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Abstract

Purpose The aim of the study was to compare the results of two surgical techniques for the treatment of isolated sagittal
synostosis (ISS) by means of 3D stereophotogrammetry. One technique, the Renier’s “H” technique (RHT) comprised a
biparietal expansion, the other, the total vault remodeling (TVR) included also a frontal remodeling.

Methods The two groups of operated children were compared with a third control group of normocephalic children. The 3D
scanning was performed in all children between 12 and 245 months of age. On each 3D image six measurements and indices
have been made, with the aim of evaluating not only length and width of the head, but also the height. The cranial index (CI)
was measured in a plane parallel to the nasion-tragus plane, at the intersection with the opisthocranion.

Results Each of the three groups (RHT, TVR, control group) included 28 children. The measurements that were influenced
by the correction of the frontal bossing, namely the CI and the sagittal length, were closer to normocephaly after TVR than
after RHT. Lesser or no statistical difference was documented in the measurements evaluating the biparietal aspect and the
height of the vertex, indicating that the biparietal expansion is effective in both procedures.

Conclusion Based on our results TVR results in a better esthetical outcome, particularly in relation to the direct surgical
remodeling of the frontal bossing.
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Introduction

Craniosynostosis is a common cause of cranial deforma-
tions and is associated with premature ossification of the
skull sutures. The estimated incidence is 0.4/1000 births [1].
Isolated sagittal synostosis (ISS) is the most common form,
accounting for 40 to 60% of single suture synostosis [1, 2].
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It results in a scaphocephalic head shape, characterized by
a narrowed biparietal and bitemporal width, increased cra-
nial length and by a variable degree of occipital and frontal
bossing [3-5].

Among the clinical characteristics of ISS, frontal boss-
ing is the one that may generate a major stigmata, since the
posterior narrowing can be covered by hairs. Thus, surgical
efforts should be concentrated to remodel the frontal boss-
ing to a more anatomical and imperceptible condition [6].
Controversy persists in regard to the optimal approach to
address this deformity. It has been demonstrated that the
frontal bossing spontaneously corrects after a middle vault
expansion, though others believe that it requires direct surgi-
cal remodeling, especially in severe cases [3].

In our center two surgical techniques have been used
between 2015 and 2020 for the treatment of ISS. The first
procedure comprised a biparietal expansion, the second
included also a bifrontal remodeling. The aim of this study
was to compare these two groups of operated children and a
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control group of age-matched normocephalic children. For
these purposes we used the technique of 3D stereophoto-
grammetry, a precise and inexpensive imaging tool without
radiation exposure [7, 8].

Methods

The study was retrospective and non randomized. We com-
pared the results of two surgical techniques for ISS within
the same Institution. Medical records of a series of con-
secutive children undergoing surgical treatment of ISS from
September 2015 to April 2020 were reviewed. Preoperative
assessment included a clinical examination and an ultrasound
of the cranial sutures. A routine preoperative CT was not
performed. All children underwent surgery between 3 and
12 months of age and were excluded from the study if the
procedure was performed after 12 months of age. Children
with syndromic craniosynostosis, with involvement of two or
more cranial sutures, with severe surgical complications and
those with an associated hydrocephalus were also excluded.

All children with a diagnosis of ISS from September
2015 to March 2018 have been treated by means of Renier's
“H” technique (RHT) [9]. Briefly, the synostotic suture was
exposed through a posterior scalp incision. A midline flap
(5 cm of width) was elevated over the sagittal sinus, which
included the ossified sagittal suture. Then, four barrel stave
cuts in each parietal bone were done (Fig. 1). The coronal
suture was excised to prevent the possibility of a second-
ary coronal craniosynostosis [10]. Finally, two drains were
placed and the wound was closed in layers.

