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ABSTRACT

This study aimed to assess the magnitude and patterns of fluctuating asymmetry as an
indicator of developmental instability between two urban archaeological Dutch populations.
The sample comprised of 209 adult individuals representing the general population of
Alkmaar, the Netherlands, dating to the 18™ to early 19 century (Grote Kerk, n=134), and a
psychiatric hospital sample of the 19" to early 20™ century (Meerenberg, n=75). Fluctuating
asymmetry was assessed from left and right measurements recorded from various traits on the
cranium, mandible, and dentition. Three non-specific skeletal indicators of stress were
documented to aid in the interpretation of the differences in asymmetry. No significant
difference in developmental instability, as reflected by fluctuating asymmetry, was apparent
between the two populations. However, individuals who presented with skeletal lesions
indicative of stress were significantly more asymmetric than individuals who did not present
with any of the lesions. The observed frequencies of the pathological changes and socio-
economic history suggest that the two populations experienced similar levels of stress, even
though the source and duration of the stress might have been different. The possibility that
the mentally institutionalized are not as developmentally unstable as suggested by previous
research should be considered.
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1. INTRODUCTION

Developmental homeostasis and two of its components, developmental stability and
canalization, are important for the attainment of bilaterally symmetrical anatomical structures
during ontogeny (Mgller and Swaddle, 1997). Developmental stability refers to the inherent
ability of an organism to resist random errors or stressors under specific internal (genetic) and
external (environmental) conditions (Mgller and Swaddle, 1997; Palmer, 1994). Bilateral
structures or traits, such as the left and right orbits, are products of a common gene complex
with identical developmental pathways. Should developmental homeostasis be maintained
throughout development, the phenotypic expression of this identical genotype will result in
identical phenotypes that are bilaterally symmetrical (Palmer and Strobeck, 2003; Van Valen,
1962). However, when changes in the internal and external conditions of development occur,
canalization acts as a buffer or regulator to these changes to ensure that developmental
homeostasis is maintained and that the intended developmental pathway is followed (Mgller
and Swaddle, 1997; Waddington, 1957, 1942). The inability to maintain homeostasis due to
developmental instability or ineffective canalization will lead to bilateral asymmetry of a
structure or trait (Van Valen, 1962).

Three types of bilateral asymmetry are described in the literature: fluctuating
asymmetry (FA)®, directional asymmetry (DA) and antisymmetry. Antisymmetry and DA of
a trait are usually associated with behavioral factors, also referred to as adaptive asymmetries.
In DA a morphological trait in a population will express a constant greater increase in
development on either the right or the left side of the plane of symmetry, whereas in
antisymmetry, the preference in increased size towards any one side within a population will
be random, resulting in bimodal symmetry around a mean of zero (Palmer, 1994; Van Valen,
1962). Fluctuating asymmetry, on the other hand, has mainly been linked to developmental
instability, and is defined as the morphological inequality of bilateral anatomical structures
such that the average expression of individual asymmetries per trait in a population will be
symmetrical (Mgller and Swaddle, 1997; Palmer, 1994; Van Valen, 1962). This paper will
focus on FA and its utilization as an indicator of developmental instability within past
populations.

While FA has been utilized in a vast number of studies as an indicator of

developmental instability, its reliability for such purposes has been questioned (Bjorksten et

Abbreviations: FA: Fluctuating asymmetry; DA: Directional asymmetry; GRK: Grote Kerk population; MeB:
Meerenberg population; ME: Measurement error



al., 2000; e.g. Black, 1980; Gawlikowska et al., 2007). The support for its use as an indicator
of developmental instability seems to be based on positive relationships between FA and
environmental, genetic, and other indicators of stress. The majority of literature on FA in
human archeological remains, specifically on the cranium and dentition, revealed increased
levels of FA that coincided with lower socio-economic status, malnutrition, higher mortality
rates, retarded growth during late childhood, and higher frequencies of enamel hypoplasia
(EH) and cribra orbitalia (Bailit et al., 1970; DeLeon, 2007; Guatelli-Steinberg et al., 2006;
Harris and Nweeia, 1980; Perzigian, 1977; Storm, 2007; Weisensee, 2013). For example,
Storm (2007, 2008) found increased levels of FA in human archaeological remains from the
Medieval to the Victorian periods in England that coincided with the environmental and
social changes brought on by the British Industrial Revolution. Additional comparative
analyses, based on the socio-economic status (SES) of a number of the archaeological
populations, revealed higher levels of FA in the populations of lower SES, further supporting
the premise that FA, and inherently developmental instability, increases with adverse external
or environmental conditions. However, in other studies, the relationship was either not
significant (Arngvist and Thornhill, 1998; Bjorksten et al., 2000; Gawlikowska et al., 2007),
or only evident for a minority of traits (Hoover and Matsumura, 2008).

The positive relationship between FA and levels of stress is based on the premise that
various external and internal factors, termed developmental noise or stress, can negatively
and additively affect developmental homeostasis (Mgller and Swaddle, 1997; Van Valen,
1962). Complete bilateral symmetry will only occur when developmental homeostasis
sufficiently buffers the developmental stresses during development, or in other words when
the developmental pathways are highly canalized. When the developmental stress or stressors
are greater than the threshold level or buffering ability of a trait, the original phenotypic
expression of the genotype will not be reached, resulting in bilateral asymmetry or FA of a
trait. It follows that the less canalized a certain developmental pathway or the greater the
developmental instability, the greater the amount of FA will be (Adams and Niswander,
1967; Palmer and Strobeck, 2003; Storm, 2008; Waddington, 1942).

Chronic periods of certain environmental stressors, such as malnutrition or nutritional
deficiencies, infection, and other factors or illnesses related to low SES or economic
hardship, are known to cause pathological lesions on dry bone and dentition, such as
periostitis, EH, cribra orbitalia and porotic hyperostosis (Mann and Murphy, 1990; Reitsema
and Mcllvaine, 2014). However, some of these indicators of stress, such as EH, have also
been associated with syndromes and congenital disorders, and can be attributed to the



mutation of several developmental regulatory genes, or in other words, internal or genetic
stress (Brook, 2009; Schuurs, 2013; Seow, 1997).

