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Though many scalp wounds which
appear serious prove to be trifling,
more which appear trifling prove to
be serious.

Harvey Cushing

INTRODUCTION

Treatment of depressed skull fracture (DSF)
has been discussed in some of the oldest
recorded medical literature, and there is
even evidence of surgery for DSF in prehis-
toric times.”” Approaches to DSFs from
ancient times until 1800 were reviewed
recently by Ganz and Arndt.? This purpose of
this publication is to update their review to
include modern surgical strategies.

METHODS

A search of PubMed and EMBASE was
performed in July 2018, using the search
terms “Skull Fracture, Depressed” as a
medical subject heading; “Skull Fractures”
as a subject heading with “Depressed” in

Surgery for depressed skull fractures has developed over centuries to attain the
consensus approaches currently used. This review outlines the last 200 years of
development of surgical approaches to closed and open depressed skull fractures,
fractures involving dural venous sinuses and ping-pong fractures invelving in-
fants. Early reports often dealt with only closed and open depressed skull frac-
tures. However, experience has shown that each fracture category merits its own
management strategies. Accepted approaches are based on observation only;
there is little to no scientific evidence to support treatment for any fracture type.

the title and the combination of
“Depressed,” “Skull” and “Fracture” as
title terms. Additional references were
obtained from the bibliographies of
neurosurgical and neurotrauma textbooks
and from older (pre-MEDLINE) articles.

RESULTS

The literature search yielded 380 publica-
tions, and an additional 143 articles from
various bibliographies. Case reports were
excluded unless they introduced novel
therapies. Also excluded were laboratory
studies, editorials, or letters without
original data and articles containing
duplicated data. The 124 articles remain-
ing constitute the basis for this review.

Nineteenth Century

Enthusiasm for aggressive surgical inter-
vention in cases of DSF, so common in the
eighteenth century, was tempered by the
frighteningly high rate of fatal infection.*
Several authorities questioned the
effectiveness and safety of surgery.”” In a
review of surgical practice in the 18oos,
Gamgee® concluded that trephination
had nearly been abandoned on the
European continent and was still being
practiced primarily in Great Britain and
the United States. Open DSFs were
commonly packed and allowed to heal by
secondary  intention.  Despite  the
contributions of Pasteur and Lister,
surgeons often attributed infections to
“bad air” in their hospitals.” It was not
until the late nineteenth century, with
the introduction of aseptic surgical
techniques and  antiseptics,  that

trephination for DSF became popular
once more.* There were several case
reports of successful elevations of closed
and even open DSFs. Victor Horsley™
recommended routine elevation of bone
fragments to relieve local signs and
prevent epilepsy. For open fractures,
MacEwen"" suggested soaking the wound
and bone fragments in antiseptic and
replacing the fragments immediately,
whereas Phelps™ recommended
discarding them.

Early Twentieth Century

At the turn of the century and for many
years thereafter, head injury literature
focused on the location and type of skull
fracture. Perhaps this focus was because
DSFs were so obvious on physical exami-
nation and so prominent on newly intro-
duced roentgenography. Harvey Cushing™
pointedly reminded surgeons that it was
the intracranial injury that mattered more
than the fracture itself. He soon
abandoned his early practice of enlarging
the scalp laceration associated with open
DSFs in a radial fashion, because of poor
wound healing.”* There was little
agreement over the indications for

elevating closed DSFs,” for using
antiseptics in open fractures,”® for
removing contaminated bone

fragments,” for repairing dural tears,™

or for replacing bone fragments,”™
performing an immediate cranioplasty,™
or leaving a bony defect.” A case of an
adult with spontaneous elevation was
reported as evidence that immediate
elevation is unnecessary.>®
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When Cushing reported his World War
I experience with fractures, he recom-
mended elevating all closed DSFs with the
aid of a trephine at the fracture periphery.
He also justified inspecting the dura and
repairing tears to reduce the risk of epi-
lepsy. He advocated immediate surgery for
open DSFs to prevent infection, aggressive
skin debridement, discarding all bone
fragments, and tight skin closure. Roberts
and Kelly* were among the first to
recommend  replacement of  bone
fragments in open DSF, but only if the
scalp wound was clean and the dura
intact. Throughout the 1920s and 1930s,
there was no standardized approach to
DSF; several investigators suggested
delayed or no elevation of open injuries.
This strategy included applying antiseptic
to the wound and draining, covering, or
closing the scalp.”*™°

Dealing with World War II injuries
taught surgeons the value of immediate
debridement, careful cleaning of the
wound, and dural closure for open DSFs.>
Although some authorities®  simply
removed the bone fragments and
performed cranioplasty at a later date,
others performed immediate cranioplasty
with adjacent outer table of the skull*® or

prophylaxis was recommended, and
elevated bone fragments could be
replaced immediately.?*3" Although there
were no agreed guidelines for elevating
closed DSFs, elevation usually involved a
marginal burr hole, dissection of
individual  bone  fragments, and
replacement to cover the bony defect.>
For  deep  depressions,  Rogers®
recommended craniotomy around the
fracture and reversing and replacing it.

Modern Literature

Since 1960, there has been a burgeoning
literature about treatment of DSFs
(Figure 1). The diagnosis of DSF, usually
suspected on physical examination, is
readily confirmed by skull radiography.
Cranial computed tomography (CT) scans
are usually adequate both to diagnose
DSF and to rule out intracranial
hemorrhage or injury.>* Tangential
radiographic views are useful in fractures
of the vertex, a site where CT scans lack
maximal resolution.® Sometimes three-
dimensional reconstruction of the CT
scan (Figure 2) helps to understand the
injury mechanism or to plan surgery.>3’
In the modern period, the uniqueness of
the individual fracture categories and the

s .
acrylic.®  Although in short supply, treatments for them became apparent.
penicillin ~ was  recommended as  Although outcome is more dependent on
prophylaxis against infection.” Once  brain damage than on the fracture
penicillin became more widely available, itself,® the following sections are
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Figure 1. Number of publications per year found on PubMed search, plotted
against year of publication.

