
This article reports on a prospec-
tive study of deep infections after

total hip arthroplasty (THA) per-
formed in a community hospital. One
surgeon (H.H.) used 1 implant and
and 1 technique for 27.5 years. The
operations were performed in a hos-
pital in northwestern Ontario that
serves a population of 250 000 in an
area the size of France.

In 1972, when this study started,
Charnley and Eftekhar1 had pub-
lished their experiences with a clean
air unit at Wrightington Centre for
Hip Surgery, and there was intense
interest in this new technology. A
clean air enclosure, the second to
be installed in Canada, was used in
this study, and it seemed important
to document its effectiveness. To

do this, numerous variables were
measured and recorded in an at-
tempt to determine their influence
on the incidence of deep infection.

Methods

From October 1972 to April 2000,
2003 low-friction arthroplasties were
performed, following the procedure
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Objective: To report on a 30-year prospective study of deep infection in 1993 consecutive total hip
arthroplasties performed by a single surgeon. Methods: The relations of numerous variables to the inci-
dence of deep infection were studied. Results: The cumulative infection rate after the index total hip
arthroplasties rose from 0.8% at 2 years to 1.4% at 20 years; 9.6% of the index operations required fur-
ther surgery. When infections attributed to these secondary procedures were included, the infection rate
rose from 0.9% at 2 years to 2% at 20 years. Although the usual variables increased the incidence of in-
fection, the significant and most precise predictors of infection were radiologic diagnoses of upper pole
grade III and protrusio acetabuli, an elevated erythrocyte sedimentation rate, alcoholism and units of
blood transfused. Conclusion: From 2–20 years, the incidence of deep infection doubled. Preoperative
recognition of the first 4 risk factors permits the use of additional prophylactic measures. Spinal or
epidural anesthesia reduced the units of blood transfused (the fifth risk factor) and, hence, the risk of in-
fection. Although most deep infections are seeded while the wound is open, there are many possible
postoperative causes. In this study, fewer than one-third of the infections that presented after 2 years
were related to hematogenous spread. The efficacy of clean air technology was supported, and it is rec-
ommended that all measures that may reduce the incidence of deep infection be employed.

Objectif : Faire état des résultats d’une étude prospective de 30 ans sur l’infection profonde dans 1993
arthroplasties totales de la hanche consécutives pratiquées par un même chirurgien. Méthodes : On a
étudié les liens entre de nombreuses variables et l’incidence de l’infection profonde. Résultats : Le taux
cumulatif d’infection après les arthroplasties totales de la hanche de référence est passé de 0,8 % à 2 ans
à 1,4 % à 20 ans, et 9,6 % des patients de référence ont dû subir une autre intervention chirurgicale.
Lorsqu’on a inclus les infections attribuées à ces interventions secondaires, le taux d’infection est passé
de 0,9 % à 2 ans à 2 % à 20 ans. Même si les variables habituelles ont augmenté l’incidence de l’infec-
tion, les prédicteurs importants et les plus précis de l’infection étaient les diagnostics radiologiques d’ex-
trémité supérieure de grade III et de protrusion acétabulaire, un taux élevé de sédimentation des éry-
throcytes, l’alcoolisme et le nombre d’unités de sang transfusées. Conclusion : De 2 à 20 ans,
l’incidence d’infection profonde a doublé. La reconnaissance préopératoire des quatre premiers facteurs
de risque permet de recourir à des mesures prophylactiques supplémentaires. L’anesthésie rachidienne
ou péridurale réduit le nombre d’unités de sang transfusées (le cinquième facteur de risque) et, par con-
séquent, le risque d’infection. Même si la plupart des infections profondes s’installent pendant que la
plaie est ouverte, il y a de nombreuses causes postopératoires possibles. Au cours de cette étude, moins
du tiers des infections survenues après deux jours étaient reliées à la transmission hématogène. On a ap-
puyé l’efficacité de la technologie de l’air propre et on recommande de recourir à toutes les mesures sus-
ceptibles de réduire l’incidence d’infections profondes.



