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ABSTRACT

Spondylolysis in a Pre-Contact
San Francisco Bay Population:
Behavioural and Anatomical
Sex Differences

E. WEISS*

Anthropology Department, San Jose State University, One Washington Square, San Jose,
CA 95192-0113, USA

Spondylolysis refers to a separation of the spinal body from the arch. Researchers have
documented that these fractures occur due to stresses related to activities involving the lower
limb and back. Spondylolysis in sacral and lumbar vertebrae of 146 (66 males, 66 females,
14 indeterminates) California Amerinds were examined to determine whether sex differences
were present. Sacral anatomy (i.e. sacralisation and lumbarisation, sacral base angles, and
superior facet morphology) was analysed in relation to spondylolysis and sex, to explore
whether sex differences could be better explained through activity patterns or anatomical
variation. Spondylolysis afflicted 24 individuals (16.4%). Males had more than twice the rate of
spondylolysis than did females (26% and 11%, respectively). Activity patterns, such as
thrusting and throwing shafted obsidian points, could explain the sex differences. Males
were most frequently buried with obsidian point artefacts, whereas females were buried with
mortar and pestles. For sacral anatomy, only males had lumbarisation, and all other ana-
tomical variation had no significant sex differences. Lumbarisation related to spondylolysis in
males. In this study, sacral anatomical variation could not fully account for sex differences in
spondylolysis; activity patterns provided a better explanation. Nonetheless, anatomical
variation may predispose males to spondylolysis, or spondylolysis may affect sacral anatomy.
Copyright © 2008 John Wiley & Sons, Ltd.
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Introduction

walk. Spondylolysis, however, must have supple-
mentary causes since the percentage of individ-
uals with spondylolysis ranges from less than 5%

Spondylolysis is a condition of the spine that
refers to a separation of the vertebral arch from
the vertebral body, and excludes the lack of
fusion of the spinous process (Merbs, 1996a).
Merbs (1996a) discussed the role that bipedality
plays in spondylolysis; typical spondylolysis
(limited to the lumbosacral region) is absent in
non-human primates and in children too young to
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in some populations, such as Native American
remains from the Columbia River region (Con-
gdon, 1932) to over 50% in Eskimo populations
(Merbs, 1983, 1995, 1996a,b).

Anthropologists have frequently used the pre-
sence of spondylolysis to reconstruct activity
patterns (e.g. Stewart, 1953; Reinhard et al.,
1994; Arriaza, 1997). However, recently other
indicators of activity (such as muscle markers and
osteoarthritis) have been shown to correlate with
non-activity related factors (such as body size,
genetics and anatomical variation) (Weiss, 2003,
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2005; Weiss & Jurmain, 2007). Thus, this study
attempts to determine whether spondylolysis in a
bioarchaeological sample can be best explained by
anatomical variation or activity patterns.

Clinicians and anthropologists link the appear-
ance of spondylolysis to activity patterns. For
over a century, researchers conducted studies
linking spondylolysis to specific activity patterns
and general heavy labour. In 1887, Lane
associated heavy labour with spondylolysis. In
the sports literature, clinicians find higher
spondylolysis rates than population norms in
gymnasts (Commandre et al., 1988), football
players (McCarroll ¢t al., 1986), rowers (Stallard,
1980; Rumball et al., 2005), wrestlers (Rossi &
Dragoni, 1990), weightlifters (Risser, 1991),
rugby players (lwamoto et al., 2005), soccer
players (Rassi ¢t al., 2005) and other athletes (see
Shrier, 2001, for a summary). Recent studies also
link spondylolysis to sports that require extensive
use of one upper limb side, such as cricket,
baseball and tennis (Ruiz-Cotorro et al., 2006).
Many of these activities involve hyperextension
of the hip and torsion of the back, such as in
swinging a bat and throwing a ball. Clinicians
have had a difficult time diagnosing spondylo-
lysis; it is not always evident on X-rays.
Furthermore, only individuals with back pain
are likely to be examined for spondylolysis and,
thus, spondylolysis rates may be underreported.

