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Abstract  Because of the enhanced intracranial tissue dis- 
ruption (see companion paper) and the functional signifi- 
cance of the central nervous system, penetrating gunshot 
wounds of the head commonly result in immediate inca- 
pacitation. However, in the last century numerous publi- 
cations reported sustained capability to act following pen- 
etrating gunshot wounds of the head. These are reviewed. 
A large number of case reports had to be excluded from 
re-examination because of doubtful capability to act or 
lack of morphological documentation. There remained 53 
case reports from 42 sources for systematic analysis. 
Favourable conditions for sustained capability to act are 
present in cases where the additional wounding resulting 
from the special wound ballistic qualities of the head (see 
companion paper) are minimized. Thus, more than 70% 
of the guns used fired slow and lightweight bullets: 
6.35 mm Browning, .22 rimfire or extremely ineffective 
projectiles (ancient, inappropriate or selfmade). A centre- 
fire rifle or a shotgun from close range were never em- 
ployed in cases involving intracerebral tracts. A coinci- 
dence of several lucky circumstances made sustained ca- 
pability to act possible in two cases of military centrefire 
rifle bullets passing longitudinally between the frontal 
lobes without direct contact with brain tissue. Only two 
large handguns resulting in intracerebral wounding were 
used: one firing a .38 special bullet, which solely 
wounded the base of the right temporal lobe and one fir- 
ing a .45 lead bullet, which seriously injured the left 
frontal lobe but whose trajectory was limited to the ante- 
rior fossa of the skull. 

Of the trajectories, 28% were outside the neurocra- 
nium. At least 70% of the craniocerebral tracts passed 
above the anterior fossa of the skull, wounding the frontal 
parts of the brain. Apart from a neurophysiological ap- 
proach, this preference can be explained by the fact that 
the base of the anterior cranial fossa and the sella turcica 
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area serve as a bony barrier protecting the parts of the 
brain located in its "shadow" relative to the trajectory 
against cavitational tissue displacement and associated 
overpressures. This is particularly true of the brain stem. 
Intracerebral trajectories not located above the anterior 
fossa were caused by slow and lightweight bullets prefer- 
ring one temporal lobe. Additionally, one parietal and one 
occipital lobe were each injured once by a very ineffective 
projectile and by a 7.65-mm bullet reduced in velocity. 
Not a single case of injury to the brain stem, the dien- 
cephalon, the cerebellum or major paths of motor conduc- 
tion and only one grazing shot of the anterior parts of the 
nucleus caudatus (basal ganglia) were described. Morpho- 
logical signs of high intracranial pressure peaks (cortical 
contusion zones, indirect skull fractures, perivascular 
haemorrhages) and secondary missiles were poorly docu- 
mented. It is suggested that these findings are at least very 
rare and not obvious in cases of sustained capability to 
act. 

Key words Case reports • Penetrating gunshot wounds 
of the head • Physical activity - Incapacitation 

Introduction 

In the companion paper to this article, wound ballistics of 
the head and mechanisms of incapacitation were dis- 
cussed. Incapacitation has been defined as a physiologi- 
cally based inability to perform complex and longer last- 
ing movements independent of consciousness and inten- 
tion. The inelasticity of brain tissue, the generation of sec- 
ondary missiles and, especially, the unyielding walls of the 
skull greatly augment the effect of temporary cavitation. 
Because of the enhanced intracranial tissue disruption and 
the functional significance of the central nervous system 
(CNS), craniocerebral gunshot wounds have a high early 
mortality rate of 90% and more (Kaufman et al. 1986; Sic- 
cardi et al. 1991) and are commonly followed by immedi- 
ate incapacitation. However, exceptions with lack of im- 
mediate incapacitation following penetrating gunshots to 
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the head have been reported. These will be reviewed in the 
light of the theoretical basis presented already. 
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Table 3 Summary of the firearms used 

Firearms used 53 

Selection of case reports 

Results of animal experiments concerning incapacitation cannot be 
transferred to man. Every hunter is familiar with the fact that sim- 
ilar hits cause different reactions in different animal species. 
Therefore, publications reporting lack of instantaneous incapacita- 
tion in man will be examined with regard to several parameters. 

