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Abstract

Purpose The purpose of this study is to describe the tech-
nique and advantages and limitations of spring-assisted cra-
nioplasty for sagittal suture synostosis.

Methods Preliminary data are presented of the first 41
patients treated with this technique at our institution.
Results The cephalic index was 75 after surgery and
dropped to 74 one year after surgery. Mean blood loss of
both procedures combined was 54 ml.

Conclusion Spring-assisted cranioplasty requires only two
small incisions and is at least as effective as other techniques
with respect to the cephalic index. Blood loss, operative
time, and complication rate are reduced. The most important
disadvantage is the need to remove the springs in a second
intervention. A second drawback is that the expansion of the
spring is not controllable after placement. This can be par-
tially intercepted by adjusting the spring (or the craniotomy)
to the patient’s specific features.
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Introduction

Numerous techniques have been described to correct the
scaphocephalic head shape that results from early closure
of the sagittal suture. Procedures range from total cranial
remodeling to helmet-assisted endoscopic strip craniectomy.
Arguments for minimally invasive procedures are reduced
operation time and reduced blood loss. Arguments for total
cranial remodeling are a durable cosmetic result and suffi-
cient cranial volume. At the Dutch Craniofacial Center, we
used different techniques and found that extended strip
craniectomy indeed had a shorter operating time and re-
duced blood loss, but also showed a faster decrease in
cranial volume compared to total cranial remodeling. The
ideal cranial volume after surgery for scaphocephaly is not
known. However, the percentage of patients showing signs
of raised intracranial pressure after extended strip craniec-
tomy was higher than expected, which led us to hypothesize
that the achieved cranial volume with our technique of out-
fracturing the parietal flaps and removal of the sagittal strip
was not sufficient.

Therefore, we changed to a minimally invasive procedure
combined with springs. The distractive forces of the springs
not only correct shape but might also create extra cranial
volume.

Spring-assisted correction of sagittal suture synostosis
was introduced by Lauritzen et al., who described the first
case in 1998 [3]. The technique generally consists of a strip
craniectomy or linear craniotomy followed by placement of
a series of internal springs perpendicular to the synostosed
suture. The distractive force of the springs gradually remod-
els the skull. After a period of re-ossification, the springs
need to be removed. Nowadays, more than a decade after its
introduction, this technique is becoming more widely adop-
ted [1, 7]. At the Dutch Craniofacial Center, springs were
introduced in 2010. Since then, 65 patients underwent
spring-assisted correction. Of these 65 patients, 44 had
synostosis of the sagittal suture. We describe the technique
and preliminary results of this procedure.
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Preferred surgical technique

The patient is positioned on his left side. This position offers
better access than the supine position and is safer than the
prone or sfinx position. Photographs of the technique are
shown in Fig. 1. Two 4-cm-wide skin incisions are placed
perpendicular to the sagittal suture, 3—4 cm behind the
coronal suture and 3—4 cm in front of the lambdoid suture
and 6-7 cm apart. The galeal plane is dissected along the

sagittal suture. Two periostal incisions are placed parallel to
and at 0.5-1 cm distance from the sagittal suture, running
from coronal to lambdoid suture. At the level of the skin
incision, two burr holes are made, left and right from the
sagittal suture. Starting from these burr holes, a craniotomy
is performed going forwards and backwards as far as the
skin incision permits, and completing the craniotomy line in
the middle and all the way to the coronal suture and lamb-
doid suture using scissors. The strip can be left in place.

Fig. 1 Technique of spring-assisted cranioplasty: a positioning, b planning incisions, ¢ incisions, d craniotomies, and e placement of springs
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Finally, two large springs (see below for the choice of
springs) are placed over the strip in the indentations that
result from the burr holes. The skin is closed.

After 8—12 weeks, the springs can be removed through
the same incisions. The spring needs to be cut with a k-wire
cutter as close to the lateral ends as possible. The lateral
ends can be grabbed with a needle holder and removed
with a rotating movement that follows the foot of the

spring.

Techniques described in the literature
Incision

Descriptions of the spring-assisted technique by Lauritzen et
al. [4] and David et al. [1] mention the lazy S incision. This
incision gives an excellent overview over the sagittal suture.
If chosen correctly, the scar will be hidden by hair. However,
because the distractive forces are perpendicular to the inci-
sion, the incision tends to widen, especially at the parts
where the incision runs parallel to the suture. The small
incisions we use are placed perpendicular to the distractive
forces and remain narrow after correction of the skull. With
some experience, and use of adequate elevators and a head-
light or facelift endoscope, preparing and performing the
craniotomy line is feasible. The approach by two small
incisions is described in numerous articles for the
endoscopic-assisted technique. We found that without an
endoscope, but with a good headlight, the overview is
sufficient. Also, Taylor et al. report that the use of an
endoscope is unnecessary [7].

Choosing type and location of springs

Lauritzen et al. and Windh et al. use hand-bent springs from
stainless steel wire [4, 8]. The spring is 1.2 mm thick and
16 cm long with a distraction force between 6 and 8 N at an
interarm distance of 10—15 mm. They perform a midline
craniotomy. The springs are placed in two drilled holes at 1—
2 cm apart on the left and right side of the craniotomy,
posterior to the coronal suture and anterior to the lambdoid
suture.

David et al. use the same technique but remove a 1-cm
wide strip along the sagittal suture [1]. The springs are
manufactured before surgery based on a raisin model of
the 3D CT scan of the patient. Length and thickness of the
wire and diameter of the bending curve are chosen based on
the particular features of the patient. The wire (SS316 V)
they use is mostly 1.28 mm thick, and the spring generally
has a distraction force of between 5.5 and 9.5 N. An exten-
sive description of the manufacture and utilization of springs
is given by Pyle et al. [6].