Figure 2. Three-dimensional cranial
computed tomography scan of large left
parietal depressed skull fracture. Also
pictured is a linear fracture running obliquely
upward and communicating with the
depressed fracture.

organized by fracture category to simplify
discussion.

Closed DSF. Reported indications to
elevate closed DSFs run the spectrum from
routine elevation®** to operating only on
those with intracranial complications®™°
or cosmetic deformity.*” Most authorities
are somewhere in between.*®>* A list of
consensus indications for fracture
elevation is shown in Table 1. Typically, 1
cm is chosen as the minimum depth to

Table 1. Indications for Surgery to

Elevate Depressed Skull Fractures

Open (Compound)
Same as Closed,

Closed Plus:

Mass effect Depression >1 cm

deep

Evidence of dural
penetration (e.g.,
intracranial air,
cerebrospinal fluid, or
brain visible)

Intracranial hematoma
or large contusion,
requiring surgery

Severe bone depression Grossly contaminated

wound
Focal neurologic deficit Infected wound

Other evidence of dural
laceration

Large, complex,
ragged scalp
laceration

Unacceptable cosmetic deformity

Frontal sinus involvement
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Table 2. Case Series—Open Depressed Skull Fracture

Number of Dural Prophylactic Infection

Reference Cases Laceration (%) Dural Coverage Antibiotics (%) Rate (%)
AbdelFatah, 2016”° 76 28 Bone fragments 100 0
Adeloye and Shokunbi, 19937 12 58 Bone fragments 100 0
Ahmad et al., 2018”7 70 57 Bone fragments 100 6
Akram et al., 20077® 51 NR Bone fragments NR 6
Al-Haddad and Kirollos, 20027 73 49 Bone fragments 100 8
Ali et al., 2011% 75 NR Bone fragments NR 8
Blankenship et al., 1990°' 31 48 Bone fragments 100 0
Braakman, 1972* 152 63 Bone fragments 100 7
Carrington et al., 1960% 20 70 Bone fragments NR 25
Coulon, 1983%° 57 NR Bone fragments NR 4
Curry and Frim, 1999 7 43 Bone fragments 100 0
Ersahin et al., 1996° 350 30 Bone fragments 100 2
Heary et al., 1993% 28 NR Bone fragments 100 0
Heary et al., 1993% 26 81 No elevation 100 0
Heiskanen et al., 1973%° 166 56 Delayed cranioplasty NR 4
Jamieson and Yelland, 1972*' 240 62 Bone fragments 0 8
Jennett and Miller, 19727 359 52 Bone fragments 100 11
Kaptigau et al., 2007% 23 NR Bone fragments NR 9
Katikar et al., 20147 30 NR No elevation 100 7
Katikar et al., 2014% 30 NR Bone fragments 100 7
Knoringer, 1979%° 101 NR Immediate cranioplasty NR 7
Kriss et al., 1969 79 NR Bone fragments 100 3
Kumar et al., 2010%° 26 100 Bone fragments NR 15
Marbacher et al., 2008%° 5 NR Immediate cranioplasty NR 0
Mendelow et al., 1983"" 176 51 Delayed cranioplasty 89 6
Miller and Jennett, 19687 486 50 NR NR 8
Mukherjee et al., 2015 183 26 No elevation 0 4
Mukherjee et al., 2015% 49 51 Bone fragments 0 18
Nadell and Kline, 19747 85 56 Bone fragments 100 40
Nnadi et al., 2014% 14 NR Delayed cranioplasty 100 29
Plese and Humphreys, 1981% 60 57 50% bone fragments 50 0
Prakash et al., 2018% 401 65 Bone fragments NR 17
Rehman et al., 2007%° 56 4 Bone fragments 100 5
Rolekar, 2014* 18 17 Bone fragments NR 17
Sande et al., 1980% 216 NR Nr NR 4
Sande et al., 1980%/ 359 NR Nr NR 11
Satardey et al., 2018% 32 44 Bone fragments NR 22
Subczynski, 1977% 25 40 Immediate cranioplasty NR 4
van den Heever and van der Merwe, 1989%° 143 NR No elevation 100 3
van den Heever and van der Merwe, 1989%° 125 NR Bone fragments 100 8
Wylen et al., 1999' 32 69 Bone fragments 100 0
NR, not reported.
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Figure 3. Suggested algorithm for dealing with ping-pong depressed skull
fractures in newborns. CT, computed tomography; ICP, intracranial pressure.

Spontaneous
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3-6 months

require DSF elevation, perhaps because of
the greater likelihoods of dural tear and
cerebral compression. Without evidence
that another depth is a more precise
indicator, 1 cm is accepted by most
authorities. If there is cosmetic
deformity, particularly at or near the
hairline, elevation may be needed, even
for a smaller depression. There is no
evidence that immediate elevation of
bone fragments relieves focal deficit,**
but the hope persists that it improves
local blood flow.>" Both dural tears and
late-onset epilepsy are common with
closed DSF,5%° the incidence of dural
laceration being highly correlated with the
depth of fracture depression.>” Cushing®
hypothesized that dural tears predispose
to epilepsy and that dural repair is
protective. However, there is no evidence
to support this practice,*5>5* nor have
prophylactic antiepileptics been shown to
be protective.”® As suggested by Chiarelli
et al.,>" epilepsy after DSF is the result of
cortical damage at impact, and its
development is independent of whether
the dura is closed or left open.