as taught by Sir John Charnley.2

These index THAs were identified
by sequential numbers. Patients who
had bilateral THAs had 2 numbers.
When a further operation was re-
quired, the original number was re-
tained. Data were entered prospectively
into a custom-made computer pro-
gram.3 This was supplemented by a
chart review to complete missing en-
tries and to correct errors. The first 10
operations were carried out in a con-
ventional operating room; the subse-
quent 1993 cases were performed in a
Charnley-Howorth clean air enclosure
with body exhaust gowns.4,5 This
study concerns the 1993 operations
in which clean air technology was
used (hip nos. 11–2003).

Systemic prophylactic antibiotics
were used (usually cephamandol 2 g
given intravenously with induction of
anesthesia, followed by 1 g in the re-
covery room). They were adminis-
tered once in the first 190 cases, ran-
domly in the next 600 cases and
almost universally in the last 1203
cases. Antibiotic-loaded cement (to-
bramycin and vancomycin) was used
in the second half of the series (hip
nos. 1001–2003) in cases that had
undergone previous ipsilateral hip
surgery. Ultraviolet (UV) radiation
was not used in the first 490 cases. It
was used randomly in the next 460
cases and routinely in the remaining
1043 cases.

Deep infections were defined as
infections that involved the implant.
Infections that remained superficial to
the deep fascia were excluded. The
indicators of contamination were as
follows: growth from 2 swabs taken
from the wound just before closure
and placed in a nutrient medium,
growth on 2 blood agar settle plates
placed on the floor beside the operat-
ing room table while the wound was
open, and growth from the contents
of 2 hemovacs, removed at 48 hours.
In cases where there had been previ-
ous surgery, early cultures were ob-
tained to determine whether there
was evidence of an occult infection.
Contamination was defined as the

presence of any organism.
Because of the long follow-up pe-

riod, infections were divided into
those attributed to the index opera-
tion and those attributed to subse-
quent operations.

We examined the relation of nu-
merous variables to the incidence of
deep infection, grouped as follows.
First, we considered strategies that
might destroy bacteria, for example,
the use of prophylactic antibiotics and
UV radiation. A second group of
variables included circumstances that
might increase contamination of the
wound, for example, the time the in-
cision was open, perforation of the
surgeon’s inner gloves (assessed by
filling the glove with water, a routine
used by Charnley in 1971–1972 and
followed by H.H. throughout this
study), a history of septic arthritis of
the hip, psoriasis, a positive preopera-
tive mid-stream urine sample (MSU),
perioperative blood transfusions6 and
type of anesthetic (i.e., general, spinal
or epidural).7–9 A third group of vari-
ables included factors that might
compromise the body’s defence
mechanisms, for example, age, sex,
obesity (BMI ≥ 30), white blood cell
count, erythrocyte sedimentation rate
(ESR), history of hematological ma-
lignancies or solid tumours with
metastases or pathological fractures,
radiotherapy or chemotherapy, pri-
mary or secondary immunodeficien-
cies, use of immunosuppressive drugs
or systemic steroids, clinical diagnosis
of rheumatoid arthritis, diabetes mel-
litus or alcoholism, pathological diag-
nosis as defined by Mitchell and
Cruess10 and radiologic diagnosis as
defined by Charnley.11,12

An attempt was made to reassess
every patient at 6 months, at 1 year
and then annually. The assessments
were carried out by the surgeon
(H.H.) and included an examination
and an anteroposterior radiograph of
both hips.

Data were analyzed with SPSS
12.0  (SPSS Inc., Chicago, Ill.). All
variables were examined individually
for their relation to deep infection.

