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heads relative to one another. In addition to these, Dudar (10)
suggests that accuracy of seriation can be assessed by stacking the

ABSTRACT: Accurate rib sequencing is of importance to both
ribs one atop the other in anatomical position. This study is anforensic anthropologists and human osteologists, but until recently
examination of two quantitative methods for assessing rib sequencethere have been few traits used to aid in the seriation of ribs within

a human burial. This study examines two measurements (head to and identification in a forensic or archaeological context.
tubercle length and superior costotransverse ligament crest height)
for the purpose of aiding rib identification and seriation in human Materials and Methods
skeletal remains. A sample of 344 ribs from 43 individuals from the
19th century Anglican Church cemetery of St. Thomas in Belleville, The research was conducted on adult individuals excavated from
Ontario were used for the current study. While the head to tubercle the 19th century Anglican Church cemetery of St. Thomas in Belle-
length appeared unreliable for rib seriation, the superior costo-trans-

ville, Ontario. The St. Thomas’ skeletal sample consists of 577verse ligament crest height may provide an alternative technique
individuals representing 37% of the total 1564 interments in thefor assessing rib sequence. More importantly though, the method

provides a basis on which the identification of the central ribs can cemetery (12). Disinterment of the burials was carried out during
be made. the summer of 1989 (13). Preservation of the sample is extremely

good, partly the result of the well-drained, sandy soil and the eleva-
KEYWORDS: forensic science, thoracic cage, superior costo- tion of the site (12). Only 3% of the sample is of indeterminant
transverse ligament, rib sequence, forensic anthropology sex or age, leaving an analyzable sample of 558 individuals. The

St. Thomas’ skeletal sample consists of 19th century pioneer fami-
lies of European descent (primarily English and Irish) from UpperUntil recently (1) there have been few traits used to aid in the
Canada (14). Even though it is a 19th century archaeological sam-seriation of ribs within a human burial. While the obvious method
ple, recent and ongoing studies have suggested that the growth,is to excavate and number ribs sequentially when found in situ,
stature and robusticity of the individuals is very similar to modernfrequently incomplete or disturbed burials have required research-
North American reference samples (15–17).ers to sequence ribs in the lab based on morphological changes. The

For the present study, only specimens with intact ribs from theimportance of accurate rib sequencing is relevant to both forensic
right side were used and only ribs 2 through 9 were analyzed. Ofanthropologists and human osteologists for recording the location
a total sample of 857 ribs, 344 were used for the current study,and distribution of regional trauma as well as for estimation of age
representing complete sets of ribs 2 through 9 from 43 individuals.3in the adult. The fourth rib has been used as the standard for age-
This ensured that errors in the measurements were not biased byrelated metamorphosis of the sternal end (2–7) and the sixth rib
less accurate rib identification among the incomplete sets. For eachhas been used for histological age estimation (8–9). Although stud-
individual burial, specimens were sorted into anatomical sequenceies have suggested that these changes are essentially the same on
for the purpose of proper identification of all ribs. Seriation was

the adjacent central ribs (10–11), the non-distinguishing features
based upon multiple factors. Mann’s (1) method for siding and

of the fourth and central ribs remain problematic. Mann (1) sug-
sequencing ribs was primarily employed. These included: a com-

gested a series of morphological traits that can be used to aid in
parison between the second rib and all other ribs; a progressive

this task. He found that ribs within an individual burial can be widening of the angle of the rib from first to 10th; a change in the
accurately seriated using such features as relative rib length, the body of the rib which results in a more blade-like appearance as

the ribs progress from first to 12th; an increase in length of the
rib from first to seventh and then a subsequent decrease in length1Postdoctoral research fellow and assistant professor, Department of

Anthropology, McMaster University, Ontario, Canada.
2Professor, Department of Anthropology, McMaster University, On- 3The statistical results are the same when run on the full sample of

857 ribs. However, to ensure that the results were not biased by potentialtario, Canada.
Received 2 Dec. 1996; and in revised form 20 May 1997; accepted 6 inaccuracies in rib identification from incomplete sets, the results presented

here are for complete sets only.June 1997.

