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GENERAL INTRODUCTION

Facial injuries, especially lacerations, caused by striking automo-
bile windshields are well known to emergency room physicians. The
lacerative properties of pre-1966 USA windshields have been well docu-
mented both in field studies of actual crashes and in the laboratory. 1
It has been shown that in automobile accidents the head was the body
area most frequently injured (7097), with about one-third of these in-
juries caused by impact on, or contact with, the windshield.?¢ When
all the body areas were combined, and the average of the driver and
his passenger was taken, the windshield was shown to be the leading in-
jury producer. In England about one-third of the head injuries received
in automobile crashes were caused by striking the windshield.” This is
equivalent to the USA experience.

For many years all automobiles and trucks manufactured in the
United States have been equipped with windshields of laminated glass.
Prior to 1966 the laminated windshield was made by firmly bonding a
0.015-inch thickness plastic interlayer between two pieces of glass.
Studies have shown that a head would penetrate the pre-1966 laminated
windshield at head-to-glass speeds above 13 miles per hour.* Severe
lacerations to the face were frequently sustained on the jagged edges
of glass at the lower margins of the hole. It has been demonstrated in the
laboratory and verified in field studies that in head-on crashes the un-
restrained occupant moves forward and strikes his knees on the instru-
ment panel, which reduces or stops the forward motion of the lower por-
tion of the body,'* then the occupant begins to flex forward, arcing
downward into the windshield. The head strikes the windshield and con-
tinues to bow downward. If the vehicle is equipped with pre-1966 lami-
nate glass, and if the head-to-glass speed is above 13 miles per hour, the
head penetrates the glass some 4 to 8 inches beneath the initial impact
point(the depth of penetration is dependent upon the head-to-glass im-
pact speed). Shallow penetration of the glass produces typical U-shaped lac-
erations in the forehead area. Deeper penetration into the windshield
produces slicing lacerations about the face. These lacerations are not
caused by the flying and broken glass but rather by the rigid glass at
the lower margins of the hole. The head frequently bobs up and down as
it enters or leaves the windshield hole, producing several distinct series
of lacerations.

Beginning with the 1966 models, cars manufactured in North Ameri-
ca are equipped with a new type of laminated windshield which has a dou-



‘suofe
wedwr sse[S pR1IYspurm 9yl 01 pale[da1 9q P[Nod eyl punoj aI1om sarinl
-ur [eruerenur 10 sjurefdwod ured ¥dou M2J AI2A pue ‘JUIIXD UI IoUTW
21oMm A5y3 ‘pajou 21om saranlur 9soy1 uaypp ‘soranlur [RPrueIdIdIUL I0 YOoU
BurseaIdur InoylIm suomeldde| [edej pue uonenduad peoy Supnpox
30 saanodalqo si1 Burysipdwodde 2q 03 sieadde plaryspurm 1omou oy,

"I 2yl JO IO01I31UI 9Yj INOJe PaI1a1eds punoy sapnted oy
o1e 1ou ‘sopnaed osayy £q pasned Linlur 1e[Nd0 ou punoj saey SIUIPID
-O® J[IqouwIoIne jJO SUOIIEBSIISIAUL INO 1ep O], "21r1s pedwil praoy a2yl yreou
-9q [oued juswnusur 2yl uo punoj st sapnied sse[8 asayy jo onid [rews
B ‘I9A9MOY ‘A[LIeurpi( ‘s242 ay3 o3 Lqpemadss ‘sounfur asnes> pue aed
oy3 Inoqe Ay pInom sse[d JO SISAI[S [[BWS 2S2Y) JBY] UIDDUOD SWOS U
sey 219y, ‘sapnred [[ews ojul syealq sse[S Jo xoke| 1ouur oy, ‘AID0[oA
peay oy3 uodn Surpuadsp junoure s[qeriea e piemino 28[nq [[im 2118 10ed
-wl 33 mo[aq eare onseld syl YONIIS SI PRAIYSPUIM MOU Iyl UIYAA

