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Environmental (¢?) Components of
Total Phenotypic Variation
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ABSTRACT

The analysis of family data of 18 metacarpal morphometric dimensions (bone length
— L, total diaphysis width — T and medullary canal width — M of the second, third and
fourth metacarpals of both hands) has been performed on 956 randomly sampled adult
examinees (age 18 to 85), inhabitants of the islands of Bra¢ and Hvar and the Peljesac
peninsula, Croatia. Interclass (for parent-offspring family pairs) and intraclass (for sib-
lings) correlation coefficients have been calculated as well as heritability coefficient (h2)
and coefficient quantifying effects of common sibling environment (c%) have been esti-
mated. Heritability estimates (h%) for the medullary canal width dimensions (54%—71%)
showed to be at least as high, and ¢® (2%-14%) values showed to be at least as low as
those obtained for bone length dimensions (h? = 519%—65%; ¢® = 5%—16%) suggesting a
strong influence of genetic factors in medullary canal width formation. For both traits
the highest heritability and the lowest environmental component is found for dimen-
sions of 4th metacarpal bone, which could be explained by lower biomechanical pres-
sures acting on that bone owing to it's anatomical position. Analysis of family resem-
blance for medullary canal width showed the tendency of female family pair
(Mother-daughter) to be less correlated than other family pairs, which is especially pro-
nounced in fourth metacarpals. We assume that lower correlation values of Mother-
daughter pair can be the result of non-linearity of age dependent changes in medullary
canal width dimensions associated with the osteoporotic process which is more active
in females. Clearly lower heritability values obtained for total diaphysis width dimen-
sions (25%-48%) and higher values obtained for ¢* (14%—23%), in addition to findings
of higher correlation values in same sex family pairs (Father-son, Mother-daughter)
speaks in favor of substantial importance of common family environmental factors —
particularly sexually specific physical activity — which through the short-term adapta-
tion processes modify the total diaphysis width dimension phenotype.
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Introduction

The previous population structure
analyses performed on the island popula-
tions of Middle Dalmatia, based, among
others, on the analysis of djaphysis length
(L), total diaphysis width (T) and me-
dullary .canal w1dth (M) dlmensmns of
metacarpal bones , showed that méta-
carpal ,bones morphometrlc dimensions
are good an indicator of population struc-
ture Addltlonally, ‘the results of factor
analysm performed on the same’ et of
data® indicated that not only genetlcs has
an 1mp0rtant role in'the determlnatlon of
investigated metacarpal traits, moreover;
that it is even likely that few dlfferent 10c1
with major effect (e.g. dlfferent sets of
polygenes) are 1nvolved on the génetic
determination of each of the three types
of 1nvest1gated metacarpal bone tralts (L,
T and M). ; : £

Since morphometrlc dlmensmns of me-
tacarpal bones Just like other continuous
tralts of the human body, may be consid-
ered as. multlfactorlally determmed vari-
ables subject to the influence of a number
of intrinsic (genetlc) and extrlnsm (envi-
ronmental) factors (the abundant litera-
ture describing those factors is well pre-
sentéd in the work of Simié® et al.) the
analysis of family data, as a complemen-
tary method, gives us a specific opportu-
nity to quantify the relative impacts of
genetic and environmental factors on
their phenotypic expression. Therefore,
estimation of two components of total
phenotyplc variation (Vp = Va + Vd + Ve)"®
represented by coefﬁments h?: (additive
genetlc heritability) and c? (»cultural he-
rltablhty« deﬁned as the proportlon of
phenotyplc variance due toa common sib-
sth env1ronment) as well as the presen-
tation and 1nterpretat10n of sex and gen-
eratmnal structure of family resemblance
for 18 metacarpal morphometric d]men-
sions (boné length total d1aphys1s width
and medullary canal width of the _second,

third and fourth metacarpals of both
hands) is the objective of the present stu-
dy. Special interest is focused on herita-
bility of the medullary canal width di-
mensions because of its connection with
the’ osteoporotlc process’. Namely, becau-
se of the increased prevalence of osteopo-
rosis in relatives it has been suspected
that bone loss is familial’®*® but the rela-
tive 1mp0rtance of genetic and environ-
mental factors14 15 still remains unclear.

