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Abstract: The aim of the study is to evaluate the frequency of spina bifida oculta (SBO) in the early modern 
population from Dąbrówki (Poland); 26 males, 19 females, 3 adults with unspecified sex, 2 subadult were 
taken into the analysis. SBO was found in 9 individuals (18%), of whom only one exhibited a complete 
cleft in the sacrum (2%). In males, SBO was reported in 7 out of 26 skeletons studied (27%). Complete cleft 
was observed in one individual (4%), partial cleft in 6 individuals (23%). In females, no case of complete 
cleft was detected (0%), and one case of partial cleft was found (5%). These differences between males and 
females in the frequency of this skeletal condition were statistically significant.

Due to the lack of uniform methods for SBO analyses, the inability to make interpopulation compari-
sons, the relatively high prevalence of the SBO phenomenon in ancient and modern populations, and the 
unclear etiology of the disease, research on SBO should be continued.
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Introduction

Spina bifida is a general term that refers 
to varying levels of pathology involving 
the spinal cord and nerve root (Melin-
tenda et al. 2003; Mohd-Zin et al. 2017). 
It is a  congenital condition that results 
from incomplete closure of the neural 
tube during early embryonic develop-
ment (Banta et al. 1990; Moore, Persaud 
2003). Spina bifida is classified into spi-
na bifida cystica and spina bifida occul-
ta (Mohd-Zin et  al. 2017). Spina bifida 
cystica, which includes meningocele and 
myelomeningocele, is called “open” spi-
na bifida (McComb 1997). Myelomenin-
gocele, which is the most severe type of 
spina bifida, involves a  sac-like protru-
sion of the spinal cord and cerebrospinal 
fluid and an exposure of the nerves and 
tissues. Meningocele can result in mi-
nor disabilities while myelomeningocele 
may cause moderate to severe disabilities 
(Copp, Greene 2012). 

Spina bifida occulta (“closed” spina 
bifida) (SBO), represents skin-covered 
lesions without an exposed cystic mass 
(Korsvik, Keller 1992). Indicated solely 
by a  bony defect of the vertebral arch, 
SBO can be located everywhere along the 
spine but is most frequently observed at 
the lumbo-sacral junction L5/S1 (80% of 
the cases), 60% of the cases are associat-
ed to spina bifida at level L3-S1 and about 
10% at level S2-S5 (Barnes 1994; Kumar, 
Tubbs 2011; Lee et al. 2011; Saluja 1986, 
1988). Non-fusion occurs at segments 
S4-S5, reaching up to 90% of individuals 
of European ancestry (Fidas et al. 1988). 
It is clinically recongised as a  natural 
morphological variation, also referred to 
as the sacral hiatus (Abera et  al. 2021; 
Henneberg, Henneberg 1999). 

SBO does not involve nerve or spinal 
cord damage and is largely asymptomatic 

although it might be linked to a recurrent 
lower back pain, neurological deficits of 
the feet, and posterior disc herniation 
(Avrahami et al. 1994; Eubanks, Cheru-
vu 2009; Sairyo et  al. 2006). Asympto-
matic spina bifida during childhood can 
lead to neurological symptoms later in 
adulthood (Spacca, Buxton 2008). The 
defect is often indicated by a hairy spot 
or a dimple in the affected skin area (Ku-
mar, Tubbs 2011). 

Despite numerous studies, the causes 
of the appearance of spina bifida are not 
fully understood (see Henneberg, Hen-
neberg 1999; Kelty, Henneberg 2022). 
The etiology of spina bifida is multifac-
torial, which involves complex polygenic 
interactions with environment factors 
(Holmes et al. 1976; Josan et al. 2008). 
Chromosomal anomalies, maternal obe-
sity, and maternal folate status have been 
suggested to be linked to neural tube de-
fects (Louie et  al. 2008; Northrup, Vol-
cik 2000). Recent studies have identified 
a  series of teratogenic factors that can 
lead to the appearance of a spinal defect, 
such as nitrates, lead, valproic acid, ox-
ytetracyclines, some anticonvulsant and 
antidepressant drugs, pesticides, toxic 
waste, excessive heat. There are a num-
ber of maternal conditions that may con-
tribute to the development of a descend-
ant with spinal dysraphism, such as fever, 
diabetes, obesity, maternal psychological 
stress, mother’s age, parity (Fornoff et al. 
2004). 