Although most often fracture elevation
is performed soon after injury, emergency

surgery is rarely indicated.®® If another
surgical procedure is not indicated,
waiting until the patient can tolerate
anesthesia safely is preferable to
emergency fracture elevation.”” Most
often, the bony fragments are elevated
piecemeal or with the aid of a peripheral
burr hole. A high-speed drill may facili-
tate mobilization of bone fragments.”
Although  healing  usually  occurs
satisfactorily after the fragments are
replaced, obtaining ideal bony contour
may require cranioplasty,®>®4 titanium
clamps, %% or miniplates.®”%

Dural Sinus Involvement. Midline or oc-
cipital DSFs have the potential to
compress or lacerate the superior sagittal
or (rarely) the transverse sinus. Cases
treated surgically have been reported as far
back as the 1800s.” The sinus may
become stenotic or occluded secondary
to direct compression or thrombosis.
Because of the risks associated with
massive sinus hemorrhage, fracture
elevation should be performed only if
indicated and if the surgical team is
prepared  for  sinus  repair  or
reconstruction. CT venography should be

performed if a DSF overlies the sinus,
especially if there is neuroimaging
evidence of venous infarction or if the
patient develops delayed signs of
intracranial hypertension. In the event of
sinus compression, careful surgical
elevation should be  considered.””
Chiarelli et al.>® have summarized
approaches to dealing with a lacerated
sinus. Open DSFs over a sinus should
also be elevated, although surgical
complications are common.”” Nadel and
Kline”” had success soaking bone
fragments in Betadine and replacing
them.

Open (Compound) DSF. Open fracture
carries a higher incidence of infection,
epilepsy, and death than does closed.”>”*
For that reason, many have recom-
mended prompt and aggressive surgery.
Table 2 summarizes the results of 37
modern series, including 4547 cases.
Four series compared patients with
fracture elevation with those with only
scalp debridement, although only one
can be considered a controlled trial.’”
Pooled average values from the case
series were calculated using inverse-
variance random-effects meta-analysis for
observational data. The mean incidence of
dural tears was 52.4% (£13.8%) in open
DSF, and an infection occurred in 8.6%
(£5.2%) of cases. The pooled mean
infection rate was 7.1% (£5.8%) in pa-
tients who received prophylactic antibi-
otics and 9.9% (+3.4%) in those who did
not. A t test shows no significant advan-
tage (P = 0.432) to taking prophylactic
antibiotics to prevent infection. Although
prophylactic antibiotics are commonly
used>7+9""" and recommended in the
most recent traumatic brain injury guide-
lines,> there is little evidence that they
prevent postoperative infection in open
DSFs.+%12

Operative repair traditionally involves
generous irrigation and meticulous scalp
debridement, removal of all free bone
fragments, dural inspection, and repair as
needed. Immediate replacement of bone
fragments seems safe**5>% and is rec-
ommended.>® Salia et al."> have created a
sensitive algorithm that predicts dural
laceration using the presence (or
absence) of pneumocephus or cerebral
contusion and the depth of the fracture.
As mentioned earlier, the significance of
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a dural tear and the benefits of repair are
uncertain in open DSFs?*% as well as in
closed.

Several have questioned the need for
bony removal in all cases of open DSF. In
cases in which the fracture is shallow and
the wound is small and clean, washout,
scalp debridement, and closure, in the
operating room or at the bedside, do not
increase the risk of infection or other
complications.®*8586:92:99.1°4 A Jjst of in-
dications for more extensive surgery,
including elevation of bony fragments, is
shown in Table 1.

Ping-Pong Fracture. Ping-pong fracture,
also called greenstick, pond, celluloid-
ball, and derby hat fracture, usually oc-
curs at the time of delivery. It is usually
obvious on inspection, and skull radio-
graphs usually show incomplete frac-
turing. When no cortical fracture
accompanies the depression, the condi-
tion is termed faulty fetal packing."®
Although plain or three-dimensional CT
scans have been promoted as providing
more information than plain radio-
graphs,°®**7 radiation risks are unac-
ceptable for all but the largest, deepest,
and most complex cases.”®

Traditionally, all such fractures were
treated with urgent or semi-elective eleva-
tion,**"*°™* originally by inserting a peri-
osteal elevator through a burr hole at the
margins of the fracture and levering the
depressed bone fragments up. Other surgi-
cal approaches have included inserting the
elevator through the coronal or lambdoidal
sutures,”* inserting a sharp hook or
percutaneous screw through the fracture
apex and pulling,”"*"® cutting a
circumferential trench around the fracture
with a high-speed drill or scissors,’™®
excising, remolding, and reinserting the
fracture.® Several investigators have
reported successful fracture elevations after
the  application  of  suction."”™°
Instruments used have included vacuum
extractors, breast pumps, and even a
neonatal face mask attached to a 50-mL sy-
ringe. Digital pressure at the margins of the
fracture has sometimes resulted in elevation
without need for further intervention.”"***

The observation that some ping-pong
DSFs resolved spontaneously prompted
longer periods of observation.”? It is now
generally accepted that most fractures
elevate on their own over time.>*° One

potential concern is cortical compression
by deep fracture; the threshold has been
hypothesized to be o.5—1 cm.®2%3
Several indications for intervention have
been suggested, the most practical being
by Strong et al.”** Figure 3 has been
modified from their algorithm.

Widely accepted approaches to each
category of DSF are based entirely on
observation and application of conventional
surgical principles. Compelling scientific
evidence is lacking to justify any of the
measures currently used to deal with DSF.
It can only be hoped that well-designed
randomized controlled trials will serve as
the bases for DSF treatment in the future.

CONCLUSIONS

Over the centuries, there have been many
different approaches to DSF. Management
strategies have evolved, based on obser-
vation and clinical judgement. Only in
modern times have we recognized that
treatment should be tailored to the clinical
needs of each specific type of fracture.
Nevertheless, there is a lack of scientific
evidence to support present consensus
treatments.

