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Sagittal synostosis is the most prevalent type of 
craniosynostosis, with an incidence of 1 in 4200 
births.10 Premature closure of the sagittal suture is 

associated with the poor aesthetics of an elongated head 
shape with frontal and occipital bossing, and has been as-
sociated with increased intracranial pressure,21 disruption 
in blood flow,6 and poor neurological development. Early 
treatment of synostosis allows for correction of cosmetic 

deformities and may have a positive impact on neurocog-
nitive development.

The earliest-described surgical treatment of sagittal 
craniosynostosis involved removal of the fused suture and 
was performed by Lannelongue,14 followed by Lane13 in 
the 1890s. These early approaches, focused on removing 
the suture, had a high level of failure19 and soon gave way 
to more extensive cranial vault remodeling (CVR) tech-
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Object  Sagittal craniosynostosis has been treated using both cranial remodeling techniques and modification of the 
sagittal strip craniectomy. A more recent technique is to implant springs in conjunction with a suturectomy to transversely 
expand the parietal bones to accommodate the growing brain. In this paper the authors describe and evaluate several 
modifications to the spring-mediated cranioplasty (SMC) technique, most notably use of an ultrasonic scalpel to limit 
dural dissection and maximize opening of the stenosed suture by placement of multiple spring devices. In addition, the 
literature is reviewed comparing SMC to other surgical treatments of sagittal synostosis.
Methods  The authors retrospectively reviewed patients who presented to the Children’s Hospital of Philadelphia with 
a diagnosis of sagittal synostosis from August 2011 to November 2014. A pooled data set was created to compare our 
institutional data to previously published work. A comprehensive literature review was performed of all previous studies 
describing the SMC technique, as well as other techniques for sagittal synostosis correction.
Results  Twenty-two patients underwent SMC at our institution during the study period. Patients were 4.2 months of 
age on average, had a mean blood loss of 56.3 ml, and average intensive care unit and total hospital stays of 29.5 hours 
and 2.2 days, respectively. The cranial index was corrected to an average of 73.7 (SD 5.2) for patients who received 
long-term radiological follow-up. When comparing the authors’ institutional data to pooled SMC data, blood loss and 
length of stay were both significantly less (p = 0.005 and p < 0.001, respectively), but the preoperative cranial index was 
significantly larger (p = 0.01). A review of the SMC technique compared with other techniques to actively expand the skull 
of patients with sagittal synostosis demonstrated that SMC can be performed at a significantly earlier age compared with 
cranial vault reconstruction (CVR).
Conclusions  The authors found that their institutional modifications of the SMC technique were safe and effective in 
correcting the cranial index. In addition, this technique can be performed at a younger age than CVRs. SMC, therefore, 
has the potential to maximize the cognitive benefits of early intervention, with lower morbidity than the traditional CVR.
http://thejns.org/doi/abs/10.3171/2015.3.FOCUS153
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niques. Current remodeling procedures range from sagit-
tal synostectomy26 or sagittal synostectomy with parietal 
craniectomies,1 to more complex CVR in 1 or 2 stages.7,11 
There is an increasing body of evidence to suggest that 
from a neurocognitive standpoint, outcomes are improved 
when intervention occurs early (less than 6 months of age) 
and with either CVR or active expansion after suturec-
tomy.9 However, a large procedure at a younger age poses 
considerable risks, including prolonged operative time, in-
creased blood loss, and longer hospital stays.

In an attempt to avoid some of the morbidity of CVR, 
modern minimally invasive techniques have been devel-
oped that release the synostosed suture, increase intracra-
nial volume, and improve cranial morphology. One of the 
earliest techniques involved endoscopic strip craniectomy 
followed by extensive helmet orthosis use to achieve simi-
lar results to CVR.12 Another technique, first performed 
by Lauritzen et al., uses a minimal strip craniectomy fol-
lowed by internal distraction with springs to achieve ad-
equate cosmetic results.15

Since its introduction, spring-mediated treatment of 
sagittal synostosis has been evaluated at multiple institu-
tions with reasonable results.3,4,8,16,17,22,25,27 At the Children’s 
Hospital of Philadelphia (CHOP), we use a modification of 
the spring-mediated cranioplasty (SMC) technique to treat 
sagittal synostosis without the prolonged use of an exter-
nal orthosis. In this report we present our recent results 
of SMC, including our modifications of the technique. In 
addition, we review the literature concerning the rationale 
for the spring-mediated sagittal synostosis procedure.