Spina bifida has been observed in pre-
historic skeletal remains suggesting that 
this congenital defect has been affecting 
human populations since the distant past 
(Kumar, Tubbs 2011; Kelty, Henneberg 
2022). Most paleoanthropological stud-
ies regarding spina bifida have focused 
on the sacrum (Kumar, Tubbs 2011). 
The condition was treated as an instru-
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ment for detecting specific features in 
a population, such as degrees of kinship, 
biological distances, isolation and en-
dogamy (see Kumar, Tubbs 2011). Some 
researchers have linked SBO to microev-
olutionary trends which might suggest 
a substantial relaxation of natural selec-
tion beginning around 1900 changed the 
mutation/selection balance of modern 
genetic material, causing an increase of 
sacral SBO since 1900 (Kelty, Henneberg 
2022; Solomon et al. 2009).

Cases of SBO from the archaeolog-
ical record have been reported although 
it still raises many interpretative and 
methodological challenges, such as the 
lack of a  standardized methodology of 
SBO assessment in skeletal materials, 
insufficient knowledge about the etiology 
of the disorder. The purpose of this work 
is to assess the prevalence of SBO in the 
early modern population from Dąbrówki. 
This study has the potential to broaden 
our knowledge regarding the SBO prev-
alence in past and modern skeletal pop-
ulations. 

Material and methods

All analysed specimens came from 
a cemetery located in Dąbrówki (Poland) 
(Fig. 1). The name „Dąbrówki” appeared 
for the first time in 1559 (due to the pres-
ence of oaks in the local part of Podlasie). 
The cemetery with skeleton burials was 
discovered by accident during earthworks 
in 2018. The cemetery is located on the 
hill called „Cygańska Brama”. Historical 
sources do not contain any information 
about the cemetery (Wawrzeniuk 2021a). 
The burial equipment found in the cem-
etery allowed for its preliminary dating 
pointing to the beginning of the 17th 
century. It cannot be ruled out that in the 
remaining areas of the cemetery there are 

burials from both younger and older peri-
ods (Wawrzeniuk 2021b). 

Fig. 1. The location of the Dąbrówki village (green 
drop)

Research work has revealed 62 graves 
most of which contained adults. The few 
children’s burials, who were usually buried 
with adults (Wawrzeniuk 2021a, 2021b). 
The samples used in this study are part 
of the osteological collection belonging to 
the Institute of Biological Sciences Cardi-
nal Stefan Wyszynski University (Poland). 

Standard anthropological methods 
were applied to determine the age and 
sex of the individuals. The sex of the in-
dividuals was determined using methods 
previously applied by Phenice (1969) and 
Buikstra, Ubelaker (1994). This includes 
visual assessments of pelvic and cranial 
features. The age-at-death of the indi-
vidual was evaluated based on changes 
in the morphology of the pubic symphy-
sis using the Todd’s method for changes 
in pubis symphysis, Brooks and Suchey 
(1990) standards for changes in the to-
pography of the auricular surface (Buik-
stra, Ubelaker 1994). 
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The skeletons of 160 individuals were 
examined (54 from the 2019 season, 75 
from the 2021 season and 31 from the 
2022 season). Only 50 of the 160 indi-
viduals had complete, undamaged sacral 
bones, and only these individuals were in-
cluded in the final study. Table 1 summa-
rises the number of skeletal material from 
Dąbrówki analyzed in the present study.