REFERENCES

1. Finger S, Clower WT. Victor Horsley on “tre-
phining in pre-historic times”. Neurosurgery.
2001;48:911-917 [discussion: 9r7-918].

2. Piek ], Lidke G, Terberger T. The Neolithic skull
from Bolkendorf—evidence for Stone Age
neurosurgery? Cent Eur Neurosurg. 2011;72:42-43.

3. Ganz JC, Arndt J. A history of depressed skull
fractures from ancient times to 18o0. J Hist Neu-
10SCi. 2014;23:233-25T.

4. Walker AE. A History of Neurological Surgery. New
York, NY: Hafner; 1967.

5. Desault PJ. The Surgical Works or Statement of the
Doctrine and Practice of P.J. DesaultVol. 1. Philadel-
phia, PA: T. Dobson; 1814.

6. Pirigoff N. Grundzuge der allgemeinen Kriegschirurgie.
Leipzig: F.C.W. Vogel; 1864.

7. Richter AG. Anfangsgrunde der WundarzneykunstVol.
2. Gottingen: J.C. Dieterich; 1789.

8. Gamgee S. Clinical lecture on the treatment of
compound depressed fractures of the skull. BMJ.
1876;2:37-39.

9. Hudson RS. On the use of the trephine in
depressed fractures of the skull. Br Med ]. 1877;2:

75°76.

10. Horsley V. Remarks on the surgery of the central
nervous system. BMJ. 1890;2:1286-1292.

II.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

206.

27.

28.

29.

Macewen W. Address on the surgery of the brain
and spinal cord. BM]J. 1888;2:302-309.

Phelps C. Traumatic injuries of the brain and its
membranes. New York, NY: D. Appleton; 1897.

Cushing H. Discussion of some immediate and
some remote consequences of cranial injuries
based on three clinical histories which illustrate
the extradural, subcortical and intermeningeal
types of intracranial haemorrhage. NY Med ].
1907;85:97-107.

Pendleton C, Raza SM, Gallia GL, Quinones-
Hinojosa A. Harvey Cushing’s early operative
treatment of skull base fractures. ] Neurol Surg B
Skull Base. 2014;75:27-34.

Ransohoff L. Prognosis and operative treatment
of fractures of the base of the skull. Based on
analysis of 190 cases. Ann Surg. 1910;51:796-811.

Phelps C. An analytical and statistical review of
one thousand cases of head injury. Ann Surg.

1909;49:447-477-

Crandon LRG, Wilson LT. Fracture of base of
skull. Analysis of 530 cases, with particular
reference to treatment and prognosis. Ann Surg.
1900;44:823-841.

Rawling LB. Hunterian Lecture. Fractures of
the skull. Lancet. 1904;163:973-979, 1034-1039;
1097-1102.

Sharpe W. Observations in the diagnosis and
treatment of brain injuries in adults. JAMA. 1916;
66:1536-1540.

Holt WL. A case of depressed fracture of skull with
spontaneous elevation of the depression and
complete recovery. Cal State ] Med. 1910;8:347.

Roberts JB, Kelly AM. Fractures of the cranium.
In: Roberts JB, Kelly AM, eds. Treatise on Fractures.
Philadelphia, PA: JB Lippincott; 1916:161-165.

Mock HE, Mock HE. Management of skull frac-
tures and brain injuries. JAMA. 1942;120:498-505.

Moore CH. Treatment of compound fractures of
the skull. Discussion of Coleman, C.C. Ann Surg.

1942;115:513.

Munro D. Compound fractures, results of sur-
gical therapy in 218 cases. N Engl ] Med. 1943;228:

737°745-

Wilensky AO. Fracture of the skull with special
reference to its neurological manifestations. Ann

Surg. 1919;70:404-429.

Rowe SN, Turner EA. Observations on infection
in penetrating wounds of the head. ] Neurosurg.

1945;2:391-401.

Matson DD. The Treatment of Acute Craniocerebral
Injuries Due to Missiles. Springfield, IL: Charles C
Thomas; 1948:26-29.

Glllingham FJ. Neurosurgical experiences in
northern Italy. Br J Surg. 1947;1(War Surg Suppl):
81-86.

Schorstein J. Primary skull closure with acrylic
plates. Br J Surg. 1947;1(War Surg Suppl):256-257.

190 WWW.SCIENCEDIRECT.cOM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WNEU.2018.10.045


http://refhub.elsevier.com/S1878-8750(18)32341-6/sref1
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref1
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref1
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref2
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref2
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref2
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref2
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref3
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref3
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref3
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref4
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref4
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref5
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref5
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref5
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref6
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref6
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref7
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref7
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref8
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref8
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref8
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref9
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref9
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref9
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref10
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref10
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref11
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref11
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref12
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref12
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref13
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref13
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref13
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref13
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref13
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref13
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref14
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref14
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref14
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref14
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref15
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref15
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref15
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref16
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref16
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref16
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref17
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref17
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref17
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref17
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref18
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref18
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref18
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref19
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref19
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref19
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref20
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref20
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref20
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref21
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref21
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref21
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref22
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref22
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref23
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref23
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref23
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref24
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref24
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref24
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref25
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref25
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref25
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref26
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref26
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref26
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref27
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref27
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref27
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref28
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref28
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref28
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref29
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref29
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2018.10.045

SHERMAN C. STEIN

LITERATURE REVIEW

MODERN TREATMENT FOR DEPRESSED SKULL FRACTURES

30.

31.

32.

33

34.

35-

36.

37-

38.

39-

40.

41.

42.

EY

45.

46.

47.

48.

Browder J. Fracture of the skull. In: Brock S, ed.
Injuries of the Brain and Spinal Cord, and their Cover-
ings. 4th ed. New York, NY: Springer; 1960:52-54.

