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S ince its introduct ion in 1959 by Perry 
and N i c k e l , 1 5 the halo fixation device has 
b e c o m e the mos t c o m m o n m e a n s used to 
immobi l ize the unstable cervical spine . Al
though it was initially des igned to be used 
after surgery on pat ients paralyzed by po
l iomyeli t is , its current use is primarily re
lated to spinal t rauma or reconstruct ive 
p rocedures on the cervical spine . The ad
van tages include early mobil izat ion of the 
pat ient and avoidance of the compl ica t ions 
associa ted with pro longed bed rest, psy
chological benefi ts to the pat ient in terms 
of be ing able to walk or more fully partici
pate in the rehabili tation program, and a 
shor ter hospi tal stay. C o m p a r e d with con
vent ional or thoses , the halo vest or halo 
body jacke t offers more rigid immobi l iza
t ion of the cervical spine , the ability to 
more precisely posi t ion the neck to obtain 
or maintain cervical a l ignment , and less in
terference with mandibular mot ion and 
e a t i n g . 1 , 7 - 1 2 , 1 4 - 1 7 H o w e v e r , the majority o f 
the reviews in the li terature concern ing the 
halo have concent ra ted on its ease of ap
plication, the tolerance of the device by the 
patient , the degree of immobil izat ion ob
ta ined, and its success in mainta ining re
duct ion and achieving heal ing after a frac
ture or a r t h r o d e s i s . 3 , 6 - 1 0 , 1 2 - 1 4 , 1 6 - 2 0 

Al though o ther authors have reported 
compl ica t ions in their pat ients , no prior 
report has concen t ra ted specifically on the 
compl ica t ions that may be associa ted with 
use of the halo fixation device. The pur
pose of this s tudy is to evaluate the prob
lems that we have observed. 

MATERIALS AND 
METHODS 

T h e medical records from the Univers i ty 
of California at S a n Diego and affiliated 
hospitals and the R a n c h o Los Amigos 
Medical Center , D o w n e y , California, of all 
pat ients with a diagnosis of fracture, dislo
cat ion, or instability of the cervical spine 
that occurred during the period from 1973 
to 1983 were rev iewed. Requ i rements for 
inclusion in the s tudy included: (1) a his
tory of con t inuous t rea tment with a halo 
device for a m i n i m u m of two weeks , (2) 
availability o f the hospital chart and radio
graphs , and (3) a m i n i m u m fol low-up o f 
three m o n t h s after the halo was r emoved . 
Emphas i s was p laced on identifying spe
cific complicat ions that resulted from the 
p lacement and use of the ha lo device. 
T h e s e inc luded infection at p in si tes, 



loosen ing of pins, radiating pain or numb
ness a round pins, pain with mast icat ion, 
local ized discomfort about a pin, residual 
scars left by pins , and pressure sores be 
nea th the vest or cast . 

T h e charts of 512 pat ients were re
v iewed . D u e to lost charts or radiographs, 
incomple te records , or pat ients moving or 
be ing transferred to o ther facilities, only 
179 charts were cons idered to have ade
quate documenta t ion to be inc luded in the 
study. E ighty-seven of these pat ients were 
from the R a n c h o Los Amigos Medical Cen
ter and 92 were from the Univers i ty of 
California at S a n Diego Medical Cen te r 
and affiliated hospi tals . Fif ty-nine of the 
179 pat ients were contac ted by te lephone 
and asked to subject ively evaluate their 
pin-si te scars and to classify t hem as 
e i ther m in imum, modera te , or severe . A 
minimum scar was defined to the patient as 
be ing unnot iceable or barely percept ible by 
close examina t ion . A modera te scar was 
defined as not iceable , but shal low and not 
disfiguring. A severe scar was cons idered 
as disfiguring, deep, and associa ted with 
pat ient dissatisfaction. 