Table 1. Number of skeletal material from Dąbrówki

N

Males 26

Females 19

Adults* 3

Subadults 2

All group 50

N – number of tested individuals; * – unspecified 
sex; only the division into adults and children 
was considered, without division into exact age 
classes).

SBO was analyzed in the study ma-
terial according to the methods proposed 
by Buikstra, Ubelaker (1994: 122). Three 
types of changes were noted: (0) no cleft 
– all vertebral arches fused, complete; 

(1)  partial cleft – in at least one verte-
brae vertebral arch did not fuse with in-
complete development or their complete 
absence; (2) complete cleft – in all sacral 
vertebrae vertebral arches not fused (in-
complete development of vertebral arch-
es or the lack of the vertebral arches) 
(Fig.2). A word cleft contains any deform-
ity of vertebral arches from discontinuity 
to the completely lack of these anatomi-
cal structures. 

In paleoanthropological studies we 
used differing classification systems for 
SBO assessment (see Discussion) what 
may account for variability in reported 
frequencies. Therefore, the present study 
was based on the medical assumption 
stating that SBO at the level of the verte-
brae S3, S4, S5 is treated as morphological 
variability within normal limits (Kumar, 
Tubbs 2011); the cleft observed at the 
height of the above-mentioned vertebrae 
was treated here as no cleft (see Abera 
et al. 2021; Kim et al. 2018). This allows 
for the development of methodological 
standards for historical populations anal-
yses, which not only are necessary for 
making inter-populations comparisons, 
but also allow for the comparison of the 
obtained results to medical data.

Fig. 2. Normal sacral bone (a), sacrum with partial (b) and complete (c) spina bifida oculta (photos by Wolski 
Adrian)
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Statistical significance of the differenc-
es in the frequency of the SBO between 
males and females in the analysed skel-
etal material was determined using the 
unilateral test for two components of the 
structure (a  test based on a  number of 
cases and frequencies data). Differences 
were considered to be statistically signifi-
cant when p<0.05. All analyses were per-
formed using the Statistica 13.3 software.

Results

The bones of 50 individuals from the skel-
etal cemetery in Dąbrówka were analysed. 
SBO was recorded in nine individuals, which 
consists of 18% of the studied population. 
Only one of them had a  complete cleft of 
the sacrum (2%). In the remaining cases, we 
were dealing with incomplete SBO (16%).

In females, no case of complete cleft, and 
one case of partial cleft was recorded (5%). In 
males, SBO was found in 7 out of 26 exam-
ined skeletons (27%), with a complete cleft 
in one individual (4%), and a partial cleft in 
6 individuals (23%). No cases of SBO (0%) 
were detected in adults whose sex could not 
be determined. One case of cleft, a partial 
cleft (50%), was detected in a subadult. Data 
on the frequency of SBO in the population 
from Dąbrówki are presented in Table 2. 

Table 2. Frequncies (%) of spina bifida oculta in the 
Dąbrówki population 

N/n (% n)

Comlete Partial All

Males 26/1 (4%) 26/6 (23%) 26/7 (27%)

Females 19/0 (0%) 19/1 (5%) 19/1 (5%)

Adults* 3/0 (0%) 3/0 (0%) 3/0 (0%)

Subadult 2/0 (0%) 2/1 (50%) 2/1 (50%)

All group 50/1 (2%) 50/8 (16%) 50/9 (18%)

N – numer of individuals; n – numer of individuals 
with spina bifida oculta; * – unspecified sex.

The next step of the analysis was to 
compare the significance of differences 
in the frequency of SBO in males and fe-
males. As the results presented in Table 3 
show, males (27%) from Dąbrówki show 
a  significantly higher frequency of SBO 
compared to females (5%).

Table 3. Significance of the differences in the fre-
quencies (%) of spina bifida oculta in males nad 
females from Dąbrówki

Sex N/n (% n) p

Males 26/7 (27%)
0,028

Females 19/1 (5%)

N – numer of individuals; n – numer of individuals 
with spina bifida oculta; p≤0,05.