Lyerly JG. The treatment of depressed fractures
of the skull with special reference to the repair of
the cranial defect. Am Surg. 1957;23:1115-1121.

Mock HE. Skull Fractures and Brain Injuries. Balti-
more, MD: Williams & Wilkins; 1950.

Rogers L. Simple depressed fracture of the skull.
Br Med ]. 1953;1:1431-1432.

Healy JF, Crudale AS. Computed tomographic
evaluation of depressed skull fractures and
associated intracranial injury. Comput Radiol.
1982;6:323-330.

Harrison M, Jones S. Towards evidence based
emergency medicine: best BETs from the Man-
chester Royal Infirmary. Tangential views or
computed tomography in suspected depressed
skull fracture. Emerg Med . 2002;19:329-330.

Grassberger M, Gehl A, Puschel K, Turk EE. 3D
reconstruction of emergency cranial computed to-
mography scans as a tool in clinical forensic radi-
ology after survived blunt head trauma—report of
two cases. Forensic Sci Int. 2011;207:€19-€23.

Li Z, Zou D, Zhang J, Shao Y, Huang P, Chen Y.
Use of 3D reconstruction of emergency and
postoperative craniocerebral CT images to
explore craniocerebral trauma mechanism.
Forensic Sci Int. 2015;255:106-111.

Satardey RS, Balasubramaniam S, Pandya JS,
Mahey RC. Analysis of factors influencing
outcome of depressed fracture of skull. Asian ]
Neurosurg. 2018;13:341-347.

Heiskanen O, Marttila I, Valtonen S. Prognosis of
depressed skull fracture. Acta Chir Scand. 1973;139:
605-608.

Hekmatpanah J. The management of head
trauma. Surg Clin North Am. 1973;53:47-57.

Jamieson KG, Yelland JD. Depressed skull frac-
tures in Australia. ] Neurosurg. 1972;37:150-155.

Mumtaz A, Ali L, Roghani IS. Surgical manage-
ment of depressed skull fracture. J Postgraduate
Med Inst. 2003;17:46-48.

Rolekar NG. Prospective study of outcome of
depressed skull fracture and its management. Int
J Med Sci Public Health. 2014;3:1540-1544.

. Rowbotham GF. Acute Injuries of the Head. Edin-

burgh: Livingstone; 1964:280-286, 312-326.

Worner B, Lange M, Herzog A, Fink U,
Oeckler R. A new method for surgical repair of
impression fractures of the cranial vault and
frontal sinus with rivet-like titanium clamps.
Neurosurg Rev. 2001;24:83-87.

Davis L, Davis RA. Principles of Neurological Surgery.
Philadelphia, PA: Saunders; 1963.

Cooper PR. Head Injury. 3rd ed. Baltimore, MD:
Williams & Wilkins; 1993.

Avery NC, Cheak T. Treatment of cranial vault
fractures: recent trends toward a more

49.

50.

5I.

52.

53-

54-

55-

56.

57-

58.

59-

6o.

61.

62.

63.

64.

conservative approach. J Craniomaxillofac Trauma.
1998;4:42-48.

Braakman R. Depressed skull fracture: data,
treatment, and follow-up in 225 consecutive
cases. ] Neurol Neurosurg Psychiatry. 1972;35:

305-402.

Bullock MR, Chesnut R, Ghajar J, Gordon D,
Hartl R, Newell DW, et al. Surgical management
of depressed cranial fractures. Neurosurgery. 20006;
58(3 suppl):S56-S60 [discussion: Si-Siv].

Chiarelli PA, Impastato K, Gruss J, Lee A. Trau-
matic  skull and facial fractures. In:
Ellenbogen RG, Sekhar LN, Kitchen ND, da
Silva HB, eds. Principles of Neurological Surgery. 4th
ed. Philadelphia, PA: Elsevier; 2018:445-474-.

Ersahin Y, Mutluer S, Mirzai H, Palali I. Pediatric
depressed skull fractures: analysis of 530 cases.
Childs Nerv Syst. 1996;12:323-331.

Hoffmann GT. Evaluation and management of
linear and depressed skull fractures. Ariz Med.
1968;25:175-185.

Steinbok P, Flodmark O, Martens D,
Germann ET. Management of simple depressed
skull fractures in children. ] Neurosurg. 1987;66:
500-510.

Jennett B, Miller JD, Braakman R. Epilepsy after
monmissile depressed skull fracture. ] Neurosurg.
1974;41:208-216.

Muhammad G, Aurangzeb A, Khan SA,
Hussain I, Alam S, Khan Afridi EA, et al. Dural
tears in patients with depressed skull fractures.
J Ayub Med Coll Abbottabad. 2017;29:311-315.

Shokouhi G, Sattarnezhad N, Motlagh PS,
Mahdkhah A. Correlation of fracture depression
level and dural tear in patients with depressed
skull fracture. Neurosurg Q. 2014;24:84-86.

Cushing H. A study of a series if wounds
involving the brain and its enveloping structures.
Br J Surg. 1917;5:558-684.

Menon DK, Ercole A. Critical care management
of traumatic brain injury. Handb Clin Neurol. 2017;
140:239-274.

Neville IS, Amorim RL, Paiva WS, Sanders FH,
Teixeira MJ, de Andrade AF. Early surgery does
not seem to be a pivotal criterion to improve
prognosis in patients with frontal depressed
skull fractures. Biomed Res Int. 2014;2014:879286.

McFadden JT. Straticulate decompression of
depressed skull fractures. Surg Gynecol Obstet.
1977;144:414-418.

Delaney SW. Treatment strategies for frontal si-
nus anterior table fractures and contour de-
formities. ] Plast Reconstr Aesthet Surg. 2016;69:
1037-1045.