Anthropologists too have documented spon-
dylolysis and, as mentioned above, correlated it
with various activities. Stewart (1953) associated
spondylolysis with bending at the waist, as
documented in Eskimo populations. Additionally,
Arriaza (1997) connected the lifting or moving of
heavy objects with spondylolysis, such as moving
large stone pillars in Guam. Bridges (1989) tied
spondylolysis to non-specific activities related to
hunting and gathering. Merbs (1983, 1996b,
2002) noted that the high percentage of
spondylolysis in Arctic populations is related to
heavy labour required to live in those cold
climates, such as lifting heavy items, kayaking,
paddling and wrestling. Yet, one must note that
many anthropologists agree it is difficult to tie
specific activities to spondylolysis, and even in
sports the predictive rate of spondylolysis with an
activity is very low (Bridges, 1989; Merbs, 1996a;
Jurmain, 1999).
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Some patterns of spondylolysis occur regard-
less of activities and cultures. In the vertebral
column, for instance, the fifth lumbar is most
frequently affected with spondylolysis, followed
by the fourth lumbar (e.g. Stewart, 1931; Bridges,
1989; Merbs, 1996a,b, 2002; Arriaza, 1997;
Fibiger & Kniisel, 2005). Further patterns include
a predominance of complete bilateral separation,
with about half of all spondylolysis cases being of
this classic type (Merbs, 1996a). Merbs (1996a)
attributed these patterns to hyperextension at the
hip coupled with bipedal locomotion. Spondy-
lolysis of this type increases flexibility and thus
creates an advantage for those with the fracture.
Merbs (1996a) supported his conclusions through
the lack of spondylolysis in individuals too young
to walk or non-human primates, along with
ethnographic data on sports and Arctic popu-
lation activities. He added information about
gymnasts and other individuals to support the
possibility of spondylolysis being an advantage
for some people.

Age patterns, too, have emerged in spondy-
lolysis studies. Spondylolysis does not afflict
individuals too young to walk (e.g. Rowe &
Roche, 1953; Merbs, 1996a,b; Fibiger & Kniisel,
2005), which relates to the necessity of stresses
plus bipedal behaviour (as mentioned above). In
skeletal populations, stresses associated with
spondylolysis (such as hip hyperextension, back
torsion, heavy lifting) increase throughout adult-
hood, especially if they are related to food
attainment and processing or other necessities
that adults tend to perform (e.g. Merbs, 1983,
1996a,b, 2002; Arriaza, 1997; Fibiger & Kniisel,
2005). Clinical studies of modern populations,
conversely, record younger individuals afflicted
by spondylolysis, which one may attribute to
adults reducing their sports activities compared
with juveniles and young adults (e.g. McCarroll
etal., 1986; Commandre et al., 1988; Shrier, 2001).
Another interesting twist is that as individuals
grow very old, spondylolysis seems to decrease.
Merbs (2002) noted that the decrease in
spondylolysis rates in older adults could relate
to the healing of fractures, and thus prior
spondylolysis escapes detection. However, this
must be coupled with older individuals ceasing
their strenuous activities, since Reiter et al.
(2006) and Bridges (1989) have both found
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spondylolysis in elderly individuals. Reiter et al.
(2006) discovered spondylolysis in a clinical
group of elderly individuals (the mean age of the
individuals with spondylolysis was 72) with no
history of back pain or athletic endeavours as
children and adolescents, which suggests that
spondylolysis can occur at any age after walking
has begun. Furthermore, Bridges (1989) found an
increase in spondylolysis frequency in older
females in southeastern Archaic Amerinds, which
she suggested related to osteoporosis and
degenerative joint disease.