At early follow-up after 3—6 months many of the oper-
ated children exhibited a persistent frontal bossing (Fig. 2),
therefore the surgical protocol was modified in April 2018,
introducing the procedure of total vault remodeling (TVR).
In addition to the above mentioned RHT, a bifrontal cra-
niotomy running 1 cm above the supraorbital rim was

Fig. 1 Intraoperative view of the four parietal osteotomies in a patient
undergoing RHT. The coronal suture was routinely excised
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Fig.2 Four images showing a persisting frontal bossing at early fol-
low-up after RHT

performed. The new front was designed from the bifrontal
bone flap and sutured to the supraorbital rim (Fig. 3A, B).
The rest of the bifrontal flap was cut in order to obtain four
pieces that were sutured to the new front, thus creating a
smooth surface (Fig. 3C, D).

The results of treatment were evaluated in the two groups
of operated children by means of 3D stereophotogramme-
try. In addition, a third control group was selected, formed
by age-matched normocephalic children. These children
were selected among patients visiting the outpatient clinic
of other specialities at the Pediatric Clinic of the Univer-
sity Medical Centre Ljubljana. Normocephaly was defined
based on a subjective assessment by the Authors. A child
was defined as normocephalic in the absence of any clinical
sign of craniosynostosis, cranial deformation or asymmetry.
Before the scanning all parents signed an informed consent
to participate in the study. Anonymity has been guaranteed.
The 3D scanning was performed in all children between 12
and 24 months of age and at least 3 months after surgery.
To avoid artifacts due to hair, children were fitted with a
tight nylon cap before recording. A scanner Artec 3D Eva
has been used (Artec®, Luxembourg) to obtain 3D images.
The images in.st/ format have been then processed in Artec
Studio 16 Software® (Artec®, Luxembourg) and analyzed
with the 3dMD software (3dMD®, London, UK).

After orientating the 3D datasets in virtual space, three
anatomically defined reference points have been manually
selected: tragus (T), nasion (N) and the midpoint in the
two tragus intersection line (M). A base plane (plane-0)
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Fig.3 Intraoperative images of a TVR procedure. After the subpe-
riosteal exposure of the cranial vault (A) the new front is designed
from the bifrontal flap (B). The remaining pieces of bone are sutured
to the new front (C), in order to achieve a corrected shape and a
smooth surface (D)

representing the virtual line of the skull base, ran through
the right and left tragus points and the nasion. A point on
the vertex was marked (V), lying on a plane perpendicular
to the plane-0, through point M (Fig. 4A).

Using these reference points, the plane-0 was shifted up
to the level of the opisthocranion, the maximum posterior

prominence in the occipital region. Here we measured the
cranial index (CI, ratio of maximum cranial width/maximum
cranial length) (Fig. 4A). According to previous studies [4,
11-13], the CI at this level captures both the frontal and
occipital bossing and thus represents the maximum cranial
length. Furthermore, we measured the coronal length (from
T to T passing through V, Fig. 4B) and the sagittal length
(from N to the midline posterior point on plane-0, Fig. 4C).

Three additional cranial indices have been calculated,
which considered not only length and width of the head,
but also height:

e Coronal-sagittal index (CSI): coronal circumference/
sagittal circumference (expected to be lower in scapho-
cephalic than in normocephalic children).

e Coronal circumferential index (CCI): distance T-T/coro-
nal circumference (expected to be lower in normoce-
phalic than in scaphocephalic children).

e Vertex height index (VHI): distance T-T/distanceM-V
(expected to be lower in normocephalic than in scapho-
cephalic children).

Differences in the means of the measured variables
among the participants of the three groups were investigated
using one-way analysis of variance (ANOVA). The results
were presented as estimated means and the estimated dif-
ference between means, along with the corresponding 95%
confidence interval (CI). For pairwise comparisons of the
measured variables between the groups, the Hochberg test
was utilized. Data were processed using the statistical soft-
ware SPSS 25 (SPSS Inc., Illinois, USA). P-values less than
0.05 were considered statistically significant.