Discussion

In the population from Dąbrówki, spi-
na bifida oculta was recorded in 18% of 
individuals. Comparing the SBO data in 
the material from Dąbrówki with other 
available data from similar historical pe-
riods and different regions of Europe, it 
turns out that the frequency of SBO in 
the studied material takes intermediate 
values ranging from 2% (Simalcsik et al. 
2011) to 60% (Pliszka 2018). 

Although the statistical significance 
of differences was not assessed here, 
the observed interpopulation differenc-
es and similarities in SBO prevalence 
may be caused by a number of factors, 
such as the lack of uniform, standard 
methods for SBO assessing. For in-
stance, some studies has treated cleft on 
the height S3-S5 as SBO as a norm and 
did not take it into consideration (Kim 
et al. 2018). Similarly, some studies did 
not provide an information about S3-S5 
region treating (e.g., Mays 2006; Silva- 
-Pinto et al. 2010). 
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Table 4. Frequencies (%) of spina bifida oculta in skeletal populations

Population Chronology % (n/N) Reference

Dąbrówki XVI 18% (9/50) Own data

Radom (Poland) XVII-XIX 60% (44/74) Pliszka (2018)

Devín-Hrad (Słowacja) XI-XII 24% (26/109) Masnicova, Benus (2003)

London XVIII-XIX 15% Saluja (1988)

Jassy (Romania) XVI-XVIII 2% (2/129) Simalcsik (2011)

Brittany (France) High Middle Ages 10% (3/30) Zemirline et al. (2013)

N – numer of individuals; n – numer of individuals with spina bifida occulta.

Researchers used to take different seg-
ments of the spine into analyses (Hus-
sien et al. 2009; Saluja 1988; Zemirline 
et al. 2013). There are also studies that 
did not report any information regard-
ing SBO assessment methods (e.g., Este-
baranz-Sánchez et  al. 2018). All of this 
might have contributed to an over- and/
or underestimation of the results, and 
inability to make reliable comparisons 
between populations. Without clear, uni-
fied methods of SBO assessment, it is 
very difficult to correctly assess and in-
terpret both similarities and differences 
in SBO prevalence. 

Skeletal groups come from different 
chronological periods as well as differ-
ent regions of the world. Therefore, their 
structure might have been influenced by 
different environmental stress factors 
and exhibit different genetic endowment 
adapted to different environmental (so-
cio-economic and biological) conditions 
(Albrecht et al. 2006). It could be a reason 
of the observed differences in SBO fre-
quencies. Several studies have found evi-
dence that SBO is associated with a ma-
ternal folate (vitamin B9) and folic acid 
deficiency during the embryonic period 
(Armstrong et  al. 2013; Au et  al. 2010; 
Bentley et al. 2006; Manso, Matos 2023; 
Melintenda et al. 2023; Pepe et al. 1999). 

Although the subject of diet in past human 
populations is still opened, a recent study 
by Mutlu and colleagues (2020) showed 
that a  Mediterranean Byzantine popula-
tion, which had access to folate-rich food 
products, had a lower prevalence of SBO 
than compared to Anatolian populations. 
Therefore, it could be assumed that the 
differences in diet could have influenced 
the observed interpopulation differences/
similarities in SBO prevalence. Proving 
this hypothesis requires further in-depth 
research on this research area. Kely and 
Henneberg (2022) showed an increase of 
SBO frequency after 1980 despite the in-
troduction of folate supplementation, in-
dicating microevolutionary increase and 
secular trend in SBO development. This 
suggests that SBO potentially does not 
follow the same etiological and embryonic 
trajectory as spina bifida cistica and has 
a separate cause. Solving this problem re-
quires further research. 