T h e s e 59 pat ients were also ques t ioned 
as to w h e t h e r they had had pain at the pin 
sites whi le the halo was in place. Thei r re
plies were placed in four categories: no 
discomfort ; m in imum discomfort , which 
was tolerable; modera te discomfort , pain
ful at t imes; and severe , p ro longed dis
comfort . 

O n e hundred and forty-three pat ients 
were male and 36 were female. T h e pa
tients' ages ranged from 2 to 90 years , with 
a m e a n of 28 .3 years . T h e length of 
fol low-up ranged from three m o n t h s to ten 
years after removal of the halo. T h e mos t 
c o m m o n cause of cervical spine injury was 
a motor-vehic le acc ident ( 4 7 % ) , fol lowed 
in f requency by a diving injury, fall, 
motorcyc le acc ident , or o ther t rauma. 
Twe lve pat ients had a congeni ta l defect of 
the cervical spine . 

Fifty-four pat ients ( 3 0 % ) had no neuro
logical impai rment , 53 ( 3 0 % ) had quadriparesis, and 61 ( 3 4 % ) were quadriplegic . 
E l e v e n pat ients ( 6 % ) h a d an isolated 
nerve-root injury. 

RESULTS 
(Table I) 
Pin-Loosening 

Loosen ing w a s cons idered to be presen t 
w h e n a pin could be freely twisted by the 
examine r wi thout res is tance , or the tip of 
the pin was visible at the edge of the skin, 
ra ther than be ing secured against the 
skull. Loosen ing of one or more pins o c 
curred in 64 pat ients ( 3 6 % ) . A total of 716 
pins (four per pat ient) had been used , of 
which 180 ( 2 5 % ) became loose . A loose pin 
was treated by ei ther removing the pin and 
placing a n e w pin into a n e w site (75 pins) 
or t ightening the exist ing loose pin in situ 
(105 p ins) . O f the 75 pins for which the site 
w a s c h a n g e d , 55 r e m a i n e d t ight , 13 
loosened again, and seven b e c a m e as
sociated with infection. O f the 105 pins 
that were t ightened in situ, 88 remained 
tight, ten re loosened , and seven became 
associa ted with infection. 

For th- three percent of the loose pins 
were d iagnosed during the first m o n t h 
after application and 4 2 % , during the sec
ond . Fifty-three percent o f the pins that 

Table I. 
*Fifty-nine patients evaluated. 

**One hundred and one patients evaluated. 



Figure 1. 
Lateral 
radiograph of the 
skull of a 
nineteen year old 
man in whom 
osteomyelitis 
developed 
(arrow) from a 
halo pin-site 
infection. A 
craniotomy was 
required to drain 
the resulting 
subdural abscess. 

b e c a m e loose were located anteriorly. Four 
of the six pat ients in w h o m the halo be 
c a m e comple te ly dis lodged gave a history 
of falling or susta ining a direct b low to the 
halo . In the o ther two, the d is lodgement 
w a s noted w h e n the patient arose in the 
morn ing . 

Pin-Site Infection 
Thirty-five pat ients ( 2 0 % ) had an infec

tion at one or more pin si tes. S ix ty-seven 
pins ( 9 % ) were involved. Pin-si te infection 
w a s d iagnosed by ei ther a posit ive culture 
o r sur rounding cellulitis. The re were 26 
superficial infect ions and ten deep infec
t ions . T h e deep infections included three 
cases of os teomyel i t i s (one result ing in a 
subdural abscess) (Figure 1) and two cases 
o f sept icemia . 