The crucial factor in the selection of case reports was to guar- 
antee lack of immediate incapacitation beyond any reasonable 
doubt. Therefore, only the following kinds of case reports have 
been included for evaluation: 

1. Clearly defined cases of suicide involving two or more pene- 
trating gunshots to the head (Table 1). When a second shot has 
been fired by the victim himself, incapacitation can definitely be 
excluded. Only if the second shot had been fired to the identical re- 
gion of the head could it be argued that it was discharged by au- 
tomatism. But in at least 3 out of only 6 cases with two entrance 
wounds in identical regions of the head, meaningful physical ac- 
tivity after the first shot has been documented by the person's 
walking purposefully (Krauland 1952), rising again to shoot (Barz 
1973), or engaging in conversation (Killinger 1938). Positive proof 
of suicide had to be guaranteed by a reconstruction of the events. 
The determination of the first shot failing to cause incapacitation 
was also accomplished by a reconstruction of the events, at best 
supported by theoretical premises about the effects of the trajec- 
tory in question or by testimony. 

2. Clearly defined cases of suicide involving a penetrating gun- 
shot to the head and positive proof of lacking incapacitation (Table 
2). These include, for example, cases of dissimulation of the in- 
jury, communication, walking up to 10 km following the gunshot 
or no incapacitation, testified to by persons not involved in the 
events. Furthermore, a conventional firearm shooting a free-flying 
projectile accelerated by a propellant had to be used. 

Consequently, the following criteria of exclusion were established: 

- The use of more than one firearm permitting simultaneous firing 
(Rommeney 1942, case 7; Fatteh et al. 1980; Hudson 1982; Sellier 
1982; Marchiori 1983; Rogers 1989; Urban et al. 1994). 
- The use of a humane killer for livestock slaughter (Liebegott 
1949; Schiermeyer 1973), air rifle (Pollack 1978; Dittmann 1986; 
Cohle et al. 1987) or signal pistol (Cseh 1933). 
- The use of a military rifle set on full automatic mode, so that it 
is not necessary to pull the trigger twice in order to fire a second 
shot (Walther 1970; A1-Alousi 1990). 
- Lack of positive proof of suicide beyond any reasonable doubt 
(e.g. Maschka 1884; Winter 1932). 

- Absence of satisfactory reconstruction of the sequence of shots 
(e.g. Schwarzacher 1921; Strassmann 1935, cases 6 and 8; 
Rommeney 1942, case 2; Greiner 1973). 
- Lack of essential information as to the type of firearm used (e.g. 
Lewinski 1939), the location of the wounds (e.g. H~tndel 1968) or the 
direction of the trajectory (e.g. Naegeli 1884). Several collections of 
case reports were not considered because of inadequate documenta- 
tion or repetition of cases published before (e.g. Foerster 1888). 
- Restored capability to act after primary incapacitation (e.g. Cseh 
1933). In a few cases included here, short initial periods of uncon- 
sciousness or incapacitation could not be excluded beyond any 
doubt. But the reconstruction of events, and especially the blood- 
stains, did not supply indications of primary unconsciousness in 
any of these cases. 

Rigorous observation of these criteria meant that a large number of 
publications allegedly reporting lack of immediate incapacitation 
had to be rejected. A total of 53 case reports, taken from 42 
sources, met these criteria and are thus regarded as reporting actual 
cases of lack of immediate incapacitation following penetrating 
gunshots to the head. 

Pocket revolvers and old, 
low-energy handguns 10 (19%) 

Modified blank handguns or 
selfmade/improper ammunition 5 (9%) 

.22 pistol 2 (4%) 
5.6 mm rimfire rifle 4 (7.5%) 
6.35 mm pistol 13 (24.5%) 
7.65 mm pistol 8 (15%) 
.45 Colt revolver 1 (2%) 
.38 special revolver 1 (2%) 
Centrefire rifle 3 (6%) 
Shotgun (contact shot) 1 (2%) 
Not known precisely 5 (9%) 

Table 4 Summary of brain areas injured or trajectories (where 
transtemporal is stated) 

Wounded brain areas or 53 
traj eetories 

One or both frontal lobes 17 (32%) 
Transtemporal (no autopsy or 

no precise cerebral 
morphological findings) 11 (21%) 

One temporal lobe 6 (11%) 
Right parietal lobe 1 (2%) 
Extraneurocranial 15 (28%) 
Intraneurocranial but 3 (6%) 

extracerebral 

Results 

Tables 1 and 2 show the firearms used, the locations of en- 
trance and exit wounds, the injured brain areas (location of 
permanent  tract) or the trajectories (no autopsy or morpho- 
logical documentation) and special features for each indi- 
vidual case. Tables 3 and 4 show the summarized results 
concerning the firearms and the wounded areas/trajectories. 

Cortical contusion zones, indirect skull fractures and 
cerebral perivascular  haemorrhages are important  mor-  
phological  signs of high intracranial  overpressures (see 
companion  paper). They were not included in the system- 
atic analysis, however, for most  case reports did not con- 
tain any information,  either positive or negative,  on these 
findings.  