In the population from Dąbrówki 
SBO was reported more often in males 
than in females (5%) (Table 3). Similar re-
sults were obtained in populations from 
Iasi (Romania) (5% males, 2% females) 
(Simalcsik et  al. 2011), Devín-Hrad 
(Slovakia) (males 26%, females 19%) 
(Masnicova, Benus 2003). In compared 
populations SBO was more frequently 
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observed in males, and in some popula-
tions the condition was not recorded in 
female group (Shabana et al. 2014; Gro-
za et  al. 2013; Saluja 1988; Simalcsik 
et  al. 2011; Masnicova, Benus 2003; 
Henneberg, Henneberg 1999; Lee 2022; 
Sarry, Banna 2006). Most studies do not 
present data on the significance of the 
difference in the occurrence of SBO be-
tween sexes, which makes it difficult to 
draw final conclusions about the occur-
rence of the differences. According to the 
clinical literature, SBO is less common 
in men than in women, although, some 
studies show opposite results, indicating 
SBO more common in men (Eubanks, 
Cheruvu 2009; Vannier et al. 1981). The 
reason of such results is not clear yet. 

Many factors may have influenced the 
results obtained in this study as well as 
other studies (e.g., regarding the higher in-
cidence in males), such as the specificity 
of the skeletal material (incompleteness, 
bone damage, small sample size). There 
are also difficulties in sex determination in 
skeletal material. Damaged basic diagnos-
tic bony traits, incomplete skeletal mate-
rial which is often insufficient knowledge 
about the biology of an examined skeletal 
group and an influence of environmental 
stress on skeletal traits used in sex de-
termination make sex determination not 
always reliable. Moreover, there are some 
medical studies showing a male excess in 
cases with lower spinal lesions, and a fe-
male excess in upper spinal lesions (Ma-
riman et  al. 1992; Seller 1987). These 
studies, as well as damage or absence of 
vertebrae of the upper and middle spine, 
and therefore the analyses of SBO within 
the sacrum only, may result in a  higher 
frequency of the disorder in males in the 
studies of past skeletal populations. Deter-
mining the reason for these discrepancies 
raises the need for further research.

Although cases of sacral SBO from 
the archaeological record have been still 
reported, there is a lack of consensus in 
interpretation of spina bifida in skeletal 
materials (Kumar, Tubbs 2011). One of 
the reasons is the lack of a standardised 
methodology of SBO assessment in skel-
etal remains (Kumar, Tubbs 2011), what 
causes the under- or overestimation of 
the results. Another reason is insuffi-
cient knowledge about the etiology of 
the disorder, and therefore an influence 
of the genetic or/and environmental fac-
tors on its manifestation. The results 
derived from past skeletal populations 
could not be easily related to the results 
of clinical records for modern popu-
lations. SBO could be documented in 
higher numbers than those suggested 
by the medical record because of usually 
minor symptoms the condition is often 
clinically undetected (Avrahami et  al. 
1994; Kumar, Tubbs 2011). Given all 
the above, research on SBO in past skel-
etal populations should be continued 
and developed. 

Summary and conclusions

The frequency of spina bifida oculta in the 
population from Dąbrówka was found in 
nine individuals, which constituted 18% 
of the studied population. Only one of 
studied individuals had a complete cleft 
in the sacrum (2%). In males SBO was 
reported in 7 of the 26 studied skeletons 
(27%). Complete cleft was observed in 
one individual (4%), partial cleft in 6 indi-
viduals, of which 23% belonged to males. 
No case of complete cleft was detected in 
females (0%), and one case of partial cleft 
was detected (5%). We found that differ-
ences between males and females in the 
frequency of this skeletal change were 
statistically significant.
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The population from Dąbrówki did 
not differ in terms of the frequency of 
SBO from other populations from differ-
ent historical periods and areas from oth-
er parts of the world. Due to a number of 
limitations, this study does not allow for 
drawing far-reaching conclusions.

Due to the lack of uniform research 
methods for SBO assessment, the inabil-
ity to make interpopulation comparisons 
and the relatively high prevalence of SBO 
phenomenon in both ancient and mod-
ern populations, and the unclear etiology 
of this disease, research on SBO should 
be continued.
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