Institutional ethics approval was obtained for this
research by the Medical Ethics Committee of the Republic

Fig.4 A base plane (plane-0) was designed, representing the virtual
line of the skull base. It intersected the right and left tragus points
and the nasion (A). A point on the vertex was marked (V), lying on a
plane perpendicular to the plane-0 and passing through point M (red
point and red line in A). The CI was measured in a plane parallel to

the plane-0, at the intersection with the opisthocranion, the maxi-
mum posterior prominence in the occipital region (green line in A).
The coronal length was defined as the distance form T to T, passing
through the V (B). The sagittal length (C) was defined as the distance
from N to the posterior midline point on plane-0
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of Slovenia (protocol n.0120-291/2021/6). Written consent
was obtained for all photographs taken and for their use in
publication. All subjects were enrolled upon a consent form
signed by their parents, in accordance with the Helsinki Dec-
laration of 1975, as amended in 1983.

Results

Overall, in the study period, 58 children were surgically
treated at our Institution for ISS. The surgical protocol was
modified from RHT to TVR in April 2018, when 28 chil-
dren were operated by means of RHT. The enrolment of
children in the TVR group and in the control group con-
tinued until the number of 28 was reached, in order to have
three homogeneous groups with the same number of chil-
dren. Of the 58 operated children, two were excluded from
the study, one because of an associated posthaemorrhagic
prematurity-related hydrocephalus, the other because of a
postoperative sepsis and cellulitis of the scalp, which caused
an abnormal scarring of the soft tissues. Following a strict
surgical protocol, all children included in the study received
a blood transfusion during surgery or in the early postopera-
tive period. The selection and screening process is shown in
the flowchart in Fig. 5.

Each of the three groups (RHT, TVR and control group)
was formed by 28 children and on each 3D image six meas-
urements have been obtained (Table 1). Median age at sur-
gery was 5.1 months, while median age at 3D scanning was

20.2 months of age. The median age at surgery and at 3D
scanning did not differ among the three groups of children.
The difference in mean values of CI measured at the
level of the opisthocranion was statistically significant
among the three groups (ANOVA, p <0,001) (Fig. 6A).
Children after RHT had on average 0.0530 (95% CI:
0.0309-0.0750) lower CI than children in the control
group (p <0.001). Children after TVR had on average
0.0237 (95% CI: 0.0017-0.0458) lower CI than children in
the control group (p=0.033). The difference in the mean
value of the CI between the RHT and TVR groups was
also statistically significant (Hochberg test, p=0.011).
Children after RHT had an average of 0.0293 (95% CI:
0.0054-0.0531) lower CI than children TVR.

The mean value of sagittal length was statistically sig-
nificantly different between the three groups (ANOVA,
p=0.002) (Fig. 6B). Children operated with RHT had a
mean of 14.4 mm (95% CI: 4.1-24.7 mm) higher sagittal
length than children in the control group (p=0.005). The
difference in the mean value between the TVR group and the
control group was not statistically significant (p=1). The dif-
ference in the mean value of sagittal length between the RHT
and TVR groups was statistically significant (Hochberg test,
p=0.008). Children after RHT had on average 14.3 mm (95%
CI: 3.1-25.4) higher sagittal length than children after TVR.

The mean value of coronal length was not statistically
significantly different between the three groups (ANOVA,
p=0.086) (Fig. 7A).
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Fig.5 The flowchart showing how the study selection process was constructed based on the series of 58 consecutively operated cases of ISS

