido Museum, University of Tokyo;
Anatomy, Sapporo Medical
College

Fig. 1. Examples of degenerative changes, scored as “present”, in the distal articular surfaces
of the humerus and femur.
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Collection collected from Hokkaido in the 19th century. The Jomon sample, dating
to the 1st and 2nd millennia B.C., consists mainly of the skeletal remains from Ebishima
shell mound, Iwate Prefecture (YAMAGUCHI, 1983), but it also contains some remains
from shell mounds of Miyano in Iwate Prefecture and of Ikawazu in Aichi Prefecture.

As the condition of preservation of the proximal ends of the ulna, radius and tibia
is generally less favorable than that of the distal ends of the humerus and femur in
excavated skeletal materials, only the distal articular surfaces of the humerus and
femur were examined for degenerative changes in this study.

Degenerative change on each articular surface was scored as follows: absent (0),
trace (0.5), present (1), or severe (2). For incidence values, “trace” was pooled with
“absent’, and ‘“‘severe” was combined with “present”. Fig. 1 shows examples of
slightest changes scored as ““present’.

Incidence and Comparison

The incidences of the degenerative changes of the distal articular surfaces of the
humerus and femur in the recent Japanese series, classified by sex, side, and age group,
are given in Table 2. The female series could be divided into only two age groups
because of small sample size. The table shows that the incidence is higher in females
than in males in each age group and increases with the advance of age. It also shows
that the elbow joint is more liable to degenerative changes than the knee joint.

The incidence data in six age groups of males are compared graphically with those
of the modern American White and Black series, published by JURMAIN (1977), in Fig.
2. Percentage of incidence, as such, can not be compared with due accuracy because
JURMAIN scored degenerative involvements of the elbow and knee on the basis of ob-
servations not only of the humerus and femur but also of the ulna, radius, and tibia.
As regards inter-joint incidence pattern, however, it is almost undoubted that the
more frequently affected and in closer age association in the American White and
Black series is the knee joint whereas it is the elbow joint instead of the knee joint in

Table 2. Incidences of degenerative changes in the recent Japanese series by age category.
Distal humerus Distal femur
Sex Age
Right Left Right Left
Male 20~29 0in 14 ( 0.0) 0in 14 ( 0.0) 0in 14 ( 0.0) 0in 14 ( 0.0)
30~ 39 3in 21 (14.3) 1in20( 5.0) 0in21(0.0) 0in 21 ( 0.0)
40~49 4in 26 (15.4) 5in 27 (18.5) 2in27( 7.4 6in 27 (22.2)
50~59 3in 18 (16.7) 4in 18 (22.2) 3in 17 (17.6) 7 in 18 (38.9)
60~ 84 12in 17 (70.6) 10in 17 (58.8) 3in 17 (17.6) 3in 17 (17.6)
Total 22in 96 (22.9) 20 in 96 (20.8) 8in96 ( 8.3) 16in97 (16.5)
Female 20~49 2in 14 (14.3) 5in 14 (35.7) 1in14(7.1) 2in 14 (14.3)
50~ 81 10 in 15 (66.7) 6in 15 (40.0) 6in 15 (40.0) 5in 15 (33.3)
Total 12in29 (41.4) 11in 29 (37.9) 7in 29 (24.1) 7in29 (24.1)
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Fig. 2. Incidences of degenerative changes by age group in the male series of the Japanese
(present study) and of the American White and Black (JURMAIN, 1977). Age ranges are
21-30, 31-40, 41-50, 51-60, 61-70, and 71+.

the Japanese series. The figure also shows that the right elbow joint is involved slightly
more frequently than the left in all series, but there is no such consistent side difference
in the frequency of the knee joint involvements.

Since age at death is not known as to the Ainu and Jomon materials, total adult
incidence alone has been calculated for each side of each sex of these series. Table 3
gives not only such incidence data obtained in the present study, but also some similar
data on other human skeletal series obtained by various authors. Graphically re-
presented in Fig. 3 are incidence patterns of degenerative changes in the right elbow
and knee joints of various skeletal series. They are arranged in the order of propor-
tion between the incidences of the elbow and knee involvements.

The overall incidence of osteoarthrosis is highest in the Ainu series, next in the
Alaskan Eskimo, and lowest in the Jomon and the Pecos Pueblo series. Incidences
are nearly equally divided between males and females in all series, with the only ex-
ception of the Japanese where the incidences are definitely in favor of males.

