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Highlights of the Study

•	 Luckenschadel skull is considered a rare radiological finding associated with severe neurological ab-
normalities.

•	 We found that the lacunar skull is a very common benign condition that is not associated with any ad-
ditional neurological pathology in children with idiopathic scoliosis. In addition, it does not disappear 
over time; in fact, it may become more obvious even up to the age of 16 years.
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Abstract
Objective: Luckenschadel skull is a skull that is radiologically 
characterized by lacunae in the cranial vault. To date, al-
though the association between neurological abnormalities 
and scoliosis is well recognized, no relationship between id-
iopathic scoliosis and a lacunar skull has been defined. We 
explored the incidence and time courses of lacunar skulls in 
patients with idiopathic scoliosis. Materials and Methods: 
Spinal X-rays of 3,170 children aged 6–16 years with idio-
pathic scoliosis evaluated from October 2010 to August 2020 
were examined for the presence of an irregular inner calvar-
ial table indicative of a Luckenschadel skull. A total of 1,760 
(55.5%) of the 3,170 images included the skull. We also ex-
plored the frequency of intraspinal abnormalities in children 
with lacunar skull images who underwent spinal magnetic 
resonance imaging. Results: The study population consisted 
of 1,760 children, 1,203 girls (68.4%) and 557 (31.6%) boys. A 

total of 268 (15.2%) clearly evidenced lacunar skulls in their 
radiographs; 186 (69.4%) girls (11.3 ± 4.3 years) and 82 
(30.6%) boys (12.6 ± 3.3 years). Two of the 56 patients (3.6%) 
who underwent spinal MRI had intraspinal abnormalities 
(isolated Chiari malformation-I). No additional neurological 
problems were detected in children with lacunar skulls. Con-
clusion: We conclude that the lacunar skull is very common 
in children with idiopathic scoliosis who lack any other neu-
rological pathology. The lacunar skull does not disappear 
even in adolescence. Although previous publications have 
stated that lacunar skull disappears over time in radiograph-
ic images, we observed that it became more noticeable over 
time in children with scoliosis. © 2021 The Author(s).

Published by S. Karger AG, Basel

Introduction

Luckenschadel skull, also known as the lacunar skull 
or “craniolacunae,” is a dysplasia of the membranous 
skull vault and is readily apparent in plain radiography. It 
is a congenital defect, the physiopathology of which re-
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mains poorly understood [1]. Its radiological features 
have been known since the early 1900s [2]. The first defi-
nition in the literature featured a skull deformity com-
bined with spina bifida, the so-called Luckenschadel skull 
(gap skull) [3]. There is no information on the criteria for 
diagnosis of a lacunar skull (number and size) in the lit-
erature. Radiological data on the incidence of lacunar 
skull in the general population with or without scoliosis 
are lacking. The Luckenschadel skull has been considered 
an extremely rare mesenchymal dysplasia featuring cal-
varial ossification, characterized by groups of round, oval, 
or finger-shaped pits on the inner surface of the vault (the 
membranous part), separated by ridges of the bone [4]. It 
is usually evident in plain skull X-rays or computed to-
mography. Diagnostically, the bone exhibits thinning in 
some locations and is described as “copper-beaten” or 
“honeycombed” in direct skull radiography. The lacunae 
lie in the thickest parts of the frontal, parietal, and upper 
occipital bones, particularly the parietal bones. The defect 
is not caused by pressure from within (in contrast to the 
“copper-beaten” skull of patients with hydrocephalus), 
but rather by abnormal collagen production and ossifica-
tion (skull vault ossification is membranous in nature). 
The inner table is more affected than the outer table; the 
gap is convex outward [5]. The lacunar skull has been 
commonly associated with neural tube defects (Chiari 
malformations [CMs] I-II, myelomeningocele, and cra-
niosynostosis) [6, 7]. It is not known whether otherwise 
normal children may have lacunar skulls.

Scoliosis is the most common orthopedic disease of 
children, but the cause is unknown. Scoliosis is defined as 
a lateral spinal curvature with a Cobb angle ≥10° evident 
in a standing spinal radiograph [8, 9]. Such abnormal cur-
vature may reflect an underlying (congenital or develop-
mental) osseous or neurological abnormality, or an envi-
ronmental insult, but the etiology remains unclear. It is 
estimated that 0.47–5.2% of all children between the ages 
of 10 and 16 years exhibit some degree of abnormal spinal 
curvature, but only 2–3% of the general population [10]. 
Several types of scoliosis affect children and adolescents, 
and the most common type (80%) is “idiopathic.” The 
prevalence and severity of scoliosis are higher in girls than 
boys, with the female:male ratio increasing from 1.4:1 in 
patients with mild curves (10–20°) to 7.2:1 in patients 
with more severe curves (>40°) [11].

