Chapter 13

Dental Development and Age at Death of a Middle Paleolithic
Juvenile Hominin from Obi-Rakhmat Grotto, Uzbekistan
Tanya M. Smith, Donald J. Reid, Anthony J. Olejniczak, Shara Bailey, Mica Glantz, Bence Viola, and Jean-Jacques Hublin

Abstract Studies of dental development have reported
conflicting results regarding whether Neanderthal growth
and development was similar to that of modern humans. The
discovery of a partial permanent maxillary juvenile dentition
(OR-1) from the Obi-Rakhmat Grotto, Uzbekistan, provides
the opportunity to assess dental development and age at death
in a Paleolithic hominin with strong Neanderthal similarities
using incremental dental features. Long-period lines on tooth
crowns (perikymata) and roots (periradicular bands) were
quantified, and crown formation, root development, and age
at death were estimated. An anomalous upper molar was
determined to be a left M2 with a rare developmental condition (gemination). Perikymata numbers for OR-1 were similar
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to modern southern African population means, but were less
than modern northern European and Neanderthal means.
Root extension rates were estimated to be similar to (or slightly
higher than) modern human values, although few modern
comparative data are available. Assuming the long-period line
periodicity of this individual fell within a Neanderthal distribution (6–9 days), the maximum age at death of OR-1 is
estimated at 8.1 years, but is more likely to have been
6.7–7.4 years (7 or 8 day periodicity). Modern European
human developmental standards would suggest an age at
death of approximately 8–9 years. These results are consistent with other studies suggesting that Neanderthal dental
development overlaps with the low end of modern human
populations, and demonstrates a greater range of variation in
Middle Paleolithic hominins than previously reported. It is
clear that perikymata number alone does not distinguish these
taxa; data on long-period line periodicity and molar eruption
would yield additional insight into Neanderthal life history.
Keywords Crown formation • Root formation • Perikymata
• Periradicular band • Gemination • Neanderthal • Extension
rate • Life history • Incremental feature

Introduction
Recent studies of hominin dental tissues have utilized incremental features to infer patterns of life history (the scheduling
of development and the timing of reproductive events) (e.g.,
Bromage and Dean 1985; Dean et al. 2001; Ramirez Rozzi
and Bermudez de Castro 2004; Guatelli-Steinberg et al.
2005; Smith et al. 2007a, b; reviewed in Smith 2008).
Previous histological work on juvenile Neanderthal dentitions has been limited to studies of individuals from Devil’s
Tower, Gibraltar (Dean et al. 1986; Stringer et al. 1990;
Stringer and Dean 1997), Montgaudier Cave, France (Mann
and Vandermeersch 1997); Hortus, France (Ramirez Rozzi
2005); Scladina, Belgium (Smith et al. 2007b); and
Dederiyeh, Syria (Sasaki et al. 2002). These studies were
primarily focused on determining age at death from counts
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of temporal lines in tooth enamel. The number and spacing
of external long-period growth lines has also been studied in
considerable samples of Neanderthals and Upper Paleolithic
modern humans (Mann et al. 1991; Ramirez-Rozzi 1993a;
Ramirez Rozzi and Bermudez de Castro 2004; GuatelliSteinberg et al. 2005, 2007; Guatelli-Steinberg and Reid
2008; Reid et al. 2008). Histological studies of internal
enamel development have been conducted on four permanent
teeth from Tabun, Israel; La Chaise-de-Vouthon, France;
Scladina, Belgium; and Lakonis, Greece (Dean et al. 2001;
Macchiarelli et al. 2006; Smith et al. 2007b, 2009). Several
of these studies have reported that the Neanderthal dentition
developed in a shorter time than that of modern humans,
although in some cases Neanderthals appear to overlap with
the low or ‘rapid’ end of the human range.
The discovery of a juvenile Middle Paleolithic hominin
from the Obi-Rakhmat Grotto in Uzbekistan (Glantz et al.
2004, 2008) possessing several isolated, associated developing
teeth presents the rare opportunity to assess dental development in a central Asian Paleolithic hominin. Metric and
morphological analyses of the dentition suggest that this
individual most closely resembles a Neanderthal (Glantz
et al. 2004, 2008; Bailey et al. 2008). This study aims to
assess whether the duration of crown formation and
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d evelopmental stage at death in this individual supports the
proposed ‘rapid developmental profile’ based on dental evidence from other Neanderthals. Surface manifestations of
long-period incremental features on the tooth crowns and
roots were quantified, the degree of root formation was
assessed, and crown formation and root development prior to
death were estimated using Neanderthal cuspal formation
times and a range of likely long-period increment periodicity
values. Age at death was estimated using Neanderthal initiation ages, which were added to the time of crown and root
formation. These data were compared with data on incremental development in modern humans from northern
England and southern Africa, as well as a large sample of
Neanderthals (Macchiarelli et al. 2006; Reid and Dean 2006;
Smith et al. 2007b, c; Guatelli-Steinberg and Reid 2008; Reid
et al. 2008; Smith et al. 2010).