Another nearly consistent pattern occurs in the
distribution between the sexes. Most studies on
spondylolysis find higher frequencies in males
(e.g. Stewart, 1931; Roche & Rowe, 1951;
Gunness-Hey, 1982; Merbs, 1983, 1996a,b,
2002; Virta et al., 1992; Arriaza, 1997; Fibiger &
Kniisel, 2005), although this difference is often
not signficant. Sex differences have most often
been related to activity pattern differences
between males and females. An example comes
from Arriaza (1997) who looked at a population
in Guam and found higher rates of spondylolysis
in males than in females, which he related to
males moving large stone pillars. There are
exceptions to the higher male spondylolysis
frequency trend. Bridges (1989), in her study of
western Alabama Archaic Indians, found that the
females had slightly greater frequencies of
spondylolysis than did their male counterparts
(17% in males and 20% in females), but these
differences were not statistically significant. In
addition, in Lester & Shapiro's (1968) study of
Point Hope Alaskan Eskimos females had slightly
higher (less than 5%) frequencies than males.
Another exception with well-documented eth-
nohistorical evidence comes from studies on the
northeastern Nebraska Amerinds; females were
responsible for hide scraping, house construction,
and gathering firewood (Reinhard et al., 1994). In
this population of Nebraskan Amerinds, females
had greater spondylolysis frequencies than did
their male counterparts (Reinhard et al., 1994). As
mentioned above, sex differences are often
attributed to activity patterns, but biological
sex differences associated with anatomical differ-
ences may also be present which predispose
males to spondylolysis at a greater frequency than
females.

Copyright © 2008 John Wiley & Sons, Ltd.
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In the anthropological and clinical literature,
discussions surrounding the genetic contributions
to spondylolysis have occurred (e.g. Bridges, 1989;
Merbs, 1996a; Jurmain, 1999). Many researchers
have documented familial occurrences of spon-
dylolysis, but what one inherits remains an enigma
(Wiltse, 1957, 1962; Haukipuro et al., 1978;
Shahriaree et al., 1979; Merbs, 1996a,b; White-
side et al., 2005). The specific genetics are in
question, with even dominance versus recessive-
ness not yet determined. Activity intensity of
relatives interconnected to family lifestyle is also
difficult to control and can be a confounding
factor.

Normal anatomical variation is easier to docu-
ment than genetic differences, but also difficult to
interpret. Issues of cause and effect are never simple
to answer using skeletal samples, and clinical
measures cannot always be performed on skeletons.
Moreover, complete skeletal remains are rare in the
bioarchaeological record, so skeletal measures may
differ between autopsy collections and bioarch-
aeological collections. Thus, the variation
examined differs from that of clinical and
osteological studies, but the main purpose (i.e. to
find anatomical causations of spondylolysis)
remains the same. One such study comes from
Peterson et al. (1990) who looked at radiographs of
30 individuals in the neutral upright lateral position
to determine whether sacral base, sacrovertebral,
and lumbosacral disc angles relate to spondylolysis.
They noticed a correlation with sacral base angle
and spondylolysis in males, but could not find any
other correlations (which they attribute to small
sample sizes). Mays (2006) found suggestive
evidence that sacral angle has a link with
spondylolysis presence. He studied medieval and
modern British populations and discovered they
varied significantly in their spondylolysis frequen-
cies; the medieval sample had a frequency of 11.9%
and the modern sample frequency was 5.8%. Also,
the two populations differed significantly in sacral
base angles, but within a population, the corre-
lations with sacral base angles and spondylolysis
were not present. Earlier, Stewart (1956) examined
variation in the length of the lower presacral spine,
inclined sacral bases, acute lumbar curvature, and
facet concavity in a clinical study to determine
whether anatomical variations led to increased
spondylolysis risk. Although Stewart noted that
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patterns occurred, they were not significant.
Another recent study looked at facet distance in
relation to spondylolysis. Ward and Latimer (2005)
examined 30 individuals who they matched for sex
and age from the Hamann-Todd osteological
collection to determine whether transverse dis-
tances between the fourth lumbar inferior facets
and first sacral superior facets affected frequency of
spondylolysis. They detected that individuals with
less distance between the facets had greater risk of
spondylolysis (with a vertebral size control), which
they attributed to the pressure of the two vertebrae
on the fifth lumbar. Merbs' (1983) study on the
Canadian Inuit discovered a correlation between
transitional vertebrae (e.g. lumbarisation) and
spondylolysis. Anthropologists have yet to research
these sacral anatomies fully, especially with regard
to sex differences. Finally, one must be careful to
separate causation from correlation in any ana-
tomical study that focuses on skeletal remains.

