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ABSTRACT This study examines radiographs of first
metatarsals of 131 individuals from age 17-88 years to
determine whether internal basal epiphyseal lines may
be visible past the age of metatarsal fusion, which usu-
ally occurs between 14 and 16 years of age (Scheuer
and Black: The juvenile skeleton. San Diego: Elsevier
Academic Press, 2004). In 29% (38 out of 131) of the
radiographed first metatarsals (MT1s) the basal epiphy-

The timing of epiphyseal union varies throughout the
human skeleton (Stevenson, 1924; Scheuer and Black,
2004; Cardoso, 2008a,b), making it a valuable tool for
determining age at death in a forensic (e.g., Krogman,
1962) or paleoanthropological context (e.g., Walker and
Leakey, 1993). At the termination of growth, the epiphysis
and metaphysis merge, but they do not seamlessly join.
Instead, a thin layer of bone, known as the “line of persis-
tent fusion,” “terminal line,” “epiphyseal scar,” or “epi-
physeal ghost” separates the epiphysis from the metaphy-
sis and can persist for some time (Ogden, 1979; Scheuer
and Black, 2004). We will adopt the term “epiphyseal
scar” throughout this article. Although external observa-
tions may indicate that epiphyseal fusion is complete and
the epiphyseal line is fully obliterated, the internal epi-
physeal scar can still be detected radiographically and
may provide yet another tool in aging skeletal remains.

The presence of this epiphyseal scar may indicate that
although fusion had already occurred, it only occurred
recently, making it useful in aging skeletal remains of
young adults. This approach has already been applied to
the clavicle (Schmeling et al., 2004). However, others have
noted that the epiphyseal scar can persist far into adult-
hood (Martin et al., 1998; Scheuer and Black, 2004). This
persistence of the epiphyseal scar was first noted by Cope
(1920) who observed the presence of an internal fusion-
line in the femur, tibia, and fibula in adults up to 60 years
old. Others have detected an epiphyseal scar in the proxi-
mal humerus (Hall and Rosser, 1963), proximal femur
(Elke et al., 1995; Stiehl et al., 2007), and knee (O’Connor
et al., 2008) of adults, including the elderly. However, the
persistence of an epiphyseal scar in the first metatarsal
(MT1) and its utility in aging isolated pedal remains has
never been systematically evaluated. This absence of any
data testing the correlation between age and presence of
the epiphyseal scar in the first metatarsal has gained rele-
vance in part because of a discussion in the literature

©2012 WILEY PERIODICALS, INC.

metatarsal 1 fusion; OH 8; aging

seal scar is visible, including in one individual who was
80 years old. Statistically, there was no relationship
between the loss of the epiphyseal scar and age. Thus,
the presence of the epiphyseal scar does not necessarily
indicate subadult age. These data suggest that OH 8’s
radiographically visible basal epiphyseal line has no
bearing on whether it is a subadult or not. Am J Phys
Anthropol 147:489-492, 2012.  ©2012 Wiley Periodicals, Inc.

regarding the chronological age of the 1.8 million year old
OH 8 (Olduvai Hominin 8) foot (Susman, 2008; DeSilva et
al., 2010; Susman et al., 2011).

Whether OH 8 belongs to a subadult or an adult is
currently unresolved. If OH 8 is a subadult, then it is
likely associated with the subadult remains of OH 7 that
are the holotype of Homo habilis (Leakey et al., 1964),
and therefore, OH 8 would also belong to Homo habilis
making OH 7 and OH 8 one of the most complete early
Homo fossil skeletons yet found (Susman, 2008). How-
ever, if OH 8 is an adult, then it would belong to a differ-
ent individual, and perhaps even a different species of
hominin (Paranthropus boisei) as some have suggested
(Wood et al., 1998; Gebo and Schwartz, 2006).