Material and Methods
Six isolated teeth (left upper I2, C, P3, P4, M1, M2) were
recovered from the site of Obi-Rakhmat Grotto (Fig. 13.1),
which are considered to belong to a single individual due to

Fig. 13.1 The left maxillary dentition of the Obi-Rakhmat hominin. From left to right: lateral incisor, canine, third and fourth premolars (upper
and lower teeth, respectively), first and second molars (upper and lower teeth, respectively)
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Fig. 13.2 Interpretation of anomalous molar tooth as an upper left
second molar. Left- maxillary cusps are indicated: par- paracone, proprotocone, met- metacone, hyp- hypocone, ac- accessory cusp believed
to represent molar gemination (fusion of a supernumary tooth - defined

by dotted line). The solid line is the altered mesial border shown in
Fig. 13.3. Right- underside of the developing anomalous molar, showing difference in root thickness (and root length by implication) likely
due to pathology

their preservation, stage of development, and physical
proximity (Glantz et al. 2004, 2008). The teeth have been
described in several sources, which have noted that the most
posterior molar tooth displays an anomalous morphology
that has been interpreted differently by different scholars
(Glantz et al. 2004; Bailey et al. 2008). During the course of
this study, the anomalous posterior molar was judged to be
a left M2 based on the orientation of the cusps and ridges, as
well as root morphology. It is suggested that the major
accessory cusp (and supporting root) represent an accessory
cusp fused to the mesial aspect of the second molar
(Fig. 13.2). The smaller accessory cusp on the lingual aspect
of the protocone is interpreted as Carabelli’s cusp. The interpretation of this tooth as a left M2 is supported by comparison with the left M1 (Fig. 13.3), and when taken together,
this row shows a consistent orientation of the crista obliqua
as well as typical hypocone reduction from M1 to M2. This
interpretation is similar to an illustration in Glantz et al.
(2004: Figure 5, p. 87).
The teeth were originally molded and cast using highresolution impression materials (3 M Espe Imprint II, Vantico
Araldite 2020), and computed tomographic (CT) scans of the
original material were made at the Medical University of
Innsbruck, Austria. However, the slice thickness of the resultant CT scans, as well as the image quality, were not adequate
to yield accurate linear measurements of enamel thickness or

quantification of tissues volumes (Olejniczak et al. 2007).
Developmental times for postcanine teeth were estimated for
individual cusps, which do not necessarily initiate and
complete formation simultaneously (Ramirez-Rozzi 1993b;
Reid et al. 1998). Crown formation time was determined as
the sum of cuspal and imbricational formation time (methods reviewed in detail in Smith 2008). Cuspal formation
times were taken from a histological study of several
Neanderthals (Smith et al. 2010). Imbricational formation
times were assessed from repeated counts of long-period
lines (perikymata) on the surface of each crown/cusp
(Fig. 13.4), which were made by two individuals (T.S. and
D.R.) using stereomicroscopy at 50× magnification. A slight
estimate was made for light wear on the M1 mesiolingual
cusp. Perikymata number was multiplied by a range of probable periodicity values (discussed below).
Root length was assessed from casts and photographs of
the original teeth, and corrections were made for minor
amounts of missing root. Long-period lines known as periradicular bands, which are equal to internal long-period
Andresen lines (Smith et al. 2007b; Smith and Reid, 2009),
were counted from casts at 50× magnification (Fig. 13.4).
Counts of perikymata and periradicular bands were multiplied by a range of Neanderthal periodicity values (6–9 days:
Smith et al. 2010) to yield imbricational formation and root
formation times, respectively. Root extension rate ranges
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periodicity, respectively), 5.0 mm of mesial canine root
formed at 4.9–7.4 mm/day, 4.6 mm of P3 buccal root formed
at 4.2–6.3 mm/day, 5.4 mm of P3 lingual root formed at 4.4–
6.7 mm/day, 5.0 mm of P4 buccal root formed at 4.7–7.1 mm/
day, 4.8 mm of P4 lingual root formed at 4.6–6.9 mm/day,
15.4 mm of M1 mesiobuccal root formed at 6.0–9.1 mm/day,
and 10.6 mm of M1 lingual root formed at 4.4–6.7 mm/day. The
duration of M1 root formation was estimated to be between
4.6 and 7.0 years for the mesiobuccal root.
The mean maximum likely age at death was 8.1 years
using a periodicity of 9 days. However, using the modal periodicity of 11 Neanderthals, 7 or 8 days, yields an age at death
of 6.7–4 years.

