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Infection following orthopaedic
implants and bone surgery
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ABSTRACT Forty-seven patients were investigated for early or late postoperative infections of orthopaedic
implants and/or bone. A total of 88 isolates were recovered (64 aerobes and 24 anaerobes). Pseudomonas
aerugingsaand Staphylococcus epidermidis were the most commion causative agents. Anaerobic hacteria
were isolated from 16 {34%) patients; 50% of patients with late-onset infection and 10.5% with early-onset
infection. In 6 {12.8%) patients, infection was with anaerobic organisms alone. Al these patients had retained
an extramedullary internal fixation device. Anaerobic microorganisms appear lo play a significant role in the
pathogenesis of late-onset postoperative infection, espacially where there is an extramedullary internal
fixation device.

Infeclion conseécutive a des Impiants orthopédiques et une chirurgie osseuse

RESUME Quarante-sept patients ont été examinés a la recherche d'infections postopératoires a début
précoce ou tardif touchant les implants orthopédiques et/ou les os. Au total, 88 isolats (64 aérobies et 24
anasérobies) ont été obtenus. Pseudomonas aeruginosa et Staphylococcus spidermidis étaient les agents
pathogénes les plus courants. Des bactéries anagrobies ont été isolées chez 16 patients (34 %), 50 % des
patients ayant une infection & début tardif et 10,5 % & début précoce. Chez 6 patients (12,8 %), l'infection ne
concernait que des organismes anaérobies. Tous ces patients avaient consarvé un fixateur interne ex.
tramedullaire. Les micro-organismes anaérobies semblent jouer un réle significatif dans la pathogenése de
Finfection postopératoire a début tardif, notamment lorsqu'it y & un fixateur interne extramédullaire.
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Introduction

Bone infection may be acquired by three
routes: haematogenously, by direct inocula-
tion or from an adjacent non-bony focus.
In studies of infections associated with or-
thopaedic implants, Staphylococcus aureus
appears to dominate the early-onset infec-
tions, whereas aerobic and anaercobic bac-
teria of the normal skin flora, such as §.
epidermidis, Propionibacterium acnes and
peptostreptococci, are commonly found in
delayed infections [/-31.

In contrast to acute haematogenous os-
teomyelitis, which is a general disease with
organic manifestations, post-traumatic os-
teomyelitis is a primary local infection that
can produce general symptoms of disease,
but does not do so in every case. Following
bacterial colonization of the affected tissue,
acute haematogenous osteomyelitis is ac-
companied by hyperagmia and increased
cell density, while post-traumatic osteomy-
elitig is characterized by avascularity [4].
However, postoperative orthopaedic infec-
tions may involve infection of soft tissues
and the adjacent orthopaedic implant alone
and are not necessarily associated with os-
teomyelitis.

This study was carried out fo investi-
gate the causative agents and the predis-
posing factors of postoperative ortho-
paedic infections, with particular attention
to anaerobic microorganisms.

Methods

This prospective study comprised 47 pa-
tients (37 males and 10 females). The study
was conducted in Basra University Teach-
ing Hospital, Iraq. The period of study ran
from September 1994 to October 1997.
The cases included presented with an in-
fection of an orthopaedic implant and/or
bone. The operative procedures that had

been performed included extramedullary
and intramedullary internal fixations that
were indicated for management of frac-
tures; total hip replacements for fractures
of the femoral neck in ¢lderly patients; os-
teotomics for bonc dcformitics; cxcisions
of tumorous bone in cases of malignancy;
and the application of bone cement for
treatment of a pathological fracturc.

Only patients with clinical, bacteriologi-
cal and/or radiological evidence of infection
were included in the study. In all, 19 pa-
tients presented with earty-onset postoper-
ative infection (infection appeared within
5-15 days of the operative procedurc). All
these patients were given prophylactic anti-
biotics after surgery. Another 28 patients
presented with latc-onsct postoperative in-
feetion [infection appeared from 3 months
to @ years (mean = 2 years) after the oper-
ation].