T h e t rea tment of the infected pin sites 
varied. Thir ty- three pins were changed 
and a n e w pin was p laced at a different 

locat ion. Thi r ty-one of these pin sites 
s h o w e d n o further ev idence of infection 
after the change , but two became infected 
a second t ime. Nine of the ten pin-si te in
fections that were treated with sys temic 
ant ibiot ics , wi thout chang ing the pin, 
healed . Eleven pat ients required removal 
of the halo device because of mult iple 
pin-si te infect ions. S e v e n of these infec
t ions healed , but four had persis tent , 
chronic drainage from the pin si tes. Nine
teen percent of the infected pin sites were 
de tec ted during the first month ; 4 4 % , 
during the second mon th ; and 1 9 % , dur
ing the third mon th . Sixty percent of the 
infect ions were observed around the ante
rior p ins . Three of the 35 pat ients in w h o m 
a pin-si te infection deve loped were treated 
with in t ravenous antibiot ics, and e leven 
were g iven oral antibiot ics. Surgical de 
b r idemen t was required in three pat ients 
with a pin-tract infect ion, including one 
c ran io tomy for dra inage of a subdural ab
scess . 



Figure 2. Lateral radiograph of the skull of a seventy year old man, showing penetration of a halo pin 
through the inner table of the skull. 

Pin Penetration 
A halo pin penet ra ted through the inner 

table of the skull in a 72-year-old man with 
a type-II fracture of the odontoid process 
(Figure 2 ) . Nine weeks after application of 
the halo, the pat ient fell on to the left side. 
H e felt minor pain a round the anterior left 
pin, and a radiograph s h o w e d that the pin 
had pene t ra ted through the inner table of 
the skull. W h e n the pin was removed , a 
small a m o u n t of cerebrospinal fluid was 
noted . T h e pat ient w a s hospi tal ized and 
treated with antibiotics and elevation of 
the head , and a n e w pin was placed in a 
different site. T h e original pin site hea led 
uneventfully, and no detectable neurologi
cal sequelae from the pin penetra t ion were 
noted . N o other patient had penetrat ion of 
the pin through the inner table. 

Pressure Sores 
T w e n t y pat ients ( 1 1 % ) had the de

ve lopmen t of pressure sores under a halo 

plaster cast or a prefabricated vest . Fifteen 
sores deve loped under 83 casts and five, 
unde r 96 prefabricated ves ts . T h e sores 
were located on the trunk, usually in the 
region of the scapula or s ternum. O f the 20 
patients, 11 were completely quadriplegic, 
six were incommple te ly quadriplegic, two 
were neurological ly intact, and one patient 
had a head injury with impaired menta l 
s tatus. Four pat ients had the halo r e m o v e d 
to aid in the t rea tment of the pressure sore. 
O n e pat ient required debr idement only, 
one had a spl i t - thickness skin graft, and 
o n e had a transfer of a local skin flap. All 
subsequent ly healed . 

Nerve Injury 
Injury to the supraorbital or supratro

chlear nerve occurred in three pat ients . 
T h e s e pat ients all had the anterior pin 
placed above the medial one- third of the 
eyebrow. The complicat ion was mani 
fested by severe pain and pares thes ias in 



the region of the forehead and scalp above 
the anter ior halo pin. All of these pat ients 
obta ined relief after the pin was r emoved 
and the applicat ion site was changed to a 
slightly more lateral posi t ion. O n e patient 
had pers is tent pares thes ias for six w e e k s , 
wh ich then gradually resolved. 

Pin-Site Bleeding 
T w o pat ients had susta ined bleeding at 

all four of the pin sites whi le receiving 
hepar in for the t rea tment of th rombophle 
bitis. In bo th pat ients , the bleeding sub
sided after the hepar in dosage was de
creased . N o n e of these pin sites b e c a m e 
infected. 

Dysphagia 
Three pat ients required read jus tment of 

the posi t ion of the head in the halo be
cause of dysphagia . In all three, the cervi
cal sp ine initially was immobi l ized in hy-
perex tens ion . Reposi t ioning of the neck to 
less ex tens ion was performed wi thout loss 
of reduct ion of the cervical spine fracture-
dislocation for which the halo had been 
appl ied and resul ted in immedia te im
p r o v e m e n t in the abil i ty to ea t a n d 
swallow. 