Méterials, and methods

* This research is a part of a holistic
anthropological investigation of popula-
tion groups of the Middle Dalmatia per-
formed by thé research team of the Insti-
tute for Anthropological Research, Zagreb
Croatia. The morphometric data of 18 me-
tacarpal bone radiogrammetric dimen-
sions as well as the evidence regarding
the family relations used in this study are
the subset of an extensive material (col-
lected since 1978) on the populations of
the islands of Braé and Hvar, and the
Peljeac peninsula’®1%-2, The sample of
the present study is the sub-sample of the
randomly sampled individuals in the re-
gion for the purpose of population struc-
ture analyses. Therefore, the final num-
ber of subjects (956 examinees, age 18 to
85) was determined by the coincidence
that two (or more) participants of the
original random sample are the members
of the same family.

The morphometry of metacarpal bones
was performed on hand-wrist radiographs
of both hands. Bone length (L), total dia-
physis width (T) and medullary canal
width (M) of the second (2), third (3) and
fourth (4) metacarpal bones were meas-
ured on the left (L) and rlght ®) hands
accordlng to Barnett and Nordin?. All the
measurenients (Figure 1) were performed
by one 1nvest1gator within a short time,
using a millimeter ruler and a magnlfy—
ing glass.(x 10) with a 'scale permitting
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0.05 mm accuracy. Measurements were
rounded to 0.1 mm.

Assuming that age and sex exert a
considerable effect on morphometric vari-
ables of the metacarpal bones*??%% the
adjustment for age and sex variation
(age, sex, age x sex, age?) by means of
multivariate linear regression was per-
formed and residual scores were used in
further analyses. The adjustment was made
for each family pair separately. Intraclass
(ANOVA) correlations are calculated for
Sibling-sibling family pair, and interclass
(Pearson's product-moment) correlation
coefficients (r) are calculated for Father-
mother pair as well as for all inter-gen-
erational, parent-offspring pairs?®?’. Pear-
son's correlation coefficients are computed
using the Pairwise method which means
that correlations are computed between
all possible family member pairs as all
pairs of values are independent. Differ-
ences in correlation values between vari-
ous parent-offspring and offspring-off-
spring pairs are tested using Fisher's z-
transformation of the correlation coeffi-
cients. Estimation of components of total
phenotypic variation (Vp =Va+Vd+
Ve)”® is represented by coefficients h?

—

defined as the proportion of phenotypic
variance due to additive genetic effects
and ¢, »cultural heritability«, defined as
the proportion of phenotypic variance due
to a common sibship environment. Heri-
tability of all 18 variables is estimated
according to the Fisher method”® using
duplicated Parent-offspring correlation
values corrected for phenotypic assorta-
tive mating: h® = 2 r Parent-offspring / (1
+r Father-mother). Environmental com-
ponent (c¢?) is estimated using difference
of inter-generational versus intra-genera-
tional family correlation values: ¢?= 2 r
Sibling-sibling — h%/ 2 (1 + r Father-mother -
% h2)28.

Results

Table 1 presents sample sizes (n), as
well as means (X) and standard deviations
(sd) of 18 morphometric dimensions of
metacarpal bones and age for the Moth-
ers, Fathers, Daughters, Sons (constitut-
ing all parent-offspring pairs) and sepa-
rately for the Sisters and Brothers family
member groups (constituting Sibling-sib-
ling pair). Since the participants of the
present study are randomly selected, the
groups of Sisters and Brothers partially

Fig. 1. Schematic presentation of metacarpal bones (2 - second, 3 — third, 4 — fourth) and
measured dimensions (L — bone length, T ~ total diaphysis width, M — medullary canal width).
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consist of subjects which are not members
of the parent-offspring pairs and who con-
tribute only in Sibling-sibling pair. At the
other hand, some of the participants of
groups of Daughters and Sons are only
included in parent-offspring pairs and not
in Sibling-sibling pair which is happening
in case when family has only one child.
Therefore, the mean age of the Mothers
and Fathers (with age range 39-81 and
41-79 respectively) is only about 10 years
older than the mean age of the Sisters
and Brothers (age ranges 20-80 and 22—
85), while age of the Daughters and Sons
ranged 18-58 and 20-55 respectively.
Table 2 presents parent-offspring cor-
relation values for 18 examined metacar-
pal bone dimensions. Differences in corre-
lation values among parent-offspring