A factor that has been linked to decreased developmental stability in a group of
individuals relative to the rest of the population is mental and neurological deficiencies or
disorders. A vast number of studies (Malina and Buschang, 1984; Markow and Gottesman,
1989; Markow and Wandler, 1986; Martin et al., 1999; Reilly et al., 2001; Shackelford and
Larsen, 1997) have associated various mental disorders and neurological impairments in
living individuals with an increase in developmental instability and increased levels of
asymmetry. Cerebral palsy, schizophrenia, and depression in men are some of the disorders
that have been associated with decreased developmental stability. Perhaps the most relevant
asymmetry study on the relationship between mental status and FA was conducted by Malina
and Buschang (1984) on living males. In this study, eleven bilateral measurements were
collected on 200 males with a history of mental disorders and/or neurological impairments
(aged nine to 52 years), and on 202 mentally healthy males ranging from five to 35 years of
age. The comparison revealed an overall higher magnitude of asymmetry within the males
with mental disorders, with significant differences in the upper limb measurements.

Due to their alleged decreased developmental stability, it can be speculated that
individuals with a history of mental disorders or neurological impairments will exhibit greater
magnitudes of FA relative to the general (‘mentally healthy’) population when subjected to
equal types and levels of stress. A search of the literature revealed no previous studies
between FA and mental health in skeletal samples.

In light of the abovementioned hypothesis that individuals suffering from a mental or
neurological disorder will exhibit greater levels of FA relative to the general population, this
study aimed to compare the level of developmental stability and stress between two Dutch
archaeological populations by means of an assessment of the magnitude of FA in the
cranium, mandible and dentition. One population represents the general population, while the
other population represents individuals buried in the graveyard of a former Dutch mental
institution.

2. MATERIALS AND METHODS
2.1 Skeletal samples

This study was conducted with research and ethical approval obtained from the
Academic Medical Centre (AMC), University of Amsterdam, and the Faculty of Health
Sciences Research Ethics Committee, University of Pretoria (393/2014), respectively. The
skeletal sample investigated comprised of 209 adult individuals from two Dutch



archaeological populations, 134 from Grote Kerk (GRK) and 75 from Meerenberg (MeB).
Both skeletal collections are housed at the AMC in Amsterdam, the Netherlands.

The GRK sample dates to the 18" and early 19" century and was excavated from the
church floor of the St. Laurenskerk in Alkmaar, the Netherlands. Burial underneath church
floors was customary in the Netherlands from the Middle Ages to the late 1820’s, after which
it was banned by law. Church burials were substantially more expensive than burials within
graveyards and were mainly a custom that families of middle to high SES could afford.
However, burial within the church of Alkmaar only became excessively expensive by the end
of the 18™ century (Baetsen, 2001; Baetsen et al., 1997; Bitter, 2002).

The MeB sample was excavated from a Catholic cemetery of the historic Meerenberg
psychiatric hospital in Bloemendaal, the Netherlands. Sixty-six graves were exhumed during
a rescue excavation after the accidental disturbance of the graves by property development in
2009. The graves dated from 1891 to 1914, and the individuals within the sample likely lived
during the early 19" to the early 20™ century (Van der Merwe et al., 2013). The Meerenberg
psychiatric hospital was established during the 1840’s. During the 19" century, Meerenberg
was one of the largest and most prestigious mental asylums in the Netherlands, housing
chronic patients with more advanced levels of mental disorders or neurological impairments
relative to the other mental asylums (Goldberg and Graham, 2013; Van Twuyver, 2000;
Vijselaar, 1982). Both patients and staff members were buried in the cemeteries on the
Meerenberg grounds (Van Twuyver, 2000).

2.2 Methods

Twenty-four bilateral measurements from the cranium and mandible, and two
bilateral measurements on all permanent teeth, except the third molars, were chosen for an
evaluation of the developmental instability between the two populations. The measurements
and their definitions are indicated in Figure 1.

All measurements were based on previously defined measurements and procedures
for dry bone (Buikstra and Ubelaker, 1994; Howells, 1973; Storm, 2009) and dentition
(Guatelli-Steinberg et al., 2006; Kieser, 1990), except for three cranial measurements
specifically defined for FA analyses by Storm (2009). The latter measurements include
mastoid length (MPL), mastoid breadth (MPB) and mandibular length (MAL). The
measurements were recorded with the use of sliding- (to the nearest 0.01 mm) and spreading
(to the nearest 0.1 mm) calipers. Not all measurements were recorded on every individual due
to the incomplete or fragmentary condition of the remains. Measurements recorded on
elements exhibiting taphonomic, traumatic or pathologic changes were only included if it did
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Figure 1. Abbreviations and description of recorded measurements (Adapted from Kieser, 1990; and Storm,
2009):1. COBH: Orbital height; 2. CFMTN: Chord frontomalare-nasion; 3. COBB: Orbital breadth; 4. CNOR:
Diagonal orbital breadth; 5. CFMTNS: Chord frontomolare-nasospinale; 6. CMAH: Malar height; 7. CNMS:
Chord nasion-mastoidale; 8. CMPL.: Length of mastoid process; 9. CMPB: Breadth of mastoid process; 10.
CMSAST: Chord mastoidale-asterion; 11. COPO: Chord opisthion-porion; 12. COCL.: Length of occipital
condyle; 13. CBAPO: Chord basion-porion; 14. CECMIS: Chord ectomalare-intermaxillary suture; 15. CLFMT:
Chord lambda-frontomalare; 16. CBZO: Chord bregma-zygoorbitale; 17. CFMTB: Chord frontomalare-bregma;
18. CBPO: Chord bregma-porion; 19. CBAST: Chord bregma-asterion; 20. CLAST: Chord lambda-asterion; 21.
MAL: Mandibular length; 22. MXRB: Maximum ramus breadth; 23. MRH: Maximum ramus height; 24. MIRB:
minimum ramus breadth; 25. BL: Maximum buccolingual diameter; 26. MD: Maximum mesiodistal diameter.



not affect the measurement. Teeth with excessive attrition, carious lesions, restorations,
fractures or marked calculus deposits were not measured if it affected the maximum
buccolingual (BL) or mesiodistal (MD) diameters of a tooth (Guatelli-Steinberg et al., 2006;
Kieser, 1990). Nevertheless, the majority of measurements could be recorded on all
individuals.

2.2.1 Demographic profile

Adult sex was mainly estimated by means of the assessment of pelvic (Klales et al.,
2012; Phenice, 1969) and cranial (Buikstra and Ubelaker, 1994; Walker, 2008)
morphological traits, as well as metrically by means of linear discriminant analyses (LDA) of
the long bone dimensions (Morrison, 1969). Linear discriminant analyses were utilized where
sex estimation was ambiguous or unclear using only the morphological techniques (due to
incomplete remains or the lack of the expression of distinctive sexual characteristics). As no
reliable population specific data exist, the LDA was conducted against the measurements of
individuals within the population who could easily be sexed by means of the morphological
techniques. Individuals for whom sex could not be estimated remained classified as
‘indeterminate’ sex.