@ Springer



Child's Nervous System (2024) 40:517-526 521
Table 1 Comparisons of means of measured variables within the three groups (RHT, TVR, control group)
Measured variable/group N  Mean value 95% Confidence Estimated average 95% Confidence P value
interval for mean difference (RHT- interval for estimated
CONTROL; TVR- average difference
CONTROL)
CI <0,001
RHT 28 0,7286 0,7152;0,7419  -0,0530 -0,0750; -0,0309 <0,001 (RHT vs
CONTROL)
TVR 28 0,7578 0,7444;0,7712  -0,0237 -0,0458; -0,0017 0,033 (TVR vs
CONTROL)
CONTROL 28 0,7815 0,7658; 0,7973
SAGITTAL LENGHT 0,002
RHT 28  386,1 380,8; 391,5 14,4 4,1, 24,7 0,005 (RHT vs
CONTROL)
TVR 28 3719 364,9; 378,8 0,1 -10,2; 10,4 1 (TVR vs CON-
TROL)
CONTROL 28 371,7 364,3; 379,1
CORONAL LENGHT 0,086
RHT 28  343,6 339.,4; 3479 0,95 -9,13; 11,03 0,967 (RHT vs
CONTROL)
TVR 28 3345 329,0; 340,0 -8,21 -18,29; 1,87 0,125 (TVR vs
CONTROL)
CONTROL 28 3427 333,8; 351,6
CSI 0,004
RHT 28 0,8905 0,8817;0,8992  -0,0318 -0,0529; -0,0107 0,002 (RHT vs
CONTROL)
TVR 28 00,9003 0,8877,0,9130  -0,0219 -0,0431; -0,0008 0,041 (TVR vs
CONTROL)
CONTROL 28 0,9223 0,9044; 0,9401
CCI 0,007
RHT 28 0,3473 0,3382;0,3564  -0,0200 -0,0357; -0,0042 0,010 (RHT vs
CONTROL)
TVR 28 00,3477 0,3401; 0,3553  -0,0196 -0,0354; -0,0039 0,012 (TVR vs
CONTROL)
CONTROL 28 0,3673 0,3543; 0,3803
VHI 0,002
RHT 28 0,8741 0,8076; 0,9406  -0,1079 -0,1751; -0,0407 0,001 (RHT vs
CONTROL)
TVR 28 09221 0,9073; 0,9369  -0,0599 -0,1271; 0,0073 0,087 (TVR vs
CONTROL)
CONTROL 28 0,9820 0,9507; 1,0134

The difference in mean values of CSI was statistically
significant among the three groups (ANOVA, p=0.004)
(Fig. 7B). Children after RHT had on average 0.0318 (95%
CI: 0.0107-0.0529) lower CSI values than the control group
(p=0.002). Children after TVR had on average 0.0219 (95%
CI: 0.0008-0.0431) lower CSI values than children in the
control group (p=0.041). The difference in the mean value
of CSI between the RHT and TVR groups was not statisti-
cally significant (p=0.649).

The mean value of CCI was statistically significantly
different between the three groups (ANOVA, p=0.007)
(Fig. 7C). Children operated with RHT had on average

0.0200 (95% CI: 0.0042—0.0357) lower values of CCI than
children in the control group (p=0.010). Children oper-
ated by means of TVR had on average 0.0196 (95% CI:
0.0039-0.0354) lower CCI values than children in the con-
trol group (p=0.012). The difference in the mean value of
CCI between the RHT and TVR groups was not statistically
significant (p=1).

The mean value of VHI was statistically significantly
different between the three groups (ANOVA, p=0.002)
(Fig. 7D). Children after RHT had a mean VHI value 0.1079
(95% CI: 0.0407-0.1751) lower than children in the con-
trol group (p=0.001). The difference in the average values
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Fig.6 The CI and the sagittal
length were the two measure-
ments that mostly captured the
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between the TVR group and the control group was not sta-
tistically significant (p=0.087). The difference in the aver-
age VHI values between the RHT and TVR groups was not
statistically significant (p=0.297).

Discussion

A myriad of different surgical procedures have been used for
the treatment of ISS, including strip suturectomy, various
methods of cranial vault remodeling, endoscopic-assisted
craniectomy followed by helmet therapy and spring-assisted
craniectomy [2]. We used the RHT in 28 consecutive cases
of ISS between 2015 and 2018, but a slight cosmetic defor-
mation of the frontal bone was persisting after surgery.
Therefore, we had the impression that a more extensive oper-
ation with additional frontal remodeling may improve the
postoperative aesthetic performance. We designed this study,
to compare the craniometric results of these two groups of
operated children. The results were evaluated by means of
3D stereophotogrammetry and compared with a third group
of healthy, age-matched children.