Discussion
Anomalous Molar Morphology

Fig. 13.3 Reconstruction of LM1-2 with the geminated cusp from the
LM2 removed (see Fig. 13.2). The M1 is shown above the M2, and the
crista obliqua is indicated with a dotted line on both teeth

were estimated for each intact root by dividing the total root
length by the product of the respective number of long
period lines multiplied by the minimum and maximum
estimated periodicity values (6 and 9 days). Finally, age at
death was estimated from each cusp by adding histologically derived initiation ages from the Scladina Neanderthal
(Smith et al. 2007b) to the range of estimated crown and root
formation times. Alternative models for initiation ages are
considered in the discussion.

Results
Developmental variables, crown formation time, and age at
death are presented in Table 13.1. Estimated extension rates
for intact roots were estimated as follows: 14.0 mm of I2
distal root formed at 8.0–12.1 mm/day (assuming a 9 or 6 day

As noted above, the morphology of the unusual posterior
molar has been interpreted in a number of ways, resulting in
different classifications as an upper right or upper left second or third molar. We believe this tooth shows a rare condition where either a supernumerary tooth has fused with the
second molar during crown development, or the developing
second molar underwent additional division during formation, resulting in additional cusps in a process known as
gemination (e.g., Kronfeld 1939; Tsesis et al. 2003). Several
clinical case studies describe these conditions in mandibular
molars (e.g., Turell and Zmener 1999; Nunes et al. 2002;
Tsesis et al. 2003), noting that the clinical distinction between
tooth fusion and gemination is subtle. No evidence of separate pulp chambers was found in CT slices, which suggests
that this represents an instance of gemination, although had
the tooth completed formation it may have been easier to
eliminate the possibility of fusion of a supernumerary tooth.
Other aspects of this molar are also pathological, only a few
millimeters of mesial and lingual roots are present, while the
buccal root was estimated to be almost twice as long based
on its thickness at the cervical margin (Fig. 13.2). It is quite
possible that the presence of an accessory cusp/root affected
the position of the tooth in the crypt, and may have caused
the lingual root to develop later or slower than the buccal
roots.
We also note that although it is uncommon to find a
Carabelli’s cusp on an upper second molar that is larger than
that of the first molar, the frequency of Carabelli’s cusp
(grade 3 or larger) on the UM2 in Neanderthals is 58%
(Bailey, unpublished data). Other Neanderthal upper second
molars have been observed to show large Carabelli’s cusps
(e.g., Ehringsdorf, Arago, Krapina DP#3).
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Fig. 13.4 Perikymata (left) and periradicular bands (right): long-period growth lines preserved on the surface of the developing canine (center)
from the Obi-Rakhmat Grotto hominin