Knoringer P. [Immediate cranioplasties in open
and closed depressed fractures of the skull using
an acrylic resin plastic (author’s transl)]. Neuro-
chirurgia (Stuttg). 1979;22:18-23 [in German].

Wan Y, Li X, Qian C, Xue Z, Yang S, Wang Y.
The comparison between dissociate bone flap

6s.

66.

67.

68.

69.

70.

7I.

72.

73

74-

75

76.

78.

79-

8o.

cranioplasty and traditional cranioplasty in the
treatment of depressed skull fractures. J Craniofac

Surg. 2013;24:589-591.

Ebel H, Schillinger G, Walter C, Brockhagen HG,
Klug N. Titanium clamps for refixation of bone
fragments in the repair of depressed skull frac-
tures: technical note. Minim Invasive Neurosurg.
2000;43:212-214.

Li X, Qian C, Yang S, Chen Y, Sun W, Wang Y.
Cranial reconstruction with titanium clamps in
frontal comminuted depressed skull fractures.
J Craniofac Surg. 2013;24:247-249.

Lerch KD. Reliability of cranial flap fixation
techniques: comparative experimental evaluation
of suturing, titanium miniplates, and a new rivet-
like titanium clamp (CranioFix): technical note.

Neurosurgery. 1999;44:902-905.

Nayak PK, Mahapatra AK. Primary reconstruc-
tion of depressed skull fracture—the changing
scenario. Indian ] Neurotrauma. 2007;5:35-38.

Hopkins WBV. Case of compound depressed
fracture of skull, with wound of the longitudinal
sinus. Note on the construction of the trephine.
Ann Surg. 1885;2:65-70.

Ozer FD, Yurt A, Sucu HK, Tektas S. Depressed
fractures over cranial venous sinus. ] Emerg Med.
2005;29:137-139.

LeFeuvre D, Taylor A, Peter JC. Compound
depressed skull fractures involving a venous si-
nus. Surg Neurol. 2004;62:121-125 [discussion:
125-126].

Nadell J, Kline DG. Primary reconstruction of
depressed frontal skull fractures including those
involving the sinus, orbit, and cribriform plate.
J Neurosurg. 1974;41:200-207.

Jennett B, Miller JD. Infection after depressed
fracture of skull. Implications for management of
nonmissile injuries. ] Neurosurg. 1972;36:333-339.

Miller JD, Jennett WB. Complications of
depressed skull fracture. Lancet. 1968;2:991-995.

AbdelFatah MA. Management of bone fragments
in nonmissile compound depressed skull frac-
tures. Acta Neurochir (Wien). 2016;158:2341-2345.

Adeloye A, Shokunbi MT. Immediate bone
replacement in compound depressed skull frac-
tures. Cent Afr ] Med. 1993;39:70-73.

. Ahmad S, Afzal A, Rehman L, Javed F. Impact of

depressed skull fracture surgery on outcome of
head injury patients. Pak ] Med Sci. 2018;34:
130-134.

Akram M, Ahmed I, Qureshi NA, Bhatti SH,
Ishfag A. Outcome of primary bone fragment
replacement in compound depressed skull frac-
tures. ] Coll Physicians Surg Pak. 2007;17:744-748.

Al-Haddad SA, Kirollos R. A s-year study of the
outcome of surgically treated depressed skull
fractures. Ann R Coll Surg Engl. 2002;84:196-200.

Ali M, Ali L, Roghani IS. Surgical management
of depressed skull fracture. ] Postgrad Med Inst.
20I1;17:116-T21.

WORLD NEUROSURGERY 121:

186-192, JaNnuary 2019

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY

191


http://refhub.elsevier.com/S1878-8750(18)32341-6/sref30
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref30
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref30
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref31
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref31
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref31
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref32
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref32
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref33
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref33
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref34
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref34
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref34
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref34
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref35
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref35
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref35
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref35
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref35
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref36
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref36
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref36
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref36
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref36
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref36
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref36
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref37
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref37
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref37
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref37
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref37
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref38
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref38
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref38
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref38
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref39
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref39
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref39
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref40
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref40
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref41
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref41
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref42
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref42
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref42
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref43
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref43
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref43
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref44
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref44
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref45
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref45
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref45
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref45
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref45
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref46
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref46
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref47
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref47
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref48
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref48
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref48
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref48
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref49
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref49
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref49
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref49
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref50
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref50
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref50
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref50
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref51
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref51
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref51
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref51
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref51
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref52
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref52
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref52
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref53
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref53
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref53
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref54
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref54
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref54
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref54
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref55
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref55
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref55
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref56
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref56
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref56
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref56
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref57
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref57
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref57
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref57
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref58
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref58
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref58
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref59
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref59
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref59
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref60
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref60
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref60
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref60
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref60
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref61
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref61
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref61
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref62
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref62
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref62
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref62
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref63
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref63
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref63
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref63
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref64
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref64
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref64
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref64
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref64
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref65
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref65
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref65
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref65
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref65
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref66
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref66
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref66
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref66
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref67
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref67
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref67
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref67
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref67
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref68
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref68
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref68
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref68
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref69
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref69
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref69
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref69
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref70
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref70
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref70
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref71
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref71
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref71
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref71
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref72
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref72
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref72
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref72
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref73
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref73
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref73
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref74
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref74
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref75
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref75
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref75
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref76
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref76
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref76
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref77
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref77
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref77
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref77
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref78
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref78
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref78
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref78
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref79
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref79
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref79
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref80
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref80
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref80
www.journals.elsevier.com/world-neurosurgery

SHERMAN C. STEIN

LITERATURE REVIEW

MODERN TREATMENT FOR DEPRESSED SKULL FRACTURES

8.