In recent years, the routine use of full spinal MRI for 
diagnosis and follow-up of patients with scoliosis has 
greatly increased the detection rate of neuro-axis abnor-
malities [12]. Dauser et al. [13] were the first to describe 
the association between the CM and scoliosis, and the lit-

erature has grown over the past 3 decades. Intraspinal 
neural axis abnormalities such as an isolated CM, isolated 
syringomyelia, a CM combined with syringomyelia, and 
a tethered cord combined with diastematomyelia are 
common among patients with idiopathic scoliosis [14–
17]. The prevalence of such conditions has ranged from 
11.1% to 26.0% in studies with small sample sizes [18]. A 
recent review shows that the prevalence of neural axis 
anomalies in children with idiopathic scoliosis is estimat-
ed to be around 11% [19]. Scoliosis commonly coexists 
with the neural axis anomalies, but no causal relationship 
has yet emerged.

To the best of our knowledge, no study has yet sought 
an association between a lacunar skull and scoliosis. All 
prior reports have linked lacunar skull to only severe neu-
rological abnormalities. Thus, we explored the frequency 
of lacunar skull in children with idiopathic scoliosis by 
evaluating a large number of radiographic images.

Materials and Methods

The Bezmialem Vakıf University Local Research Ethics Com-
mittee approved this retrospective study and waived the require-
ment for written informed consent. We interrogated the database 
of Bezmialem Vakıf University Hospital (Istanbul) to identify la-
cunar skulls in children diagnosed with idiopathic scoliosis from 
October 2010 to August 2020. The medical records of 3,170 chil-
dren aged 6–16 years with lateral spinal curvatures (Cobb angles) 
≥ 10° who underwent spinal X-ray were reviewed by the same ob-
server in terms of the presence of an irregular inner calvarial table 
indicative of Luckenschadel skull. The study population consisted 
of 1,760 children with scoliosis: 1,203 girls (68.3%) and 557 (31.6%) 
boys. A total of 284 (15.2%) clearly exhibited lacunar skulls in spi-
nal radiographs. Of these, we studied 268 (15.2%) children: 186 
(69.4%) girls and 82 (30.6%) boys, with a female:male ratio of 
2.26:1. The mean ages were 11.3 ± 4.3 years for girls and 12.6 ± 3.3 
years for boys. In the present study, Luckenschadel skull was de-
fined by groups of round or oval clearly evidenced finger-shaped 
pits on the inner surface of the vault, which vary in size, shape, and 
number, separated by ridges of the bone. We also evaluated the 
presence of intraspinal abnormalities in children with scoliosis for 
whom lacunar skull images were available and who underwent spi-
nal MRI, by examining radiology reports.

Subjects
We enrolled a large group of subjects to determine the frequency 

of lacunar skull in children with scoliosis diagnosed via standing spi-
nal radiography. Children with infantile scoliosis (age at onset <3 
years) and with scoliosis that commenced at <6 years often exhibiting 
congenital neurological anomalies were excluded. We screened the 
records of idiopathic scoliosis patients aged 6–16 years. Scoliosis was 
defined as a lateral spinal curvature (a Cobb angle) ≥10°. A total of 
3,170 patients were initially included. A total of 1,760 (55.5%) of the 
3,170 images included the skull. We excluded 16 children with con-
genital neurological diseases or congenital scoliosis.
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Inclusion/Exclusion Criteria
The inclusion criteria were children aged 6–16 years at diagno-

sis; scoliosis (Cobb angle ≥10° in coronal images) as noted by ra-
diologists; children with scoliosis whose skulls were imaged via 
anteroposterior, standing full-spine radiographs; and with initial 
normal neurological findings on medical records. The exclusion 
criteria were congenital scoliosis and any neuromuscular condi-
tion or syndrome. Chiari malformation type I (CM-I) was defined 
radiographically as a simple displacement of the cerebellar tonsils 
5 mm or greater below the foramen magnum on MRI.

Data Analyses
All analyses were performed using the IBM Statistical Package 

for the Social Sciences for Windows (ver. 20.0; IBM Corp., Ar-
monk, NY, USA). The results are presented as means ± standard 
deviations for continuous variables and as frequencies with per-
centages for categorical variables. A p value <0.05 was taken to in-
dicate statistical significance.