pairs tested by Fisher's z-transformation
of correlation coefficient proved to be sig-
nificant only in correlations for total dia-
physis width dimensions (T): for R2T
Mother-daughter (r =0.538) pair have
significantly higher values than Mother -
son (r = 0.263) and Father-son (r = 0.176)
pairs, and for R3T Father-son (r = 0.524)
correlation is significantly higher than in
Father-daughter (r = 0.163) pair. Although
the differences in correlation values re-
vealed significance only in total diaphysis
width dimensions (T), the pattern of par-
ent-offspring correlations differed with
respect to examined metacarpal bone
trait (I, T and M).

For bone length (L) dimensions, all
parent-offspring pairs have significant co-
rrelation values, ranged from the small-

TABLE 1
SAMPLE SIZES (N), AVERAGE VALUES (X) AND STANDARD DEVIATIONS (sd) OF AGE AND
EXAMINED MORPHOMETRIC DIMENSIONS OF METACARPAL BONES FOR MOTHERS, FATHERS,
DAUGHTERS, SONS, SISTERS AND BROTHERS

Mothers Fathers Daughters Sons Sisters Brothers

(n = 182) (n =113) (n =114) (n =142) (n = 280) (n = 218)

X sd X sd X sd X sd X sd X sd
Age 57.2 94 593 7.1 31.9 93 315 86 494 13.1 48.7 127
L2L 6932 39.1 7438 80.5 692.7 374 752.8 41.2 690.6 57.0 7543 423
R2L 700.1 39.5 746.5 80.9 697.3 38.3 756.7 41.2 699.7 411 751.7 832
L3L 644.4 36.8 6814 99.1 645.1 34.8 6974 39.3 645.1 386 695.1 60.9
R3L 6443 617 690.2 762 6459 363 6982 394 6475 394 696.4 60.9
L4L 5775 354 617.8 68.4 575.3 336 6208 36.2 5777 363 622.7 55.0
R4L 580.1 56.4 622.7 694 575.7 64.3 623.8 36.8 579.0 61.1 627.3 56.3
L2T 845 9.2 958 7.1 829 6.7 94.3 105 84.1 6.1 96.3 9.6
R2T 86.5 9.4 97.8 178 845 7.1 97.0 74 85.7 6.3 97.5 10.2
13T 85.6 9.1 95.6 1.0 84.7 7.0 945 1786 84.0 10.7 95.5 10.0
R3T 873 6.5 975 6.7 85.1 6.7 96.2 7.3 85.8 6.3 978 175
14T 70.2 6.3 779 10.2 67.6 6.3 76.5 9.0 68.3 5.9 77.7 10.5
R4T 70.9 8.2 80.2 10.0 69.8 6.4 78.1 11.5 70.1 7.3 79.7 11.8
L2M 362 99 40.3 9.3 28.8 9.0 376 9.7 33.5 10.7 40.8 9.8
R2M 36.3 10.1 404 9.0 29.2 8.6 372 938 33.8 10.1 40.1 10.2
L.3M 39.7 10.2 444 95 33.8 10.5 40.2 114~ 36.7 10.9 43.0 12.0
R3M 39.9 10.2 448 10.3 33.3 10.8 40.0 11.0 374 10.9 43.4 12.2
L4M 29.5 84 345 9.1 26.3 8.7 32.0 838 272 9.0 33.4 10.0
R4M 29.9 9.1 351 8.7 26.3 9.2 326 9.7 28.5 9.5 347 99

L = left hand, R = right hand, 2 = second, 3 = third, 4 = fourth metacarpal bone, L = bone length,
T = total diaphysis width, M = medullary canal width
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TABLE 2
MOTHER-SON, MOTHER-DAUGHTER, FATHER-SON AND FATHER-DAUGHTER
INTERCLASS CORRELATION COEFFICIENTS (r) OF EXAMINED MORHOMETRIC DIMENSIONS