82.

83.

84.

8s.

86.

87.

88.

89.

90.

oI

92.

93-

94.

95-

Blankenship JB, Chadduck WM, Boop FA. Repair
of compound-depressed skull fractures in chil-
dren with replacement of bone fragments. Pediatr
Neurosurg. 1990;16:297-300.

Carrington KW, Taren JA, Kahn EA. Primary
repair of compound skull fractures in children.
Surgery Gynec Obstet. 1960;110:203-209.

Coulon RA Jr. Depressed skull fractures in chil-
dren. Concepts Pediatr Neurosurg. 1983;4:253-263.

Curry DJ, Frim DM. Delayed repair of open
depressed skull fracture. Pediatr Neurosurg. 1999;

31:204-297.

Heary RF, Hunt CD, Krieger AJ, Schulder M,
Vaid C. Nonsurgical treatment of compound
depressed skull fractures. ] Trauma. 1993;35:
441-447.

Kaptigau WM, Ke L, Rosenfeld JV. Open
depressed and penetrating skull fractures in Port
Moresby General Hospital from 2003 to 2005.
P N G Med J. 2007;50:58-63.

Katikar DB, Jaykar RD, Rahul G, Shivprasad L,
Vikas K. A prospective randomized study of
operative and conservative management for
compound depressed fracture skull. MedPulse Int
Med ]. 2014;1:689-693.

Kriss FC, Taren JA, Kahn EA. Primary repair of
compound skull fractures by replacement of
bone fragments. ] Neurosurg. 1969;30:698-702.

Kumar A, Shankar R, Pandey RP, Keshri V,
Singh K, Sharma V. Five years’ experience at a
single centre of craniocerebral injury from win-
nowing fan blades. ] Clin Neurosci. 2010;17:
178-181.

Marbacher S, Andres RH, Fathi AR, Fandino J.
Primary reconstruction of open depressed skull
fractures with titanium mesh. ] Craniofac Surg.

2008;19:490-495.

Mendelow AD, Campbell D, Tsementzis SA,
Cowie RA, Harris P, Durie TB, et al. Prophylactic
antimicrobial management of compound
depressed skull fracture. J R Coll Surg Edinb. 1983;
28:80-83.

Mukherjee KK, Dhandapani S, Sarda AC,
Tripathi M, Salunke P, Srinivasan A, et al. Pro-
spective comparison of simple suturing and
elevation debridement in compound depressed
fractures with no significant mass effect. Acta
Neurochir (Wien). 2015;157:305-309.

Nnadi MO, Bankole OB, Arigbabu SO. Outcome
of surgically treated non-missile traumatic
depressed skull fracture. Niger Postgrad Med J.
2014;21:311-314.

Plese JP, Humphreys RP. The use of prophylactic
systemic antibiotics in compound depressed
skull fractures in infancy and childhood. Arq
Neuropsiquiatr. 1981;39:286-288.

Prakash A, Harsh V, Gupta U, Kumar J,
Kumar A. Depressed fractures of skull: an
institutional series of 453 patients and brief re-
view of literature. Asian ] Neurosurg. 2018;13:
222-226.

96.

97-

99-

100.

102.

103.

104.

105.

106.

107.

108.

109.

1I0.

III1.

Rehman L, Ghani E, Hussain A, Shah A,
Noman MA, Khaleeq Uz Z. Infection in com-
pound depressed fracture of the skull. ] Coll
Physicians Surg Pak. 2007;17:140-143.

Sande GM, Galbraith SL, McLatchie G. Infection
after depressed fracture in the west of Scotland.
Scott Med J. 1980;25:227-229.

. Subczynski JA. One-stage debridement and

plastic repair of compound comminuted
depressed skull fractures with methyl methacry-
late. ] Trauma. 1977;17:467-469.

van den Heever CM, van der Merwe DJ. Man-
agement of depressed skull fractures. Selective
conservative management of nonmissile injuries.
J Neurosurg. 1989;71:186-190.

Wylen EL, Willis BK, Nanda A. Infection rate
with replacement of bone fragment in compound
depressed skull fractures. Surg Neurol. 1999;51:
4527457.

. Ali B, Ghosh A. Antibiotics in compound

depressed skull fractures. Emerg Med J. 2002;19:
552-553-

No author. Antimicrobial prophylaxis in neuro-
surgery and after head injury. Infection in
neurosurgery working party of the British Society
for Antimicrobial Chemotherapy. Lancet. 1994;

344:1547-1551.

Salia SM, Mersha HB, Aklilu AT, Baleh AS, Lund-
Johansen M. Predicting dural tear in compound
depressed skull fractures: a prospective multi-
center correlational study. World Neurosurg. 2018;
114:€833-€839.

Byrnes DP. Management of depressed fractures
of the skull. J Ir Med Assoc. 1974;67:337-342.

Flannigan C, O’Neill C. Faulty fetal packing. BM]
Case Rep. 2011;2011.

Cisse B, Hussain I, Greenfield JP, Long CB. Birth
trauma to the scalp and skull. In: Greenfield JP,
Long CB, eds. Common Neurosurgical Conditions in
the Pediatric Practice. New York, NY: Springer;
2017:27-33.

Cho SM, Kim HG, Yoon SH, Chang KH,
Park MS, Park YH, et al. Reappraisal of neonatal
greenstick skull fractures caused by birth in-
juries: comparison of 3-dimensional recon-
structed computed tomography and simple skull
radiographs. World Neurosurg. 2018;109:€305-€312.

