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Treatment of depressed skull fractures in neonates using
percutaneous microscrew elevation

Technical note

OMAR ZALATIMO, M.D., MOKSHA RANASINGHE, M.D., MARK Dias, M.D.,
AND MARK IANTOSCA, M.D.

Department of Neurosurgery, Penn State Hershey Medical Center, Hershey, Pennsylvania

Depressed skull fractures in neonates involve the inward buckling of the skull bones to resemble a cup shape
or “ping-pong ball” shape. In the past, several methods have been used to treat these fractures for cosmetic effect,
including the use of vacuum extraction. The aim of this study was to demonstrate the use of a novel treatment method
for these skull fractures. All patients presented to Hershey Medical Center between May 2007 and March 2010. All
underwent treatment of their ping-pong skull fracture using a novel technique of percutaneous screw elevation with
self-tapping microscrews (4 or 5 mm) typically used in neurosurgery for cranial plating. Four patients were treated,
all between the ages of 2 days and 4 months. Two of the patients were treated under general anesthesia and 2 with
local anesthesia only. All patients had good cosmetic results and experienced no adverse events. Percutaneous screw
elevation of the ping-pong type, simple depressed skull fracture in neonates is a feasible method of treatment with a

low complication rate associated with the procedure and no risk from anesthesia.
(http://thejns.org/doilabs/10.3171/2012.2.PEDS11304)
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younger than 1 year are different from those that

occur in older children or adults. The lack of os-
sification of the neonatal skull gives it a relative plastic-
ity. A depressed skull fracture in these neonates forms an
inward buckling of the calvarial bones into a cup shape,
termed a “ping-pong ball” or “pond” fracture. Skull frac-
tures occur at any age after direct impact on the bone by
an object, but simple depressed skull fractures are ob-
served in neonates with less significant trauma.?

Simple depressed skull fractures have been well
recognized in the neonate period'-3->8-12:1922.27.29-31.33 gnd
beyond. Congenital depressions of the skull have an inci-
dence of 1 in 10,000 births. These are believed to occur
secondary to the pressure of fingers or wrists of the neo-
nate over the surface of the cranium in utero.”® Acquired
depressed skull fractures are generally due to obstetri-
cal maneuvers during difficult deliveries and due to head
trauma.”?

In the neonate, ping-pong ball or pond fractures
occur with indentation of the bone surface without dis-
ruption of the continuity of the bone (similar to green
stick fractures of the long bones).”! Typically the outer
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table is fractured around the periphery, while the inner
table fractures at the center. The neurological sequelae
of hemorrhage and dural lacerations noted in compound
depressed skull fractures are not normally observed with
simple depressed skull fractures.14-16.18:24.2932 Jt has been
demonstrated previously that the natural history of these
depressed skull fractures is variable, with some elevat-
ing spontaneously over time and others remaining de-
pressed.? But there is a great deal of parental anxiety
regarding such fractures due to the cosmetic effect of the
lesion, which tends to govern its management.

The management of these fractures has been contro-
versial. These fractures have traditionally been managed
surgically.*?! More recently there have been demonstra-
tions of spontaneous elevation 017192326 aJthough there
are no definite predictors to demonstrate which fractures
elevate spontaneously. It has been demonstrated that the
deeper the depressed bone (> 1 cm), the higher the risk of
dural laceration and cortical laceration in adults and older

This article contains some figures that are displayed in color
online but in black-and-white in the print edition.
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Percutaneous elevation of depressed skull fractures in neonates

children.'® These critical dimensions are less well known
for the neonate and infant populations. Several nonsurgi-
cal elevation techniques that use the fact that the bone
is in partial continuity have been demonstrated; these
techniques include elevation using digital pressure,* and
vacuum devices such as a breast pump?® and a vacuum
extractor‘8,20,27,30,3],33

The direct operative techniques carry the disadvan-
tages of prolonged hospital stay and risks of open sur-
gery. Vacuum devices that have been demonstrated carry
the disadvantages of patient discomfort, inability to ob-
tain complete correction of the depression, and creation
of local cephalohematoma with the procedure. The use
of these devices also demonstrates a physician learning
curve for mastery of the procedure.”-3