"9AISUDIXD SE JOU INg ‘PIAIYSPUIM DIBUIWIE]
IDUuUIyl 92yl YOnIis pesay oyl UdUym UDIIS ISOYl O} IB[IWIS IIB SUONIELIODE]
a3 ‘(12ySry 10 ydur gg jo spoaads 1oeduwr ied je) uioy usaq Sey ojeUTWIE]
oY1 219Yym sIsed M3 ' U Jusnboajur sxe 10edwir pesy woiy sjeurwe] oy)
ur stea ], ‘soeduwr sse[S-03-pesay Aq posned SUOIIELIIDE[ [BIDE] JO A1110A9s8
pUE IdqUINU 9y} $2ONPal A[PIdIeWl P[IIYSPUIM PIILUIWE] M3U Yl 18]
23eDIpUl 219y P2a1udsard SUOIIBSIISIAULI JUSIPIIOE S[IqOWOINE JUIIDY
3uednooo ue £q 1oedwr uodn uondiosqe £819us 191218 Yonuwr Surpraoad
sny3 ‘sse[3 2yl pur ISAB[IDIUI Yl UDMISQ YISUS1IS PUO( I9MO[ B pue
“I9A[121Ul 1¥D1Y} € djeiodiodul SPAIYSPUIM I9MIU oY L. "y1Suoms puoq
sse[S-01-I2Ke[123ul YSIYy 2yl SI Sp[2Iyspurm ggg-o1d ur sa1Iroo[2A  Sse[S
-03-peay MmOl A[eAnea1 je aamdnia 1kepi1ur Jo ssned jusnbaxy sup
"odue)sisar uonjea3suad ur aseardul
PIOJOMI UEY] SI0W B ‘paydear us2q sey inoy xad st gz Aerewrxoxd
-de jo paads sse[S-o3-peay e un Inooo jou ssop sinidnu 1Byl oredIpUIl
SSe[S SIy1 uo s3s931 Axojeroqe] ‘sse[S oyi pue onserd oy u29oM19q SI1IID
-doad uorssaype poouereq pue (your-ggo-o) 1oAera3ur onserd ssouddIyy 91q



INTRODUCTION TO CASE DESCRIPTIONS

The following case reports involve head impacts to the new, thicker
laminated windshield (post-1965 models). Each case description is ac-
companied by photographs of the car and of the location of the head im-
pact. Where possible, these cases are matched with cases involving
pre-1966-model automobiles where car-impact speeds were equivalent
to or less than those of the matched vehicle (in most cases). This cri-
terion should afford some assurance that the occupant velocity (and
hence the head-to-glass speed) of any pre-1966 case selected did not ex-
ceed that of the post-1965 case it matches.
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1966 Pontiac (Figures 1 and 2). Car-
pole accident (impact velocity 25 mph).
The left rear passenger (ftemale, 26
years old) struck the right side of the
windshield 18 inches from the right “A”
pillar and 3 inches below the header.
She sustained an abrasion to the right
side of her head. She refused medical
treatment.

(Case #101/5/2/66)
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1966 Rambler (Figures 5 and 6). Car-
tree accident (impact velocity 25 mph).
The passenger (male, 19 years old)
struck the windshield 7 inches below
the header and 5 inches from the right
“A” pillar. The windshield was bulged
outward. He sustained extensive facial
abrasions and multiple small lacera-
tions to the forehead, some of which re-
quired sutures. Seat belts were not
worn.

(Case #165/11/15/66)




1966 Chevrolet (Figures 7 and 8). This
station wagon left the roadway, went
into a ditch, and struck a tree (impact
velocity 25-30 mph). The front passen-
ger (male, 14 vyears old) struck the
windshield 10 inches from the right “A”
pillar 9 inches below the header. He
bulged the windshield outward at the
point of impact. He had a mild concus-
sion (unconscious for a short period ot
time) but no facial or scalp lacerations.
Seat belts were not worn.

(Case #124/6/27/64)



1966 Mustang (Figures 9 and 10). Car-
tree accident (impact velocity 25 mph).
The driver (male, 40 years old, 6 feet
I inch, 180 pounds) struck the wind-
shield 3 inches below the header and 10
inches from the left “A” pillar. He sus-
tained minor abrasions to his forehead
at the hairline.

(Case #190/2/24/67)




1965 Mustang (Figures 11 and 12). This
vehicle hit the rear of a parked car
(impact velocity 20 mph). The passen-
ger (female, 23 years old) struck the
windshield 7 inches from the right “A”
pillar and 3 inches below the header.
She sustained a 5-cm laceration to her
forehead. Seat belts were not worn.

(Case #199/2/18/67)




1966 Chevrolet (Figures 13 and 14). Car-
pole accident (impact velocity 30 mph).
Three distinct windshield impact sites
were found. The driver (male, 41 years
old) sustained small forehead lacera-
tions from impact to the windshield just
to the left of the rear view mirror. The
passenger (female, 40 years old), struck
her head on the windshield 8 inches be-
low the header and 11 inches from the
right “A” pillar. She sustained small
cuts and scratches to the right side of
her face. Adjacent to the right “A” pil-
lar was an impact site not typical of a
head impact. Here, the laminate was
torn, with blood and tissue on the glass,
and the area was markedly bulged for-
ward. This may have been produced by
the rear right passenger who sustained
a laceration of the hand. Seat belts were
not worn.