To determine whether the OH 8 foot is a subadult or
an adult both DeSilva et al. (2010) and Susman et al.
(2011) examined fusion patterns of metatarsals in mod-
ern humans and the African apes and compared them to
the fusion pattern found in OH 8. Unfortunately, in OH
8, the distal ends of MT4 and 5 are broken off and the
distal ends of MT2 and 3 are absent and there is much
disagreement on whether the latter two bones are
unfused juvenile or broken adult metatarsals (DeSilva et
al., 2010; Njau and Blumenschine, in press; Susman et
al., 2011). Thus, the fusion of the proximal base of MT1
in relation to the fusion of MT2 through five takes on
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TABLE 1. Age span of collections: known-age autopsy collections
(Hamann-Todd and Raymond Dart), ancillary preindustrial
collection (Ryan Mound)

Collection N Minimum (years) Maximum (years)
Hamann-Todd 40 18 88
Raymond Dart 31 20 80
Ryan Mound 60 17 50
Total 131 17 88

additional importance. Based on their external examina-
tion of fusion patterns, DeSilva et al. (2010) concluded
that OH 8 is an adult because, in humans and apes, the
most frequent fusion pattern found is that MT2-5 fuse
prior to the base of MT1. Whereas Susman et al. (2011),
using dorsoplantar radiographs, concluded that some-
times MT2-5 fuse after the base of MT1, making it possi-
ble that OH 8 is a subadult with unfused distal ends of
MT?2 and 3. Although both agree that the epiphyseal line
of the first metatarsal is fused and externally obliter-
ated, Susman et al. (2011) presented radiographic data
that there is a patent epiphyseal scar at the base of OH
8s MT1 and that this scar is another trait that supports
the subadult interpretation of OH 8. This scar, Susman
et al. (2011) wrote, “typically disappears in adults.”
These authors found it inexplicable that DeSilva et al.
(2010) did not consider the epiphyseal scar in their age
assessment of the OH 8 foot. Here, we attempt to rectify
that legitimate critique of our original study.

In this study, we test the hypothesis that the epiphy-
seal scar can be used to assess skeletal age. Adult MT1s
were used to determine if basal epiphyseal scars some-
times persist, as viewed in dorsoplantar radiographs. If
some adults continue to have visible basal epiphyseal
scars on MT1, then this suggests basal epiphyseal scar
presence on MT1 may not have much utility in aging iso-
lated skeletal remains in either a forensic or paleoan-
thropological context.

MATERIALS AND METHODS

Two autopsy known-age skeletal collections were used
in this study (Table 1). Forty individuals from Cleve-
land’s Museum of Natural History Hamann-Todd au-
topsy Collection were selected. Five individuals were
randomly selected from the following age categories: late
teens (>18 years old), 20s, 30s, 40s, 50s, 60s, 70s, and
80s. Additionally, 31 individuals from the Raymond Dart
Collection at the University of Witwatersrand were used.
Five first metatarsals from individuals aged 20, 40, 50,
60, and 70 and 3 individuals each of ages 30 and 80
were radiographed.

An ancillary collection of 60 individuals from a prein-
dustrial California hunter-gatherer Amerind site (the
Ryan Mound Collection) was also used. The temporal
span of the site is 2,180-250 BP. Sexing and aging were
determined from procedures described by Buikstra and
Ubelaker (1994) and excluded use of metatarsal epiphy-
seal fusion. Specifically, pelvic and cranial morphology
were used to sex the comparative sample. Dental eruption
and long bone epiphyseal fusion (which did not include
the clavicles) were used to age individuals below 23 years
of age; medial clavicular fusion was used to determine if
individuals were over the age of 23. To age individuals
over 23 years of age, pelvic age indicators including the
pubic symphysis and auricular morphology were
employed (Buikstra and Ubelaker, 1994). Individuals
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were placed into the age categories of: late teens, 20s, 30s,
and 40s plus. Any individual who could be younger than
17 years of age was excluded. This should be considered a
conservative approach since it ensures that individuals
were of at least 17 years of age. Epiphyseal fusion of
metatarsals is usually said to occur between 14 and 16
years of age (Scheuer and Black, 2004).