Developmental Implications
Long-period line (perikymata) numbers for the Obi-Rakhmat
tooth crowns are generally lower than mean values for modern
humans from northern Europe, but are similar to southern
African modern human values (Table 13.2). Values from
OR-1 are also lower than Neanderthal mean perikymata
numbers, but are similar to the juvenile Neanderthal from
Hortus, with the exception of the canine (Fig. 13.5) (Ramirez
Rozzi 2005; Guatelli-Steinberg and Reid 2008; Reid et al.
2008). It appears that perikymata number is variable in modern humans, and ranges encompass most Neanderthal values
(Mann et al. 1991; Guatelli-Steinberg et al. 2005; GuatelliSteinberg and Reid 2008; Reid et al. 2008; Smith et al. 2010).
The individuals from Obi-Rakhmat Grotto and Hortus
expand Neanderthal perikymata ranges for maxillary teeth
reported by Guatelli-Steinberg and Reid (2008).
If the periodicity of OR-1 fell at the lower end of the
Neanderthal (or modern human) range (6–8 days), crown
and root long-period line counts would be consistent with
other studies that suggest that Neanderthals show a slightly
more rapid period of dental development than some modern
human populations. However, because an inverse relationship exists between Retzius line number and periodicity in

modern humans (Reid and Ferrell 2006), it may not be the
case that imbricational formation time is lower than in modern humans. If this individual had a periodicity of 10 or more
days (seen in 31 of 365 modern humans: Smith et al. 2007c)
the time represented by perikymata would be equal to or
greater than modern human means. While we consider this
quite unlikely, we cannot exclude this possibility.
Relatively little data exist regarding root extension rates
in living or fossil hominins, particularly for human maxillary teeth (reviewed in Dean 2006; Smith 2008). The estimated rates of M1 root extension calculated for OR-1
(6.0–9.1 mm/day) are fairly similar to the overall extension
rate (6.3 mm/day) reported for the mandibular first molar
from La Chaise (Macchiarelli et al. 2006) and the maxillary
first molar from Scladina (min rate 6.6 mm/day: Smith et al.
2007b) as well as longitudinal data from modern human first
molars (Dean 2006; Macchiarelli et al. 2006). This result
represents additional (albeit indirect) evidence that periradicular bands are equivalent to other long-period lines,
and may therefore be used to assess the rate and duration of
root development (also see Dean 1995; Smith et al. 2007b;
Smith and Reid, 2009).
Histological analysis of the Obi-Rakhmat juvenile is
dependent on several parameters that must be estimated,
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Max Teeth = Left maxillary teeth available: second incisor (I2), canine (C), third and fourth premolars (P3 & P4), and first and second molars (M1 & M2). For molar cusps: mb = mesiobuccal cusp
(paracone), ml = mesiolingual cusp (protocone), db = distobuccal cusp (metacone), dl = distolingual cusp (hypocone). Init Age = Initiation ages taken from the Scladina Neanderthal (Smith et al.
2007b) save for the P4, which was estimated to be intermediate between Neanderthal P3s and recent human P4 data (Dean et al. (1993). Cusp = Cuspal formation times taken from Neanderthal
values in Smith et al. (2010). Cuspal thickness was assumed to be equal between P3 and P4. Pkg = Perikymata, the number of long-period lines on the enamel surface counted from casts of the original teeth. Slight estimations were made for light wear on the ml cusp of the M1, as indicated by ‘~’. CFT = cuspal enamel formation plus the total number of perikymata multiplied by 7 and 8
(model Neanderthal periodicity values). Prd = Periradicular bands, the number of long-period lines on the root surface counted from casts of the original teeth. Slight estimations were made for
broken root apices. RT = Root formation time calculated as the number of periradicular bands multiplied by model Neanderthal periodicity values, 7 and 8. Death = age at death calculated as the
age at initiation plus the time of crown and root formation using a range of Neanderthal periodicity values of 6-9 (Smith et al. 2010). All times and ages are in days except for the last four columns,
which are in years. Age at death was not calculated for the M2 as the mb and db root was missing, and the ml and dl root length appeared to be foreshortened/pathological
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M1
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Buccal
Lingual

1134
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I2
C

224
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Table 13.1 Estimation of crown formation time, root formation time, and age at death in the Obi-Rakhmat Grotto hominin
Max
Init
Cusp
Teeth
Age
Time
Pkg
CFT (7)
CFT (8)
Prd
RT (7)
RT (8)
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Table 13.2 Perikymata (long-period lines) counts in the Obi-Rakhmat juvenile compared to values
from two modern human populations and a sample of Neanderthals
Tooth
Cusp
OR-1
African
European
Neanderthals
C