Discussion 

W h e n  dealing with the capabili ty to act fol lowing gun-  
shots, Meixner  (1931) and others regretted reporting a 
number  of individual  cases without being able to detect 
systematic correlations. St rassmann (1935) stated that the 
physical  activity of a fatally injured vict im may not be 
predicted. So far, there are only scattered annotat ions con- 
cerning the frequent use of low-energy firearms and the 
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preference for the frontal brain in cases of sustained capa- 
bility to act after penetrating gunshots to the head 
(Goroncy 1924; Meixner 1931; Sellier 1982; Krauland 
1984; Bratzke et al. 1985; Sigrist and Patscheider 1986; 
Jacob et al. 1989). None of these statements has been sup- 
ported by figures. This publication is an effort to provide 
actual figures and to establish systematic correlations be- 
tween wounding and capability to act. 

Epidemiology 

By reviewing case reports it is of course not possible to 
collect epidemiological data on, for example, the incidence 
of sustained physical activity following gunshots to the 
head. Nevertheless, most authors justified publishing their 
case reports by pointing out their highly unusual features. 

Old statistical studies reported multiple shots to ac- 
count for 6-10% of all (!) suicidal gunshots (Schrader 
1942), while more recent publications state 1.3% (Eisele 
et al. 1981), 1.4% (Missliwetz 1977) and 4.6% (Ropohl 
and Kobeme 1990). In a large survey of 3522 suicides by 
firearms, Hudson (1981) determined 58 multishot firearm 
suicides (1.6%). Among them were 7 cases of multiple 
gunshots to the head, representing 0.2% of all firearm sui- 
cides and approximately 0.3% of all suicidal headshots. 
Of the 58 subjects firing twice or more, 29 used .22 cal- 
iber revolvers, and the three rifles used were .22 rimfire. 
Staak and K6nig (1977) investigated 43 fatal gunshots to 
the head with regard to physical activity. According to the 
definition published by Petersohn (1967), they deter- 
mined three cases of physical activity degree 2 (automa- 
tism) and one case in which degree 3 (instinctive reaction) 
could not be completely excluded. The four handguns 
used had calibres of 5.6-7.65 mm. Undisturbed con- 
sciousness did not exist in any case. 

Firearms 

The muzzle energy represents at most the maximum 
wounding potential of a bullet (see companion paper). For 
example, even bullets of identical mass and velocity but 
different construction can cause wounds differing quite 
substantially in severity (Fackler et al. 1988). Hence, en- 
ergy figures should be regarded rationally. Impact energy 
and energy deposit are nothing more than indicators that 
may, together with other features of a bullet, help in an es- 
timate of the resultant degree of wounding. This is how 
energy figures stated for bullets in the next section should 
be understood. 

Among the firearms used (Table 3), small-calibre, low- 
energy handguns obviously predominate. In 10 cases 
(19%), so-called pocket handguns and other ancient small 
handguns were used. The propellant frequently consisted 
of fulminating mercury, and the biological effect has been 
compared to that of toys by contemporary writers (Schae- 
fer 1900). In 2 cases (4%), pistol ammunition was fired 
from modified blank handguns with over-sized caliber 
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barrels. In 3 more cases (6%), self-made or inappropriate 
ammunition was used, in 1 case lead balls fired from a 
replica of a black powder muzzle-loading revolver with a 
muzzle velocity of only 90 m/s (Cremer 1987). 

Therefore, the ammunition used in 15 cases (28%) had 
a very low charge, resulting in extremely ineffective, low- 
energy projectiles not comparable to modem conventional 
handgun ammunition. In no case was there an exit wound, 
apart from a fragment exiting on the entrance side 
(Naegeli 1884). In 4 cases the penetration power was not 
sufficient to perforate the skull at the impact site (Naegeli 
1884; Mason et al. 1967; Distelmeier and Vlajic 1977; 
Cremer 1987). 

A 5.6-mm pistol or a 5.6-mm rimfire rifle was used in 
6 cases (11%), once each with reduced charge (Jacob et al. 
1989) and outdated ammunition barely penetrating the 
skull (Sigrist and Patscheider 1986). Most of the 5 
firearms (9%) not exactly known were probably also 
shooting low-energy projectiles. These were all handguns, 
and the time of publication was 1924 in 3 cases. A total of 
13 shots (25%) were fired by pistols of 6.35 mm calibre. 
By far the most common 6.35-mm ammunition is Brown- 
ing, which has a mass of 3.2 g and a muzzle velocity of 
approximately 230 m/s. The muzzle energy is therefore 
only about 100 J, which ranks at the very bottom of con- 
ventional handgun ammunition. In 5 cases each the trajec- 
tories were extracranial and transtemporal. One or both 
frontal lobes were affected in 3 cases. Altogether, then, 
lightweight and slow conventional handgun bullets 
(Browning 6.35 mm), .22 rimfire bullets and extremely 
ineffective projectiles, which are much more innocuous 
than any modem bullet, account for 39 (74%) of the cases. 
Even when the 5 unknown firearms are excluded, the ra- 
tio (34 out of 48: 71%) remains the same. 