Age-at-death was assessed through age related changes in the pubic symphyseal
surfaces (Brooks and Suchey, 1990; Hartnett, 2010), sternal rib ends (Iscan et al., 1985,
19844, 1984b), and cranial suture closure (Acsadi and Nemeskéri, 1970; Meindl and Lovejoy,
1985). The estimation of age-at-death in this study was used only for the purpose of
placement into broad age categories. Following suggestions by Storm (2009) and Falys and
Lewis (2011), in order to allow for comparisons with previous and future studies, adults were
divided into one of three age sub-categories: young adult (YA, 20-34 years of age), middle
adult (MDA; 35-45 years of age) or mature adult (MA; > 46 years of age). Where it was not
possible to assign a specific age range to an adult individual (due to incomplete or
fragmentary remains), the individual was categorized simply as adult (A; > 20 year of age).
The individuals were categorized into the abovementioned categories by means of average
age as calculated from the estimated age ranges.

Age and sex were estimated for all individuals. Sex and age data of the GRK
population were also correlated against available information from burial registers of the
church. All individuals were deemed to be of Dutch origin.

2.2.2 Pathological lesions
Three general macroscopic pathological lesions were assessed on each skeleton as

additional indicators of environmental stress: cribra orbitalia, subperiosteal bone reactions



(periostitis) on the long bones and alveolar processes, and EH (Brickley and Ives, 2008;
Mann and Murphy, 1990; Ortner, 2003; Waldron, 2009). All pathological lesions were
assessed by a single observer.

The evaluation of the skeletal and dental markers of pathology was not the main
objective of the study and was only assessed on a present-absent basis. Therefore, the severity
and state (active or healed) of the lesions were not taken into consideration, and any degree of
expression was noted as the lesion being present. Both linear horizontal lines or grooves and
pitting of the tooth enamel were considered in the scoring of EH. The frequency and stage(s)
of dental development at which an insult occurred was not assessed. It must also be noted that
the dentition of several individuals within the populations was affected by what is believed to
be ‘pipe smoker’s attrition,” which could possibly have affected the scoring of EH.

2.3 Statistical methods

Before the calculation of FA, statistical analyses were conducted to ensure that the FA
values were not confounded by outliers, antisymmetry, DA or measurement error. Outliers
were detected and removed by means of Grubbs’ outlier test (Grubbs, 1969) and visual
assessments of boxplots and histograms (Laurikkala et al., 2000), while the normality of left-
right distributions was assessed by means of Kolmogorov-Smirnov tests and student’s t-tests
(Bai and Ng, 2005; Massey, 1951). The presence of platykurtosis was examined for an
indication of antisymmetry (Mgller and Swaddle, 1997; Palmer, 1994).

The repeatability of measurements, or measurement error (ME), was assessed for each
measurement individually (left and right), as well as for the difference between the sides
(signed asymmetry score; right - left). The latter estimate is necessary because the
repeatability of FA does not depend on the repeatability of trait size measurements (right or
left), but rather on the repeatability of the difference between the left and right sides (Fields et
al., 1995). Forty-five individuals were randomly selected from the entire sample for a
minimum of 10 repeated bilateral measures of each measurement. All measurements were
recorded by a single observer. Repeated measures were collected on different days than the
first measurements, and were conducted at relatively regular intervals throughout the
recording of the measurements (generally three or more days apart).

A percentage technical error of measurement (% TEM) evaluated the repeatability of
each left and right measurement for a trait (Dahlberg, 1940; Norton and Olds, 1996; Perini et
al., 2005; Ulijaszek and Kerr, 1999), while a two-way side by individual analysis of variance
(ANOVA) evaluated the repeatability of the signed asymmetry scores (right — left). Because
FA is, in essence, an estimation of variance, any ME can artificially inflate this variance.



Therefore, in order for the resultant asymmetry to be due to more than just ME, the between-
sides difference due to FA needs to be significantly greater than the between-sides
differences due to ME (Palmer, 1994; Palmer and Strobeck, 2003, 1986). The ANOVA
procedure assessed whether the between-side difference due to ME is smaller than the
between-side differences (right - left) due to the FA measured. Based on the two-way
ANOVA, measurements for which the raw asymmetry score was not significantly higher (p <
0.05) relative to ME, were removed from further analyses. Furthermore, a trait for which the
%TEM was greater than 5.0% was deemed unacceptable (Perini et al., 2005), and was
removed from further analyses. It is important to note that there is no general level of
acceptance for TEM and %TEM in the literature, as it has been shown to be, amongst others,
population and measurement type dependent (Ulijaszek and Kerr, 1999). Generally, a lower
%TEM indicates a better correlation between the repeated measures (Geeta et al., 2009;
Perini et al., 2005; Ulijaszek and Kerr, 1999).

The presence of DA will artificially inflate the FA of a trait. The possible
confounding effect of DA to the observed FA was assessed by means of two analyses. Firstly,
one sample student’s t-tests were utilized to test whether the mean DA of a trait differed
significantly from zero, or in other words, if the asymmetry distribution is one-sided
(consistently greater to one side; Palmer, 1994; Palmer and Strobeck, 2003). Secondly, the
mean difference between the right and left measurements for each trait [DA = In(R;/L;)] was
compared to the average deviation around the mean. A trait with an average deviation around
mean (right - left) larger than the mean (right - left) could be argued to mainly exhibit
developmental instability, and the effect of DA could be assumed as minimal (Palmer and
Strobeck, 2003).

In order to eliminate size dependence and to allow for comparisons between traits of
different sizes, the FA values for each trait (measurement) were calculated with the log
transformation of the asymmetry formula FA = |R-L|/[(R+L)/2], namelyFA = |In(Rj/Lj)]|,
where Rj and Lj are the measurements taken on the right and left sides of each trait
respectively (Palmer, 1994; Palmer and Strobeck, 2003). The log transformation of the
standard formulae also enables the FA values to be averaged for multiple traits in an
individual by means of the following formula: FAingex = Z|In(Rj/Lj)| / T, where Rj and Lj are
the measurements taken on the right and left sides of each trait respectively, and T is the total
number of available traits per index (Palmer and Strobeck, 2003). Table 1 contains a list of all

the FA indices that were calculated per individual.