Pin Scars 
Fifty-nine pat ients were contac ted by 

t e l ephone and asked to c o m m e n t on the 
appea rance of the pin scars . Five pat ients 
stated that they had obtrusive, severe scars 
and were dissatisfied with the appearance . 
S e v e n t e e n pat ients felt that they had mod
erate , not iceable scars , but that they could 
tolerate them. Thi r ty -seven pat ients re
por ted m i n i m u m or no scars and had no 
compla in t s . O n e pat ient , a 21 year old 
black w o m a n , had the deve lopmen t o f 
keloids at both anter ior pin sites; the ke 
loids were treated successfully by surgical 
revision. 

Pin Discomfort 
Evaluat ion of pin discomfort whi le in the 

halo was made ei ther by t e lephone contact 
(59 pat ients) or from s ta tements included 
in the medical records (42 pat ients) . S e v e n 
teen ( 1 7 % ) o f the pat ients stated that the 

pain had caused severe discomfort . T w e n 
ty- two pat ients ( 2 2 % ) repor ted modera te 
discomfort ; 23 ( 2 3 % ) , slight discomfort ; 
and 38 ( 3 8 % ) repor ted no pin discomfort . 

T w o pat ients compla ined of pain at the 
anter ior pin sites whi le eat ing or laughing. 
In both of these pat ients the anter ior pins 
were located in the temporal fossa, beh ind 
the tempora l hair l ine. Placing n e w pins 
more anteriorly, over the eyebrows , and 
removing the exist ing pins led to immedi 
ate relief of the s y m p t o m s . 

DISCUSSION 
W e have identified some of the major 

p rob lem areas that are directly related to 
the ha lo immobil izat ion device used for 
stabilization of the cervical spine . T h e 
largest pe rcen tage of compl ica t ions were 
related to loosen ing and infection. At Rancho Los A m i g o s Hospi ta l , loose pins have 
rou t i ne ly b e e n t i g h t e n e d ra the r than 
c h a n g e d . N o obvious negat ive c o n s e 
quences have been observed from this 
pract ice. We have noted, in the laboratory, 
that in cadaver skulls that have had halo 
pins appl ied exper imenta l ly at the recom
m e n d e d s ix- inch-pound (0 .69 -newton -me-
ter) applicat ion torque the outer cortex of 
the skull is only partially penet ra ted by the 
halo pins . The re is a solid margin of corti
cal b o n e to allow safe re t ightening. We 
have conc luded , therefore, that it is safe to 
t ighten loosened pins , a s suming that some 
res is tance is met during that procedure . 
S ince loosening is often a forerunner of in
fection, its e l iminat ion or early correct ion 
is beneficial in the prevent ion of pin-tract 
infect ions and their sequelae . If no resis
tance is noted after a few turns of the pin, 
the pin should be removed , and a new one 
should be placed in a different site. 

If infection at a pin site does develop, it 
s eems prudent to adminis ter sys temic anti
biotics and initiate early local w o u n d care. If 
drainage, cellulitis, or other s igns of infec
tion do not improve , the site of the pin 
should be c h a n g e d and more aggress ive 
local, and perhaps parenteral , anti-biotic 
t rea tment should be inst i tuted. Certainly, 
the prevent ion of infection would be pref
erable, and pin-s i te-care techniques , in-



cluding cleaning the pin sites with Beta-
dine (providone- iodine) or hydrogen pe
roxide every other day, should be per
formed in the hospital and taught to the 
patient before discharge from the hospital . 
More frequent c leansing is not desirable 
and may lead to a low-grade infection 
caused by cons tan t manipula t ion of the 
w o u n d site. We do not k n o w w h y the an
terior p ins are more apt to b e c o m e infected. 