For relations that were scores, inde-
pendent t tests were used to compare
means for those with and without a
deep infection. For variables that
were categories, χ2 tests were used to
look for the relation of the category
to the presence or absence of deep in-
fection. A liberal significance level of
0.1 with no correction for type 1 
error was used to permit identifica-
tion of the subset of variables with
possible relations to deep infection.
These variables were then examined
according to Cox regession (survival
analysis), a more conservative statisti-
cal approach, to identify independent
(unique contribution) predictors of
deep infection.

Results

Figure 1 divides cases into those suc-
cessfully followed and those lost to
death at intervals from 6 months to 
30 years; 16 cases were never reviewed
after discharge from hospital. By the
summer of 2006, 973 THAs were lost
to death, 797 were known to be alive,
and 223 had been lost for 18 months
or longer (some of these, if alive,
would be more than 100 years old).

Of the index THAs, 318 (16.0%)
had undergone previous hip surgery.
These cases had a lower incidence of
infection (3 cases, 0.9%) than the
1675 that had not undergone prior
operations (26 cases, 1.6%).

Of the index THAs, 192 (9.6%)
required 1 or more subsequent oper-
ations; 22 (11.5%) of these subse-
quent operations were for infections.
The remaining 170 (88.5%) opera-
tions were for problems other than
sepsis, for example, aseptic loosening,
dislocation and trochanter reattach-
ment. The 29 (1.5%) cases that devel-
oped an infection after the index
THA are summarized in Table 1.
The predominant infecting microor-
ganisms were gram-positive Staphylo-
coccus aureus (31%) and Staphylococ-
cus epidermidis (21%), and there was
no obvious difference between early
(< 2 y) and late (2–23 y) cases.

Of the 170 subsequent operations
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for problems other than sepsis, 12
(7.1%) developed an infection (sum-
marized in Table 2).

The combined use of prophylactic
antibiotics and UV radiation in a
clean air enclosure with body exhaust
gowns was associated with the lowest
infection rate. The use of prophylac-
tic antibiotics or UV radiation, or
both, had no statistically significant
influence on the incidence of infec-
tion (Table 3).

Positive cultures obtained from
settle plates (15.1%), closing swabs
(8.8%) or hemovac contents (4.8%)
were associated with an increased in-
fection rate, but this was not statisti-
cally significant.

The mean time that the incision
was open — 114.9 minutes in cases
that developed an infection — was
not significantly longer than the
mean of 111.2 minutes in those that
did not develop an infection.

Perforation of the surgeon’s inner
glove was detected in 16.5% of cases.
These perforations did not increase
the infection rate. When an outer
glove perforation was recognized
during an operation, the glove was
replaced. When the remaining un-

used gloves were tested, 4% were
found to be perforated.

A history of septic arthritis of the
hip (1% of cases), psoriasis (2.3%) or
a positive MSU (14.1%) increased in
the incidence of infection, but this
was not statistically significant.

Blood transfusions may be conta-
minated by microorganisms, which
may affect the immune system.6 The
use of perioperative blood transfu-
sions was associated with an increase
in the incidence of infections. On av-
erage, the group with infections re-
ceived 2.76 units of blood, whereas
the group without infections re-
ceived 1.71 units. The difference was
significant at p = 0.005. The type of
anesthesia may affect blood loss and
the need for transfusion. The first
spinal or epidural anesthetic was used
in hip number 693. In the first 682
cases, 73.3% of the patients received
blood, and in the subsequent 1311
cases, 66.4% patients received blood.
The decrease in the use of blood
transfusions was significant (p <
0.001). This decrease in the use of
blood transfusions could have been
due to a change in transfusion policy.
To avoid this problem, a comparison

was made between the 1311 cases
(nos. 693–2003) occurring during
the same time period when any
change in transfusion policy would
affect both groups. Patients having a
spinal or epidural anesthetic were sig-
nificantly less likely to receive a blood
transfusion (250/459, 54.5%) than
those having a general anesthetic
(606/827, 73.3%), p = < 0.001. The
average number of units transfused
in spinal or epidural cases (1.23) was
significantly less than in general anes-
thetic cases (2.06), p = < 0.001.