Table 1. Fluctuating asymmetry indices for multiple traits

Indices Included measurements

Individual All skeletal and dental measurements

Dentition All dental measurements

Cranium All cranial measurements

Cranium: Orbit COBB, COBH, CNOR

Cranium: Facial CFMTN, CFMTNS, CMAH, CECMIS, CFMTB, CBZO
Cranium: Temporal CMPL, CMPB, CMSAST

Cranium: Base COCL, COPO, CBAPO, CNMS

Cranium: Vault CBPO, CBAST, CLFMT, CLAST

Mandible All mandibular measurements

2.3.1 Comparisons of FA

The tests for normality revealed that the majority of traits were skewed and/or non-
normal. In addition, the calculated FA values are given in absolute values (truncated at zero),
and thus the distribution of FA values is often skewed to the right. Therefore, non-parametric
tests were utilized for all comparisons of asymmetry (Palmer and Strobeck, 1986).

Non-parametric Mann-Whitney U (Wilcoxon rank sum) tests and Kruskall-Wallis
ANOVA’s were utilized to test for differences between the sexes and age categories
respectively, within each population and with the populations pooled. Where no sex or age
differences were apparent, the sexes and age groups were pooled for further analyses.
Indeterminate sex and ‘A’ adult category were not included in the analyses between the sexes
and between the adult age categories, respectively. Differences in FA magnitude between the
two populations were assessed by means of Mann-Whitney U tests for each individual trait
(Figure 1) and FA index (Table 1). Chi-squared tests (Rao and Scott, 1984) assessed whether
significant differences existed in the prevalence of the observed macroscopic pathological
conditions in each population, with the pathological changes pooled and separately per
pathological condition. The median FA value per population for only the individuals who
presented with at least one of the three conditions was compared between the populations by
means of a Mann-Whitney U test. Lastly, a Mann-Whitney U test was also used to assess
whether significant differences existed in the median FA value of the individuals who
exhibited at least one pathological condition (populations pooled), and the rest of the sample
(individuals with none of the three conditions).

The level of significance for all statistical tests was chosen as p < 0.05 (a at 0.95),
with a Holm’s (Holm, 1979) adjustment for multiple comparisons of the mean for the

Grubb’s outlier test and all statistical analyses between groups. A Holm’s adjustment adjusts
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the p-values for multiple comparisons of the means by means of a Bonferroni correction. It
reduces the size of a for each comparison, increasing the difference needed to be significant and
decreasing the chance of a type | error (Dawson and Trapp, 2004; Holm, 1979).

While the use of a large number of independent tests is not ideal (Palmer, 1994), it is
important that each trait is assessed individually, as well as combined (indices) for all the
possible confounding factors and comparisons of FA. Because different traits within an
individual tend to differ in their buffering ability to the type and duration of stress (Storm,
2009; Van Valen, 1962), the developmental instability of each trait needs to be considered
before the traits are combined for an estimation of the developmental instability of a certain
region or index (for e.g. the cranium) of an individual within a population. The combination
of traits enable an increase in the confidence with which the estimation of individual FA or

developmental instability is measured (Palmer, 1994; Palmer and Strobeck, 2003).

3. RESULTS
The final sample comprised of 134 adult individuals from the GRK and 75 from the
MeB population. Table 2 indicates the sample sizes included in the study per population, sex
and age group.

Table 2. Sample sizes included in the study per population,
sex and age category

Grote Kerk Meerenberg

M F | Total [ M F | Total
YA 0 5 1 6 1 2 0 3
MDA 48 35 1 84 10 10 O 20
MA 9 29 1 39 6 18 2 26
A 1 4 0 5 3 11 12 26
Total 58 73 3 134 |20 41 14 75

M=male, F=female, I=indeterminate; Y A=young adult,
MDA=middle adult, MA=mature adult, A=adult

The analysis of ME revealed that all but one measurement, namely the breadth of the
mastoid process (CMPB; 5.58%), fell within the acceptable range for skilled intraobserver
repeatability (Perini et al., 2005), with a % TEM ranging from 0.29 to 5.58% (Table 3). The
two-way ANOVA indicated two skeletal traits, breadth of the mastoid process (CMPB) and
ectomalare-intermaxillary suture length (CECMIS), and 18 dental traits to exhibit
significantly higher ME relative to the between side difference due to FA, as indicated by no
statistical significance. However, the % TEM for the dental measurements ranged from 1.3 to

4.16%, which is within the acceptable ranges for skilled observers.
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Table 3. Measurement error results from technical error of measurement (TEM) values and a

two-way side by individual analysis of variance (ANOVA)

Sides x Individuals ANOVA

Trait N TEM Mean %TEM df MSi F p-value
CcoBB 34 039 3951 1.00 15 0.670 4129  <0.001**
COBH 38 036 3395 1.07 17 0.785 5.852  <0.001**
CNOR 38 048 54.18 0.88 17 0.911 3.842  <0.001**
CFMTN 40 032 54.87 0.59 17 0.356 3.579  <0.001**
CFMTNS 36 041  75.99 0.54 16 2.369 14.739 <0.001**
CMAH 40 023 2216 1.05 17 1.356  27.233  <0.001**
CMPL 30 0.88 29.12 3.01 12 5.193 5.941  <0.001**
CMPB 34 159 27.18 5.85 14 4.573 2.028 0.051
CMSAST 28 0.43 48.44 0.88 11 4387 23369 <0.001**
COCL 38 040 2517 1.59 16 5235 33.630 <0.001**
COPO 36 051 69.10 0.73 16 6.073  22.902 <0.001**
CBAPO 38 053 5851 0.91 17 3.366 11.260 <0.001**
CECMIS 28 0.40 29.04 1.37 11 0.558 3.344 0.006*
CNMS 28 0.69 123.95 0.56 12 4281 10.355 <0.001**
CBZO 28 0.64 130.83 0.49 12 2.460 5.562  <0.001**
CFMTB 36 052 114.26 0.46 16 4,157 14878 <0.001**
CBPO 35 077 123.83 0.63 15 4.516 7.451  <0.001**
CBAST 30 047 133.72 0.35 13 2.987 17.154 <0.001**
CLFMT 36 054 169.53 0.32 16 2.254 7.963  <0.001**
CLAST 32 093 8941 1.04 14 8.406 9.556  <0.001**
MAL 34 034 11534 0.29 12 6.979 64.190 <0.001**
MRH 30 099 56.40 1.76 10 12.003 10.140 <0.001**
MXRB 36 044 40.64 1.08 14 2.616 19.205 <0.001**
MIRB 42 012  27.99 0.43 14 1.741 94.174 <0.001**
i2l_bl 24 0.07 6.24 1.13 10 0.020 1.764 0.128
i2l_md 18 0.08 5.83 1.33 8 0.030 1.457 0.241
cll bl 30 0.12 7.70 1.51 11 0.022 4.355 0.001**
cll_md 25 0.0 6.46 1.47 8 0.014 2.307 0.067
pmll_bl 30 012 7.68 1.50 14 0.016 1.198 0.326
pmll_md 34 0.11 6.61 1.73 11 0.014 1.551 0.175
pm2l_bl 30 0.6 8.09 1.96 13 0.065 5.282  <0.001**
pm2l_md 32 0.17 6.97 2.37 15 0.049 3.714  <0.001**
m1l_bl 20 033 1032 3.23 14 0.043 1.663 0.122
mll_md 22 030 10.75 2.79 14 0.107 3.663  <0.001**
m2l_bl 20 0.20 10.09 1.97 5 0.016 0.660 0.660
m2l_md 26 021 1055 2.00 6 0.089 4.545 0.009*
ilu_bl 32 010 6.93 1.38 10 0.042 1.067 0.430
ilu_md 26  0.07 8.19 0.88 12 0.121 2.719 0.016*
i2u_bl 26 011 6.21 1.81 12 0.032 3.849 0.002**
i2u_md 18 0.07 6.59 1.11 9 0.057 10.431 <0.001**
clu_bl 26 0.8 8.20 2.16 11 0.091 6.768  <0.001**
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clu_md 26 019 7.58 2.46 7 0.069 15.300 <0.001**

