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ABSTRACT

As shown in 2065 women aged 18 to 45 years from seven countries of

Central and North America, the population frequency of normal medullary stenosis
ranges from under 2% to nearly 7% . In this condition, endosteal apposition may begin
in infancy and continue through the fourth decade with a compensatory reduction
in the rate of subperiosteal apposition, leading to an approximately normal cortical
cross-sectional area contained in a smaller subperiosteal envelope.

Medullary stenosis, characterized by re-
duced medullary cavity widths, growth
retardation, disorders of calcium metabo-
lism and probably inherited as a simple
mendelian dominant has recently been
established as a clinical entity (Kenny and
Linarelli, ’66; Caffey, '67). Reduced medul-
lary cavity widths also exist in apparently-
normal individuals, the frequency of such
medullary reduction varies from popula-
tion to population, and the course of trans-
verse bone growth is then considerably al-
tered from the normal course (Garn, Roh-
mann and Harshman, °68).

Defining medullary stenosis as medul-
lary cavity width in the second metacarpal
at midshaft in the adult female less than
1 mm (see fig. 2) and as studied in 2065
women from seven countries of Central
and North America, there is considerable
variation in the frequency of this trait.
Among women aged 18 to 45, the frequency
of normal medullary stenosis ranges from
under 2% in Nicaragua to nearly 7% in
Costa Rica (table 1). In four of these
countries (Nicaragua, Panama, El Salava-
dor and Guatemala) the frequency of med-
ullary stenosis is significantly smaller than
in Costa Rica by x* test. Costa Rica, then,
emerges as the country with the highest
frequency of medullary stenosis in the
present sense. In a general way, the fre-
quency of medullary stenosis as shown in
the metacarpals appears to be a function
of the frequency of European genes.

Moreover, the high frequency of medul-
lary stenosis in Costa Rica is associated
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with increased size variance of the medul-
lary cavity diameter rather than overall
size reduction in this width.* As shown in
table 1, Costa Rica has the highest medul-
lary size variance (as measured by ¢*), the
F test is then positive for all six compari-
sons and it is significant at p = 0.05 or
better in comparison with Guatemala, El
Salvador, Nicaragua, and Panama. Further-
more, analysis of the distributions country-
by-country indicates a tendency towards
skewness at the bottom end of the medul-
lary size distribution, and, especially in
Costa Rica, a secondary mode well below
0.9 mm.

Now adult medullary stenosis could be
due to a failure of endosteal resorption
during childhood, or to an excess of endo-
steal apposition during adolescence and
young adulthood (cf. Garn, Rohmann,
Wagner and Davila, 68). To resolve this
problem, we have turned to our serial,
longitudinal data from Southwestern Ohio,
selecting subjects of each sex with the
lowest possible fully adult values of medul-
lary width. These included two males, num-
bers 268 and 112, with medullary widths
of 0.60 and 0.45 mm (T17 and Ti6) at
ages 24 and 33 years respectively. It also
includes two females (151 and 097) with
minimum medullary cavity widths of 0.80
and 0.40 mm (T-scores 23 and 22 at ages
18 and 34 years, in turn). These four indi-

1 Although Costa Rican women include the largest
percent with medullary widths under 1.0 mm, the
mean medullary cavity width is not significantly dif-
ferent from that for the other populations considered

except for El Salvador, where it is actually slightly
larger (¢t —2.62).
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TABLE 1
Medullary stenosis in 2065 adult women aged 18-45

Count: No. Under 1.0 mm Coven 2 Gonta
ouniry examlned er 1.0 m Rciizaﬂ, Lz R(;iaa
no. % mm
Nicaragua 309 6 1.9 10481 0.69 1.252
Panama 340 8 2.3 9.531 0.61 14132
El Salvador 248 7 2.8 5411 0.53 1.622
Guatemala 389 13 3.3 6.971 0.61 14132
Honduras 324 13 4.0 3.26 0.77 1.12
Ohio (U.S.AL) 119 5 4.2 1.20 0.81 1.06
Costa Rica 336 22 6. — 0.86 —

1 Significantly different from Costa Rica by x2 test and table X in Walker and Lev (’67).
2 Medullary size variance (02) significantly greater in Costa Rica by F test.

viduals are clearly well within the cate-
gory of adult medullary stenosis as defined
above. For the two males, medullary cavity
widths were below expectancy even at
birth and decreased systematically there-
after by endosteal apposition, as shown in
figure 2. In comparison to the Ohio popula-
tion norm, these two males not only de-
creased in medullary width during child-
hood (the normal period of medullary in-
crease) but the tendency to endosteal ap-
position rather than endosteal resorption
continued beyond early adulthood. For the
two females, Subjects 151 and 097, the
major deviation from expectancy was in
the greatly exaggerated rate of endosteal
apposition during adolescence, continuing
well into adulthood. All four subjects
exaggerated the steroid-mediated phase of
endosteal apposition and these selected in-
dividuals further show that the tendency
towards medullary stenosis can be both
evidenced early and continued late.

Now if the behavior of the endosteal sur-
face in normal medullary stenosis is in
many respects the reverse of normal, what
about apposition at the subperiosteal sur-
face and what about net cortical area at
midshaft? IHere we can neatly compare
the 22 index women from Costa Rica, pre-
viously summarized in table 1, to the total
of 234 women in the selected age range
from that country. Expectably, medullary
cavity width is highly reduced in this group,
to 24% of the age-specific norm. Further,
the subperiosteal diameter is slightly re-
duced, ie. 91% of normal. Moreover,
cortical thickness is itself increased to a
total of 124% of normal. Finally, with a

smaller medullary cavity width, smaller
subperiosteal diameter, but increased cor-
tical thickness, cortical area at midshaft is
least reduced, being 93% of normal for the
total group of Costa Rican women aged
18 to 45 years.

In other words, when endosteal resorp-
tion is replaced by endosteal apposition in
the course of bone growth, there is a slight
compensatory reduction in the rate of sub-
periosteal apposition, but little if any dif-
ference in net cortical area and hence in
the total amount of bone laid down over
time. While the directions and rates of
subperiosteal and endosteal apposition and
resorption are clearly different in this con-
dition, the ratio of apposition to resorption,
and hence the area of cortical bone, are
rather little altered.
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Fig. 2 Long-term changes at the endosteal surface in four subjects with extremely narrow

adult medullary cavity widths. The two males

(Subjects 112 and 268, above) both undergo

marked endosteal apposition from childhood on, the reverse of the normal course, and con-
tinue apposition at the endosteal surface, well into adulthood. The two females (subjects
097 and 151) evidence abnormally high rates of endosteal apposition during the steroid-
mediated phase of development, again continuing through adulthood and, for Subject 097,
through two pregnancies. The population norm for medullary cavity width employed for
comparison is that for Southwestern Ohio subjects of European ancestry.
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