Age, sex, obesity (BMI ≥ 30) or
an elevated white blood cell count
were not significantly related to the
incidence of infection. The mean
ESR in cases that developed an infec-
tion (32.6) was significantly higher
than that in cases with no infection
(23.6), p = 0.03.

The incidence of infection accord-
ing to the month of the year did not
indicate that there were significant
seasonal variations in the patients’
immune systems.

The type of anesthetic used (gen-
eral, 76.0%; spinal or epidural,
23.1%; both, 0.9%) did not influence
the infection rate.

Hematological malignancies or
solid tumours with metastases or
pathological fractures (3.2% of
cases), radiotherapy or chemotherapy
or both (4.7% of cases), primary or
secondary immunodeficiencies (0.4%
of cases), immunosuppressive drugs
(4.8% of cases) or systemic steroids
(8.3% of cases) may adversely affect
defence mechanisms, but the num-
ber of cases was insufficient to show
a statistically significant difference.

Rheumatoid arthritis (7.6% of
cases) and diabetes mellitus (11.5%
of cases) were associated with an in-
creased incidence of infection, but
this was not statistically significant.
Alcoholism (20.8% of cases) was as-
sociated with an infection rate of
3.4%, compared with 1.0% in those
who did not suffer from alcoholism,
with the difference being significant
at p < 0.001.

Pathological diagnoses10,11 such
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as generalized osteoarthritis with
Heberden’s nodes, idiopathic
monoarticular osteoarthrosis and
osteonecrosis showed no increased
incidence of infection. Radiologic
diagnoses12 — upper pole grade
III, protrusio acetabuli and con-
centric — were associated with a
higher incidence of infection. The
difference was significant for upper
pole grade III (p = 0.05) and ap-
proached significance for protrusio
acetabuli (p = 0.059) (Table 4).
Among the 1993 index THAs,
rheumatoid arthritis was diagnosed
in 19.1%  with protrusio acetabuli
and in 45.4% with concentric
arthritis.

Risk prediction

To provide an overall picture of the
predictors of infection, a survival
analysis (Cox regression) of either the
length of time to infection or follow-
up with no infection was conducted
on the 5 variables (radiologic diagno-
sis upper pole grade III, radiologic di-
agnosis protrusio acetabuli, elevated
ESR, alcoholism and units of blood
transfused) that were either significant
(p < 0.05) or approaching significance
(p = 0.10). This analysis was based on
only 1831 cases (24 with infection)
because of missing values for some of
the variables. Incorporation of the
time dimension gave more precise

findings than logistic regression. The
overall prediction of infection from
these 5 variables was significant at 
p < 0.001 (Table 5).

Time

The cumulative infection rate after
the index operations increased from
0.8% at 2 years to 1.4% at 20 years
(Table 6); 9.6% of the index opera-
tions required further procedures.
When infections attributed to these
secondary operations were included,
the infection rate rose from 0.9% at 2
years to 2.0% at 20 years. The inci-
dence of the onset of deep infections
declined with time (Fig. 2), but the
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Table 1