Among cranial indices we used the CI, which is frequently
used for reporting cosmetic results after surgical correction
[14]. Since several variations exist in the methodology used
to determine the CI[11, 15, 16], we adopted the method val-
idated by Ruiz-Correa [3], that calculates the CI in a plane
parallel to the plane-0, at the level of the opisthocranion.
This plane captures both the frontal bossing and the occipi-
tal bossing [5] and thus provides improved sensitivity and
specificity for the scaphocephalic deformation.

Since CI remains significantly limited to fully address the
cranial shape [14—18], we also measured the sagittal length,

@ Springer

the coronal length and three cranial indices: CSI, CCI and
VHI. CSI evaluates the relation between the biparietal width
and the sagittal elongation of the head. This index is lower
in ISS compared to normocephalic children. CCI evaluates
the severity of biparietal narrowing in a coronal plane, while
VVI evaluates the cranial height and the amount of the ver-
tex flattening, which is typical for ISS: both are higher in
ISS compared to normocephalic children:

These three indices and the coronal length did not show
statistically significant differences between the RHT and
TVR groups. This fact demonstrates that biparietal expan-
sion is equally achieved in both procedures. Despite this,
when comparing separately the RHT and TVR groups with
the control group, none of the two techniques improved CSI
and VVI to the level of normocephalic children. This is not
true for the CCI, which was lower in the two groups of oper-
ated children compared to the normocephalic group, thus
indicating that both techniques were able to guarantee a clear
improvement in terms of biparietal expansion.

On the other hand, the two measurements that addressed the
frontal bossing were significantly different between the RHT
and TVR groups. The statistical difference between the TVR
and the RHT group was significant for CI (p=0.011) and sag-
ittal length (p=0.008) and the values in the TVR group were
closer to those of the group of normocephalic group.

We must underline that in comparison to the previously
described metrics [20-22], none of the indices used in this
study directly assessed the severity of the frontal bossing. In
fact, our aim was to define the whole cranial vault shape and
to determine the different aesthetical outcomes between RHT
and TVR. In this sense, indeed the frontal bossing represents
an important parameter, and its severity is captured by the CI
measured with the method we have utilized [4].
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The statistical power of the indices used in the study
was not analysed with a ROC curve, since these indices
were not validated through a preoperative comparison of
values across control and disease groups. Some uncer-
tainty remains indeed, whether these metrics are trend-
ing the disease state, the surgical interventions, or some
other variable. Despite these limitations, we can state that,
when differentiated along these indices and at the studied
time point, the values between the control group and the
two groups of operated children appear significantly dif-
ferent. An image-based validation of the measurements
used in the study is presented in Table 2. Our results are
in line with a review of the Literature [14], which com-
pared the results of four different surgical techniques for
ISS and demonstrated that total cranial vault remodeling
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and endoscopic-assisted craniectomy followed by helmet
therapy showed the best aesthetic outcome in terms of
improved CI. Similar results have been outlined by a sys-
tematic review [19], which demonstrated that aesthetic
outcome in terms of improved CI appears to be better in
patients who undergo remodeling of the frontal bossing,
compared to less invasive procedures.

Despite these results, a consensus regarding the optimal
treatment of ISS is far from being achieved. In particular,
regarding the issue of frontal bossing many questions remain
unresolved. Yen compared two groups of operated children,
one with frontal remodeling and one without it, with a third
control group [20]. One year after surgery both groups had
worse CI compared to controls, though the group of fron-
tal remodeling showed better frontal bossing measures. At
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Table 2 Image-based validation of the six indices used in the study. Six
representative 3D scans, two (A and B) for each group (RHT, TVR,
control group) are presented. The differences can be visually appreci-
ated and are confirmed by the different values of CI, sagittal length,
coronal length, CSI, CCI and VHI. The values in lines A and B refer

respectively to the scans presented in line A and B. The values of CI
and Sagittal length were significantly different among the three groups
(ANOVA) and between the two groups of operated children, thus con-
firming the influence of the frontal remodeling on both measurments