Ammunition from 7.65 mm upwards was used in the 
other 14 cases. Therefore, they will be analysed in more 
detail: 

A total of 8 shots (15%) were fired from a 7.65 mm 
pistol. Depending on mass and velocity, the different 
7.65-mm ammunition has a muzzle energy of approxi- 
mately 300-360 J. Extraneurocranial trajectories were 
present in 3 cases, one with contusions of the basal frontal 
cortex by the fragmenting roofs of the orbitae (Barz 
1973). Both frontal lobes were perforated in 3 cases, and 
in 1 case the direction of the trajectory was transfrontal. 

In an unusual case (Klages et al. 1975), the 7.65 mm 
bullet just about reached the falx of the cerebrum after im- 
pacting in the upper right temporal region. The resulting 
acute hemiplegia of the left side corresponded to the radi- 
ologically expected trajectory in the right parietal lobe. 
While age and condition of weapon and ammunition 
could not be traced, the strikingly short trajectory must 
have been due to a substantial reduction of velocity, Of 
the other 8 shots fired with 7.65 mm ammunition, 6 
caused perforating wounds while 1 bullet lodged inside 
the bone at the exit side (Herbich 1955). 

A Smith and Wesson .38 special revolver (Remming- 
ton lead bullet, 10.2 g, about 260 m/s and about 350 J) 
was used in 1 case (Bratzke et al. 1985). Lack of immedi- 
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ate incapacitation and survival were due to a very lucky 
trajectory: after impacting in the right cheek and per- 
forating the zygomatic process and the relatively thick 
base of  the skull in the middle cranial fossa, the bullet in- 
jured the base of  the right temporal lobe before striking 
the anterior surface of the petrosus part of the temporal 
bone, which was severely fractured. The long extracranial 
trajectory including 2 bone contacts and the short in- 
tracranial track stopped by the massive petrosal bone 
made intentional physical activity (writing a note, crawl- 
ing) possible. 

In 3 cases, a centrefire rifle was used. Krauland (1952) 
reported on a submental contact shot from a military rifle 
(World War II). The trajectory passed through the floor of  
the mouth, hard palate, maxilla and sinus frontalis before 
entering the neurocranium. The bullet then passed through 
the longitudinal space between the frontal hemispheres 
causing only contusion bleedings in the cortex and slight 
subdural bleeding. The large frontal exit wound as well as 
a long radial fracture at the base of the skull demonstrate 
that the bullet still had a considerable amount of  residual 
energy left. The man survived for 4 h, during which he 
walked around and went downstairs. Considering the 
rather mild brain lesion, sustained capability to act was 
not a surprising finding. It was surprising, however, that a 
contact shot from a military rifle resulting in an intracra- 
nial trajectory did not cause more serious brain damage. 
Several factors contributed to this extraordinary event: 
first, a long extracranial trajectory including the hard 
palate and maxilla was located in front of  the neurocra- 
nium. This caused a substantial decrease in velocity. Sec- 
ondly, there was no direct contact with brain tissue, so that 
crushing of the tissue did not take place. Thirdly, the in- 
tracranial trajectory was very short, at most 4 cm accord- 
ing to the photograph. This short distance would not have 
allowed a huge intracranial temporary  cavity to be 
formed, even if the diameter had been large. Last but not 
least, the bullet passed through the ventral part of  the an- 
terior fossa of  the skull. This location enabled the base of  
the anterior cranial fossa and the sella turcica area to act 
as a barrier against cavitation-caused tissue displacement 
and associated overpressures directed downwards. This 
phenomenon will be discussed in more detail in the next 
section. Thus, as in the case of  the aforementioned .38 
special bullet, a coincidence of several fortunate circum- 
stances led to mild intracranial effects despite a poten- 
tially powerful projectile. 

In an almost identical case (Fryc and Krompecher  
1979) a submental contact shot from an unspecified mili- 
tary rifle resulted in an intracranial longitudinal trajectory 
between the frontal lobes without direct contact with brain 
tissue. The same factors as described above were respon- 
sible for delayed incapacitation. The third shot from a 
centrefire rifle (not specified at all) caused partial destruc- 
tion of the skull of the face, but the neurocranium was not 
affected (Krauland 1952). 