(Case #194/1/22/67)
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1966 Ford Station Wagon, 1966 Chcevro-
let Station Wagon (Figures 17, 18, 19).
A head-on collision with approximately
a 50 percent overlap between the two
vehicles (impact vclocity 45-50 mph).
Both windshields werce cracked through-
out (matted) and partially out of the
frame due to frame distortion. The pas-
senger in the Chevrolet (temale, 40
years old) struck the windshield 12 in-
ches to the right of the “A” pillar and 7
inches below the header. She sustained
a small laceration at the bridge of her
nose. The passenger in the other car
(female, 33 years old) sustained a 7-cm
laceration of the left ear and adjacent
areas, and a 6-cm laceration in the cen-
ter of the forehead. In the latter case no
typical head impact area could be found
on the matted windshield, but the lac-
erations were typical of glass impact.
The laminate was intact in both wind-
shields. Seat belts were not worn.

(Case #8/2/20/66)







1966 Falcon (Figures 20 and 21). This
car was turning left when it was struck
in the right side by a 1965 Chevrolet (im-
pact velocity 20-25 mph). After impact,
the car spun out; the driver (female, 44
years old) struck the right side of the
windshield 14 inches from the right “A”
pillar and 5 inches below the header.
She sustained a small laceration to the
lett scalp area.

(Case #108/5/23/66)




1966 Cadillac (Figures 22 and 23). This
vehicle, after being struck in the rear
fender, hit a guard rail (impact veloc-
ity 25-30 mph). The passenger (male,
64 years old) sustained a laceration ot
his left elbow and forearm. He struck
the windshield with his head but did not
have any injuries from this impact.
The windshield was fractured (matted)
in many areas from frame distortion.
Seat belts were not worn.

(Case #127/7/1/66)



1966 Chrysler (Figures 24, 25, 26). This
vehicle was struck by another that had
turned in front of it (impact velocity
35 mph). The front passenger (male,
24 years old) struck the windshield, 6
inches from the left “A” pillar and 5
inches below the header, markedly bul-
ging it outward. He sustained minor su-
perficial lacerations to the right side ot
his forehead. Seat belts were not worn.

(Case #145/9/5/66)
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1965 Dodge (Figures 27 and 28). This
vehicle turned in front of another at an
intersection and was struck (impact
velocity 30-35 mph). The front center
passenger (female, 35 years old) con-
tacted the windshield 9 inches from the
1ight “A” pillar and 4 inches below the
header. She sustained a laceration of the
forehead. Seat belts were not worn.
(Case #80/12/2/65)



1966 Chevrolet (Figures 29 and 30). Car-
tree accident (impact velocity 20-25
mph). The driver (male, 5 feet 9 inches,
160 pounds) lost control of this car when
he reached over to close the right door
window while driving. He struck the
windshield to the right of the rear-view
mirror, markedly bulging it outward.
FHe sustained a 5-cm laceration to his
right cheek.

(Case #151/9/17/66)




1965 Chevrolet (Figures 31 and 32). A
head-on collision with the front corner
of a van truck (impact velocity 35 mph).
The driver (male, 54 years old) struck
the center of the windshield and sus-
tained multiple facial lacerations and a
frontal bone skull fracture involving the
frontal sinus. Seat belts were not worn.
See figure 79.

(Case #222/5/14/67)



1967 Chevrolet (Figures 33 and 34). An
intersection collision (impact velocity
25 mph). The front right passenger (fe-
male, 24 years old) struck the wind-
shield 17 inches from the right “A” pil-
lar and 4 inches below the header. She
sustained a bruised forehead. Seat belts
were not worn.

(Case #156/10/6/66)




1963 Buick (Figures 35 and 36). Car-
tree accident (impact velocity 15 mph).
The driver (male, 25 years old) struck
the windshield on the passenger’s side.
He sustained lacerations of the fore-
head, right cheek, tip of nose, and of the
right ear and preauricular area. Seat
belts were not worn.

(Case #44/12/18/66)



1966 Chevrolet (Figures 37 and 38). An
intersection collision (impact velocity
45 mph). The windshield of the Chevro-
let had a head impact imprint 8 inches
below the header and 9 inches trom the
left “A” pillar. The driver (male, 20
years old) sustained a 6.5-cm lacera-
tion on the back of his head. He flexed
over the steering wheel to contact the
windshield (hair found on the inner
glass). There was only a slight outward
bulge at the impact site. Seat belts were
not worn.