The purpose of this study is three-fold. Firstly,
[ examine spondylolysis patterns in the study
population to determine what patterns exist and
whether they corroborate previously published
patterns, especially those mentioned by Merbs
(1996a). Secondly, this study explores whether
there are sex differences in spondylolysis in this
central Californian hunter-gatherer population.
Thirdly, this study looks at whether anatomical
variation may play a role in spondylolysis
predisposition with regard to sex differences, as
noted in some other studies.

Materials and methods
Sample

The skeletal sample consists of 146 individuals
(66 males, 66 females, 14 indeterminates) ranging
from infancy to 40+ years of age from the Ryan
Mound site (CA-Ala-329), located on the south-
eastern side of the San Francisco Bay, dating from
2180 to 250 yrs BP (which is pre-European contact)
and housed at the San José State University
Anthropological Collection. Although the time
span is great, there seems to have been cultural
continuity as indicated by similarities in mortuary
practices and artefacts (Leventhal, 1993). Addition-
ally, claims of genetic cohesion have been made
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based on cranial morphology (Jurmain, 1993). For
examination of spondylolysis patterns, all individ-
uals had all of their lumbar vertebrae. For the sacral
anatomy analyses, individuals had at least
2/3 complete sacral bases, one superior facet intact,
and lumbar vertebrae 3 to 5.

Jurmain (1990) aged and sexed individuals
according to standard osteological procedures.
Males and females have an even age distribution
as tested by cross-tabulations, and a chi-square
test revealed no significant differences (0.551;
P=0.908).

The Ryan Mound Site (CA-Ala-329) contained
numerous indicators of rich environmental
resources. The site had large quantities of shellfish,
waterfowl, and mammal bones (Leventhal, 1993).
The Amerinds also utilised acorns, berries and
seeds, as inferred from the large number of mortars,
pestles, and related refuse found around the site
(Leventhal, 1993). Obsidian points, along with
shafts and other types of hooks and harpoons,
were in abundance at CA-Ala-329; most of these
artefacts (especially the obsidian points) were
associated with male burials (Leventhal, 1993).
This possibly indicates an emphasis on hunting as a
male activity; females were more likely to be buried
with pestles and cobblestone (Leventhal, 1993).
The Amerinds from CA-Ala-329 were hunter-
gatherers with a heavy reliance on acorns and
supplemented by hunted foods (Jurmain, 1990,
1993; Leventhal, 1993).

The remains at CA-Ala-329 represent high
lineage or wealthy individuals from various
villages. Villagers were not isolated from other
villagers, as indicated by lack of artefactual and
mortuary differences (Leventhal, 1993). Popu-
lation density was high, which inevitably led to
escalated levels of interpersonal aggression
(Jurmain, 1988; Jurmain & Bellefemine, 1997).
From the skeletal remains and archaeological
material, anthropologists know these Amerinds
used shafted obsidian points in hunting and
aggressive acts (Jurmain, 1988, 1990, 1993;
Jurmain & Bellefemine, 1997; Leventhal, 1993).

Methods

The lumbosacral regions of the vertebral columns
were sorted and examined for spondylolysis.
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Following Merbs (2002), the author noted the
presence or absence of the condition, when it
occurred, whether the separation was partial or
complete, which vertebraec were affected,
whether the condition was unilateral (along with
the side it occurred on) or bilateral, and whether
there was evidence of healing.

Along with the spondylolysis, the author took
scores of sacral base angles (sacral base is
straight or flat=1; anterior sacral base angled
superiorly =2; anterior sacral base angled
inferiorly = 3) (Figure 1). Sacral base angle was
estimated because Stewart (1956), Mays (2006),
and Peterson et al. (1990) all examined a variety of
different sacral angle measurements in relation to
spondylolysis and reported mixed results. The
theoretical background to sacral base angle
causing spondylolysis rests on the biomechanics
of the spine; in short, it appears that sacral bases
that are either flat or inclined increase shearing
forces (Peterson et al., 1990; Merbs, 1996b; Mays,
2006). Shearing forces are the forces most likely
to break bone and could cause anterior vertebral

Figure 1. Left lateral view of sacra (modified from Gray,
1918). Sacral base angle variation is illustrated with lines,
left side is anterior: (a) straight or flat=1; (b) anterior
sacral base angled superiorly = 2; (c) anterior sacral base
angled inferiorly = 3.