RHT TVR NORMOCEPHALIC
A _
B _
CI A 0,728
B 0,679 0,789 0,768
SAGITTAL LENGHT A 3824 336,2 3703
B 390,2 398.3 3785
CORONAL LENGHT A 345,1 296,7 327
B 3324 3487 3322
CCI A 0,348 0,349 0,365
0,356 0,334 0,391
CSI A 0,902 0,882 0,883
B 0,851 0,875 0,877
VHI A 0,952 0,901 0,932
B 0,924 0,894 1,043

two years of age, patients with frontal remodeling normal-
ized frontal morphology to a greater extent than those with-
out frontal remodeling, despite neither of the two groups
achieved complete normalization.

To counterbalance these results, several studies have
observed that frontal bossing spontaneously corrects fol-
lowing a middle vault expansion [17, 21, 23, 24]. In this
way, the possible complications of a frontal craniotomy are
avoided. Proponents believe that after the release of the ISS,
the cranial vault expands in both parietal directions and the
compensatory growth in the frontal region decreases [21,
23, 24]. This long-term spontaneous improvement has been
documented with 3D images [21]: there was no significant
difference with age-comparable controls two years after the
middle vault expansion.

We adopted TVR after observing a persisting frontal
bossing at early follow-up in RHT patients. Our early results
were satisfying and avoided the uncertain and doubtful wait-
ing time to natural correction of the frontal bossing.
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One drawback of our study is that our measurements
have all been performed early in the postoperative period
and did not assess the long-term outcomes. Despite this,
careful analysis of craniometric data, including CI, showed
that 18 months appears to be the turning point after which
the CI stabilizes and remains unchanged during subsequent
years [1]. In this sense, we can interpret our results as very
close to what is expected to be the long term outcome.

A common criticism to the remodeling of the whole
cranial vault is the invasiveness of the procedure and the
increased risk of complications. In literature there is a clear
tendency toward less invasive techniques [26] and endo-
scopic suturectomy followed by helmet therapy appears
significantly less morbid compared to extensive calvarial
remodeling procedures [1, 16, 18, 25, 26]. Nevertheless,
endoscopy is far from being a gold standard in treatment of
ISS and open surgery offers many advantages, such as early
excellent cosmetic results without the need for postoperative
helmet therapy.
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In our series the major invasiveness of TVR compared
to RHT did not result in a larger number of surgical com-
plications. The rate of blood transfusions between the two
groups did not differ. Thus, we would recommend taking
in consideration the possibility of a surgical remodeling
of the frontal bone in all ISS, or at least in those present-
ing with a severe bossing deformity.

In our study all measurements have been done using
3D stereophotogrammetry, which is useful for describing
craniofacial dimensions, shapes and evaluating treatment
outcomes [7, 27]. These are all major advantages com-
pared to more simplistic analyses performed with direct
anthropometry. Previous studies have shown a strong
correlation and negligible errors between measurements
made by 3D photographs and CT scans [28], thus making
3D imaging a reliable, fast and precise method to quantify
cranial dimensions [27, 29]. It represents a valid alterna-
tive to CT, which requires sedation and is associated with
radiation exposure to the developing brain [7, 30].

Conclusions

Despite no consensus exists regarding the ideal surgical
strategy for the treatment of ISS, our results show that CI
and sagittal length are closer to normocephalic values after
TVR, when compared to RHT. The values of CSI, CCI and
VHI are not statistically different between TVR and RHT,
proving that the biparietal expansion is equally achieved
by both techniques. Since the frontal bossing represents
an important and visible deformity, all efforts should be
directed toward its early correction and TVR represents an
effective method to achieve this result.
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