Taylor et al. remove a 2-cm-wide strip. They place three
springs with forces ranging from 5-7 N in ascending force
from anterior to posterior [7].

We decided to use standard springs manufactured by the
Active Spring Company (Fig. 2). These springs have a
helix, which enhances the durability of the extensive forces.
They are produced in two sizes. The small ones are 6 cm
wide before placement and have a distractive force of 6 N.
The larger ones are 8.9 cm wide and have 9 N of distractive
force. The arms of the spring are slightly bent to follow the
curvature of the skull. The wire is from medical steel, BS
2056, grade 316S42 (1.22 mm thick) and manufactured and
tested by the Active Spring Company (Sibleys Green,
Thaxted, Essex, UK).

Hand-bent springs have the advantage that they can be
adjusted to the particular features and age of the patient.
However, standard springs are easy and reliable. Most patients
present early, and they can be planned to undergo surgery at
5—6 months of age. Instead of adapting the spring, the width of
the strip or the position of the troughs for the footplates of the
wire can be varied according to the distraction that is required.

Timing
The age of the patients operated by Lauritzen et al. ranged
from 2.5 to 8 months [3]. The mean age at surgery in studies

on spring-assisted cranioplasty ranges from 3.5 to 5.7 months
[1’ 47 7’ 8]'

Patient care
As soon as the patient presents we advise back positioning of
the head. Following this simple advice reduces the occipital

bullet in most patients, while the child becomes accustomed to
the ideal position after placement of the springs.

, e
L__(?;“&TD

Fig. 2 Photograph of springs manufactured by the spring company

@ Springer



1350

Childs Nerv Syst (2012) 28:1347-1351

Fig. 3 Skull X-ray before and
after spring placement. Note
the position (moved upward)
of the vertex

Some patients may experience pain directly after place-
ment of the springs, probably related to the high rate of
expansion at the beginning. This can be resolved with para-
cetamol in most cases.

Parents should be informed about the occurrence of
prominent ridges at the level of the coronal and lambdoid
suture. Those ridges illustrate the effect of the springs and
will subside slowly in the year after placement. Springs can
be removed 812 weeks after placement.

Preliminary results

Patients with scaphocephaly who presented to our institu-
tion before the age of 6 months were selected to undergo
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spring-assisted correction. We collected data on age, blood
loss, and cranial index of a consecutive series of 41 patients
operated between January 2010 and January 2012. Patients

Table 1 Advantages and limitations of spring-assisted cranioplasty

Spring-assisted cranioplasty

Advantages

Limitations

Minimally invasive
(only if two small incisions
are used)

Active expansion, potentially
increases
cranial volume

Requires second intervention
to remove springs

Adjustable to patient’s specific
features, but expansion not
controllable after placement
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were operated at a mean age of 5.8 (range, 3.5—-6.5) months.
Preoperative cranial index was 66.8 (range, 56—74; SD 4.4),
and postoperative cranial index at removal of the springs
was 75.4 (range, 68-85; SD 4.0). This increase was stati-
cally significant (paired samples t-test, p=0.003). Cranial
index at 1 year after surgery is only available for a smaller
subset of 20 patients and shows a decrease to 73.7 (range,
63—79; SD 4.7). Not only does the cranial index improve but
also the cranial height, as shown in Fig. 3. Mean blood loss
was 53.8 ml (range, 20—150; SD 20.1).

The first patient was undercorrected, but the parents were
satisfied with the result. We observed no spring displace-
ments or skin perforations. In one patient, leakage of clear
fluid was observed immediately after removal of the spring.
The opening was sealed with bone wax. The patient re-
ceived a compressive draping for 5 days. At follow-up, no
signs of persevering CSF leakage were found, nor any
swelling or growing skull defects.

Discussion

The results in term of cranial index are comparable to our
earlier results with other techniques, and also with results
reported in the literature [1, 3, 7, 8]. In these latter studies,
postoperative cranial index ranges from 0.72 to 0.79. Windh
et al.report a slight relapse at 3 years, while David et al.
show that cranial index is maintained at 3-5 years after
surgery [1, 8]. Follow-up in our series is too short to eval-
uate the occurrence of signs of raised intracranial pressure
after the spring-assisted cranioplasty.

Spring-mediated cranioplasty has been compared to other
techniques, mainly to historical series from the same institu-
tion. Windh et al. compared spring-assisted cranioplasty to the
pi-plasty, David et al. to cranial vault remodeling and Taylor et
al. to minimally invasive strip craniectomy with barrel staving
[1, 7, 8]. In all studies, surgical time and blood loss were
significantly lower for the spring-assisted cranioplasty, while
the postoperative cranial index was higher or comparable.

Complications reported in the literature occurred only
occasionally and consisted of undercorrection, local skin
infection, scar revision, and spring displacement. Advan-
tages and limits of this technique are listed in Table 1. One
drawback is the fact that once the spring is placed, the
amount of distraction cannot be influenced. Carefully
choosing the spring and the position of the troughs can
avoid suboptimal distraction.

Another obvious drawback is the need to remove the
springs in a second intervention, even if this intervention

is short, well tolerated, and performed in day care. The
alternatives to achieve remodeling after minimal incisions
are either to add barrel staves and rely on positioning on the
back or to give a helmet [2, 5]. However, both may fail to
create sufficient cranial volume. Minimally invasive proce-
dures are of course preferable, but not at the expense of
remodeling and sufficient cranial volume.

Conclusion

Spring-assisted cranioplasty can be performed via a
minimal incision. Surgical duration and mean blood loss
are significantly reduced compared to other techniques.
Complications are limited. Cosmetic results seem to be
comparable to more extensive techniques. More exten-
sive follow-up is needed to better evaluate the sustain-
ability of the results.
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