Copyright © 2008 John Wiley & Sons, Ltd.
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slippage and spondylolysis. The method of data
collection used in this study is a simple method
ideal for the study of skeletal remains that lack a
pelvis. Nevertheless, it is not without problems.
Stewart (1956) pointed out the difficulty in
positioning the sacrum in anatomical position
with only the skeletal elements. Also, compli-
cations arose; in order to eliminate problem cases,
sacra that were difficult to assign an angle to and
those with fused vertebrae were excluded.

Sacral superior articular facets were also scored
on a 1 to 3 scale for orientation (medial =1,
angled outward =2, posterior = 3) and curvature
(concave = 1, straight=2). Sacral facet orien-
tation was based on whether the facets were
facing to the posterior side (3), facing one
another (1), or in between (2) (Figure 2). Sacral
superior facet curvature and orientations were
taken because less curved sacral facets and
outward-angled facets have been suggested to
increase stresses on the vertebral arches (Merbs,
1996). Stewart (1956) found a non-significant
pattern of sacral facet curvature and spondylolysis
frequency. One of the aims of the current study is
to investigate whether there is a significant link
between the two in the study sample. Further-
more, this could possibly help in the under-
standing of spondylolysis aetiology.

Sneral ennal
-y Articular process

Figure 2. Superior view of sacra (modified from Gray,
1918). Facet orientation is illustrated with lines represent-

ing superior articular sacral facets:
(b) angled outward =2; (c) posterior =3.

(a) medial =1,
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The absence or presence of lumbarisation of
the first sacral vertebra or sacralisation of the last
lumbar vertebra was noted, following Barnes
(1994). Lumbarisation refers to a caudal shift
where the first sacral segment has morphological
characteristics of lumbar vertebrae; on the other
hand, sacralisation refers to a cranial shift where
the last lumbar vertebra is morphologically
similar to a sacral segment and often is fused to
the sacrum. Lumbarisation and sacralisation were
examined because they are readily visible on
skeletal remains. These defects can be complete,
incomplete, unilateral, bilateral or asymmetrical;
although I took down specific variation, | tested
spondylolysis only against absence or presence
of these defects. Breaking down into other
categories would reduce the sample size unac-
ceptably. Merbs (1983) also found a correlation
between lumbarisation and sacralisation and
spondylolysis. He hypothesised that these ana-
tomical variations increase spondylolysis fre-
quency by increasing pre-sacral length, and thus
causing an increased amount of force on the lower
lumbar vertebrae. Other researchers (e.g.
Stewart, 1931; Elster, 1989) have not found
similar correlations. The issue of transitional
vertebrae and aetiology of spondylolysis remains
unanswered, and thus will be addressed in the
current study.

Scores were taken three times each, and no
changes or averaging of scores were needed.
Later, | re-examined the individuals a fourth time
and found again no changes were needed.

Statistical analysis

The data were analysed using the statistical
software program SPSS (version 14.0).

For spondylolysis patterns, sex differences
were tested for statistical significance using
non-parametric chi-square tests. Additionally,
patterns of vertebral distribution, spondylolysis
type, and age were tested using non-parametric
Weilcoxon signed rank and chi-square tests.

Sacral anatomical differences were examined to
determine whether normal (i.e. non-pathological)
variation could predispose individuals to spon-
dylolysis. The independent variables were spon-
dylolysis presence and sex; dependent variables
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were sacral base angle, lumbarisation, sacralisa-
tion, facet orientation, and facet curvature (all of
which were tested using a non-parametric chi-
square test). All alpha levels were set at 0.05.
Due to the varying degrees of completeness of
skeletal material, some cases were excluded in
some of the statistical analyses, which led to
variation in sample size for any particular test.