T h e li terature on the use of the halo de
vice has paid little at tent ion to the prob
lems of loosening or infection of the halo 
pins , a l though these compl ica t ions have 
been d e s c r i b e d . 3 , 8 , 9 , 1 4 Four of the e leven 
pat ients with an injury of the cervical spine 
w h o s e cases were repor ted by T h o m p s o n 
had loosening of the pins , and one had an 
infection. Nickel , et al. reported on 204 pa
t ients w h o had been treated with the halo 
d e v i c e . 1 2 All of the pat ients w h o had been 
in a ha lo for more than two m o n t h s had 
loosen ing of some of the pins. Mos t pa
t ients required at least one change in pin 
site. M a n y pat ients also had inf lammation 
or infection in at least one pin site that re
quired a change in the site. In two pat ients 
the halo dis lodged, and three pat ients had 
os teomyel i t i s of the skull. Other authors 
have listed the same c o m p l i c a t i o n s . 1 , 3 , 5 , 8 , 
9 , 12, 16, 17, 2 1 T h e s e f indings, a l though inci
dental to the major emphas i s of these 
o ther reports , are cons is ten t with ours. 

Pressure sores under the halo cast or 
vest have also been reported previous
ly. 1, 9 , 1 7 , 2 1 In our series, 1 1 % of the pat ients 
had pressure sores . T h e majority of pa
t ients with this problem were quadriple
gics w h o lacked sensat ion in the area of 
the skin breakdown. This problem decreased 
markedly in our pat ients as awareness of 
this compl ica t ion he igh tened , and early 
prophylact ic medical and nursing care was 
init iated. On ly five pat ients had pressure 
sores in the last four years of this review. A 
halo cast is n o w used less frequently, a 
prefabricated or molded vest be ing pre
ferred. T h e s e al low easier inspect ion of the 
skin, pe rhaps more uniform pressure dis
tribution, and bet ter padding. Because of 
the problem of pressure sores and their ef
fect on rehabil i tat ion and health, early sur
gical stabil ization of pat ients with a spinal 

cord injury should be cons idered w h e n 
possible . Al though this may lead to an en
tirely different set of compl ica t ions , pres
sure sores in pat ients with a spinal cord 
injury can be devastat ing. Therefore , if 
possible , w e n o w r e c o m m e n d early inter
nal fixation and fusion of the cervical 
sp ine , part icularly in elderly pa t ients , 
quadriplegics , and quadriparet ics , to eli
minate the need for the halo and replace 
it with a more l imited immobil izat ion de
vice which hopefully can be confined to 
pressure-sens i t ive areas . 

P ro longed b leeding at pin sites occurred 
in two pat ients w h o had been receiving 
heparin for thrombophlebi t i s . Nei ther o f 
these pat ients r e sponded to packing or 
dress ing of the pin sites, but the bleeding 
ceased after a decrease in the dosage of 
hepar in . This possibili ty must be cons id
ered in those pat ients w h o require anticoagulative trea tment while in a halo de
vice. 

Three pat ients in this series sus ta ined an 
apparent compress ion of the supraorbital 
or suprat rochlear n e r v e . 9 These nerves exit 
over the medial one- third of the orbit, and 
invo lvement occurs because of too medial 
a p l acement of the anter ior pins. If the an
terior p ins are placed over the middle por
tion of the orbit, or slightly lateral, this 
complicat ion should not occur . 

Nine percent of the patients in this series 
were markedly dissatisfied with the scars . 
In general , mos t of the pat ients felt that the 
scars were acceptable or were a necessary 
ou tcome of the t rea tment of the spine in
jury. T h e older pat ients and the more se
verely injured pat ients were less likely to 
express concern about the p resence of re
sidual halo-pin scars. In the majority of pa
tients there was only a small residual 
d imple . 