In a very exceptional case a .45 Colt revolver (bullet 
approx. 16 g, 260 m/s, 570 J) was used for a submental 
contact shot (Smith 1943). After perforating the floor of 
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the mouth the tract passed into the skull through the dor- 
sal part of  the roof of  the left orbita and exited through 
the frontal bone. The left frontal lobe was lacerated, and 
the left temporal lobe was also affected. Nevertheless, 
the man was able to communicate and to walk more than 
200 m. Unfortunately, the morphological description was 
sparse. Extracranial bone contact probably took place, but 
was not mentioned. Again, a long extracranial trajectory 
and the location of the intracranial tract above the anterior 
cranial fossa mitigated the intracranial effect of a power- 
ful bullet to a certain degree. Nevertheless, the extent of 
intracranial wounding was the most extensive described 
in the case reports reviewed. Sustained capability to act 
could possibly be explained by the fact that wounding was 
essentially limited to the frontal lobe above the anterior 
cranial fossa. It is the author's opinion, however, that the 
vast majority of  similar bullet wounds will result in im- 
mediate incapacitation. 

Because of pellet dispersion and rapid decrease in ve- 
locity only shotgun wounds from close range are compa- 
rable. A submental contact shot from a single-barrelled 
shotgun caused severe destruction of the lower skull of 
the face without intraneurocranial injury (Lee 1980). 

Altogether, the majority of firearms (39/53: 74% or 
34/48:71%) were ancient handguns firing ineffective pro- 
jectiles, modified blank pistols, handguns firing self-made 
or inappropriate ammunition and firearms firing 5.6 mm 
rimfire or 6.35 m m  Browning bullets. In 8 cases (15%), a 
7.65 mm pistol was used. The remaining 6 cases (11%) 
were made up of a .38 special lead bullet which only 
wounded the base of  the right temporal lobe, a .45 lead 
bullet passing through the left frontal lobe above the ante- 
rior fossa, 2 hits from centrefire rifles without direct con- 
tact to brain tissue and 2 extraneurocranial hits, one from 
a centrefire rifle and one from a shotgun at contact range. 

Wounded brain areas 

Obviously, bullet injuries of the head may cause brain 
damage or they may not. The significance of differentiat- 
ing penetrating craniocerebral missile wounds from gun- 
shots to the head in general is stressed by Table 4. 15 hits 
(28%) did not result in cerebral wounding because the tra- 
jectory remained outside the neurocranium, most fre- 
quently in the skull of  the face or inside the bulbus of the 
eye. Lack of incapacitation was not surprising, since there 
is no such thing as commotio cerebri in penetrating shots 
to the head (see companion paper). 

The largest group (17 = 32%) with regard to location 
of cerebral wounding was formed by injuries to one or 
both frontal lobes, thus supporting the remarks from other 
authors (e.g. Goroncy 1924; Meixner 1931; Sellier 1982). 

From a functional or neurophysiological point of  view 
this preference for the frontal brain in cases of delayed in- 
capacitation is easy to understand: the frontal brain does 
not include areas immediately essential to acting or con- 
sciousness. But there is also a ballistic or anatomical ap- 
proach to this phenomenon. The frontal brain is located in 
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the anterior fossa of the skull. The base of the anterior cra- 
nial fossa together with the sella turcica area can be re- 
garded as an almost horizontal bony plate acting as a bar- 
rier against radial tissue displacement and associated 
overpressures directed downwards. A trajectory inside the 
frontal lobes has to pass over this plate, which will thus 
protect those parts of the brain located in its "shadow" by 
diminishing the effects of temporary cavitation. Depend- 
ing on the height of the trajectory in the anterior cranial 
fossa, at least the caudal and possibly the central and dor- 
sal parts of the brain will be protected to a certain extent. 
This bony protection will reduce the magnitude of the me- 
chanical forces acting upon those parts of the brain. In 
particular, the brain stem will be pushed with less vio- 
lence into the foramen magnum and against its rims and 
edges. The central and dorsal parts will be protected if the 
bullet does not pass too high above the base of the anterior 
cranial fossa. 