Results

The study population consisted of 1,760 children, 
1,203 girls (68.4%) and 557 (31.6%) boys. A total of 268 
(15.2%) clearly evidenced lacunar skulls in their spinal 
radiographs; 186 (69.4%) girls (11.3 ± 4.3 years) and 82 
(30.6%) boys (12.6 ± 3.3 years). The lacunar image was 
mostly detected in the frontal and parietal bones. The fe-
male sex was significantly associated with scoliosis 
(68.3%) and lacunar skull (69.4%) in spinal radiographs 
(both p < 0.05). Of the 268 children enrolled in the study, 
151 (56.3%) were adolescents aged 12 years and over. The 
study group consisted of 117 (43.7%) children under 12 
years of age. We noted that 142 (52.9%) of 268 patients 
had been followed in our hospital for at least 3 years, and 

the lacunar head image persisted until the last radio-
graphs. We observed that the lacunar head image of 29 
(10.9%) children became more pronounced with age, re-
gardless of the Cobb angle. Although previous reports 
have stated that the lacunar skull became less apparent 
over time, we observed that the skull persisted over time, 
often became more obvious, and was still present at the 
age of 16 years (shown in Fig. 1–4).

At our institution, full spinal MRI was performed 
more often in patients with early-onset scoliosis (before 
corrective surgery) to evaluate the possible presence of an 
underlying osseous or neurological problem. Full spinal 
MRI was not routinely performed on all patients with id-
iopathic scoliosis. Therefore, most of the 268 patients did 
not undergo MRI; 56 underwent full spinal MRI. Two 
patients (3.6%) exhibited intraspinal neural axis abnor-
malities in MRI. One had isolated CMs-I (9-year-old 
girl), and one had isolated CMs-I (11-year-old girl). The 
ages at first scoliosis diagnosis were 9 and 8 years, respec-
tively (shown in Fig.  5, 6). No additional neurological 
problems were found in the medical records of the re-
maining 266 patients with lacunar skulls. During the 10-
year period, 19 of the 268 patients with such skulls under-
went operative correction of their scoliosis.

Discussion

The associations between intraspinal neural axis ab-
normalities and idiopathic scoliosis are well known, but 
no relationship has been identified between idiopathic 
scoliosis and the lacunar skull. We found, contrary to 

Fig. 1. A 16-year-old girl with marked lacu-
nar skull (multiple oval, round, and finger-
shaped pits on the inner surface of the 
vault, lie in frontal and parietal bones) and 
idiopathic scoliosis (left thoraco-lumbar 
scoliosis, curve of 26°) without any addi-
tional neurological pathology.



VehapogluMed Princ Pract 2022;31:125–132128
DOI: 10.1159/000521359

common belief, that the lacunar skull is a very common 
benign condition that is not associated with any addition-
al neurological pathology in children with idiopathic sco-
liosis. Two hundred sixty-eight of 1,760 patients with id-
iopathic scoliosis exhibited clear lacunar skulls in spinal 
radiographs; 56 of them underwent full spinal MRI and 2 
had isolated Chiari malformation-I. Neither of the 2 pa-
tients with a CM-I required surgery.

The term “lacunar skull” refers to a dysplasia of the 
membranous bone; well-defined radiolucent areas in the 
calvaria correspond to nonossified fibrous bone. Lacunar 
skull has been frequently (up to 80% of cases) associated 
with CMs I–II and less commonly with encephalocele 
and craniosynostosis [20–22]. Coley et al. [23] performed 
neurosonography on 21 patients with myelomeningo-
celes to explore the possible presence of an irregular inner 

Fig. 2. A 15-year-old adolescent boy with marked lacunar skull (multiple oval, round, and finger-shaped pits on 
the inner surface of the vault, lie in frontal and parietal bones) and idiopathic scoliosis (right thoraco-lumbar 
scoliosis, curve of 29°) without any additional neurological pathology.

Fig. 3. A 13-year-old adolescent girl with marked lacunar skull and idiopathic scoliosis (right thoracic left lumbar 
scoliosis: respectively, curve of 45° and 40°).
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calvarial table indicating Luckenschadel skull; 9 patients 
exhibited prominent Luckenschadel findings, 9 had mild 
findings, and 3 were normal. The condition was first de-
scribed by Engstler [3] as the “Luckenschadel” (gap skull) 
of a 4-day-old infant with spina bifida and has since been 
considered to reflect a severe neurological disease. To the 
best of our knowledge, this is the first report to show that 
lacunar skull is very common in children with idiopathic 
scoliosis lacking any neurological problem.

This condition has been suggested to be a fetal devel-
opmental anomaly caused both by changes in intracra-
nial pressure during pregnancy and developmental 
anomalies of the calvarium and internal periosteum [24]. 