OF METACARPAL BONES
Mother-son Mother-daughter Father-son Father-daughter

(n =129) (n = 83) (n="73) (n = 53)

r P T P r P r p
L2L 0.339 o 0.449 HEH 0.235 * 0.472 okt
R2L 0.354 o -0.388 Hokk 0.354 ok 0.480 wx
L3L 0.425 ok 0.398 Hwk 0.332 e 0.365 **
R3L 0.399 ok 0.312 ke 0.390 ok 0.421 ek
14L 0.371 ok 0.431 ik 0.371 ok 0.390 wE
R4AL 0.371 ok 0.392 wE 0.437 FrE 0.403 ok
L2T 0.279 *E 0.383 K 0.137 0.436 o
R2T 0.263 ok 0.538 kk 0.176 0.275 *
L3T 0.368 o 0.397 HooE 0.445 HHE 0.249 *
R3T 0.321 R 0.456 wEE 0.524 ok 0.163
14T 0.282 ok 0.381 e 0.408 ok 0.344 ok
R4T 0.214 * 0.230 * 0.344 ok 0.213
L2M 0.230 w 0.202 * 0.474 FEE [¢1)0.327 wE
R2M 0.267 ok 0.296 i 0.278 i 0.285 *
L3M 0.277 * 0.210 * 0.313 ik 0.374 o
R3M 0.257 ok 0.235 * 0.373 e 0.470 ek
L4M 0.242 o 0.279 wE 0.434 Ak 0471 Hgg
R4M 0.365 ok 0.201 * 0.373 ok 0.440 R

ek p <0.001; ** p<0.01; *p <0.05

est value of 0.235 for L2L in Father-son
pair to the highest value of 0.480 for R2L
in Father-daughter pair. Higher signifi-
cance found in mother-offspring pairs is
probably the reflection of sample size dif-
ferences among the pairs, since the corre-
lation values of metacarpal length dimen-
sions (L) tended to be higher in pairs of
parents and daughters than in pairs of
parents and sons.

Parent-offspring correlations for total
diaphysis width (T) showed a wider range
of values than it was found in metacarpal
length dimensions (L) owing to high dis-
crepancy among correlation values in Fa-
ther-son pair. Namely, Father-son pair
have the two exceptionally low values (for
L2T, R2T) as well as very high values for

the fourth and especially the third total
diaphysis width (R3T, L3T, L4T). There-
fore the correlation values in parent-off-
spring pairs have the following range:
from 0.137 for L2T in Father-son pair to
0.538 for R2T in Mother-daughter pair.
Mother-daughter pair show in T dimen-
sion the largest significance (five out of
six of them on p < 0.001 level), whereas
father-offspring pairs both have two non-
significant correlation values. Despite the
fact that two lowest correlation values
(for L2T and R2T) among T dimensions are
reached by Father-son pair, in general,
the correlation values for T dimensions
tended to be greater in samesex parent-
offspring pairs (Mother-daughter and Fa-
ther-son) than in opposite sex pairs.
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TABLE 3
SIBLING-SIBLING INTRACLASS, PARENT-OFFSPRING AND FATHER-MOTHER INTERCLASS
CORRELATION COEFFICIENTS (r) AND ESTIMATES OF GENETIC (h% AND CULTURAL (c?
COMPONENT OF THE TOTAL PHENOTYPIC VARIATION OF EXAMINED MORHOMETRIC
DIMENSIONS OF METACARPAL BONES

Sibling-sibling

Parent-offspring

Father-mother

Variables (n=224) (n = 338) (n = 90) h? 2
r F af r p r P

L2L 0.376 2.34 (496,223)  0.227  *** -0.110 51% 13 %
R2L 0.404 251 (494,222)  0.250 = - 0.078 54% 14 %
L3L 0.413 257 (496,223)  0.231 -0.148 54% 16 %
R3L 0.403 250 (496,223)  0.243  *** . _0.157 58% 12 %
L4L 0411 255 (496,223)  0.241  ®* -0.189 * 59% 13 %
R4L 0.366 2.28 (493,222)  0.259 == ~0.198 * 65% 5%
L2T 0.271 1.83 (496,223)  0.144  ** 0.088 26 % 14 %
R2T 0.319 204 (496,223)  0.137  ** 0.080 2% 19%
L3T 0.402 250 (492,221) 0215  w* - 0.095 8% 17%
R3T 0.398 247 (498,224)  0.201  wx* 0.006 0% 20%
LAT 0.396 246 (494,222)  0.212 -0.018 43% 18%
R4T 0.368 228 (493,223) 0.122 * -0.188 ¥ 30% 23%
L2M 0411 255 (496,223)  0.286  ** 0.064 54% 14 %
R2M 0.350 220 (496,223)  0.245 ~0.132 56% 8%
L3M 0.404 251 (496,223)  0.270  ##* -0.014 55% 13 %
R3M 0.409 254 (494,222)  0.293 0.036 57% 12%
L4M 0.402 249 (494,223)  0.307 -0.112 69% 6%
R4M 0.373 232 (497,224)  0.319 -0.103 1% 2%