S o m e au thors have repor ted no compl i 
cat ions with the use of the halo d e v i c e . 4 

However , we have found the overall com
plication rate to be relatively high. L o o s 
en ing and infection are particularly com
m o n and imply that further basic research 
in ha lo-pin des ign and applicat ion is 
needed . To date, only changes in the suprastructure of the halo have been made 
s ince its first descript ion by Perry and 



Figure 3. Drawing depicting the safe zone for anterior halo-pin placement. Laterally, the 
pin should be placed anterior to the temporalis muscle and fossa, to avoid possible painful 
mastication or penetration through thin cranial bone. Medially, the pin should be kept 
lateral to the middle portion of the superior orbital rim, to avoid the supraorbital and 
supratrochlear nerves or the frontal sinus. Superiorly, the pin should be kept below the 
level of the greatest skull circumference (skull equator), to avoid cephalad migration of the 
pin. Inferiorly, the pin should be kept above the supraorbital ridge to prevent displace
ment or penetration into the orbit. 



N i c k e l 1 5 in 1959. The high-profile design 
has been modif ied to lower the uprights , 
in some cases four uprights or an interdigitating ratchet sys tem have replaced the 
two high-fixation parts , and materials 
have been altered. However , the basic 
r ing-and-pin design, as well as the rec
o m m e n d a t i o n s for application, have not 
been al tered. T h e s e concepts , also, have 
never been r igorously scientifically tested 
or c h a l l e n g e d . 1 1 O u r review is the initial 
s tep in an evaluat ion of the halo, and it 
does del ineate areas in need of further in
vest igat ion. W e would like to emphas ize , 
however , that no pe rmanen t ser ious se
quelae from these compl ica t ions occurred 
despi te the documenta t ion of problem 
areas . 

Based on our exper ience , we recom
m e n d that the following strict guidel ines 
be fol lowed w h e n applying and treating 
adult pat ients in a halo or thosis . T h e initial 
applicat ion torque in placing the pins in 
adults should be at least six to eight inch-
pounds (0 .69 to 1.12 newton-me te r s ) . We 
rout inely t ighten the pins 24 to 48 hours 
after the halo is first appl ied. Local pin care 
should be s tandardized, but not overly ag
gressive or disruptive to the pin site. If a 
pin is noted to be loose , an a t tempt at re-
t i gh t en ing to the or iginal appl ica t ion 
torque shou ld be performed, a ssuming 
that res is tance is met during this proce
dure. T h e pin site should be changed and a 
n e w pin should be used if osseous en
g a g e m e n t does not occur after a few com
plete turns. If infection or drainage is seen, 
cul tures should be g rown and the anti
biotic sensit ivi ty of the organism should be 
de te rmined . If the pat ient ' s r e sponse to 
the ant ibiot ics is not rapid, a change in the 
pin site should be cons idered . Anter ior 
pins should be placed superior to the mid
dle or lateral one- thi rd of the orbit, be low 
the greatest c i rcumference of the cranium, 
to min imize the risk of loosening, dislodgment, and nerve damage . Also , the 
pin should not be placed over the temporal 
fossa or in the temporal is muscle . T h e cra
nial cor tex is thin in that area, and pentration of the temporal is musc le m a y cause 
pain during mas t i ca t ion 2 (Figure 3 ) . 

Care and awarenes s should be exerc ised 
in applying a halo jacket or cast in the 
quadriplegic pat ient to avoid pressure 
sores . A l though the halo is a very useful 
immobi l iz ing device to apply initially to 
the pat ient with a spinal cord injury, con
sideration should be given to early surgical 
stabilization with internal fixation, thus 
avoiding the risk of pressure sores under 
the vest or cast . 

By following these r ecommenda t ions , 
w e think that the risks of employ ing the 
halo cervical immobi l izer may be mini
mized, a l though not comple te ly elimi
na ted . 

* No benefits in any form have been received or will 
be received from a commercial party related directly 
or indirectly to the subject of this article. Funds were 
received in total or partial support of the research or 
clinical study presented in this article. The funding 
sources were University of California at San Diego 
Academic Senate Grant RH70-M and the Orthope
dic Research and Education Fund. 
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