(Case #37/10/7/66)




1965 Chevrolet (Figures 39 and 40). A
head-on, car-to-car collision (impact
velocity 20-25 mph). The driver (male,
49 years old) struck the windshield 14
inches from the left “A” pillar and 3
inches below the header. He sustained
multiple lacerations of the forehead and
chin. The passenger (female, 46 years
old) struck the windshield 5 inches
from the right “A” pillar and 4 inches
below the header. She sustained a 5-cm
laceration of the left forehead, a 5-cm
laceration behind the left ear, and a 3-
cm laceration behind the right ear. Seat
belts were not worn.

(Case #5/3/5/67)



1966 Chrysler (Figures 41 and 42). A
1961 Ford Van turning left was struck
by an oncoming Chrysler (impact ve-
locity 40-45 mph). The driver of the
Chrysler was not injured. His passen-
ger (female, 33 years old) struck her
forehead on the windshield 18 inches
from the “A” pillar and 9 inches below
the header. The windshield impact area
was bulged outward; the laminate was
not perforated. The attending physician
stated that her forehead was ‘“‘chewed
up.” After removing small glass particles
from the multiple small lacerations, the
area was bandaged and the patient sent
home. No sutures were required to close
the wounds. Seat belts were not worn.
(Case #50/12/18/66)




1964 Mercury (Figures 43 and 44). This
vehicle struck a guard rail (glancing
impact at 40-50 mph). The passenger
(female, 11 years old) struck the wind-
shield 29 inches from the left “A” pillar
and 11 inches below the header. She sus-
tained a long laceration at the hairline.
Seat belts were not worn.

(Case #167,/10/9/66)



1966 Oldsmobile, 1966 Ford (Figures 45,
46, 47 and 48). The Ford went out of con-
trol, crossed an expressway median, and
struck the Oldsmobile in the side (glanc-
ing impact at 50 mph). Because of frame
deformation, especially at the “A” pillar,
the windshield of the Oldsmobile was
matted; the left half of the windshield
had fallen rearward into the occupant
area. The driver sustained lacerations
of the lower lip and hand from side
window glass. No injuries were sus-
tained from windshield glass. Seat belts
were not worn. The passenger in the
Ford (male, 26 vyears old) struck the
windshield 38 inches below the header
and 8 inches from the “A” pillar. The
laminate was perforated. He sustained
a cervical sprain. The driver of the
Ford (male, 28 years old) struck his
right elbow against the windshield just
to the right of the mirror; a minor el-
bow-forearm laceration was sustained
from this impact. Seat belts were not
worn.

(Case #208,/3/10/67)
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1967 Ford (Figures 49 and 50). A head-
on, car-to-car collision (impact velocity
30 mph). The ftront passenger (female,
45 years old) struck the center of the
windshield bulging it outward and tear-
ing the laminate. She sustained abra-
sions of the forehead from this impact.
Seat belts were not worn.

(Case #206/5/10/67)




1965 Mercury (Figures 51 and 52). A
head-on, car-to-car collision (impact
velocity 35 mph). The driver (male, 34
vears old) struck the windshield above
the steering wheel and sustained a large
vertical scalp laceration and a lacera-
tion to the forehead. The passenger (fe-
male, 31 vyears old) struck the wind-
shield, sustaining minor lacerations and
abrasions about the face. Seat belts
were not worn.

(Case #207/2/11/67)



1967 Mustang (Figures 53 and 54). A
head-on, car-to-car collision (impact ve-
locity 835 mph). The driver of the Mus-
tang (male, 18 years old, 5 feet 10 in-
ches, 155 pounds), struck the rear-view
mirror and slid off of it into the wind-
shield. He sustained a 2-cm, U-shaped
laceration above the left eyelid. Seat
belts were not worn.

(Case #211/3/26/67)




1965 Mustang (Figures 55 and 56).This
vehicle struck the right front of another
that turned in front of it (impact veloc-
ity 25 mph). The passenger (female, 23
years old, 5 feet 5 inches, 125 pounds)
struck the windshield 18 inches from
the left “A” pillar and 9 inches below
the header. She sustained a 5-cm lacera-
tion on the top of the left side of her
head. Seat belts were not worn.