#% p < 0.001; ** p < 0.01; * p < 0.05

F: F among groups (between families, within families)
df: degrees of freedom (total number of participants, number of families)

For medullary canal width (M) dimen-
sions the correlations ranged from 0.201
for R4M in Mother-daughter pair to 0.474
for L2M in Father-son pair. The pattern
of family correlations for medullary canal
width dimensions is characterized by
lower correlation values in pairs of moth-
ers and offspring.

Table 3 presents Sibling-sibling, Par-
ent-offspring and Father-mother correla-
tion coefficients (r) for 18 examined meta-
carpal bone dimensions as well as the h?
and ¢ coefficients values which (as it is
presented in Methods) are closely related
to those correlations. Sibling-sibling in-
traclass correlation coefficients showed
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consistently high and very narrow range
of correlation values across the examined
traits ranging from 0.271 (L2T) to 0.413
(for L3L). The correlation values for L
(bone length) and M (medullary canal
width) dimensions showed to be slightly
higher than those obtained for T (total
diaphysis width) dimensions, but virtu-
ally, all correlation values were very
much at the same level. F-test showed
that between-family variance is signifi-
cantly (p < 0.005) higher than within-
family variance for all examined metacar-
pal traits.

All Parent-offspring interclass correla-
tion values for L, T and M dimensions
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revealed high significance (p < 0.001 and
p < 0.01) with the exception of the one (for
R4T) value which was significant at p <
0.05 level. Correlation values in Parent-
offspring pair for M and L dimensions
were both substantially higher than for T
dimensions. Since heritability estimates
are calculated from Parent-offspring cor-
relation values, the relationship among
18 metacarpal dimensions is the same as
for h? values, and that relations are visu-
alized in Figure 2. Father-mother pair
showed only three significant (at p < 0.05
level) correlation values (for L4L, R4L
and R4T) and all of them were negative.
The magnitude of the difference be-
tween inter-generational and intra-gen-
erational correlation values is presented
by coefficient ¢? which ranged from 2% to
23% for metacarpal bones dimensions
showing generally lower values than it is
obtained for the genetic component (h?).
The lowest ¢? values were obtained for M
and L dimensions ranging from 2% to
14% in M dimensions and from 5% to 16%
in L dimensions, and values obtained in
T dimensions (ranging from 14% to 23%)
were at a higher level of values. Since
from the total of 6 metacarpal bones in M
dimensions 3 bones-showed c? values lo-
wer than 10% in comparison with only
one bone (R4L) at the same level for L
dimensions, one can conclude that medul-
lary canal width (M) dimensions have the
lowest environmental component among
three types of metacarpal traits. Also M
and L dimensions showed the lowest en-
vironmental component for R4 bone
which is the bone that showed the highest
¢? value for T dimension. In contrast to M
and L dimensions which did not show any
recognizable pattern of difference betwe-
en particular bones, T dimensions showed
an astonishing regularity of differences in
c? value (R4T > R3T > R2T > 14T > L3T
> L2T) where all the metacarpal bones of
the right hand (R) showed higher value
than all bones of the left hand (L) and on