Results

Spondylolysis is present in 24 (16.4% ) individuals
in this sample (Table 1). Twenty (83%) individuals
have only one affected vertebra, whereas three
individuals have two affected vertebrae and one
individual has three affected vertebrae. Overhalfof
the affected individuals (14/24) have classical
spondylolysis, defined as complete bilateral sep-
aration at the pars interarticularis in lumbar
vertebrae (Figure 3). Other individuals have sacral
spondylolysis, incomplete separation, or asymme-
trical spondylolysis (Figure 4). The distribution
within the vertebral column are as follows: L1 = 4,
=1, 3=1, L4=5, 15=18, S1=1. The
highest frequency in L5 is significantly higher than
all other affected vertebrae (Wilcoxon signed rank
test; Z values range from 3.237 to 4.032;
Ps < 0.001).

Spondylolysis is absent in the individuals under
the age of 18 years. In young adults (18—24 years),
spondylolysis occurs in 2 out of 15 individuals
(13%). In adults (25-39 years), spondylolysis
occurs in 17 out of 70 individuals (24%); and, in
older adults (404 years), spondylolysis affects
5 out of 37 individuals (14%). These differences
are not significant (possibly due to sample size
constraints). Sex differences, however, are sig-
nificant: 17 of the affected individuals are male,
which is 26% of the males in the sample; seven
are female, which is 11% of the females in the
sample (chi-square value is 8.56, P < 0.05).

Relationship to sacral anatomy

Sex differences are marginally present in lumbar-
isation (chi-square = 3.43, P < 0.06) (Table 2). In
the current population, only males have lum-
barised sacral vertebrae. Individuals with lumbar-
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Table 1. Individuals with spondylolysis

381

Specimen Sex Age (group)” Comments

5 Male Adult L4, L5; complete and bilateral
21 Male Adult L5; complete and bilateral

23 Male Adult L3; partial and right

26 Female Adult L5; partial and right

30 Female Adult L2; partial and bilateral

39 Male Adult L5; complete and bilateral

71 Male Adult L4, L5; complete and bilateral
78 Male Older adult L1; partial and bilateral

94 Male Adult L1; partial and left

110 Male Adult L4; complete and right

167 Female Adult L4; L5; partial and left; S1; partial and bilateral
168 Male Adult L5; complete and left

180 Male Older adult L5; complete and left

188 Female Older adult L5; complete and bilateral
201 Male Older adult L5; complete and bilateral
202 Male Young adult L5; complete and bilateral
206 Male Adult L4, L5; complete and bilateral
212 Male Adult L5; complete and bilateral
239 Male Young adult L5; complete and bilateral
242 Male Older adult L5; complete and left

252 Male Adult L5; complete and bilateral
257 Female Adult L5; complete and bilateral
280 Female Adult L1; complete and bilateral
284 Female Adult L5; complete and bilateral

*Juvenile = 11-17 years of age; young adult = 18-24 years of age; adult = 25-39 years of age; older adult =40+ years

of age.

isation (all male) are more likely to have
spondylolysis (Table 3). In order to determine
whether the lumbarisation connection with spon-
dylolysis is confounded by sex, sacral anatomy and
spondylolysis presence are examined separately
for each sex. Within males, lumbarisation signifi-

Figure 3. Specimen number 5. Posterior view of fifth lum-
bar from an adult male showing complete bilateral sep-
aration.

Copyright © 2008 John Wiley & Sons, Ltd.

cantly relates to frequency of spondylolysis
(chi-square=7.12, P<0.01) (Table 4). Males
with lumbarisation are more likely to have
spondylolysis than other males. Within females,
no significant relationships between sacral
anatomy and spondylolysis occur (Table 5).
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Figure 4. Specimen number 26. Posterior view of fifth
lumbar from an adult female showing incomplete separ-
ation through the right interarticularis.
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Table 2. Chi-square and Student’s t-test results for sex
and sacral anatomy

E. Weiss

Table 4. Chi-square and Student’s t-test results for spon-
dylolysis and sacral anatomy in males

Chi-square n Value d.f. Sig. (2-sided) Chi-square n Value d.f.  Sig. (2-sided)
Sacral base angle 95 1.89 2 0.39 Sacral base angle 52 245 1 0.12
Facet orientation 94 1.75 2 0.42 Facet orientation 51 0.329 2 0.85
Facet curvature 94 1.21 2 0.55 Facet curvature 51 017 1 0.68
Sacralisation 91 1.25 1 0.26 Sacralisation 50 0.00 1 0.99
Lumbarisation® 91 3.43 1 0.06 Lumbarisation® 50 7.12 1 0.01

@ Lumbarisation occurred in four males (4/50) and in no
females (0/41).