The protective function of the anterior cranial fossa 
and the sella turcica area will be even more obvious if the 
11 cases of transfrontal trajectories (21%) are considered. 
In these cases, either an autopsy was not performed or 
cerebral morphological findings were lacking. Instead of 
the wounded brain regions, therefore, the trajectory was 
determined from the wounds of entrance and exit, which 
were located temporally in all cases, or from the direction 
of the trajectory in the case of the shots not exiting. In the 
majority of injuries to the frontal lobes, and even in some 
of the extracranial trajectories, temporal sites were given 
for the entrance wound. According to Sellier (1982), a 
typical temporal suicidal gunshot will usually result in 
wounding of the frontal instead of the temporal lobes. 
Consequently, a high percentage of the transtemporal tra- 
jectories must actually have been located in the frontal 
lobes or even outside the neurocranium. Furthermore, the 
2 cases of trajectories between the frontal lobes (Krauland 
1952; Fryc and Krompecher 1979) were also located in 
the anterior cranial fossa. Therefore, a minimum of 19 out 
of 38 (50%) craniocerebral gunshot wounds were located 
in or above the anterior cranial fossa. Considering the 
transtemporal trajectories, however, 30 out of 38 intracra- 
nial trajectories (79%) most probably passed above the 
anterior cranial fossa. If the transtemporal trajectories are 
excluded, 19 of the remaining 27 intracranial trajectories 
(70%) were located above the anterior fossa. 

Among the remaining 8 cases of intracranial injury not 
located in the anterior cranial fossa (15%), there was 1 case 
each of isolated injury to brain nerves (Naegeli 1884) and of 
wounding to the ventral part of the right parietal lobe (Klages 
et al. 1975). The other 6 cases involved only one temporal 
lobe. In no case was there wounding of both temporal 
lobes, probably because most such trajectories would also 
have to transit central parts of the brain. This further sup- 
ports the assumption that transtemporal trajectories not 
causing immediate incapacitation must traverse in front of 
the temporal lobes above the anterior cranial fossa. 

Apart from the .38 special bullet with its fortunate tra- 
jectory (Bratzke et al. 1985) and possibly the unspecified 
handgun resulting in an exit wound (Strassmann 1935), 
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the remaining 6 bullets causing intracranial lesions not lo- 
cated in the anterior cranial fossa must have been of rather 
low energy. This can be concluded from the descriptions 
of the firearms (small revolver, Lefaucheux revolver, 
modified blank pistol, etc.) as well as from the fact that 
the transversal tracts were restricted to one hemisphere. It 
must also be true for the 7.65 mm bullet that caused dam- 
age to the parietal lobe at the entrance side (Klages et al. 
1975). 

Interesting in this context is the second shot from a 
two-barreled blank pistol (barrels enlarged to 10 mm) fir- 
ing 7.65 mm FMJ bullets (Maxeiner et al. 1986). The man 
was able to manually reload even after the second shot 
impacting in the right temporal region had perforated the 
right temporal and occipital lobes. A ballistic reconstruc- 
tion showed a muzzle velocity of only 90 m/s. 

In no case did the trajectory pass through the brain 
stem, the diencephalon, major motor paths of conduction 
or the cerebellum. The motor cortex was injured once by 
a 7.65 mm bullet of reduced velocity (Klages et al. 1975). 
The central grey matter was never hit directly, but the 
most anterior parts of the caput of the left nucleus cauda- 
tus were grazed once by a 7.65 mm bullet (Herbich 1955). 

Altogether, then, the vast majority of gunshots to the 
head missed the brain or the trajectory was located in the 
anterior cranial fossa, wounding one or both frontal lobes. 
In the remaining 8 cases, bullets with a low velocity or a 
very fortunate trajectory caused injuries to isolated lobes 
of the brain, favouring one temporal lobe. Because of the 
low velocity resulting in markedly diminished temporary 
cavitation, the extent of injury inside these lobes was 
small and well defined. 

Craniocerebral signs of intracranial peak pressure 

Indirect skull fractures are an excellent measure for in- 
tracranial peak pressures in relation to the individual skull 
(see companion paper). The vast majority of case reports 
did not contain any information on skull fractures, though 
three publications clearly denied and seven affirmed frac- 
tures. The character of these seven fractures with regard 
to their origin (direct/indirect) was not clearly stated, but 
according to the sometimes sparse morphological descrip- 
tion, four of them were direct fractures caused by the im- 
pact of the bullet. Therefore, a systematical analysis was 
not possible. 

Definite secondary fractures as a result of high in- 
tracranial overpressures (see companion paper) have been 
described in three case reports. All three tracks perforated 
both frontal lobes and the pistols used were caliber 6.35 
mm (Killinger 1938; Rommeney 1942) and 7.65 mm 
(Rooks 1933). Indirect fractures were located in the roofs 
of the orbits and in the ethmoidal plates. These preferen- 
tial sites in the anterior fossa have been described before 
in a large study (Klaue 1949). Surprisingly, there were ad- 
ditional small indirect fractures of the middle and poste- 
rior cranial fossa in 1 case (Killinger 1938). But the gen- 
eration of indirect fractures always depends on the rela- 
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tionship between intracranial overpressure and individual 
resistance of the skull to stretch forces. Unfortunately, 
Killinger (1938) did not remark on the constitution of the 
skull. 