An ideal method for treatment of deep depressed
skull fractures would consider patient safety, would have
the ability to correct the deformity immediately, would
be time and cost effective, and would use instruments and
techniques that are familiar to the neurosurgeon. In this
report, we demonstrate successful elevation of simple de-
pressed skull fractures in 4 neonates using percutaneous
screw elevation with self-tapping microscrews used for
cranial plating in neurosurgery. This method has proven
to be low risk and highly effective.

Methods

We report a novel technique applied to neonates
admitted to the Penn State Children’s Hospital between
May 2007 and March 2010. Four male neonates who pre-
sented between 2 days and 4 months of age were treated.
All patients had a traumatic history postpartum except
for 1 who was delivered by cesarean section following
multiple attempts at forceps-assisted delivery. All of the
children were of normal weight and born full term with
normal neurological examination results. The character-
istics of the 4 patients in the study are shown in Table 1.
The 2-day-old child was transferred from another facility
and was found to have had no spontaneous elevation of
the depressed skull fracture at 48 hours. In all patients the
depressed skull fracture was in a parietal location.

All patients underwent hematological and coagula-
tion studies prior to the procedure. The procedure was
then explained in detail to the parents and informed con-
sent was obtained. Preoperative CT scans showed no
hemorrhage, sinus involvement, or other underlying le-
sions. All patients had skull depressions > 2 cm in the

TABLE 1: Characteristics of the patients in the study*

Case
No.  Age Mechanism of Injury Anesthesia  Follow-Up
1 2mos fall down stairs general &local ~ 1.5yrs
2 4mos fallfromsiblingarms  general &local 6 mos
3 3mos fall off kitchen counter local only 1yr
4 2days traumatic delivery local only 1mo

* Operating duration was < 5 minutes in all patients, all patients were
boys, and all were discharged on postoperative Day 1.
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greatest depth and > 4 cm in length/diameter. Within 72
hours of the injury, all skull fractures were elevated to
normal anatomical alignment, symmetrical to the contra-
lateral side.

The initial 2 cases were performed under general an-
esthesia to ease the ability of the surgeon to proceed with
open elevation in the event that percutaneous elevation
was not successful. After completion of 2 cases under
general anesthesia, with greater confidence in the pro-
cedure subsequent surgeries were performed with only
local anesthesia to the site of the intended screw applica-
tion. This procedure was performed in the neonatal in-
tensive care unit and the pediatric intermediate care unit
at the patient’s bedside. The objective of the study was
to demonstrate the validity of a technique that could be
performed with minimal risk of general anesthesia and
open surgery.

Operative Technique

A self-tapping screw (3—5 mm long) from the Syn-
thes low-profile cranial plating system was used for the
procedure. Preoperative CT scans showed no intracranial
injury associated with the fracture and demonstrated a
depression > 2 cm in all cases.

The region of the depression was prepared to the pe-
riphery in all cases (Fig. 1A). The region adjacent to the
point of greatest depression was located and infiltrated
with 1% lidocaine. In the first 2 cases, small stab incisions
were made to the bone using a no. 11 scalpel prior to plac-
ing a 3- or 4-mm self-tapping screw, just deep enough to
anchor to the bone but not completely sink into the skull.
In the final 2 cases, 4- or 5-mm screws were placed per-
cutaneously until the screw was believed to be through
the bone (Fig. 1B).