137

135 ± 31

148 ± 24

141 ± 10

P3

Buccal
Lingual

99
83

80 ± 19
83 ± 15

122 ± 17
106 ± 14

115
–

P4

Buccal
Lingual

85
78

87 ± 10
76 ± 15

107 ± 20
84 ± 16

108
–

M1

mb
ml
db
dl

86
68
76
69

80 ± 13
87 ± 16
81
84

92 ± 14
89 ± 14
–
67

86 ± 8
79
96 ± 9
–

M2

mb
83
93 ± 15
85 ± 14
94 ± 6
ml
81
87 ± 17
95 ± 13
77
db
75
–
78
–
dl
85
–
78
–
Max Teeth = Left maxillary teeth: canine (C), third and fourth premolars (P3 & P4), and first and second
molars (M1 & M2). For molar cusps: mb = mesiobuccal cusp (paracone), ml = mesiolingual cusp
(protocone), db = distobuccal cusp (metacone), and dl = distolingual cusp (hypocone). Mean values for
southern African, northern European, and Neanderthal populations are followed by standard deviations
when possible. Data are from Reid et al. (2008) and Smith et al. (2010)

Fig. 13.5 Long-period line (perikymata) numbers in the Obi-Rakhmat
individual (O), Hortus II-III individual (H), and a sample of Neanderthals
(vertical range bars with mean values indicated by horizontal bars).
Data for post-canine teeth are from buccal/mesiobuccal cusps. Tooth
types and data are from Table 13.2, Guatelli-Steinberg and Reid (2008),
and Ramirez Rozzi (2005)

b arring physical or virtual sectioning of the dentition, which
may lead to some degree of uncertainty in the final age at
death. These estimates include the cuspal formation time,
long-period line periodicity, and initiation age. Because
Neanderthal molars possess thinner cuspal enamel than modern humans (Smith et al. 2007b), which is a consistent pattern
across the dentition (Smith et al. 2010), it is likely that estimated times from the Scladina Neanderthal are more accurate
than those derived from modern humans. Similarly, modal
long-period line values from other Neanderthals (7 or 8 days)
are likely to be more accurate than values derived from other
taxa. It has been demonstrated that the mean estimated age at
death changes by 0.7 years in this individual when the periodicity is increased or decreased by 1 day. Finally, estimates of
initiation age may represent an additional source of error.
Very few histological estimates are available for the maxillary
dentition, which include an individual of African origin (Dean
et al. 1993), four or less European individuals (Reid et al.
1998), and several teeth from the Scladina Neanderthal (Smith
et al. 2007b). The Scladina juvenile’s initiation ages differed
by less than 2 months from the African individual for the
tooth types available in this study (UI2, UC, UM1, UM2).
Using European initiation ages from Reid et al. (1998) would
increase the mean age at death by approximately 3–4 months,
which is rather unlikely given numerous studies that have
reported early tooth initiation in Neanderthals (reviewed
above). In short, a range of possible ages is reported in this
study that reflect the most accurate picture of Neanderthal
dental development currently available, and the error
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a ssociated with these ages is likely to be on the order of
months rather than years.
Relatively little is known about maxillary dental development in modern human populations due to limitations in
radiographic techniques and the time-consuming nature of
histological studies. Published standards for modern
humans of European origin with a mandibular developmental stage equivalent to the Obi-Rakhmat juvenile suggest an age at death of approximately 8–9 years (Smith
1991). The histological approach in this study yields a
most likely age between 6.7 and 7.4 years, which is near
the low end of modern European ranges. Global variation
in crown formation times and eruption ages is still poorly
understood. It is clear that African populations show more
rapid anterior and premolar dental development than
European populations (Dean et al. 1993; Reid and Dean
2006; Reid et al. 2008), younger initiation ages (Dean et al.
1993; Reid et al. 1998; Liversidge 2008), and younger ages
at dental eruption for certain tooth positions (Liversidge
2003). Given the range of modern human variation documented to date, it appears that traditional assessments of
age at death in juvenile Paleolithic hominins (e.g., Tillier
2000) should not be based on comparisons with modern
European juveniles (Smith et al. 2007b, 2010). It is possible that an African developmental model is more accurate;
should this be the case, the ‘rapid developmental profile’
reported for Neanderthals may be due, in part, to limited
comparative samples. In conclusion, while the ObiRakhmat hominin shows slightly more rapid development
than northern European modern humans, additional data
are needed regarding initiation ages, long-period line periodicity, and eruption ages in order to resolve debates over
life history differences between modern humans and
Neanderthals.
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