Discussion

This study found that spondylolysis occurred in
16.4% of this prehistoric California Amerind
population. Spondylolysis is high in this popu-
lation in relation to many other prehistoric and
modern populations, which start at around 5%.
Arctic samples who are considered to have large
amounts of spondylolysis include populations
with rates of 15% to over 50%. This relatively
high rate in the study sample may be related to a
strenuous lifestyle, genetics (which has not been
tested), or anatomy. Furthermore, males had over
twice the rate of spondylolysis than females.
Males and females also differed in lumbarisation.
This study found that lumbarisation was coupled
with spondylolysis in males, but not in females.

This study further corroborates some universal
patterns in spondylolysis appearance (e.g. Stew-
art, 1931; Bridges, 1989; Merbs, 1996a,b, 2002;
Arriaza, 1997; Fibiger & Kniisel, 2005). For most
individuals affected with spondylolysis, only one
vertebra had spondylolysis (83%). Over half of
the affected individuals had classical spondylo-
lysis (i.e. complete bilateral separation at the pars
interarticularis in lumbar vertebrae). Finally, the

Table 3. Chi-square and Student’s t-test results for spon-
dylolysis and sacral anatomy

Chi-square n  Value d.f  Sig. (2-sided)
Sacral base angle 95 1.14 2 0.57
Facet orientation 94 0.29 2 0.87
Facet curvature 94 0.47 2 0.79
Sacralisation 91 0.00 1 1.00
Lumbarisation® 91  11.42 1 0.01

#Individuals with lumbarisation had spondylolysis more
frequently.

Copyright © 2008 John Wiley & Sons, Ltd.

#Males with lumbarisation had spondylolysis more fre-
quently.

highest frequency of spondylolysis was in the
fifth lumbar. This distribution pattern may
be reflective of bipedality as an underlying
causative factor, as initially suggested by Merbs
(1996a). It appears that classic spondylolysis in
the lower Ilumbar vertebrae also increases
flexibility, and thus may be advantageous (Merbs,
1996a). Nevertheless, since the frequency of
spondylolysis ranges from about 5% in some
populations to over 50% in other populations,
there must be additional causes beyond biped-
ality, such as specific and varying activities related
to cultural practices or anatomical variation.

In the current study, age differences were not
significant (which is probably due to sample size
constraints), but patterns were consistent with
previously published bioarchaeological data (e.g.
Rowe & Roche, 1953; Merbs, 1996a,b; Fibiger &
Kniisel, 2005). Among the California Amerinds
examined, spondylolysis was absent in individuals
under the age of 18. Spondylolysis frequency
increased in young adults (13%) and adults
(24%). Spondylolysis does not afflict individuals
too young to walk, which relates to the
correlation of spondylolysis to bipedality (Merbs,
1996a); in this study, no young individuals had

Table 5. Chi-square and Student’s t-test results for spon-
dylolysis and sacral anatomy in females

Chi-square n Value d.f. Sig. (2-sided)
Sacral base angle 43  0.20 2 0.91
Facet orientation 44 0.05 2 0.97
Facet curvature 43 3.38 2 0.19
Sacralisation N 0.35 1 0.55
Lumbarisation® 41 — — —