Deep infections following index total hip arthroplasties

Time Hip nos. Organism Other factors Treatment and outcome

< 3 mo 30 Pseudomonas Alcohol, DM, UTI Débridement → excision

183 No growth Antibiotics → cure

291 S. aureus Obesity, DM, RA Débridement and suppressive antibiotics

327 S. epidermis Alcohol, obesity Excision, reimplant → cure

417 S. aureus Alcohol, obesity, DM Excision

561 Enterobacter cloacae Prior operation(s) Suppressive antibiotics

956 S. epidermis Obesity, leg infection Suppressive antibiotics

982 S. aureus Alcohol Excision

1099 S. epidermis Débridement and suppressive antibiotics

1249 S. aureus Alcohol, obesity Excision, reimplant → cure

1725 E. coli and Kleb.
pneumoniae

Alcohol, delirium tremens, incontinence,
aspiration, renal and cardiac failure

Death at 35 days

3 mo–2 y 105 S. epidermis Alcohol, cancer Suppressive antibiotics

483 S. epidermis Excision, reimplant → cure

721 E. coli Obesity, cancer septicemia Suppressive antibiotics

876 S. aureus and epidermis Débridement, excision

1408 Strep. viridans Obesity Excision, reimplant → cure

1814 Strep, pyogenes Alcohol Débridement and suppressive antibiotics

1925 S. aureus Alcohol, obesity Débridement, excision

> 2–23 y 136 Strep. salvarius Septicemia Excision, reimplant → cure

287 S. aureus Alcohol, psoriasis, septicemia Excision, reimplant → cure

411 S. aureus Leg infection, septicemia Excision, death at 1 month

657 Strep. species Alcohol, obesity, septicemia Antibiotics → cure

791 S. aureus Alcohol, obesity Excision, reimplant, reinfection

840 Pseudomonas Alcohol, RA, steroids Excision

997 Kleb. pneumoniae and
Enterococcus faecalis

DM, steroids, leg infection Excision

1047 Citrobacter koseri Cancer, UTI, septicemia Excision, reimplant → cure

1131 S. aureus Leg infection Débridement, excision

1231 Strep. pyogenes Preoperative UTI Excision, multiple operations

1817 Gram positive cocci
commensal

Obesity, RA, steroids, leg infection I and D, suppressive antibiotics

DM = diabetes mellitus; I and D: = incision and drainage; RA = rheumatoid arthritis; UTI = urinary tract infection.



numbers were not sufficient to show
that this was statistically significant.

Discussion

In this study, the incidence of infec-
tion declined with time (Table 6, Fig.
2), but infections can present after 10
or even 20 years. The cumulative in-
fection rate after the index THAs rose
from 0.8% at 2 years to 1.4% at 20
years. When infections attributed to
secondary procedures were included,
the infection rate rose from 0.9% at 2
years to 2.0% at 20 years. Thus, from
2 to 20 years, the incidence of deep
infections doubled.

A review of Table 1 suggests that
12 of the 29 deep infections (41.4%)
could have been due to postoperative
factors that included hematogenous
infection (nos. 136, 287, 411, 657
and 721), leg infection, that is, ulcera-
tion or cellulitis (nos. 956, 997, 1131,
1231 and 1817), urinary tract infec-
tion (no. 1047) and delirium tremens
with fecal and urine incontinence
(no. 1725). Three of these infections
occurred early (< 2 y), and the rest
occurred 4–23 years after surgery. It is
sometimes implied that implant infec-

tions occurring after 2 years are
hematogenous in origin.13 However,
reports of hematogenous infections in
which an identical organism was iso-
lated from the implant and the septic
site account for a minority of cases. Of
the deep infections documented in
this study (Table 1), 5 (17.2%) could
have been hematogenous; 4 occurred
after 2 years, representing a maximum
of 30.8% late-onset infections with
hematogenous origin.

Nelson’s meta-analysis14 indicated
that a 5.8% infection rate in a regular
operating room was reduced to 1.3%
with prophylactic antibiotics, to 0.7%
with clean air technology and to 1%
with UV radiation. These intra-
operative measures all significantly
reduced the infection rate by at least
80%, which suggests that intra-
operative contamination is much
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Table 2

Deep infections following subsequent operations

Time; index
to second
operation Hip nos. Reason for revision Other factors Treatment and outcome