While the child’s head was held in position by an as-

I

Fic. 1. Photographs of the procedure in Case 2.  A: Prepared sur-
face of the depressed skull fracture.  B: Placement of the self-tapping
screw. C: Elevation of the screw with the use of a Kelly clamp. D:
Complete cosmetic result after the procedure.
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sistant, traction opposite the depression was then applied
after a Kelly clamp was placed on the screw head, until
elevation of the fracture was successful (Fig. 1C). Linear
gentle traction on the screw with the Kelly clamp per-
pendicular to the fracture is essential for success. In 1
instance, when the screw was not through the bone (or
likely barely through the outer table), it pulled out but
was easily replaced in the same hole and advanced a little
further. Upon successful elevation, an audible “pop” oc-
curs, which is also heard in the open surgical elevation
technique. Visually the elevation is very apparent when it
occurs because there is a low risk of a local hematoma. In
Cases 1 and 2, a suture was placed at the site of the scal-
pel stab wound. In Cases 3 and 4, no suture was neces-
sary. All wounds were dressed with bacitracin ointment.
All cases showed immediate complete cosmetic el-
evation of the fracture (Fig. 1D). Three of the patients re-
ceived postoperative CT scans, and 1 patient had skull ra-
diographs, all showing complete elevation of the fracture.
Preoperative and postoperative CT scans are shown for
Case 2 in Fig. 2. The CT scans did not show any pneumo-
cephalus, hemorrhage, or other intracranial abnormality.
After observation overnight, all patients were dis-
charged on postoperative Day 1. Routine clinical follow-
up consisting of a general examination, head circumfer-
ence measurements, and a psychomotor evaluation was
performed 2 weeks after the procedure and at 3-month
intervals up to 1.5 years following the procedure.

Fic. 2. Preoperative and postoperative axial CT scans in Case 2
showing complete resolution of the depressed skull fracture. ~ A: Pre-
operative scan with bone windows showing a deep left parietal skull
fracture. B: Preoperative scan with brain windows. C: Postopera-
tive scan with bone windows showing complete correction of depressed
skull fracture.  D: Postoperative scan with brain windows.
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Discussion

Using the novel microscrew method demonstrated in
this study made it possible to achieve a complete curative
cosmetic result in all 4 patients treated. This technique
was safe, effective, and required only a brief operative
time.

There were no immediate postoperative complications
as assessed by postoperative examinations and CT scans.
In the follow-up period up to 18 months, the patients ex-
perienced no recurrence of the depressive deformity and
experienced good progression of their psychomotor devel-
opment as expected for their age. In comparison with other
reported methods, there is also a low risk of local hema-
toma (which may lead to hematological complications) or
patient discomfort using this method, which are the major
risks of open surgery and other minimally invasive treat-
ment approaches with suction devices. It must be noted that
if care is not taken to ensure that the microscrew is placed
carefully so that it just anchors to the skull, there may be
a risk of dural laceration. This risk would be expected to
be low because neonatal dura is less adherent to the skull
and because the site of entry is adjacent to the site of the
fracture, which prevents the surgeon from “plunging in” at
the fracture site. There is minimal risk of infection, and the
scar formed is minimal and rarely noticeable at follow-up.
We believe that this procedure has an overall low risk for
the neonate, but our study was limited to 4 patients; thus
a larger study may be required to investigate all possible
risks.

We also demonstrated that the procedure could be
performed with ease at the bedside with only local an-
esthetic. This option avoids subjecting neonates to sur-
gical intervention under general anesthesia with risks
of bleeding, hypothermia, and anesthetic complications.
The instruments used in this procedure are very familiar
to neurosurgeons and are used in many other procedures,
thereby minimizing a surgeon’s learning curve for the
procedure. Until a larger study is available that evaluates
the complete risks of the procedure, basic life monitor-
ing (heart rate, pulse oximetry, and blood pressure) is
recommended for this procedure, followed by inpatient
observation overnight. Therefore, at this time we do not
recommend that this procedure be performed on an out-
patient basis.

Conclusions

We believe that the novel technique demonstrated in
this paper is simple, inexpensive, and as effective as the
other demonstrated procedures available for treatment
of ping-pong ball fractures. The procedure can be per-
formed under local anesthesia, avoiding the risk of a sur-
gical intervention. This technique also allows for a short-
er hospital stay than an open surgical technique. It carries
the added advantage of utilizing instruments familiar to
the neurosurgeon, minimizing the learning curve for the
procedure.
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