Methods
Data Collection

Following institutional review board approval, we ret-
rospectively reviewed the records of all patients who had 
undergone spring-mediated surgery for sagittal synosto-
sis at the CHOP during the period from August 2011 to 
November 2014. These patients were compiled from a 
craniosynostosis database approved by the institutional 
review board. Factors including age, pre- and postopera-
tive cranial index values, length of stay in the intensive 
care unit (ICU), length of stay in the hospital, and esti-
mated blood loss were reported and compared with the 
corresponding values from the pooled data. For this data 
set, only the papers providing total number, mean, and 
standard deviation of the relevant factors were included 
for statistical analysis.8,16,22,25,27 The cranial index was col-
lected preoperatively using CT scans to report the ratio of 
maximal biparietal distance over maximal occipitofrontal 
distance multiplied by 100. Postoperatively, cephalograms 
were used to obtain the biparietal distance and occipito-
frontal distance of patients who had springs implanted for 
more than 2 months. A 2-sample t-test was used to com-
pare the values obtained from the literature to those from 
CHOP’s clinical data. Representative patient photos are 
presented in Fig. 1B and C.

Operative Technique
Preoperative Helmeting

In our early experience, we noted that the dolichoce-
phalic deformity worsened considerably in patients be-

tween the time of their initial evaluation (often at 4–6 
weeks of age) and surgical treatment (age 3–4 months). 
Sood and colleagues reported the successful normaliza-
tion of dolichocephaly in 4 patients treated with cranial 
molding helmets prior to cranial vault reconstruction at 6 
months of age.20 Therefore, we normally advise initiating 
helmet orthosis treatment shortly after the initial consulta-
tion and continuing until the time of the surgical proce-
dure. Since introducing this modification we have noted 
less deterioration in head shape in patients at the time of 
surgery. Furthermore, we have noted an improvement in 
head shape, particularly in the more phenotypically severe 
patients, i.e., those with significant saddling, severe occipi-
tal bossing, severe frontal bossing, and cranial indices less 
than 67.

Surgical Treatment
In the operating room, the patient is turned prone onto 

a cerebellar head holder. In some instances, the patient 
may be placed supine if a portion of the metopic suture 
also requires removal. Two linear incisions are planned 
just posterior to the anterior fontanelle and just anterior to 
the posterior fontanelle (Fig. 1A). The skin is normally in-
filtrated with a solution of bupivacaine hydrochloride and 
epinephrine. In most instances the skin is incised with a 
PEAK PlasmaBlade (Medtronic) to reduce scarring and 
bleeding. Next, a subcutaneous tunnel is made between 
the 2 incisions anteriorly and posteriorly. The anterior fon-
tanelle is undermined and a bur hole is placed at the site 
of the posterior fontanelle. This bone opening is widened 
to just beyond the width of the craniectomy. The dura is 
then stripped from the bone, and an approximately 1.5-cm 
strip of bone is removed along the site of the fused sagittal 
suture using a Sonopet ultrasonic knife with a Nakagawa 
serrated knife tip (Stryker). This craniectomy can also be 
performed using a B1 bit on a drill with a footplate or a 
large pair of scissors. If desired, the dural stripping can be 
performed with the assistance of the endoscope. However, 
we have found that with the use of the Sonopet, the endo-
scope is normally not needed.

Following sagittal suturectomy, 2 to 3 springs are placed 
ranging from 6 to 11 N in force. The posterior spring is 
placed 1 cm anterior to the posterior fontanelle, and the 
anterior spring is placed 2 cm posterior to the anterior fon-
tanelle. Care is taken in the selection of the force of the 
spring with respect to the age of the patient, thickness of 
the bone, degree of synostosis present, and amount of cor-
rection needed. A preoperative CT scan can be useful for 
this selection process (Fig. 2A). The goal is to maximize 
force without tearing through bone, and we have found 
springs in the 6–11 N range to be both safe and effective. 
If the intraoperative effect on the middle vault after place-
ment of 2 springs was deemed inadequate by the senior 
craniofacial surgeon, a third spring was added in the mid-
point of the suturectomy. The patient’s strip craniectomy 
bone is morselized and then placed back into the sagittal 
strip area as cranial bone graft. The heads of the baseplates 
of the springs are sutured to the periosteum surrounding 
the strip craniectomy with interrupted 5-0 chromic sutures 
to decrease baseplate mobility. Hemostasis can be assisted 
with the use of some hemostatic matrix.