As for the relative incidence pattern between the elbow and the knee joints, the
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Fig. 3. Incidences of degenerative changes in the right elbow and knee joints.

elbow involvement predominates the knee involvement in the Ainu, Japanese, and
Canadian Eskimo series, whereas the latter is greater than the former in the Pecos
Pueblo, American White and American Black series. The Alaskan Eskimo, Jomon,
and Iroquoian series show nearly equivalent incidences in the elbow and knee joints.

Discussion

The marked difference in the osteoarthrotic morbidity between the Ainu and the
Japanese series is hardly ascribable to the difference in age structure of those skeletal
materials, since it is unlikely that the average age of death of the former series is much
higher than that in the latter (45.6 years in males and 51.8 years in females). It may be
worthy of noting in this respect that chronic rheumatism was recorded as the com-
monest disease among the Ainu by SEkiBA (1896) who gave nearly four humdred Ainu
patients free surgical treatment at Sapporo between 1892 and 1895. He blamed the
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condition on intense labors in unfavorable climate. It is thus probable that the high
frequency of osteoarthrotic degenerations in the Ainu skeletal material actually re-
flect the prevalence of joint diseases among the Ainu. Incidentally, the trochlea is
involved more than three times as often as the capitulum in the distal humerus of the
Ainu.

On the other hand, the prehistoric Jomon series was found much healthier, with
rather low incidences of osteoarthrotic involvement, especially in females. One possi-
ble explanation may be that many of the people in the Jomon period died too early
to have their appendicular joints involved in senile degenerative changes. It is highly
probable that the average age of death of the Jomon people was considerably lower
than that of the modern Japanese (KoBAYASHI, 1967).

The considerable sex difference in the Japanese series can not be attributed to the
difference in the age structure of the male and female series, because the female incidence
in each age group is higher than the male incidence in the same age group. It may
reflect some differences in behaviors between males and females. MorimoTO (1982)
examined attrition lesions of articular cartilage in the knee joint of a large number
of Japanese cadavers of both sexes and found higher incidence of lesions in female
cadavers. He explained the difference in the incidence of lesions as due to different
postural habits of males and females in Japan.

The preponderance of the elbow in osteoarthrotic involvement over the knee
among the Ainu, Japanese, and Canadian Eskimo series is well contrasted with the
pattern shown by the American White and Black series where the knee is more fre-
quently involved than the elbow. TAINTER (1980) found a similar difference in the
incidence pattern between the series of different social ranking in a Middle Woodland
mortuary population from the lower Illinois River Valley. He attributed the in-
cidence pattern in the series of lower social ranks, viz. more frequent in the elbow and
less in the knee, to more intense physical activities and smaller body size, and, on the
other hand, the pattern in the series of higher social level, viz. more frequet in the knee
and less in the elbow, to their status-linked lower physical activity and higher nutri-
tional level resulting in larger body size.

MEerBs (1983) found, in his systematic study of Canadian Eskimo skeletal
pathology, much higher incidences of osteoarthrosis in the upper limb joints than in
the lower limb joints, and interpreted the pattern as due to physical stresses involved
in such activities as Kayak-paddling, skin scraping, and so on.

The Japanese series also shares the tendency toward greater osteoarthrotic involve-
ment of the elbow than the knee with the Canadian Eskimo series and the Middle
Woodland lower class series. This is not contrary to the explanations given by
TAINTER (1980) and MERBS (1983), since the Japanese series was derived from dissec-
tion room cadavers which would generally represent underprivileged class charac-
terized by low level of nourishment and intense physical labors.

However, BROTHWELL (1961) reported on early British skeletal materials of pre-
Conquest date that while 21.29 of 270 femora were osteo-arthritic, only 12.6% of
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223 humeri were involved. This may suggest a possible genetic predisposition of the
Europeans for liability to osteoarthrosis in the lower limbs. Thus, before putting an
interpretation on different inter-joint incidence patterns of osteoarthrosis, it is neces-
sary to analyze more materials of larger sample size, from different provenance, and of
different average body size.

Conclusions

The Jomon population is one of the healthiest of all compared series in terms of
osteoarthrotic involvement, whereas the modern Ainu is the worst, especially in the
incidence of the elbow involvement. The modern Japanese are intermediate between
those two series in the frequency of the osteoarthrotic involvement, and are very similar
to the Canadian Eskimo in the generalized frequencies as well as in the tendency toward
greater involvement in the elbow than in the knee and quite different from the modern
American White and Black populations who are characterized by higher morbidity
in the knee than in the elbow.
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