pmlu_bl 28 0.14 8.78 1.62 12 0.033 1.054 0.434
pmlu_md 30 0.16 6.67 2.39 12 0.050 1.434 0.213
pm2u_bl 29 0.12 9.00 1.31 13 0.016 0.748 0.703
pm2u_md 30 0.18 6.50 2.78 13 0.037 1.961 0.066
m2lu_bl 20 035 10.64 3.32 13 0.065 4542  <0.001**
mlu_md 22 044 10.54 4.16 13 0.053 1.517 0.173
m2u_bl 22 020 10.77 1.90 5 0.010 0.739 0.609
m2u_md 26 0.32 9.94 3.24 6 0.068 0.354 0.896
i1l_bl 30 011 5.61 1.90 9 0.278 8.030  <0.001**
i1l_md 26 0.15 5.31 2.83 11 0.277 2.488 0.030*

*p < 0.05; **significant after a Holm's adjustment, p < 0.05; N=number of traits, df = degrees
of freedom, MS; =M Si,teraction, Sides by individual expected mean squares, F=test statistic of
two-way ANOVA, i=incisor, c=canine, pm=premolar, m=molar, I=lower, u=upper,
bl=buccolingual, md=mesiodistal

Based on the presence of high measurement error for both FA values and left/right
sides, the following skeletal traits were removed from further analyses: breadth of the
mastoid process (CMPB), and ectomalare-intermaxillary suture length (CECMIS). This
follows the practices followed in similar studies (DeLeon, 2007; Hoover et al., 2005; Storm,
2009), as was suggested by Palmer and Strobeck (2003).

Only one trait, the diagonal breadth of the orbit (CNOR), exhibited significant DA,
although no traits exhibited a mean asymmetry value greater than the variation around the
mean. Therefore, CNOR could not be considered to exhibit significant directional asymmetry
(Palmer and Strobeck, 2003), and was retained for subsequent analyses.

When considering all sex and age categories, respectively, no statistically significant
differences in the magnitude of FA were evident for any of the independent traits, nor for any
of the indices, both within each population and for the populations combined. Therefore, the
sex and age categories were combined for all subsequent analyses.

The GRK and MeB median asymmetry per individual was almost identical in
magnitude at 2.40% (x = 2.5%, ¢ = 0.7%) for GRK and 2.39% (x= 2.6%, ¢ = 0.8%) for MeB
(Table 4). No traits or indices differed significantly between the two populations (p > 0.05).

Despite no observable significant differences between the populations, the mean
asymmetry values of the traits and indices revealed some general patterns. For example,
compared to the other regions of the cranium, the majority of facial traits (CBZO, CFMTNS,
CFMTN and CFMTB) exhibited some of the lowest mean FA values, while the majority of
traits located in the cranial base (COCL, COPO, and CBAPO), exhibited some of the highest
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mean levels of FA. The median difference between the two cranial indices was statistically

significant (P=0.0001).