Postoperatively, cranial radiographs are often obtained 
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to establish the location of the springs (Fig. 2B). Selected 
patients are treated with helmet orthosis for short periods 
of time after the surgical procedure. The patients then re-
turn to the operating room in 16–20 weeks for removal of 
the device as an outpatient procedure.

Literature Review
We performed a PubMed key word Boolean search us-

ing “[craniosynostosis OR sagittal synostosis]” AND “sur-
gery” AND “spring”, which yielded 51 articles. Of those 

articles, 7 studies3,4,8,17,22,25,27 were found that reported at 
least 5 cases of sagittal synostosis that were managed by 
SMC. The references of each paper were also reviewed to 
search for other relevant studies. These 7 studies were in-
cluded in our systematic review of spring-mediated surgi-
cal management of sagittal synostosis. The data collected 
from these studies was pooled to study patient age, surgi-
cal outcomes (measured by the cephalic index), duration 
of surgery, length of hospital/ICU stay, and other comor-
bidities (Table 1). The studies that specifically compared 

Fig. 1. Representative SMC photos of a single representative patient.  A: Intraoperative images showing the patient supine with 
single dots representing the anterior and posterior fontanelle and dotted lines representing the planned incision (left); Gigli saw 
guide placed into the epidural dissection plane (center); and bone from the sagittal craniectomy (right).  B: Preoperative photos 
of the same patient showing anterior (upper) and lateral (lower) views.  C: Postoperative photos at 6 months of the same anterior 
(upper) and lateral (lower) views.
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spring-mediated surgeries to other procedures for treating 
sagittal craniosynostosis3,4,8,17,22,25,27 were reported sepa-
rately in Table 2. All reported means were calculated as 
weighted averages from the pooled data.

Results
CHOP SMC Compared With Pooled Literature SMC

Patients from the CHOP had a mean age of 4.2 months 
(SD 1.8 months), which was not statistically different from 
the pooled data set8,22,25,27 (p = 0.86; Table 1). In the CHOP 
cohort, 54.5% of the patients received 3 cranial springs 
and the remainder received 2 springs. The average spring 
strength was 9.0 N (SD 1.36 N) for the anterior spring, 
9.25 N (SD 1.45 N) for the midsagittal spring, and 10.05 
N (SD 1.22 N) for the posterior spring. The mean blood 
loss was significantly less in the CHOP cohort compared 
with the pooled data, at 56.3 ml (SD 35.3 ml, p = 0.005). 
The CHOP patients spent an average of 2.2 days in the 
hospital, which was significantly less than the 5.2 days of 
the pooled data (p < 0.001). There was a significantly lon-
ger stay in the ICU at the CHOP (p = 0.03). There was 
not a significant difference in operative time (p = 0.83). 
It should be noted that it has been the general practice to 
place all patients with craniosynostosis in the ICU post-
operatively as was customary prior to the introduction of 
SMC, when patients were treated with CVR. It is the be-
lief of the senior authors that this level of care is likely 
not needed for the majority of the patients treated with 
SMC. The preoperative cranial index index was signifi-
cantly higher for CHOP patients relative to the pooled data 
set (p = 0.01), but there was no significant difference in 
postoperative cranial index with a mean of 73.7 (SD 5.2, 
p = 0.92; Table 1). The springs were removed an average 
of 128.4 days later (SD 29.7 days). On average, the spring 
removal procedure took 44.9 minutes (SD 17.6 minutes), 
yielded an estimated blood loss of 20 ml (SD 28.4 ml), and 

resulted in a mean postoperative hospital stay of 0.9 days 
(SD 0.3 days).

Review of the Literature
The average age of all patients treated with SMC in the 

pooled data of studies from the literature was 5 months 
(Table 2). The mean blood loss was 71.1 ml and the av-
erage length of surgery was 61.8 minutes. The average 
amount of time spent in the ICU was 11.8 hours, while the 
average postoperative stay was 3.07 days. Patients overall 
showed a 10.4% increase in the cephalic index from 67.5 
preoperatively to 74.5 postoperatively. Springs were main-
tained in the patients for an average of 5.1 months. The av-
erage reported follow-up time was 27.5 months, at which 
point the average cranial index increased to 75.2 (Table 2).