both hands the 4th metacarpal bones
showed higher values than 3rd while the
2nd bones showed the lowest ¢? values.
Figure 2 presents a decreasing order
of heritability coefficients (h? for 18 ex-
amined metacarpal bone dimensions esti-
mated from doubled values of Parent-off-
spring correlation coefficients. With the
purpose of presenting the effects of age
and sex adjustment, Figure 2 compara-
tively shows the results obtained from the
original, age adjusted and age and sex
adjusted data.. According to all three esti-
mates the total diaphysis width (T) di-
mensions of all six metacarpal bones
showed a lower heritability level than all
bone length (L) and medullary canal
width (M) dimensions. Age adjustment of
data affects primarily the medullary ca-
nal width (M) dimensions and increases
heritability values of M dimensions (in
comparison to the L dimensions), whe-
reas age and sex adjustment slightly in-
creased the values for bone length (1) and
total diaphysis width (T) dimensions.
According to original data the highest
heritability (h?) is found for R4L dimen-
sion (69%) whereas age and age and sex
adjustment of data revealed the highest
heritability estimates for medullary canal
width dimensions of the fourth metacar-
pal bones: for R4M and L4M (79%) (age
adjusted data) and for RAM (71%) and
L4M (69%) (age and sex adjusted data).
According to all three estimates, the low-
est heritability is found for R2T dimen-
sion (25%). One could also see that irre-
spective of age and sex adjustment of
data for the T dimensions, the heritability
order among different bones remained
the same. In the bone length (L) and
medullary canal width (M) dimensions
the highest heritability is estimated for
the fourth metacarpals of both hands,
whereas the highest heritability in dia-
physis width dimensions (T) showed to be
for the third metacarpal bones. For all
three types of metacarpal traits the low-
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Original data

Age adjusted data

Age and sex adjusted data

h? (%)
L T M L T

M L T M

78, 79
76, 77
74, 75
72, 73
70, 71
68, 69
66, 67
64, 65
62, 63
60, 61
58, 59
56, 57
54, 55
52, 53
50, 51
48, 49
46, 47
44, 45

.49, 43
40, 41
38, 39
36, 37
34, 35
32, 33
30, 31
28, 29
26, 27
24, 95

R4L
R4L

L4L
R3L
L3L

R4M L4L
R3L
L4aM L3L
R2L
R2L L2L

L2L

R3M
R2M

L2M
L3T L3M

14T

R3T

R4T
12T
R2T

13T
14T

R3T

R4T

L2T
R2T

R4M,LAM

R4M
L4aM

R4L
R2M

L3M,R3M
oM

L4L,R3L
R3M,R2M
L3L,R2L L3M,L2M
L2L
L3T

14T
R3T

R4T

127
R2T

Fig. 2. Decreasing order of heritability estimates of examined morhometric dimensions of
metacarpal bones. Comparation of estimations using original, age adjusted and age and sex
adjusted data. h2 = 2 r Parent-offspring [ (1 + r Father-mother); n = 338.

est heritability is estimated for the sec-
ond metacarpal bones.

Discussion

Presented results show that the exam-
ined metacarpal bone dimensions — the
bone length (L), total diaphysis width (T)
and medullary canal width (M) — have
different patterns of family correlations.
According to the Parent-offspring correla-
tion coefficients values, estimated herita-
bility (age and sex adjusted data) of all
examined metacarpal bone length (51% to
65%) and medullary canal width dimen-
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sions (54% to 71%) proved to be higher
than the heritability of total diaphysis
width dimensions (25% to 48%).

Since estimated heritability is the pro-
portion of total variance attributable to
genetic effects™®, high heritability esti-
mates for M dimensions (54% to 71%)
obtained in present study make us as-
sume that the influences of genetic fac-
tors in medullary canal width formation
are at least as high as they are for meta-
carpal bone length dimensions (h? = 51%
—65%). Where high heritability estimates
are expected since they are found in many
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other longitudinal body dimensious?%,

Since in traits influenced by environ-
ment, the familial resemblance is not nec-
essarily entirely due to the genetic trans-
mission of a trait, there is a possibility
that heritability of M dimensions is not as
high as the estimates obtained in the
given population showed to be (as indi-
cated by low heritability for cortex thick-
ness in the work of Kimura®!). High heri-

tability estimates for M dimensions as .

well as high correlation values found in
all family pairs (with exception of
Mother-daughter pair) than should be the
result of the influence of common family
environment. According to the results of
the present study, it seems that it is not
the case. Since during growth and devel-
opment period, in contrast to the environ-
ment of parents and their offspring, sib-
lings share the similar family environ-
ment, it is assumed that the differences
between inter-generational (Parent-off-
spring) and intra-generational (Sibling-
sibling) similarity level can be attributed
to common environmental factors. The re-
sults of the present study showed that
estimated c? values, which show the pro-
portion of influence of the common sib-
ship family environment, is higher for L
dimensions than for M dimensions.