Table 4. Descriptive results for fluctuating asymmetry scores per population

Grote Kerk Meerenberg
Trait N Mean SD Median N Mean SD Median
COBB 81 0.0189 0.0167 0.0200 38 0.0150 0.0118 0.0100
COBH 85 0.0208 0.0151 0.0200 36 0.0217 0.0148 0.0200
CNOR 84 0.0156 0.0125 0.0100 35 0.0177 0.0146 0.0100
CFMTN 89 0.0185 0.0136 0.0200 38 0.0145 0.0113 0.0100
CFMTNS 78 0.0169 0.0156 0.0100 33 0.0142 0.0123 0.0100
CMAH 86 0.0412 0.0339 0.0350 37 0.0478 0.0477 0.0400
CMPL 80 0.0648 0.0558 0.0500 36 0.0694 0.0541 0.0550
CMPB 84 0.0555 0.0462 0.0400 42 0.0643 0.0542 0.0500
CMSAST 61 0.0407 0.0349 0.0300 27 0.0370 0.0255 0.0300
COCL 99 0.0493 0.0462 0.0400 35 0.0463 0.0286 0.0500
COPO 100 0.0267 0.0238 0.0200 43 0.0265 0.0232 0.0200
CBAPO 107 0.0249 0.0216 0.0200 45 0.0222 0.0205 0.0200
CECMIS 30 0.0280 0.0225 0.0250 18 0.0328 0.0295 0.0250
CNMS 66 0.0179 0.0159 0.0200 30 0.0167 0.0132 0.0200
CBzO 75 0.0112 0.0097 0.0100 20 0.0125 0.0097 0.0150
CFMTB 86 0.0173 0.0138 0.0100 22 0.0177 0.0141 0.0200
CBPO 104 0.0194 0.0156 0.0200 24 0.0125 0.0126 0.0100
CBAST 86 0.0162 0.0138 0.0100 21 0.0181 0.0125 0.0200
CLFMT 79 0.0084 0.0074 0.0100 22 0.0136 0.0085 0.0100
CLAST 81 0.0221 0.0194 0.0200 19 0.0342 0.0315 0.0200
MAL 66 0.0136 0.0128 0.0100 28 0.0143 0.0126 0.0100
MRH 52 0.039%4 0.0327 0.0300 27 0.0222 0.0241 0.0100
MXRB 67 0.0363 0.0273 0.0300 28 0.0282 0.0189 0.0250
MIRB 68 0.0406 0.0284 0.0400 40 0.0348 0.0256 0.0300
i1l bl 21 0.0305 0.0267 0.0200 16 0.0163 0.0136 0.0100
i1l_md 17 0.0194 0.0164 0.0200 17 0.0159 0.0123 0.0100
i2l_bl 28 0.0243 0.0175 0.0200 16 0.0125 0.0068 0.0100
i2l_md 23 0.0252 0.0138 0.0200 18 0.0211 0.0164 0.0150
cll_bl 30 0.0240 0.0189 0.0200 28 0.0261 0.0270 0.0200
cll_md 30 0.0237 0.0214 0.0200 28 0.0218 0.0147 0.0200
pm1l_bl 39 0.0292 0.0190 0.0300 30 0.0297 0.0213 0.0300
pmll_md 40 0.0383 0.0378 0.0200 31 0.0316 0.0268 0.0300
pm2l_bl 33 0.0285 0.0232 0.0200 20 0.0375 0.0271 0.0400
pm2l_md 33 0.0330 0.0325 0.0300 23 0.0435 0.0308 0.0400
m1l_bl 11 0.0236 0.0186 0.0300 9 0.0144 0.0101 0.0100
m1l_md 11 0.0218 0.0166 0.0100 10 0.0280 0.0210 0.0200
m2l_bl 20 0.0290 0.0229 0.0350 12 0.0125 0.0075 0.0100
m2l_md 24 0.0254 0.0245 0.0150 15 0.0333 0.0206 0.0300
ilu_bl 26 0.0196 0.0146 0.0200 18 0.0267 0.0209 0.0300
ilu_md 15 0.0200 0.0217 0.0100 9 0.0178 0.0172 0.0100
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i2u_bl 19 0.0326 0.0249 0.0400 17 0.0318 0.0243 0.0200
i2u_md 10 0.0390 0.0277 0.0300 12 0.0450 0.0460 0.0300
clu_bl 29 0.0241 0.0201 0.0200 26 0.0223 0.0203 0.0150
clu_md 29 0.0210 0.0214 0.0100 25 0.0164 0.0125 0.0200
pmlu_bl 26 0.0162 0.0181 0.0100 15 0.0120 0.0086 0.0100
pmlu_md 25 0.0300 0.0214 0.0300 17 0.0459 0.0334 0.0400
pm2u_bl 28 0.0254 0.0228 0.0200 19 0.0179 0.0187 0.0100
pm2u_md 27 0.0467 0.0374 0.0500 17 0.0335 0.0255 0.0300
mlu_bl 12 0.0125 0.0087 0.0100 15 0.0087 0.0119 0.0000
mlu_md 13 0.0369 0.0180 0.0300 16 0.0438 0.0393 0.0350
m2u_bl 15 0.0253 0.0168 0.0200 19 0.0305 0.0255 0.0200
m2u_md 20 0.0495 0.0395 0.0450 19 0.0426 0.0323 0.0300
individual 134 0.0253 0.0071 0.0240 75 0.0261 0.0083 0.0239
dentition 64 0.0290 0.0118 0.0269 51 0.0272 0.0108 0.0250
cranium 121 0.0230 0.0072 0.0220 51 0.0235 0.0084 0.0236
c_orbit 83 0.0187 0.0104 0.0200 36 0.0192 0.0093 0.0200
c_facial 97 0.0211 0.0094 0.0200 41 0.0237 0.0178 0.0200
c_temporal 61 0.0407 0.0349 0.0300 27 0.0370 0.0255 0.0300
c_base 114 0.0297 0.0180 0.0275 48 0.0267 0.0154 0.0238
c_vault 109 0.0170 0.0115 0.0150 27 0.0175 0.0100 0.0150
mandible 77 0.0313 0.0159 0.0300 46 0.0289 0.0157 0.0258

N=number, SD = standard deviation, i=incisor, c=canine, pm=premolar, m=molar, I=lower, u=upper, bl=buccolingual,
md=mesiodistal, c=cranium

Within the mandible, the minimum ramus breadth exhibited the highest mean FA,
followed by the maximum ramus breadth, the height of the ramus, and mandibular length.
Within each tooth class of both the mandibular and maxillary dentition, the mesiodistal crown
diameters were more asymmetric than the corresponding buccolingual crown diameters. This
pattern was reversed in the canines and the central incisors. Additionally, the level of
asymmetry increased from mesial to distal within each tooth class, with the exception of the
buccolingual diameter of the mandibular incisors, in which the second incisor exhibited less
asymmetry than the first incisor.

The comparison of the frequency of pathological conditions between the populations,
for the three lesions combined (p=0.569) and singly (Table 5), revealed no significant
differences. However, relatively more GRK individuals exhibited cribra orbitalia and enamel
hypoplasia (EH), while MeB individuals exhibited slightly more subperiosteal bone reactions
(Table 5). Within both populations, subperiosteal bone reactions were observed most
frequently (GRK=29.1%, MeB=30.7%), while the presence of cribra orbitalia was
uncommon (GRK=6.7%, MeB=2.7%).
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Table 5. Contingency table for each type of
pathological condition observed in the individuals per
population group.

Cribra orbitalia
Lesion (n) Nolesion(n) Total p-value

GRK 5 129 134
MeB 2 73 75 -
Total 7 202 209 1.00

Periosteal bone reactions
Lesion (n) Nolesion(n) Total p-value

GRK 39 95 134
MeB 23 52 75 -
Total 62 147 209 0.875

Enamel hypoplasia
Lesion (n) Nolesion(n) Total p-value

GRK 29 105 134
MeB 11 64 75
Total 40 169 209 0.272

When the median FA per individual who exhibited at least one of the three pathological
conditions were compared between the populations, no significant differences were apparent
(p=0.480), although the mean FA was slightly lower in the MeB population.

However, the comparison between the median FA of all individuals (index:
Individual) who exhibited skeletal lesion(s) (2.6%; x = 2.7%, 6 = 0.7%) to individuals (index:
Individual) without any of the three skeletal lesions (2.3%; x =2.5%, ¢ = 0.8%) revealed a
significant difference (p=0.009). The median and mean FA values were greater in individuals
with skeletal lesions.