Dorsoplantar radiographs of MT1s were taken at the
Cleveland Museum of Natural History (for Hamann-
Todd Collection), at the University of Witwatersrand
School of Anatomical Sciences (for Raymond Dart Collec-
tion) and at the San Jose State University Student
Health Center (for Ryan Mound Collection) to determine
if the persistence of the basal epiphyseal scar diminishes
with adult age. The right MT1 was used unless only the
left was present. X-rays were taken with methods that
did not result in magnification errors.

The epiphyseal scar data was recorded by Weiss as ei-
ther visible (as noted as a lighter line in the X-ray where
the epiphyses attaches) or absent (no distinct scar pres-
ent). Ratings for both autopsy collections were single-
blinded; Weiss did not know the ages of the individuals
until after she completed the ratings. For the autopsy
collections, hard copies of the X-rays were examined. For
the Ryan Mound Collection, original X-rays were exam-
ined. When there was any doubt of the scar’s visibility,
the individual was removed from the sample. A random
subset of data were re-scored by Weiss 2 months later,
and intra-rater repeatability was high (Kappa = 0.904,
SE = 0.033, and P < 0.001). Data were entered into
SPSS version 19.0; nonparametric Chi-square tests were
run to determine age differences using 8 age categories
(late teens, 20s, 30s, 40s, 50s, 60s, 70s, and 80s) and 4
age categories (late teens, 20s, 30s, and 40s plus). P-lev-
els <0.05 were considered statistically significant. Statis-
tical tests were run on the autopsy collections combined
(N = 71) and on each collection separately.

In addition, radiographs were taken on five hominin
first metatarsals from South Africa: StW 562, 573, and
595 from Sterkfontein, and SK 1813 and SKX 5017 from
Swartkrans. These data were collected to assess the
presence of the epiphyseal scar in fossil specimens,
observations relevant to the age status of the OH 8 foot.
The presence or absence of the scar was assessed in the
same manner as described above.

RESULTS

MT1 basal epiphyseal scars are visible in 27 out of 71
(38%) individuals from the autopsy collections; using
these collections, no significant age differences were
found in epiphyseal scar visibility (with 8 age categories:
Chi-square = 6.184, df = 7, and P = 0.518; With 4 age
categories: Chi-square = 1.552, df = 3, and P = 0.670).
No significant results were found in epiphyseal scar visi-
bility by age within each collection either (Table 2).

The partially fused epiphysis is clearly visible both
externally and internally on SK 1813. StW 573 is too
mineralized for the epiphyseal scar to be detected. The
epiphyseal scar on StW 595 is nearly obliterated and
scored as absent. However, the scar is faint, but detecta-
ble on StW 562 and SKX 5017.

DISCUSSION AND CONCLUSION

There appeared to be no significant decrease in the
MT1 basal epiphyseal scar related to age. In fact, we
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TABLE 2. MT1 basal epiphyseal scar absence or
presence by age

Hamann-Todd® Raymond Dart® Ryan Mound®
Absent Present Absent Present Absent Present

Late teens 3 2 — - 4 4
20s 2 3 3 2 13 2
30s 3 2 1 2 30 4
40s 3 2 4 1 2 1
50s 1 4 4 1 - -
60s 2 3 3 2 - -
70s 4 1 4 1 -

80s 4 1 3 0 - -
Total 22 18 22 9 49 11

# Chi-square = 6.061, df = 7, and P = 0.533; Chi-square =
0.566, df = 3, and P = 0.904.

b Chi-square = 4.467, df = 6, and P =
2.948, df = 2, and P = 0.229.

¢ Chi-square = 7.039, df = 3, P = 0.071.