It is interesting that L and M metacar-
pal dimensions beside the similar level of
estimated heritability also showed some
similarities with respect to the heritabil-
ity pattern of the particular metacarpal
bones. The highest heritability was esti-
mated for the fourth and the lowest for
the second metacarpal bones and higher
estimates are obtained for the right than
for the left respective bones. The highest
heritability values of the fourth metacar-
pal bones in both the metacarpal length
and medullary canal width dimensions
could be explained by lower biomechanical
pressures acting on the fourth metacar-
pal bone owing to it's anatomical position.
The lower heritability values obtained for

left respective bones in both L and M
dimensions are quite an unexpected re-
sult of the present study.

We also found quite intriguing the fact
that Mother-daughter pair weakly corre-
lated in highly heritable M dimensions.
Interpretation difficulties arise from the
assumption that female phenotypic val-
ues are good representatives of the ge-
netic structure as it proved to be in many
other biometric features!™2032-2 Gince
the medullary canal width is greatly af-
fected by osteoporotic changes which are
more pronounced in females than they
are in males®¥?34346 46 could assume
that the contrast between resemblance of
pure female and other parent-offspring
family pairs can be the result of non-
linearity of age dependent changes in
medullary canal width dimensions asso-
ciated with the osteoporotic process (tim-
ing of bone mineral turnover). Namely
family correlations will artificially show
lower values in case when relation is not
linear (and when variability of the trait
in the investigated sample is low). If the
sample age structure is not causing sig-
nificant bias and if the obtained relations
are realistic, one should assume that low
correlations of female pair in those highly
heritable traits is the Pproduct of the
highly age-dependent osteoporotic proc-
ess which diminishes the resemblance of
female family pair.

Low heritability of T dimensions ob-
tained in the present study was in accord-
ance with the findings of Kimura®' for
R2T dimension, where higher correlation
values of dizigotic than of monozigotic
twin boys produced an even negative he-
ritability value. Those results provide fur-
ther evidence of the high ecolability of T
dimensions indicated by other au-
thors®>®9234%48 Opgservations on left-right
asymmetry of metacarpal bone dimen-
sions previously reported by other au-
thors®®* suggest that physical activity
(physical stress) is the most important
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environmental modifying force which
through the process of short-term adapta-
tioh influence the metacarpal bones phe-
notype. On the other hand, Song*® did not
find the participation in sports activities
to be a significant determinant of meta-
carpal bone dimensions in adolescent
girls, which does not prove that it is not
the case during the adulthood. If physical
activity is the major determinant of dia-
physis width dimensions of metacarpal
bones, a tendency of higher family resem-
blance of diaphysis width dimensions in
Mother-daughter and Father-son pairs
(with exception for the second metacarpal
bones) than in other family pairs suggests
that occupational stress is common among
samesex family members. We have to point
out that a higher resemblance of the
samesex than of the opposite sex family
pairs can partially be due to the sexual
dimorphism which proved to be greaterin
width than in length dimensions of hand
bones®. Results based on the factor ana-
Iytic approach indicated different load-
ings of the first »cumulative environ-
mental / genetic« factor in males (with T,
M and age) and in females (only with M
and age) suggesting a higher ecolability
of the metacarpal diaphysis width in
males than in females®. Since the exam-
ined population is exposed through daily
activity to hard physical work®, we as-
sume that the common environmental in-
fluence could be addressed primarily to
the similar — sex specific — work exposure.
According to the presented results, the
total diaphysis width dimensions (T -
with h? below 50%) are more influenced
by environmental factors than the bone
length (L) and the medullary canal width
(M) dimensions (with h? estimated be-
tween 50%—75%). Although in many ways
the bone length (L), and the medullary
canal width (M) dimensions show a simi-
lar patern of family resemblance, it is
highly improbable that these two types of
bone traits are determined by the same sets
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of polygenes, as stated earlier. Namely,
the bone length formation takes place
during the growth and development pe-
riod, in contrast to the medullary canal
width dimensions which are directly in-
fluenced by the dynamic process of bone
formation and resorption which occurs
during the entire course of life and which
in advanced age can lead to functional
impairment of skeletal system. Since the
balance of the bone remodeling process
depends on the interactions of numerous
extrinsic (environmental) and intrinsic
factors (including neuro- hormonal status,
ie. »inner-environment«) which are also
determined by the environment-gene in-
teractilons and the genetically deter-
mined »capacity of an organism to adapt«®?,
one could expect lower heritability esti-
mates for the medullary canal width di-
mensions. but, according to our presump-
tions the results of the present study are
in favor of the efforts directed at the dis-
covery of one or several genetic determi-
nants which have a major effect on the
homeostatic mechanisms important for
bone remodeling.