174

Copyright © 1998 by ASTM International



HOPPA AND SAUNDERS z RIB SERIATION IN HUMAN SKELETAL REMAINS 175

FIG. 1—Inferior view of a right 4th rib illustrating the superior costo-transverse ligament crest height.

from the eighth to the 12th. The seventh rib was characterized as uted variable, Spearman’s rho coefficients were calculated. As
shown in Table 1, both variables demonstrate a significant (p ,having the maximum distance between the vertebral head and the

table when laid at rest. Ribs 1, 11, and 12 are characterized as 0.05) correlation with rib number. Figures 2 and 3 present the
95% confidence intervals around the mean values of each of thehaving only single articular facets (1). In addition stacking the ribs,

once in anatomical sequence, as described by Dudar (10), provided two variables, by rib number. Head-tubercle length shows a nonlin-
ear pattern with a peak maximum at the 4th and 5th ribs (Fig.a good check.

This study examines two metric variables for the purpose of 2). Superior costo-transverse crest height however, shows a very
distinct pattern of increasing values up to the 7th rib (Fig. 3).aiding rib identification and seriation in human skeletal remains.

The first is the head to tubercle length which was measured on Given its distinct pattern, it was apparent that the superior costo-
transverse measure might be useful for distinguishing the 4th andribs 2 through 8. The second, measured the distance between the

inferior surface of the neck to the peak of the crest of attachment central ribs from one another. An analysis of variance with posthoc
Bonferroni statistics for evaluating the pairwise difference betweenof the superior (anterior) costo-transverse ligament4 for ribs 2

through 9 (see Fig. 1). Preliminary examinations revealed a possi- ribs was calculated, the results of which are presented in Table
2. These results suggest that the mean superior costo-transverseble pattern of increasing size of these measures with increasing

rib number, and therefore a formal study was undertaken to evalu- ligament crest height for the 4th rib in particular is statistically
distinct from all other analyzed ribs (pairwise mean differencesate this hypothesis. Measures were taken using sliding calipers.

The crest height was measured from the inferior aspect of the neck are significant at p , 0.05). This is notable given the importance
of the 4th rib for forensic anthropology. Despite these results, theto the most superior point of the crest. In order to independently

evaluate the hypothesis these measures were not used to aid seria- overall dispersion of superior costo-transverse ligament crest
height values within the sample is considerable. To further evaluatetion.
the usefulness of this trait, regression equations were fitted to the
distribution. Since there was not a simple linear pattern of increaseResults and Discussion
between rib number and the variable (see Fig. 3), an alternative

Table 1 presents the correlation between rib number and the two
metric variables, head tubercle length and superior costo-transverse
crest height. Since rib number is not a continuous, normally distrib-

TABLE 1—Correlations.

Rib

Spearman’s Correlation RIB 1.000
rho Coefficient SUP COST .649*

HEAD TUB 1.126*
Sig. RIB
(2-tailed) SUP COST .000

HEAD TUB .036
N RIB 344

SUP COST 309
HEAD TUB 274

**Correlation is significant at the .01 level (2-tailed)
*Correlation is significant at the .05 level (2-tailed).

4The anterior costo-transverse ligament attaches to a sharp crest on the
upper border of the neck of each rib and passes obliquely upward and
outward to the lower border of the transverse process immediately above FIG. 2—95% confidence interval for mean head-tubercle length (mm)

by rib number.(16).
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TABLE 2—Multiple Comparisons.
Dependent Variable: Superior Costo-transverse Crest Height

Bonferroni

95% Confidence IntervalMean
Difference Std. Lower Upper

(I) Rib (J) Rib (I–J) Error Sig. Bound Bound

2 3 11.0020 .509 1.000 12.6058 .6018
4 13.5153* .509 .000 15.1190 11.9115
5 15.2305* .509 .000 16.8343 13.6267
6 16.6701* .515 .000 18.2949 15.0454
7 16.9834* .531 .000 18.6565 15.3104
8 17.0078* .531 .000 18.6809 15.3348
9 15.7454* .500 .000 17.3210 14.1698

3 2 1.0020 .509 1.000 1.6018 2.6058
4 12.5133* .509 .000 14.1170 1.9095
5 14.2285* .509 .000 15.8323 12.6247
6 15.6681* .515 .000 17.2929 14.0434
7 15.9814* .531 .000 17.6545 14.3084
8 16.0058* .531 .000 17.6789 14.3328
9 14.7434* .500 .000 16.3190 13.1678FIG. 3—95% confidence interval for mean superior costo-transverse

ligament crest height (mm) by rib number.
4 2 3.5153* .509 .000 1.9115 5.1190

3 2.5133* .509 .000 .9095 4.1170
5 11.7152* .509 .024 13.3190 1.1115
6 13.1549* .515 .000 14.7797 11.5301model was required which exhibits a pattern of increase to a peak, 7 13.4681* .531 .000 15.1412 11.7951

followed by a decline. The quadratic model serves this purpose, 8 13.4926* .531 .000 15.1656 11.8195
and models were fit in two ways. As it is rib number that we wish 9 12.2301* .500 .000 13.8057 1.6546
to predict from the measurement, rib number was considered the