Even if the information on skull fractures was frag- 
mentary it can be assumed that obvious fractures, espe- 
cially indirect ones, would have been reported at least in 
the majority of cases. Therefore, it can be cautiously con- 
cluded that indirect skull fractures are a very rare finding 
in penetrating craniocerebral gunshots lacking incapaci- 
tation. Furthermore, in two out of three cases describing 
indirect fractures (Rooks 1933; Rommeney 1942) these 
were restricted to the orbital roof at the entrance side, 
which represents a point of mechanical weakness as well 
as the point of greatest pressure effect in cases of tracts 
traversing the anterior cranial fossa. 

The findings in the present series therefore support the 
interpretation of indirect skull fractures as signs of high 
intracranial overpressure. Specifically searching for indi- 
rect fractures in cases without incapacitation as well as in 
a large number of craniocerebral gunshots resulting in im- 
mediate incapacitation would help in further quantifica- 
tion of the significance of indirect fractures for the capa- 
bility to act. Klaue (1949) reported 140 indirect fractures 
(18%) out of 777 cases of penetrating gunshots sustained 
during World War II. But considering the field conditions 
under which the autopsies were performed, a considerable 
number of indirect fractures might have eluded detection. 

Compared with skull fractures, the case reports con- 
tained even less information on cortical contusion zones, 
intracerebral petechial haemorrhages and intracranial 
haematomas. Rooks (1933) and Killinger (1938), for ex- 
ample, described petechial haemorrhages in the vicinity of 
the permanent tract, which is a logical finding (Freytag 
1963; Oehmichen et al. 1985; Finnie 1993). In no case 
were petechial haemorrhages remote from the tract re- 
ported. The same applies to notable cortical contusion 
zones and intracranial haematomas. Thus, although some 
authors might not have specifically been searching for 
these findings, they must at least be very rare and not ob- 
vious in cases of sustained capability to act. Whether they 
occur at all can only be determined by a systematic 
search. 

Even massive intracranial haemorrhages commonly do 
not contribute to immediate incapacitation (see compan- 
ion paper). This is illustrated by a case where the second 
gunshot to the head caused profuse bleeding from the si- 
nus sagittalis (Goroncy 1924). Nevertheless, the man was 
able to change the position of the revolver and fire a third 
and fatal shot. 
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tion by macroscopic observation or digital palpation 
(Kirkpatrick and DiMaio 1978). But with regard to wound 
ballistics, prerequisites for the generation of secondary 
missiles are fracture zones at the impact site or fast or 
suitably constructed projectiles. This did not apply to the 
vast majority of cases. So at least multiple or massive in- 
tracerebral secondary projectiles can be ruled out indi- 
rectly in most cases. 

Cushing (1918) and others regarded transventricular 
gunshot wounds to be a serious complication resulting in 
very high mortality and rapid unconsciousness. Apart 
from a tamponade of the ventricular system, however, 
there is no direct pathophysiological mechanism capable 
of causing rapid incapacitation. But the brain tissue form- 
ing large parts of the walls of the ventricular system is of 
functional significance for consciousness and activity. DiL 
rect injury to these brain areas, possibly aggravated by 
augmented temporary cavitation in the ventricle as a liq- 
uid-filled cavity, rather than the perforation of the ventri- 
cle itself is probably responsible for the reported poor 
prognosis of these hits. The anterior parts of the lateral 
ventricles, however, are not surrounded by essential brain 
regions. Therefore, a transventricular trajectory in this re- 
gion has been demonstrated to be compatible with lack of 
incapacitation (Herbich 1955). 

Staak and K6nig (1977) proposed using the physical 
data of the projectile and the location of the trajectory to 
construct a projected image of the temporary cavity to de- 
termine the brain regions injured. To accomplish this, they 
assumed a fixed numerical ratio of l : 3 : 5 between the di- 
ameter of the permanent tract, the zone of extravasation 
and the temporary cavity. This assumption is not valid. 
The temporary cavity itself does not injure anything, 
it is the tissue displacement caused by cavitation that 
causes additional wounding (see companion paper). Most 
importantly, there is no fixed relationship concerning the 
extent of different zones of wounding. Even "otherwise 
identical projectiles that are of different construction will 
produce very distinct wounds differing for example in 
diameter of permanent tract and zone of extravasation 
(Fackler et al. 1988). A range of variable parameters, 
comprising angle of impact, skull thickness, intermediate 
targets, generation of secondary missiles, fragmentation, 
deformation or yawing of the bullet, ricocheting from the 
inner table of the skull, etc., will interfere with general 
theoretical considerations concerning the extent of injury. 
Therefore, this approach is not practicable. Unless each 
case is investigated individually and manually there is no 
way that statements on the extent of injury and its effects 
can be made. The basis of this investigation will always 
be an autopsy. 