Sheppard JP, Nguyen T, Alkhalid Y, Beckett JS,
Salamon N, Yang I. Risk of brain tumor induc-
tion from pediatric head CT procedures: a sys-
tematic literature review. Brain Tumor Res Treat.
2018;6:1-7.

Ingraham FD, Matson DD. Neurosurgery of Infancy
and Childhood. Springfield, IL: Thomas; 1954.

Jackson IJ, Thompson RK. Pediatric Neurology.
Springfield, IL: Charles C. Thomas; 1959.

Matson DD. Neurosurgery of Infancy And Childhood.
2nd ed. Springfield, IL: Thomas; 1969.

I12.

113.

114.

115.

116.

117.

118.

119.

I2I.

122,

123.

124.

Rawl AE. Depressed skull fracture in utero; a case
report and review of the literature. J S C Med Assoc.

1957553:44-45.

Axton JH, Levy LF. Congenital moulding de-
pressions of the skull. Br Med ]. 1965;1:1644-1647.

Hendrick EB, Hoffman JH, Ping-pong fractures
in newborns. Paper presented at: Annual Meeting
of the Congress of Neurological Surgeons,
October 21,1971, Miami, Florida.

Zalatimo O, Ranasinghe M, Dias M, lantosca M.
Treatment of depressed skull fractures in neo-
nates using percutaneous microscrew elevation.
J Neurosurg Pediatr. 2012;9:676-679.

Todd EM, Crue BL Jr. Depressed fractures of the
skull in infants. Surgical management. Am J Surg.

1907;113:479-431.

Beyers N, Moosa A, Bryce RL, Kent A. Depressed
skull fracture in the newborn. A report of 3 cases.
S Afr Med ]J. 1978;54:830-832.

Hung KL, Liao HT, Huang JS. Rational man-
agement of simple depressed skull fractures in
infants. ] Neurosurg. 2005;103(1 suppl):69-72.

Mastrapa TL, Fernandez LA, Alvarez MD,
Storrs BB, Flores-Urueta A. Depressed skull
fracture in Ping Pong: elevation with Medeva
extractor. Childs Nerv Syst. 2007;23:787-790.

. Dollak L, Raziel A, Ariely S, Schiffer J. Revival of

non-surgical management of neonatal depressed
skull fractures. ] Paediatr Child Health. 1999;3s5:

96-97.

Ben-Ari Y, Merlob P, Hirsch M, Reisner SH.
Congenital depression of the neonatal skull. Eur ]
Obstet Gynecol Reprod Biol. 1986;22:249-255.

Raynor R, Parsa M. Nonsurgical elevation of
depressed skull facture in an infant. ] Pediatr.
1968;72:262-264.

Guha-Ray DK. Intrauterine spontaneous depres-
sion of fetal skull: a case report and review of
literature. ] Reprod Med. 1976;16:321-324.

Strong TH Jr, Feldman DB, Cooke JK,
Greenspoon JS, Barton L. Congenital depression
of the fetal skull. Obstet Gynecol Surv. 1990;45:
284-289.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 24 August 2018; accepted 5 October 2018

Citation: World Neurosurg. (2019) 121:186-192.
https://doi.org/10.1016/j.wneu.2018.10.045

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/% - see front matter © 2018 Elsevier Inc. All
rights reserved.

192

WWW.SCIENCEDIRECT.com

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WNEU.2018.10.045


http://refhub.elsevier.com/S1878-8750(18)32341-6/sref81
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref81
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref81
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref81
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref82
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref82
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref82
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref83
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref83
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref84
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref84
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref84
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref85
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref85
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref85
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref85
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref86
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref86
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref86
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref86
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref87
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref87
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref87
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref87
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref87
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref88
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref88
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref88
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref89
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref89
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref89
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref89
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref89
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref90
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref90
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref90
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref90
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref91
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref91
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref91
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref91
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref91
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref92
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref92
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref92
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref92
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref92
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref92
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref93
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref93
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref93
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref93
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref94
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref94
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref94
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref94
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref95
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref95
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref95
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref95
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref95
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref96
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref96
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref96
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref96
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref97
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref97
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref97
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref98
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref98
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref98
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref98
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref99
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref99
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref99
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref99
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref100
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref100
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref100
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref100
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref101
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref101
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref101
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref102
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref102
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref102
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref102
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref102
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref103
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref103
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref103
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref103
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref103
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref104
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref104
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref105
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref105
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref106
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref106
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref106
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref106
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref106
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref107
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref107
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref107
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref107
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref107
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref107
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref108
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref108
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref108
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref108
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref108
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref109
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref109
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref110
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref110
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref111
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref111
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref112
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref112
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref112
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref113
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref113
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref115
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref115
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref115
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref115
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref116
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref116
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref116
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref117
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref117
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref117
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref118
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref118
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref118
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref119
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref119
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref119
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref119
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref120
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref120
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref120
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref120
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref121
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref121
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref121
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref122
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref122
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref122
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref123
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref123
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref123
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref124
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref124
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref124
http://refhub.elsevier.com/S1878-8750(18)32341-6/sref124
https://doi.org/10.1016/j.wneu.2018.10.045
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
http://www.sciencedirect.com
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2018.10.045

	The Evolution of Modern Treatment for Depressed Skull Fractures
	Introduction
	Methods
	Results
	Nineteenth Century
	Early Twentieth Century
	Modern Literature
	Closed DSF
	Dural Sinus Involvement
	Open (Compound) DSF
	Ping-Pong Fracture


	Conclusions
	References