5 2 5.2305* .509 .000 3.6267 6.8343dependent variable and superior costo-transverse ligament crest
3 4.2285* .509 .000 2.6247 5.8323height the independent variable. First, a single model was fitted 4 1.7152* .509 .024 .1115 3.3190

for the entire sample of ribs (irrespective of individual) with limited 6 11.4396 .515 .156 13.0644 .1851
success (r2 4 0.446; regression df 4 2, SS 4 748.29, MS 4 7 11.7529* .531 .030 13.4260 17.987E-02

8 11.7773* .531 .026 13.4504 1.1043374.15; residual df 4 306, SS 4 916.27, MS 4 2.99; F 4 124.95,
9 15.149 .500 1.000 12.0905 1.0607p , 0.001). While a clear pattern for crest height is observed within

the sample, the standard deviation around the mean for each rib 6 2 6.6701* .500 .000 5.0454 8.2949
suggested that within-individual variation may substantial. That is, 3 5.6681* .515 .000 4.0434 7.2929
while the general pattern of increase to rib 7 followed by a decrease 4 3.1549* .515 .000 1.5301 4.7797

5 1.4396 .515 .156 1.1851 3.0644may be valid, the actual size of the crest may be partly dependent
7 1.3133 .537 1.000 12.0064 1.3799on the individual (e.g., differences in overall skeletal size and mus-
8 1.3377 .537 1.000 12.0309 1.3555

culature). To examine the impact of individual variability, a second 9 .9248 .507 1.000 1.6722 2.5217
set of quadratic models were generated, this time fitted indepen-
dently for each individual burial. Comparisons of model residuals 7 2 6.9834* .531 .000 5.3104 8.6565

3 5.9814* .531 .000 4.3084 7.6545demonstrate better prediction compared to the total sample fitted
4 3.4682* .531 .000 1.7951 5.1412model. The improvement is illustrated in Table 3 which presents
5 1.7529* .531 .030 7.987E-02 3.4260

the distribution of error (observed-predicted) for each of the two 6 .3133 .537 1.000 11.3799 2.0064
models. For the total sample fitted model 63.8% of the cases pre- 8 12.441E-02 .552 1.000 11.7640 1.7152

9 1.2380 .522 .515 1.4080 2.8841dicted within one rib while the series of individual fitted models
increased to 77.7% of the sample.

8 2 7.0078* .531 .000 5.3348 8.6809Whether or not this trait is applicable across samples is difficult
3 6.0058* .531 .000 4.3328 7.6789

to assess. The implications of applying population-specific regres- 4 3.4926* .531 .000 1.8195 5.1656
sion models are clear. However, it is unclear whether comparable 5 1.7773* .531 .026 .1043 3.4504

6 .3377 .537 1.000 11.3555 2.0309variation exists in both the observed pattern and the relative pres-
7 2.441E-02 .552 1.000 11.7152 1.7640ence of the trait in other population samples. While the confidence
9 1.2624 .522 .454 1.3836 2.9085intervals for the mean estimates for each rib follow a distinct pat-

tern, the actual distribution of measurements is considerably more 9 2 5.7454* .500 .000 4.1698 7.3210
dispersed than is desired for a typical analysis. However, limita- 3 4.7434* .500 .000 3.1678 6.3190

4 2.2301* .500 .000 .6546 3.8057tions depend somewhat on the application of this measurement.
5 .5149 .500 1.000 11.0607 2.0905First, the analysis of variance demonstrated that, despite the indi-
6 1.9248 .507 1.000 12.5217 .6722

vidual variation, the mean measure was significantly different for 7 11.2380 .522 .515 12.8841 .4080
the 4th rib, suggesting that individual identification of the 4th rib 8 11.2624 .522 .454 12.9085 .3836
may be possible. This may be useful for commingled samples or

*The mean difference is significant at the .05 level.
fragmentary specimens. However, as an aid to seriation where we
do not expect to identify a single rib as compared to a total sample
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TABLE 3—Distribution of error of rib prediction (without direction) References
for the total-sample fitted model and the individual fitted models.
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