We also reviewed comparisons of surgical techniques 
in the literature. The surgical procedures, relevant cita-
tions, average age of patients, blood loss, surgery time, 
postoperative stay, ICU stay, preoperative cranial index, 
and postoperative cranial index are shown in Table 3.

SMC Versus Pi-Plasty
Two studies8,27 compared the outcome of SMC with the 

pi-plasty procedure. In both papers, the authors reported 
a younger mean age (p < 0.001, Windh et al.;27 p = 0.002, 
Guimarães-Ferreira et al.8) as well as a significant reduc-
tion in blood loss (p < 0.001 and p = 0.003, respectively) 
and postoperative stay (p < 0.001 and p < 0.013, respec-
tively) for SMC patients relative to pi-plasty patients. 
Windh et al.27 found a significant decrease in duration of 
surgery (p = 0.0103) as well as in ICU stay (p = 0.03) for 
SMC patients. Pre- and postoperative cranial index val-
ues showed no significant differences in the study of Gui-
marães-Ferreira et al.8 However, Windh et al.27 reported a 
significant difference in postoperative cranial index, with 
pi-plasty resulting in a higher cranial index (p = 0.0128).

Fig. 2. Pre- and postoperative imaging of the same patient as in Fig. 1.  A: Preoperative 3D CT coronal (upper right) and sagittal 
sections (lower right) and 3D-CT reconstruction (left).  B: Coronal (upper) and sagittal (lower) views of the immediate postopera-
tive cephalogram.  C: Postoperative 3D-CT coronal (upper left) and sagittal sections (lower left), and 3D reconstruction showing 
spring positions (right).
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SMC Versus CVR/Cranial Expansion and Strip 
Craniectomy With or Without Parietal Barrel Staving

David et al.3 directly compared the outcomes of their 
SMC patients with those treated with CVR. Their SMC 
patients were significantly younger (p < 0.001), experi-
enced less blood loss (p < 0.001), had shorter operations 
(p < 0.001), and had shorter postoperative hospital (p < 
0.001) and ICU stays (p < 0.001) than CVR patients. Pa-
tients treated with CVR had significantly lower preopera-
tive cranial index values (p < 0.036), while postoperative 
cranial index values did not show a statistically significant 
difference. Mackenzie et al.17 used an ANOVA to compare 
SMC outcomes with those of strip craniectomy, strip cra-
niectomy with parietal barrel staving, and strip craniec-
tomy with bioabsorbable cross-struts. The authors exam-
ined age, blood loss, length of operation, and hospital stay. 
They found a significant difference in duration of surgery 
(p < 0.01) between SMC and the other procedures, with 
SMC demonstrating shorter operative times. The other 
factors did not reach statistical significance. Two stud-
ies17,22 compared SMC to strip craniectomy with parietal 
barrel staving. Taylor and Maugans22 reported significant-
ly less blood loss (p < 0.001), surgery time (p = 0.002), and 
postoperative stay (p = 0.009) for SMC patients relative to 
patients undergoing strip craniectomy with parietal barrel 
staving. They saw no significant difference in ICU stay, 
preoperative cranial index, or postoperative cranial index 
between these procedures.

Discussion
From the current data set, we have shown that the 

CHOP modification of the SMC technique can be safely 
and effectively performed in children less than 6 months 
of age. Postoperative course was maintained at 1 postop-
erative day in the ICU followed by 1 additional day in the 
hospital. Blood loss was also minimal due to technique 
changes. In addition, the cranial index was corrected to 
normal for most of the SMC patients at CHOP.

Based on our review of the literature, the SMC practice 
at CHOP has yielded similar cranial index correction when 
compared with other SMC patient reports.3,4,8,16,17,22,25,27 

Changes in techniques compared with those previously 
described by Lauritzen et al.16 and his trainees may have 
led to the significant decrease in estimated blood loss and 
in length of postoperative stay noted in our analysis. The 
use of 2 small incisions over the fontanelle instead of a 
larger S-shaped incision may decrease overall blood loss 
and subsequent morbidity. Additional technique changes 
performed at CHOP may not be evident in the objective 
values measured, but nonetheless make the SMC a safe 
and effective surgery. One such change in technique is the 
use of the Stryker Sonopet single-sided Nakagawa serrat-
ed knife tip to perform the craniectomy. Previous reports 
have used the Misonix BoneScalpel (a double-edged ultra-
sonic knife) or the Depuy Synthes piezoelectric system (a 
short large-tooth blade) with incidences of dural tears in 
a small cohort of patients.2 In our experience, the Sonopet 
knife has provided the same advantages of the previously 
reported ultrasonic knives, including endoscopic use and 
decreased blood loss, but with a better safety profile.