#No cases of lumbarisation were present in females.
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spondylolysis. In older adults, spondylolysis
affected 14% of the individuals compared to a
slightly higher 24% in adults. The decrease in
older adults is minor in the current Amerind
population examined, which may be due to the
lack of very old individuals in the population or
a continuation of the activities that cause
stresses related to spondylolysis in the older
group. Merbs (1996a) noted that a decrease in
spondylolysis may be due to the fractures healing
and escaping detection; however, this must be
coupled with a decrease in activities since new
fractures could occur (Bridges, 1989; Reiter et al.,
2006). Age distribution of spondylolysis is
complex and needs further examination.
Another common pattern in most populations is
higher rates (but not necessarily significant) of
spondylolysis in males than in females, which is
most often attributed to differences in activity
patterns (e.g. Stewart, 1931; Roche & Rowe, 1951;
Gunness-Hey, 1982 Merbs, 1983, 1996a,b, 2002;
Virta el al., 1992; Arriaza, 1997; Fibiger & Kniisel,
2005). The currently studied hunter-gatherer
population was not an exception. Males had over
twice the spondylolysis frequency of females (26%
and 11%, respectively). In the current study, the
higher male frequencies could relate to throwing
spears and carrying hunted remains back to a home
base. Leventhal (1993) pointed out that males were
often buried with obsidian points, whereas females
were buried with mortars and pestle, thus
confirming the link of hunting and warfare in
males. Although, the current population practised
hunting and gathering subsistence, female activities
were similar to agricultural populations; instead of
maize processing, females processed acorns. Thus,
female activities may have relied more on upper
limb actions rather than lower limb actions. Male
activities (of hunting and warfare) are similar in
nature to sports behaviour that have been linked to
spondylolysis. For instance, throwing and swinging
activities in sports (such as baseball and cricket)
have been linked to an increase in spondylolysis
(Ruiz-Cotorro et al., 2006). Conversely, biological
sex differences associated with anatomical differ-
ences may also be present that predispose males to
spondylolysis at a greater frequency than females.
Sacral anatomical sex differences occurred in
lumbarisation rates (only males had lumbarised
sacral vertebrae). With this information, | also
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needed to determine the relationship between
sacral anatomy and spondylolysis. Lumbarisation
was linked to spondylolysis with the sexes
combined. None of the other variables (sacral
base angle, facet orientation, curvature or
sacralisation) related to spondylolysis with sexes
combined. Since lumbarisation occurred only in
males, it obliged me to examine how sacral
anatomy variation related to spondylolysis pre-
sence within each sex. Within males, lumbarisa-
tion significantly related to spondylolysis; males
with lumbarisation were more likely to have
spondylolysis than other males. The results on
lumbarisation corroborate Merbs (1983), who
stated that lumbarisation could increase spondy-
lolysis frequency by increasing pre-sacral length
and, thereby, cause an increased amount of force
on the lower lumbar vertebrae.

Other studies have had similar results. Peterson
et al. (1990) and Merbs (1983) found spondylolysis
and sacral anatomical variation only correlated in
males. They suggested that the lack of correlation
in females might be due to sample size. Males
might have additional activity-related causes that
would make lumbarisation of importance to the
aetiology of spondylolysis. In the present sample,
the activity mentioned above (spear-throwing) and
others, coupled with anatomical differences that
increase shearing forces, may exacerbate bone
stress and cause spondylolysis. As an aside, one
should be cautious and avoid mistaking association
with effect; it could be that spondylolysis causes
lumbarisation, rather than lumbarisation causes
spondylolysis, and the same reasoning can be used
for sacral base angle. That is, certain activity
patterns and spondylolysis could change the
anatomy of the sacrum, especially when started
young in life and done repeatedly. Further research
on cause and effect of spondylolysis and anatomical
variation is needed.

Conclusions

Spondylolysis in this prehistoric California
Amerind population displayed the usual pattern
of distribution (highest frequency in L5; most
common type was complete bilateral separation).
Furthermore, the population differences also
corroborated previous studies; the youngest
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individuals were least likely to be afflicted and
adults had the highest rates of affliction. Sex
differences also occurred in the typical pattern:
males had twice the rate of spondylolysis than did
females. This study extends previous research
that suggests activity patterns and possibly
anatomical variation may relate to spondylolysis
in individuals. Lumbarisation had a link with
spondylolysis presence in males, but not in
females. Thus, it appears sex differences in the
current study sample cannot be explained via
anatomical variation, and that activity patterns
seem to better fit the pattern of sex difference.
Future research needs to examine anatomical
variation, especially with regard to the confounds
of sex, age and activity, in more detail.
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