4. DISCUSSION

The general trends observed in the cranium, mandible, and dentition concur with
previous research suggesting that the magnitude of FA is variable across traits and indices
(Blackburn, 2011; Mgller and Swaddle, 1997; Storm, 2009). This differential expression of
FA across traits can be attributed to the inherent differential canalization strength and ability
of each trait (Waddington, 1957; Wagner et al., 1997). Each trait within an organism, or the
same trait between organisms, can differ in their canalization strength against the same
stressors. Additionally, traits can also vary in their response or buffering ability to differential
stressors. That is to say, the same trait will react (buffer) differently to certain types of
stressors than others (Mgller and Swaddle, 1997; Waddington, 1957; Wagner et al., 1997).
Similar to findings of other studies (Bigoni et al., 2013; e.g., DeLeon, 2007; Gawlikowska et

al., 2007), FA was greatest in magnitude in the cranial base and lowest in the facial area. For
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example, a study by DelLeon (2007) on Medieval Nubian crania found the vault or
neurocranium to exhibit the greatest asymmetry, and the face the least asymmetry. Similarly,
Medieval crania from central Europe exhibited the greatest amount of asymmetry in the
cranial base, and the least in the upper facial area (Bigoni et al., 2013).

The magnitude of FA in the mandible was greatest for the minimum and maximum
breadths, followed by the height of the ramus and mandibular length. This pattern is identical
to findings by Storm (2009) on a large sample of British archaeological populations, but
contradictory to previous findings by Storm and Knuisel (2005), where the breadth of the
ramus exhibited the least asymmetry, and the ramus height the most. However, the latter
study was conducted on a small subsample (n=20) of a British archaeological population, and
might not be representative of the entire population. The mandible, as part of the craniofacial
skeleton, responds or adapts to loading in a similar manner as the long bones, unevenly
affecting the growth and bony response of the mandible (Kiliaridis, 2006). Components of
the mandibular ramus, such as the condylar and coronoid processes, and the angle of the
mandible, are especially affected by the muscular function of the mandible (Kiliaridis, 2006;
Scott, 1953). Directional loading of the mandible due to habitual masticatory function
(Pirttiniemi, 1998; Shah and Joshi, 1987), therefore, can be argued to be a contributing factor
to increased FA levels of the breadths and height of the mandible. This might be indicative of
the presence of DA within the mandible, despite that the statistical analyses did not show a
significant presence of DA within any of the mandibular traits. Bilateral traits may exhibit both
FA and DA simultaneously, and may have confounded or obscured the evaluation and expression
of FA within the mandible (Mgller and Swaddle, 1997; Van Valen, 1962).

The observed dental FA pattern is in accordance with the results of several other
studies (Garn et al., 1966; Harris and Nweeia, 1980; Khalaf et al., 2005; Perzigian, 1977;
Townsend and Brown, 1980), suggesting that dental crown formation is more stable for the
mesial or first tooth in each morphogenic class, as well as for the buccolingual crown
diameter of a tooth within a morphogenic class. This correlates with the general order of
tooth and crown formation (most mesial tooth first), and with previous findings that the later
forming teeth are more variable than the earlier forming teeth (Liversidge, 2003 and
references within).

While both populations showed signs of cribra orbitalia, EH, and periostitis, these
frequencies, as well as the magnitude of FA of these individuals were not significantly
different between the populations. This may suggest that the populations were exposed to

more or less the same magnitude or duration of external and internal stress during
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development. However, it is also possible that the type of stress or the response to the
stressors differed between the populations. For example, the alleged mental status of the MeB
population might, besides the premise of increased developmental instability, also indicate
that they were subjected to different types of stress relative to the GRK population. While
various systemic and local factors can lead to EH, the hypoplastic defects sometimes occur
with several syndromes and congenital illnesses that are also associated with mental or
neurological disorders (Bhatia et al., 2012; Mé&étta et al., 2006; Schuurs, 2013; Webb et al.,
1991). Therefore, if the observed higher frequencies of EH within the MeB population may,
in part, be associated with their mental or neurological condition, the MeB population could
be considered to have been subjected to less external stress, but to more internal stress
relative to the GRK population. However, no genetic testing has been attempted, and
therefore, all possible etiologies, including nutritional deficiencies and trauma, should be
considered before such a conclusion can be reached. In addition, the scoring of EH was not
comprehensive, limiting the amount of information which could have been valuable for
assessment, such as the time (stage of development) at which the insults occurred within each
population.

In line with the abovementioned lack of a difference in terms of pathology and in
contrast to findings in the literature that individuals with a history of mental disorders or
neurological impairments exhibit higher levels of FA (Lalumiere et al., 2001; Malina and
Buschang, 1984; Reilly et al., 2001), no significant difference in the FA values was apparent
between the GRK and MeB populations. Mentally ill individuals have been shown to be more
developmentally unstable, and are therefore expected to exhibit higher levels of FA compared
to their mentally healthy counterparts (Lalumiére et al., 2001; Malina and Buschang, 1984;
Martin et al., 1999; Reilly et al., 2001). For example, Malina and Buschang (1984), observed
higher levels of FA within the long bones of mentally institutionalized males compared to
mentally healthy males, which were statistically significant for the upper limb traits.

While this lack of a difference in FA magnitude between the two populations may be
an indication that FA is not such a highly sensitive indicator of stress as indicated in the
literature (DelLeon, 2007; Hoover and Matsumura, 2008; Livshits and Kobyliansky, 1991;
Storm, 2008, 2007), it is important to also interpret the results in relation to the context in
which the individuals lived. Comparisons of the socio-political environments of the
individuals from GRK during the 18™ to early 19" century, and individuals from MeB during
the early 19" to the early 20" centuries, suggest that the GRK population experienced a more
turbulent economic environment (Allen, 2001, 2000; Deneweth et al., 2014; De Vries and
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Van der Woude, 1997; Haines, 2004; Van den Eerenbeemt, 1962). The 18" to early 19"
century (GRK population) Dutch economy started and ended amidst the remnants of
economic recessions with a period of slow economic growth in between (1740-1780). Rather
turbulent in its course, the average standard of living decreased over the entire 18" century,
reaching an ultimate low at the turn of the century. Poor living standards resulted from of a
combination of the stagnation of wage increases and an increase in the cost of living. While
the economic recession ended at the turn of the century, it left a nation in poverty (Allen,
2000; Deneweth et al., 2014; De Vries, 1968; De Vries and Van der Woude, 1997). Despite
the adverse economic conditions between 1795 and 1813, the early 19" century (GRK and
MeB populations) saw a rise in agriculture and the overall economy, which was followed by
rapid rates of industrialization and wage increases during the late 19" century (MeB
population).