A current theory suggests that the CM-II and the Luck-
enschadel skull reflect the absence of cerebral ventricular 
distension because of decompression of an open neural 
tube [25]. Such a lack of stretching inhibits the normal 
development of membranous plates of the fetal calvari-
um, creating abnormally irregular collections of collagen 
fibers that, when ossified, yield the radiographic findings 
of the Luckenschadel skull. Its dissolution at 6 months of 
age may reflect remodeling in response to the normal en-
largement of cerebral tissue or the development of hydro-
cephalus [26]. To the best of our knowledge, this theory 
has not yet been proven, and we believe that it is incorrect. 
In our study, the lacunar skull was found to persist even 

Fig. 4. A 16-year-old adolescent girl with marked lacunar skull and idiopathic scoliosis (right thoracic scoliosis, 
curve of 20°).

Fig. 5. A 9-year-old girl diagnosed idiopathic scoliosis (left lumbar scoliosis, curve of 22°) and lacunar skull. MRI 
scan demonstrated a CM-I (tonsillar herniation into the foramen magnum, 6.81 mm).
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in adolescents with idiopathic scoliosis but without any 
underlying neurological disease. We believe that Lucken-
schadel skull is not attributable to increased intracranial 
pressure, but rather to abnormal ossification.

Evidence-based information on the ages of onset and 
completion of lacunar skull is lacking. All previous stud-
ies have reported that lacunar skull is evident at birth and 
disappears spontaneously within 4–6 months. We report 
for the first time that it persists to at least the age of 16 
years and does not decrease, but rather increases, over 
time, becoming very pronounced with age in some chil-
dren. If lacunar skull is attributable to a high intracranial 
pressure during the intrauterine period, as previously 
suggested, it is difficult to explain why it is still present 
(and becomes even more pronounced) in the absence of 
an increase in intracranial pressure at the age of 16 years. 
The current lack of better understanding of this condition 
is due to the lack of radiological data on the incidence of 
lacunar skull in healthy children.

Several studies have explored the incidences of intra-
spinal abnormalities in patients with idiopathic scoliosis. 
A meta-analysis reported a high overall frequency of neu-
ro-axial abnormalities evident in MRI in patients with 
adolescent idiopathic scoliosis (8% in pooled analyses of 
>4,000 patients) [27]. Pereira et al. [28] reported that the 
incidence of intraspinal abnormalities was 5.6% in pa-
tients aged <10 years. Zhang et al. [29] studied patients 
<10 years of age and found that the prevalence of intra-
spinal neural axis abnormalities in those with presumed 

idiopathic scoliosis was 18.7%. Another study reported 
that this rate was 13.0% in children with infantile scoliosis 
[30]. Tully et al. [31] found that 14.7% of patients under 
18 years of age with presumed idiopathic scoliosis but 
normal neurological examinations evidenced neuro-axial 
disease in full spinal MRI. Early-onset scoliosis is associ-
ated with a higher rate of neurological abnormalities. In 
the present study, as expected, lacunar skull and addi-
tional spinal and cranial anomalies were more common 
in infantile scoliosis patients <6 years of age. Therefore, 
we did not include these children.

We found that the incidence of neuro-axial abnormal-
ities was 3.6% in children with lacunar skulls who under-
went spinal MRI; 2 of 56 had isolated CMs-I. None re-
quired scoliosis surgery, and no increase in intracranial 
pressure was evident in cranial MRI. In addition, both the 
patients were neurologically normal. Given the high inci-
dence of lacunar skull, if all patients had undergone spinal 
MRI, it is likely that stronger associations would have 
been evident between idiopathic scoliosis, lacunar skull, 
and CMs.

This study has several limitations. It was retrospective 
in nature, and we included both children and adoles-
cents. Not all children with scoliosis and lacunar skull 
underwent full spinal MRI, only 20.9% of them did. The 
strengths of the study include the large sample size and 
the fact that all lacunar head images were saved. The 
medical files of all children with lacunar skulls were re-
examined in terms of neurological disease. We believe 

Fig. 6. An 11-year-old girl was diagnosed idiopathic scoliosis (right thoracic scoliosis, curve of 60°) and lacunar 
skull (clearly pronounced finger-shaped pits on the skull). MRI scan demonstrated a CM-I (tonsillar herniation 
into the foramen magnum, 6.08 mm).
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that this study contributes to the literature on lacunar 
skull and emphasizes the need to examine the associa-
tions among lacunar skull, idiopathic scoliosis, intraspi-
nal anomalies, and the need for MRI. However, there is 
a clear need for a prospective clinical study in which all 
children will be evaluated via X-ray, full spinal MRI, and 
neurologically.

Conclusion

Lacunar skull does not always indicate the presence of 
an intraspinal neural axis abnormality; it is a very com-
mon benign condition in patients with idiopathic scolio-
sis without any additional neurological pathology. In ad-
dition, it does not disappear over time, and in fact may 
become more obvious even up to the age of 16 years. Ra-
diological data on the incidence of lacunar skull in healthy 
children are lacking. More studies are warranted to clar-
ify whether the lacunar skull is a variant of normal skull 
development.
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