Another difference between our analysis and reports 
in the literature is the relatively high preoperative cra-
nial index observed in our patients. This high value can 
be explained by the use of helmets prior to SMC in some 
of these patients. These helmets were in place from the 
time of initial examination until surgery. With helmets, 
improvement and prevention of dolichocephalic decline 
has been observed specifically in those with significant 
saddling, severe occipital bossing, severe frontal bossing, 
and cranial indices less than 67. The above-average preop-
erative cranial index noted in this study reflects the prac-
tice of helmet placement. Although the cephalic index is 
improved with preoperative orthosis use, at the age of 3–4 
months the cranium still has yet to grow approximately 
25% in circumference and 50% in volume to maturity.18 
In the setting of sagittal suture fusion, further biparietal 
expansion from this point would likely be impeded; for 
this reason, suturectomy is a standard component of all 
current treatments to release the constricting suture. We 
view preoperative orthotic use as a temporizing measure 
to limit worsening of the deformity prior to suture release 
and cranial vault expansion; we do not believe that it alone 
would facilitate an optimal cranial volume and contour at 

TABLE 1. A comparison of clinical data from the CHOP with data in the literature

Cohort
Age 
(mos)

Blood 
Loss (ml)

Spring Removal 
Blood Loss (ml)

Surgery 
Time 
(min)

Spring Removal 
Surgery Time 

(min)

Postop 
Stay 
(days)

Spring Removal 
Postop Stay 

(days)
ICU Stay 
(hrs)

Preop 
CI

Postop  
CI (>2 mos)

Pooled*
  Mean 3.5 84.9 91.9 5.2 23.2 66.4 73.9
  SD 0.6 41.7 32.7 2.1 5.7 4.1 3.6
  No. of patients 37 68 37 37 37 78 78
CHOP
  Mean 4.2 56.3 20 93.7 44.9 2.2 0.9 29.5 69.9 73.7
  SD 1.8 35.3 28.4 23.8 17.6 1.4 0.3 14.3 5.3 5.2
  No. of patients 22 20 13 16 13 20 20 22 19 7
p value 0.86 0.005 0.83 <0.001 0.03 0.01 0.92

CI = cranial index.
*  Pooled data from the following studies: 8, 22, 25, and 27.
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skeletal maturity. To date there is limited data on treating 
patients with a helmet only, and standard treatment is sur-
gical intervention.20

Patients whose intraoperative midvault expansion af-
ter placement of 2 springs was inadequate, as judged by 
the senior craniofacial surgeon, underwent the placement 
of a third spring. While it may be possible to associate 
improved comorbidity outcomes with the relatively low 
amount of required correction in the CHOP patients, it is 
important to clarify that, unlike in more drastic surgeries 
such as CVR, recovery time is not directly dependent on 
the degree of correction needed for the SMC procedure. 
Regardless of the starting level of deformity, the SMC 
requires essentially the same level of intervention in the 
skull (strip craniectomy with spring placement), and there-
fore our study of SMC patients at CHOP suggests that the 
improved outcomes may be, in part, attributable to the 
precautionary techniques used in addition to the methods 
practiced at other institutions.

When compared directly to other minimally invasive 
or total cranial remodeling techniques in the literature, 
SMCs have had similar outcomes of decreased operative 
morbidity. In the current literature, SMC has been directly 
compared with the pi-plasty procedure,8,27 sagittal strip 
craniectomy with and without parietal barrel staving,17,22 
strip craniectomy with bioabsorbable cross-struts,17 and 
CVR.3,4