While not yet stable during the 19™ century, the economy seemed to have steadily
improved during the time in which the MeB population lived. The national earnings per
capita showed an overall, albeit turbulent, increase throughout the 19" and early 20" century,
while a decline in the average stature and an impoverished standard of living was evident
from the 1830’s to 1860’s (Allen, 2001; Haines, 2004). However, from about 1870 onward,
the country experienced rapid population growth together with an increase in adult stature,
and an increased life expectancy and standard of living (Haines, 2004; Maat, 2005). The
standard of living of Dutch laborers continued to improve into the early 20" century
(Deneweth et al., 2014).

When the information on the pathological lesions and the socio-political history of the
two populations are considered simultaneously, it is possible that the GRK population was
subjected to greater amounts (or longer duration) of external stressors, while the MeB
population was subjected to less external stress, but also to internal stress (due to their mental
status). However, the similar frequencies of pathological lesions between GRK and MeB can
also be an indication that despite the socio-economic history, both populations were subjected
to similar amounts or durations of external stress.

However, it should also be considered that the MeB psychiatric hospital sample was
not as developmentally unstable as suggested by previous research (Malina and Buschang,
1984; Martin et al., 1999; Reilly et al., 2001). Unfortunately, a direct comparison of FA
magnitude between the Dutch populations and other populations (with and without mental
deficiencies) reported in the literature is difficult due to the effect of trait size on FA
estimates. The magnitude of FA is influenced not only by the interaction of trait size, but FA
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may also be proportional to the size of a trait (Palmer and Strobeck, 2003). Therefore, if the
effect of size was not accounted for in a study, differences in trait size between studies would
differentially have affected the magnitude of FA, inflating or decreasing the real difference in
asymmetry. Consequently, a comparison of FA magnitude between the two Dutch
populations and previous studies on the mentally institutionalized was not attempted.
However, this study calculated FA estimates in a similar manner and for identical cranial and
mandibular traits as a study by Storm (2007, 2008) on English archaeological populations,
allowing for a comparison of the FA magnitudes. When compared to each other, the average
adult FA for the cranial and mandibular traits in the Dutch populations are greater than that of
the English populations, although the FA differences are similar in magnitude compared to
the difference in average FA between the two Dutch populations.

While no significant differences were noted in the FA magnitude between the
populations and despite the fact that the pathological lesions were assessed in a very basic
manner, evidence supporting the use of FA as an indicator of developmental instability and
its positive relationship to skeletal indicators of stress was observed in the comparison of the
magnitude of FA between individuals exhibiting a pathological condition and the rest of the
sample. Individuals who exhibited a pathological condition were significantly more
asymmetrical (in magnitude) than the individuals without any of the three conditions. This
corresponds to findings by Hoover and Matsumura (2008) on 13 archaeological Japanese
populations, in which higher levels of FA were observed in individuals who exhibited EH. It
can be inferred that individuals who are better buffered or resistant against environmental
stressors, such as nutritional deficiencies or infectious diseases, are also more
developmentally stable.

However, fluctuating asymmetry is a non-specific indicator of stress, and therefore
the average FA in a population does not distinguish between the type of stress (Mgller and
Swaddle, 1997; Palmer, 1994).This is also relevant in the interpretation of the apparent
similar FA magnitudes between the two Dutch populations. Without context the lack of a
difference in FA between the two populations could be interpreted to be indicative of
differential levels of developmental instability under different types and durations of stress,
such as a more unstable development with less severe or shorter durations of stress for the
MeB population, and a more stable developmental with severe or longer durations of stress
for the GRK population. However, the observed patterns and similar magnitudes of FA, in

addition to their socio-economic background and frequencies of indicators of pathology or
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stress, indicate that both populations were likely subjected to similar levels of stress, even
though the source, timing or duration of stress might have been different.

Another consideration is that a significant difference in their developmental stability
does in fact exist, but it was undetectable using these methods. Factors such as sample size
and measurement error may affect the detection of departures from FA within a sample.
Small sample sizes, for example, may obscure the magnitude of FA in such a way that no FA
is detected, even though a departure from FA may exist (Palmer, 1994; Storm, 2009). While
the sample sizes for both populations were above the desirable sample size of 40 or 50, as
suggested by Palmer (1994), the GRK sample was nearly two times larger than the MeB
sample. In addition, when categorized per sex and age category, the sample sizes for each
category were no longer above that of the minimum of 30. Consequently, these differences in
sample size, especially the smaller sample sizes, could possibly have obscured from the
detection of FA. What was observed as a lack of statistical differences in FA between the age
categories, the sexes, and the populations within this study could, therefore, have been
influenced or obscured by the differences in sample size.

As with all studies on the deceased, it is important to consider that the individuals
under study are those who did not survive. Known as hidden heterogeneity, individuals
within a population are differentially susceptible to various diseases and stressors, which is
unknown to the researcher (DeWitte and Stojanowski, 2015; Wood et al., 1992). Applied to
the current study, it can be argued that the observed levels of FA are elevated against what
would have been the FA of the entire population. An increased magnitude of FA within a
population has been associated with decreased fitness of populations (Clarke, 1995).
Therefore, it can be inferred that the individuals in the sample with a higher magnitude of FA,
and a lower level of fitness, would have had an increased risk of dying — increasing the
average magnitude of FA within the skeletal sample above that of the entire population.

5. CONCLUSIONS

The main aim of this study was to assess the developmental stability between two
Dutch populations, the MeB psychiatric hospital sample and the GRK general population
sample by means of comparing the magnitude and patterns of FA within the cranium,
mandible, and dentition. The main conclusions are as follows:

e The magnitude of FA is variable across traits and indices, which can be linked to

their differential buffering to differential types of stressors.
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e The two populations exhibited similar frequencies of pathological lesions, as well
as similar levels of FA between the individuals exhibiting these lesions.

e In contrast to findings in the literature, the MeB psychiatric hospital sample was
similarly asymmetric compared to the general population of the GRK (Alkmaar).
The socio-economic history and observed frequencies of pathological lesions
suggest that both populations were likely subjected to similar levels of stress, even
though the source, timing, and duration of stress might have been different.
Another possibility is that the MeB population was not as developmentally
unstable as suggested by previous research.

e When the samples were combined the individuals with signs of at least one of the
three pathological lesions exhibited significantly greater FA values compared to
the rest of the sample. This positive relationship between FA to skeletal and dental
indicators of stress support the use of FA as an indicator of developmental
instability.
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