Conclusion

Since the heritability of medullary ca-
nal width dimensions (M) as a measure of
the osteoporotic process provokes a spe-
cial interest, it was important to examine
which range of estimates reflects the he-
redity of M, that is, whether the determi-
nants are predominantly genetic or whe-
ther a substantial proportion is related to
the environment. The obtained heritabil-
ity estimates for M dimensions which
showed to be almost the same as the
heritability estimates (50% to 70%) re-
ported for bone density of various skeletal
sites'®5253 allow us to conclude that ge-
netic determination of medullary canal
width of metacarpal bones is not still in
question and that the task of providing
evidence indicating the existence of a ma-
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jor locus governing trait variation is
worth-while.
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OBITELJSKE KORELACIJE KOD METAKARPALNIH KOSTIJU -
NASLJEDNA I OKOLISNA KOMPONENTA UKUPNE VARIJABILNOSTI

FENOTIPA

SAZETAK

Analiza obiteljskih podataka provedena je za 18 morfometrijskih dimenzija meta-
karpalnih kostiju (duljina kosti — L, ukupna &irina dijafize — T i Sirina medularnog
kanala — M druge, treée i éetvrte metakarpalne kosti u obje ruke) na slu¢ajno odabra-
nom uzorku od 956 ispitanika odrasle dobi (dob 18-85 g.), stanovnika otaka Brada i
Hvara te poluotoka Peljeica, Hrvatska. Izradunati su interklas (za parove roditelja i
djece) te intraklas (za braéu i sestre) koeficijenti korelacije, te izvrSena procjena genet-
ske komponente (h?) te komponente utjecaja zajedni¢kog obiteljskog okolida (c?). Pro-
cijenjena nasljednost (h%) za Sirinu medularnog kanala (M) pokazala je barem jednako
visoke (h? = 54% do 71%), odnosno c¢? komponenta je pokazala barem jednako niske
vrijednosti (c? = 2% do 14%) kao $to su one dobivene za duljinu metakarpalne kosti {(h?
= 51% do 65%; ¢ = 5% do 16%), $to sugerira snaZan utjecaj genetskih ¢imbenika na
formiranje Sirine medularnog kanala. I za duljinu kosti i za §irinu medularnog kanala
najvisa procijenjena nasljedna komponenta te najniZa vrijednost komponente ucinka
zajedni¢kog obiteljskog okolisa nadena je za dimenzije ¢etvrte metakarpalne kosti, $to
se moZe protumaditi anatomskom pozicijom etvrte kosti koja je manje izloZena bio-
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mehani¢kim silama. Analiza obiteljske sli¢nosti za Sirinu medularnog kanala takoder
Je pokazala tendenciju najmanje sli¢nosti (osobito izrazenu kod etvrte metakarpalne
kosti) kod &istog Zenskog obiteljskog para (Majka-kéi). Pretpostavljamo da su ni%e vri-
jednosti nasljednosti para Majka-kéi rezultat nelinearnosti o dobi ovisnih promjena
Sirine medularnog kanala koje su vezane uz, kod %ena izraZeniji, proces osteoporoze.
Za ukupnu $irinu dijafize dobivene su jasno nize vrijednosti procijenjene nasljednosti
(h? = 25% do 48%), te vise vrijednosti komponente utjecaja obiteljskog okolisa (¢ =
14% do 23%). One, a uz nalaz vigih korelacija dobivenih za obiteljske parove istog spola
(Otac-sin, Majka-kéi) govore u prilog velike vaznosti &imbenika zajednickog obiteljskog
okoliga, posebice onih vezanih uz tjelesnu aktivnost koja je karakteristiéna za pojedini
spol, a koja putem procesa kratkoroéne adaptacije modelira fenotip ukupne Sirine di-
jafize.
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