When compared with the pi-plasty procedure, SMC 
appears to have comparable results as far as the cranial 
index. In addition, SMC patients had significantly shorter 
hospital stays and significantly fewer blood transfusions. 
These results were confirmed by 2 separate studies from 
the same surgical center.8,27 Although statistical signifi-
cance was not reached in 1 study, SMC was also associ-
ated with shorter operative time and a shorter ICU stay 
for patients. Additionally, both papers included subjective 
parental questionnaires about cosmetic results, and the 
parents of patients who underwent SMC were satisfied 
with the outcomes. Windh et al. attributes the differences 
in postoperative cranial index to the mechanics of the pi-
plasty procedure, where the shortened cranial length ac-
tively puts a limitation on cranial height. Both techniques, 
however, still achieved cranial indices close to normal. 
The cranial index is the most widely used aesthetic end 
point in the literature, and while it has many shortcomings 
as an outcome measurement, its appeal is its broad usage. 
Small differences in cranial indices between procedures 
may, or may not, correlate with a significant difference in 
appearance, and this unknown measure is a limitation of 
our study and others. Age was also significantly older for 
patients undergoing pi-plasty due to the increased blood 
loss and quality of bone in younger patients.

Cranial vault remodeling was first described in 19965 
by the same group performing the comparison with SMC. 
Initially, they published a small series of SMC patients,4 
but later reported on 75 SMC patients, the largest series to 
date.3 This study commented on 3- and 5-year outcomes of 
patients undergoing SMC and found that the cranial index 
remained normalized after spring removal. Even when in-
cluding the surgery for spring removal, SMC patients had 
significantly less blood loss, blood transfusions, operative 
time, ICU time, hospital days, and overall costs than pa-TA
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tients undergoing CVR.3 Additionally, age again was sig-
nificantly older in CVR due to the morbidity of undergo-
ing extensive surgery at a younger age.

Minimally invasive techniques including strip crani-
ectomy with and without parietal barrel staving and strip 
craniectomy with bioabsorbable plates have been less 
extensively compared with SMC, but the minimum equi-
poise among these techniques has been achieved. It was 
observed that patients with parietal barrel stavings had 
longer hospital stays, operative time, and estimated blood 
loss when compared with SMC.22 These similar results 
are not unexpected, however, because SMC is basically a 
variation on the strip craniectomy technique that provides 
parents the option to circumvent the constraints of wearing 
a helmet for several months.

Although the literature review has demonstrated the 
benefits of SMC, there are several issues with the cur-
rent reported literature. The number of institutions con-
tributing to the SMC literature is minimal, with most of 
the reports coming from Sahlgrenska University Hospi-
tal, Göteborg, Sweden,8,16,27 and Wake Forest University, 
Winston Salem, North Carolina, with a few exceptions of 
single papers from other institutions.22,25 One major advan-
tage of any of the other techniques, including endoscopic 
strip craniectomy with helmet remodeling, over SMC is 
that a second procedure is not normally needed. In our 
study we have included the outcomes for the second op-
eration. Most studies in the literature, including those in 
our pooled data set, do not include these measurements. 
However, even when accounting for both surgeries, the 
patients at CHOP demonstrated a lower total blood loss 
and length of postoperative hospital stay than the pooled 
patient data when compared with other SMC studies. Al-
though direct comparisons cannot be drawn between our 
study and cranial vault reconstruction, David et al.3 has 
shown improved outcomes in SMC patients over CVR 
patients and our SMC data are similar for length of post-
operative stay and estimated blood loss. At CHOP, most 
children stay for observation until postoperative Day 1 for 
both the spring placement and the removal procedures. 
This stay allows for adequate pain control but may add to 
the cost of the procedure. The cost of this additional stay 
is difficult to assess as costs are so variable at different 
institutions, but we estimate the cost of our operation, even 
with the longer ICU stay than other SMC surgeries, to be 
well under the cost of a cranial vault surgery. David et al.3 
estimated the cost of SMC with removal of the springs to 
be $12,766, while the cranial expansion cost was $27,212. 
This cost comparison should closely match the cost of our 
procedure as our length of stay was very similar to that 
in the study of David et al.,3 with the exception of 1 day 
of ICU stay. The blood loss was minimal and the second 
surgeries were performed well after standard recuperation 
time from the spring placement. It will be interesting to 
see whether technological advances in biomaterials will 
allow for resorbable springs, thus eliminating the need for 
an additional surgery.