0.614; Chi-square =

Fig. 1.
scar is easily detectable in individuals aged 18-80 years from
the Hamann-Todd Collection (ages of individuals shown to the
left of the metatarsal radiographs).

Epiphyseal scar variability. The basal epiphyseal

found individuals in their 60s, 70s, and 80s still with a
clear epiphyseal scar (Fig. 1). Hoerr et al. (1962) pointed
out that the basal epiphyseal scars of the MT1 can be
present in adults; they wrote, “The terminal lines may
remain visible throughout life” (p. 159). However, this is
the first study to systematically test the hypothesis that
the epiphyseal scar diminishes and vanishes with
increasing age as has been suggested (Susman et al.,
2011). A visible basal epiphyseal scar on MT1 is not a
reliable indicator of recent epiphyseal fusion. Krogman
(1962) added, “The problem of evaluation and comparing
epiphyseal union on the actual bone and on the X-ray
film is a difficult one” (p. 41). Krogman stated radio-
graphs can be misleading because of epiphyseal scars
and, thus, he preferred external examination of bones
rather than X-rays for aging individuals.

Furthermore, we found evidence of an epiphyseal scar
in two fossil hominins: StW 562 and SKX 5017 (Fig. 2).
Although the age status of StW 562 is unclear (although
adult since the base of the epiphysis has fused), SKX
5017 is most likely an adult given the prominent osteo-
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Fig. 2. Epiphyseal scar presence in fossil hominins. StW 562
and SKX 5017 both display radiographically visible epiphyseal
scars, similar to what is seen in the OH 8 metatarsal. Both
bones are from adults. SK 1813 is a subadult, reflected by both
the externally visible epiphyseal growth line and the internally
present scar, clearly detectable despite the high degree of miner-
alization. Although a subtle scar can be faintly detected in StW
595, it was too faint to be scored as present. StW 573 is too min-
eralized to characterize.

phyte dorsally and just proximally to the head (Susman
and Brain, 1988). In addition, SK 1813 has a clearly visi-
ble epiphyseal line both externally (Susman and de
Ruiter, 2004) and radiographically.

It has been suggested that the radiographically visible
epiphyseal scar on the base of the first metatarsal of the
OH 8 foot is evidence for recent fusion and a subadult sta-
tus for this individual (Susman and Stern, 1982; Susman,
2008; Susman et al., 2011). Given the frequency of visible
epiphyseal scars in adult and even elderly adult human
first metatarsals presented in this study, the visibility of
the basal epiphyseal scar in the MT1 of OH 8 does not pro-
vide conclusive evidence that OH 8 was a subadult
(Susman, 2008; Susman et al., 2011) or an adult (DeSilva
et al., 2010). The presence of an epiphyseal scar is there-
fore irrelevant to whether OH 8 belongs to a juvenile or to
an adult. The relevant anatomy for this question is there-
fore restricted to the distal ends of the second and third
metatarsals, which are either the missing epiphyses of a
juvenile (Susman et al., 2011) or the remains of adult meta-
tarsals whose ends were chewed off by a predator (DeSilva
et al., 2010). We regard the 71 tooth marks on the OH 8
foot, including several on the distal ends of metatarsals 2
and 3 (Njau and Blumenschine, in press), as convincing
evidence that the heads of these bones were simply bitten
off. However, Susman et al. (2011) have also presented con-
vincing photographic evidence (their Fig. 3) that the pur-
ported OH 8 epiphyseal fusion pattern of unfused second
and third metatarsals along with a fully fused first meta-
tarsal base can exist in humans, albeit in low frequency.

More generally, this article cautions on the use of a
single trait or a small number of traits to determine age.
Aggregation of traits is especially important when com-
ing to conclusions regarding age. Aggregation of traits
increases construct validity by reducing error variance
(Weiss, 2003). In this case, variance of MT1 basal epi-
physeal scar visibility reduces the utility of this anatomy
in age determination of isolated pedal remains.
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