Miscellaneous 

Secondary missiles in the form of bone chips or bullet 
fragments or resultant secondary tracts were hardly men- 
tioned in any of the case reports. Bratzke et al. (1985) de- 
scribed an intracerebral fragment of a lead bullet. Intra- 
cerebral secondary missiles frequently escape demonstra- 

Conclusion 

Favourable conditions for sustained capability to act fol- 
lowing penetrating gunshots to the head are present in 
cases where the additional wounding resulting from the 
special wound ballistic qualities of the head are mini- 
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mized.  This  is bes t  fulf i l led by  s low and l igh tweight  pro-  
ject i les :  more  than 70% of  the guns used f i red 6.35 m m  
Browning  bullets ,  .22 r imfi re  bul lets  or ex t remely  ineffec- 
t ive project i les  not  comparab le  to any m o d e m  bullet .  

In  the l i terature reviewed,  there is not  a s ingle case  of  
miss ing  incapaci ta t ion  fo l lowing  an int racerebral  hit  f rom 
a centrefire  r if le  or  a shotgun f rom close  range.  The 2 mil -  
i tary centref ire  rif le bul lets  passed  longi tudina l ly  be tween  
the frontal  lobes  with no direct  contact  with bra in  tissue. 
Only  2 large handguns  were  used: a co inc idence  of  sev- 
eral  lucky c i rcumstances  made  susta ined capabi l i ty  to act 
poss ib le  in one case of  a .38 special  bul le t  that wounded  
the base  of  the r ight  t empora l  lobe exc lus ive ly  and in one 
case of  a .45 l ead  bul le t  that lacera ted  the left  f rontal  lobe 
but  whose  t ra jectory  was l imi ted  to the anterior  fossa  o f  
the skull.  

Of  the trajectories,  28% were outs ide the neurocra-  
nium, thus not  affect ing the brain. At  least  70% of  the 
c ran iocerebra l  tracts passed  above  the anter ior  cranial  
fossa,  wounding  the frontal  parts of  the brain.  This  prefer-  
ence can be exp la ined  f rom both a neurophys io log ica l  and 
a wound  bal l is t ic  poin t  of  view. The  base  of  the anterior  
cranial  fossa  and the sel la  turcica area serve as a bony  bar-  
r ier  protec t ing  those parts of  the brain loca ted  in its 
" shadow"  re la t ive  to the t ra jectory  against  cavi ta t ional  tis- 
sue d isplacement .  This  is par t icular ly  true of  the bra in  
stem. In t racerebra l  t ra jector ies  not  loca ted  above  the ante- 
r ior fossa  were  caused by  low-energy  bul lets  preferr ing 
one tempora l  lobe. One par ie ta l  and one occipi ta l  lobe 
were  each injured in one case, by  a very  ineffect ive pro-  
jec t i le  and by  a 7 .65-mm bul le t  r educed  in velocity.  
Therefore,  sus ta ined capabi l i ty  to act fo l lowing  cranio-  
cerebral  gunshots  is very  unl ike ly  i f  even one of  the fol- 
lowig  two condi t ions  is fulfi l led:  
1. Use  of  a f i rearm from about  9 m m  Parabe l lum up- 
wards  in terms of  penet ra t ion  p o w e r  and wounding  poten-  
t ial  ( large handguns ,  centrefire  rifles).  To increase  the 
probabi l i ty  of  incapaci ta t ion  further, in t racerebral  t rajec-  
tories above  the anter ior  cranial  fossa  or very  short  ones 
should be excluded.  
2. Def ini te  p resence  of  signs of  high intracranial  over-  
pressures:  indirect  skull  fractures,  in t racerebral  pe techia l  
hemorrhages  remote  f rom the tract, and cort ical  contusion 
zones.  
Incapac i ta t ion  can be de te rmined  beyond  any doubt  i f  
central  nervous  centres  essent ia l  for phys ica l  act ivi ty  are 
wounded  directly.  In the l i terature reviewed,  not  a single 
case of  injury to the bra in  stem, the d iencephalon,  the 
ce rebe l lum or ma jo r  paths of  motor  conduct ion  has been 
descr ibed.  The  central  grey mat ter  can also be included,  
for there was only one "g raz ing"  shot o f  the mos t  ventral  
parts of  the caput  of  the caudate  nucleus.  The  motor  cor-  
tex was in jured in one case by  a s low project i le ,  p robab ly  
restr ic t ing wound ing  to the permanent  tract  and resul t ing 
in acute hemiplegia .  
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