Due to the relative novelty of the spring-mediated tech-
nique, the surgery has evolved over time, making compari-
sons between papers difficult. When first reported, a single 
spring with large toothed footplates was placed through a 
large S-shaped incision to achieve suture expansion.15 In 

this paper we report modifications to this technique us-
ing multiple springs placed through 2 small incisions. Al-
though results from the studies are similar, pooling data is 
difficult due to minor differences in technique, and these 
inconsistencies could skew results. A more standardized 
clinical trial with multiple institutions may be able to dis-
cern the true advantages of varying SMC techniques.

Furthermore, outcome measures were not truly uniform 
across all papers and are at times evasive. At CHOP, ra-
diation minimization is the goal when evaluating patients 
preoperatively and postoperatively. Patients routinely get a 
preoperative 3D CT scan to evaluate for multiple suture 
synostosis. Postoperative patients receive a cephalogram to 
assess for spring placement. These two studies of differ-
ing radiological techniques, while clinically relevant, make 
the calculation of cranial index difference difficult. This 
discrepancy could have inadvertently skewed our results, 
although both are validated methods for cranial index cal-
culation.24 Additionally, many of the SMC studies did not 
report a method for cranial index measurements.3,17,22,25 
Of the studies that did clarify these methods, acquisition 
of cranial index calculations varied, including the use of 
cephalograms25,27 and laser Doppler ultrasonography.3 This 
variation makes pooling data from multiple studies diffi-
cult because very little evaluation has been performed to 
compare methods from different modalities. One recent 
study contends that 3D CT cranial index measurements 
are closer to digital caliper measurements of cranial in-
dex than are 2D CT measurments.24 A standard method 
for measuring the cranial index would help with directly 
comparing the results from multiple institutions. Noninva-
sive techniques that are reproducible would be ideal, but 
this option should be explored further. Subjective measures 
show that patients were satisfied with SMC corrections, but 
this outcome measure cannot be easily compared as none 
of our patients have had to undergo correction surgery, 
and all families have been satisfied with outcomes. Future 
evaluations should include a standard follow-up measure-
ment strategy that can be easily compared among multiple 
institutions.

Lastly, the literature for SMC is centered on compar-
ing cosmetic results and evaluating the morbidity of the 
procedure. This focus on cosmetic outcomes has diverted 
attention from the cognitive changes that occur after sag-
ittal synostosis surgery. A multiinstitutional evaluation9 
of the minimally invasive endoscopic strip craniectomy 
compared with cranial vault repair found the latter to have 
better long-term cognitive testing outcomes despite the in-
creased morbidity and later age of operation. This brings 
up several important considerations when treating sagittal 
craniosynostosis. 

First, it remains unknown whether the results of such a 
study on endoscopic strip craniectomy can be extrapolated 
to SMC. A major difference between strip craniectomy 
and SMC is the need for an extended time in an exter-
nal orthosis following a strip-only technique. The effect 
on neurodevelopment of short-term use of an external or-
thotic helmet in the setting of sagittal synostosis has not 
been evaluated by us, or by anyone else in the literature, 
and thus it would be impossible to comment on whether 
it may have a negative or positive effect. Although some 
of our patients received a short-term orthosis for up to 2 
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months preoperatively, it is unlikely that this would af-
fect cognitive development as much as the lengthy period 
during critical cognitive development that occurs with the 
endoscopic strip craniectomy.23 In addition, SMC is a dis-
tracting device that may allow skull expansion over time 
as the brain grows. 

Second, the extent to which a potential cognitive dif-
ference should outweigh the positive attributes of SMC 
remains difficult to discern. The cognitive consequences 
of surgical procedures are critical to consider and future 
clinical studies examining the cognitive effects of SMC on 
patients will provide important feedback for future surgi-
cal interventions.

Conclusions
Our study corroborates findings in the literature for the 

efficacy of SMC in the treatment of sagittal craniosynos-
tosis. We have been able to use techniques at the CHOP 
that further reduced morbidity compared with other SMC 
procedures. Spring-mediated cranioplasty has been shown 
to produce similar outcomes as more invasive procedures 
while reducing harm to patients and facilitating surgical 
efficiency. Our clinical data will contribute to the grow-
ing literature on SMC across different institutions. Future 
studies examining the overall effects of such surgical in-
terventions on cognitive function for patients with sagittal 
craniosynostosis will help elucidate whether SMC is safe 
and favorable in both the short- and long-term compared 
with other more invasive forms of CVR.
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