(Case #73/10/18/65)



1967 Barracuda (Figures 57 and 58).
This vehicle went off the roadway,
rolled and flipped over several times.
The driver (male, 40 years old) struck
the windshield just to the left of the
rear-view mirror, and sustained multi-
ple lacerations and abrasions of his
forehead and face, one of which re-
quired sutures. The matted windshield
is partially separated from the molding
in the header area. No seat belts were

WwWornmn.
(Case #216/4/18/67)




1963 Chevy II (Figures 59 and 60). A
head-on, car-to-car collision (impact
velocity 30 mph). The passenger (te-
male, 24 years old) struck the wind-
shield 11 inches from the right “A” pil-
lar and 12 inches below the header. An
adjacent windshield imprint was pro-
duced by the rear-view mirror striking
the glass. She sustained a 20-cm lacera-
tion to the scalp. Seat belts were not
worn.

(Case #128/7/23/66)



1967 Chevrolet (Figures 61 and 62). An
intersection type collision (impact ve-
locity 30 mph). The driver (male, 52
vears old), struck the windshield 7 inch-
es below the header and 8 inches from
the left “A” pillar. The laminate was
perforated. He sustained a scalp lacera-
tion above the left eyebrow. No seat
belts were worn.

(Case #219/5/5/67)
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1966 Ford Van (Figures 65 and 66). This
van was involved in an intersection col-
lision (impact velocity 30-35 mph). The
windshield was broken out completely
and was found cracked, but intact, in
the rear of the van (it had been placed
there by the wrecker crew). The driver
was ejected through the windshield
opening. He sustained multiple lacera-
tions to the face and ears; it is not
known whether his facial injuries were
due to ejection or windshield impact.
(Case #157/10/7/66)




1966 Chevrolet (Figures 67 and 68). This
vehicle struck another in the rear (im-
pact  velocity 20 mph). The driver
(male, 29 years old) hit the windshield
3 inches below the header and 8 inches
from the left “A” pillar. The impact
site was bulged outward. He sustained
abrasions of the face and had mild neck
pain. Seat belts were not worn.

(Case #228/7/2/67)



1966 Mustang (Figures 69, 70 and 71).
The driver of this car fell asleep and
hit two parked cars (impact velocity
25 mph). The passenger (male, 24 years
old) struck the windshield 7 inches be-
low the header and 12 inches from the
right “A” pillar. The windshield at the
impact area was noticeably bulged out-
ward. He sustained small lacerations to
his forehead and the top of his head.
The driver (male, 29 years old) struck
the windshield 3 inches below the head-
er and 12 inches from the left “A” pil-
lar. He sustained small forehead lacera-
tions. Both refused medical treatment.
No seat belts were worn.

(Case #223/5/20/67)
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1964 Falcon (Figures 72 and 73). A head-
on, car-to-car accident (impact velocity
30 mph). The passenger (female, 19
vears old) struck the windshield 14 inch-
es from the right “A” pillar and 5 inches
below the header. She sustained multi-
ple lacerations of the left cheek and a
mandibular fracture. Seat belts were
not worn.

(Case #68/5/24/66)



1967 Camaro (Figures 74 and 75). An
intersection collision (impact velocity
35 mph). The driver (male, 16 years old,
5 feet 7 inches, 200 pounds) struck the
windshield 6 inches below the header
and 7 inches from the left “A” pillar.
The impact area was bulged outward.
He sustained forehead abrasions near
the hairline. The passenger (male, 18
vears old, 6 feet, 155 pounds) struck the
windshield 7 inches below the header
and 19 inches from the right “A” pillar.
He sustained abrasions about the hair-
line. No seat belts were used bv either
occupant.

(Case #227/6/11/67)




1966 Chevrolet (Figures 76 and 77). This
vehicle struck a railroad signal stan-
dard (impact velocity 40-45 mph). The
windshield was matted; there was a
separation of the windshield from the
left “A” pillar and the left side of the
header. The head impact area was just
below the header, above the steering
wheel. The driver (male, 25 years old)
was subsequently ejected. In addition
to other injuries, he sustained facial
lacerations and a brain concussion. It
is not known whether these injuries
were sustained in the car or as a result
of ejection. Seat belts were not worn.

(Case #94/3/18/66)



1967 Mustang (Figure 78). This vehicle
was forced off the road and flipped over
in the snow. The matted windshield fell
into the occupant area. No injuries were
sustained from the windshield glass.
Scat belts were worn. (Pre-1966 wind-
shields usually shattered in rollover ac-
cidents, leaving sharp glass edges as
potential injury areas.)

(Case #191/2/1/67)

1967 Dodge Van (Figure 79). This van
was struck by a car that turned in front
of it (impact velocity 35 mph). The en-
tire windshield of the van “popped out”
of its frame. The passenger in the van
sustained a laceration of the nose from

the windshield glass. See figures 31
and 32.
(Case #222/5/14/67)
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