≤ 2 y 28 Recurrent dislocation Alcohol, DM Suppressive antibiotics

1428 Removal trochanter
fixation

Obesity, tension suture left in wound Excision

1670 Evacuation hematoma,
anticoagulants

DM, leg infection septicemia, renal
failure, ARDS

Death at 75 days

> 2–22 y 131 Aseptic loosening Obesity, DM Excision, reimplant, reinfection

164 Aseptic loosening Débridement, excision

177 Aseptic loosening, Fx
femur

Prior operation, cancer Excision

262 Aseptic loosening Excision, reimplant, reinfection

452 Aseptic loosening Prior operation, DM Excision

673 Aseptic loosening Hemophilia, prior operation, HIV/AIDS Multiple operations

886 Removal trochanter
fixation

RA, steroids Suppressive antibiotics

946 Removal trochanter
fixation

RA, steroids, leg infection I and D, suppressive antibiotics

1183 Aseptic loosening Hemolytic antibiodies Excision

ARDS = acute respiratory distress syndrome; DM = diabetes mellitus; Fx = fracture; I and D = incision and drainage; RA = rheumatoid arthritis.

Table 3

Influence of prophylactic antibiotics
and ultraviolet radiation

THA, no. (and %)

Treatment Total
No

infection Infection

No antibiotics
or UV
radiation

438 431 7 (1.6)

Antibiotics
but no UV
radiation

194 189 5 (2.6)

UV radiation
but no
antibiotics

74 73 1 (1.4)

Antibiotics
and UV
radiation

1287 1271 16 (1.2)

THA = total hip arthroplasty; UV = ultraviolet.

Table 4

Influence of radiologic diagnosis

THA; no. (and %)

Diagnosis Total
No

infection Infection

Upper pole

grade I 209 208 1 (0.5)

grade II 381 379 2 (0.5)

grade III 243 236 7 (2.9)

Medial pole 238 235 3 (1.3)
Protrusio
acetabuli

120 116 4 (3.5)

Concentric 141 138 3 (2.1)

Osteonecrosis 241 237 4 (1.7)

Subluxation 157 155 2 (1.3)

Dislocation 118 116 2 (1.7)
Others* 317 314 3 (0.9)

THA = total hip arthroplasty.
*Includes previous operations, and in some cases
there was more than 1 radiologic diagnosis.



more frequent than later hematoge-
nous contamination. Anecdotal as
well as theoretical evidence supports
the view that bacterial colonies pro-
tected in a biofilm15–18 can survive in-
definitely before causing an overt in-

fection. In 1916, a First World War
veteran suffered an open fracture of
his tibia that became infected but
healed. Fifty years later, he was ad-
mitted to the Edinburgh Western
General Hospital with a respiratory
tract infection. H.H. attended him
during this admission because, after
lying dormant for 50 years, his leg
wound broke down and discharged
Staphylococcus aureus, a different or-
ganism from that isolated from his
respiratory tract. Vreeland and col-
leagues19 reported a microorganism
found in a New Mexico salt crystal
that was 250 million years old. It was
isolated, grown, and found to be
Bacillus species 2-9-3. Convincing evi-
dence that most implant infections
occurring after 2 years are due to
hematogenous seeding is lacking.

The strengths of this study are as
follows: its length, that there was 1

surgeon, that 1 type of operation
was performed electively, that a fixed
protocol was used, that all opera-
tions were performed at 1 site and
that geographical constraints mini-
mized losses to follow-up. It was
made clear from the outset that all
patients were to be followed indefi-
nitely. This feature distinguishes the
present study from studies that make
an attempt to recall all patients after
10 or 20 years. Variables that may
reduce the risk of infection — pro-
phylactic antibiotics and UV radia-
tion — were deliberately introduced
and studied. Multiple uncontrollable
variables, found in any consecutive
series, were studied. The study’s
weaknesses are that other existing
variables could have been included
and were not and that the number
of operations complicated by an in-
fection was not large enough to de-
tect factors that might have had a
small effect on the infection rate.

We were unable to show, as did
Nelson,14 that the increased infection
rate in contaminated cases was statisti-
cally significant. This might have been
because the number of cases was insuf-
ficient.

Prophylactic antibiotics were ini-
tially not used because of doubts as
to their value20,21 and because of an
attempt to demonstrate the value of
clean air technology without intro-
ducing another variable. The com-
bined use of a clean air enclosure
and body exhaust gowns, prophylac-
tic antibiotics and UV  radiation was
associated with the lowest incidence
of infection, but the addition of pro-
phylactic antibiotics and UV radia-
tion, or both, made no statistically
significant difference. A larger num-
ber of cases might have proved oth-
erwise. It is of interest that there
were 7 deep infections (1.6%) in 438
of the index THAs in which no an-
tibiotics or ultraviolet radiation was
used, a low incidence for a study of
this duration.

In the setting of a clean air enclo-
sure with body exhaust gowns, the
length of time the wound was open
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FIG. 2. Time of onset of total hip arthroplasty deep infections.

Table 6

Cumulative infection rate

Time, no. (and %) of cases

Infection category < 3 mo. < 2 y < 5 y < 10 y < 20 y ≥ 20 y 

Index THA infections* 11 (0.6) 16 (0.8) 19 (1.0) 23 (1.2) 28 (1.4) 29 (1.5)

Infections after index THAs plus
subsequent operations

13 (0.7) 18 (0.9) 24 (1.2) 31 (1.6) 39 (2.0) 41 (2.1)

THA = total hip arthroplasty.
*Includes 3 cases of patients who had previous operations.

Table 5

Predictors of infection. Survival
analysis: length of time to infection
compared with follow-up with no
infection

Variable p value OR 95% CI

Upper pole
grade III

0.007 3.81 1.44–10.08

Protrusio
acetabuli

0.004 5.42 1.71–16.59

ESR 0.015 1.02 1.004–1.03

Alcoholism < 0.001 4.60 1.99–10.63

Units of blood
transfused

0.005 1.29 1.08–1.55

CI = confidence interval; ESR = erythrocyte
sedimentation rate; OR = odds ratio.



did not significantly influence the in-
cidence of infection. In a conven-
tional operating room, where the air
is always contaminated, time is likely
to be an important factor.

With the exceptions of alco-
holism, an elevated ESR and, possi-
bly, blood transfusions, we had diffi-
culty in showing that a compromised
immune status contributed to the in-
cidence of infection. In 3 patients
(hip nos. 28 and 30, 876 and 1131,
1231 and 1183), there were bilateral
deep infections. The organisms iso-
lated from the left and right hips
were more often than not different.
One of the 3 patients suffered from
alcoholism and had diabetes mellitus.
These cases may be examples of a
compromised immune system.

Most of the variables usually asso-
ciated with an increased risk of deep
infection did show an increased inci-
dence of deep infection, but it was
not statistically significant. We at-
tribute this to the fact that, even with
1993 cases, the infection rate was too
low to have sufficient statistical power
to detect effects of small magnitude.

The most precise predictors of in-
fection were obtained by incorporat-
ing time as a survival analysis (Cox re-
gression) expressed as the increased
risk of infection for 5 variables
(Table 5). The first 4 predictors — ra-
diologic diagnosis of  upper pole
grade III, radiologic diagnosis of pro-
trusio acetabuli, elevated ESR and al-
coholism — should be known before
surgery and merit extra precautions.
The fifth predictor, the number of
blood units transfused, is mitigated by
use of spinal or epidural anesthesia,
which reduces the need for blood.

Thirty-seven years after Charnley
and Eftekhar’s publication, most
joint implant surgery is performed in
operating rooms that are less sterile
than the Wrightington prototype.
Whyte and colleagues (1983)22 sug-
gested bacterial standards for ultra-
clean operating rooms. The pub-
lished national standards are not
particularly helpful.23–27 This study
supports the effectiveness of clean air

technology, and at a time when we
are concerned about the emergence
of resistant strains of microorgan-
isms, it would seem prudent to em-
ploy all measures likely to reduce the
risk of infection.
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