Material for bacteriological culture was
obtained from the infected bone, or deep
soft tissuc or prosthesis removed during
surgical exploration under general anaes-
thesia. The specimens were collected by
syringe avoiding contamination from the si-
nus track. The aspirate was freed of visible
air bubbles and the sample for anaerobic
culture inoculated immediately onto pre-re-
duced selective and non-selective culture
media {bedside inoculation). Samples were
incubated under anaerobic conditions im-
mediately after inoculation (also at the bed-
side) in a GasPak jar (BBL), and then the jar
was transferred to the incubator. No anaer-
obic transport media were used. The fol-
lowing media were employed for anacrobic
culture: blood agar, phenyl ethyl aleohol
blood agar, and Bacteroides bile esculin
(BBE) agar. Samples grown on chocolate
agar were cultured under 5%-10% carbon
dioxide. The following media were em-
ployed for aerobic culture: blood agar,
MacConkey agar, phenyl ethyl aleohol
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blood agar, and mannitol salt agar. Anaero-
bic cultures were examined daily after 48
hours of incubation. Aercbic cultures were
examined after 24 and 48 hours of incuba-
tion. Aerobes and anaerobes were identified
using conventional methods.

Results

In this study, 47 patients with postoperative
infection were investigated. The operative
procedures leading to intection are shown
in Table 1. Extramedullary internal fixations
were the most commonly occurring proce-
dures (28 cases).

The cultures were monomicrobial in 26
patients and polymicrobial in 21 patients. A
total of 83 1solates were recovered {64 aer-
obes and 24 anaerobes). The predominant
aerobic organisms isolated, in descending
order of frequency, were: Pseudomonas
aeruginosa, S. epidermidis, S. awreus and
Klebsiella sp. (Table 2). The predominant
anaerobes isolated were: pigmented

Table 1 The operative procedures according
to time of onset of infection

Procedure Early Late Totai
onset onset

Extramedullary

intemnal fixation 5 23 28
Total hip replacement 7 1 a
Intrameduliary

internal fixation 2 4
Oesteotomy 3 0
Excision of

bone tumour 1 0 1
Application of

bone cement 1 0 1
Total 19 28 47

Table 2 Organisms isolated from patients
with postoperative infection by time of
onset of infection

Organism Early Late Total
onset onset
Aerobes
Pseudomonas
aeruginosa 6 1t 17
Staphylococcus
epidermidis 2 g 1
5. aureus 6 4 10
Klebsiella sp. 5 2 7
Proteus sp. 6 0 €
Escherichia coli 2 0 2
Enterobactersp. 1 1 2
Other
Enterobacteriaceae 0 7 7
Streptococcus sp. o 2 2
Angerobes
Pigmented bacteroides 0 9
Bacteroides fragilis 1 4
Peptostreptococcus
gnaerobius 0 4 4
Peptostreptococcus
micros 0 4 4
Propionibacterium
acnes 0 2 2
Totat 29 59 88

bacteroides, Bacreroides fragilis and Pep-
tostreptococcus sp.

Anaerobic organisms were recovered
from 16 (34%) patients; 6 (12.8%) patients
were infected with anaerobic bacteria
alone. All 6 patients had late-onset infection
and all had extramedullary intemnal fixation
devices (Table 3). The anaerobes were iso-
lated from 14 (50%) of the 28 patients with
late-onset infection and from only 2
{10.5%) of the 19 patients with early-onset
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Tabie 3 Data for six patients with purely anaerobic infections

Age Sex  Time between Operation Organiam
(years} operation and
development of
infection (years)
29 M 25 Extramedullary  Pigmented bacteroides
70 F 9 Extramedullary Pigmented bacteroides
32 M 4 Extramedullary Pigmented bacteroides
Peplostreplococous
micros
Peptostraptococcus
anaerobius
40 M 3 Extramedullary Pigmented bacteroides
43 M 8 Extramedullary  Peplostreptococcus
micros
Paptostraptocorcus
anaerobius
62 F 5 Extramedullary Pigmented bactercides

M = male, F = female.

infection. The difference was statistically
significant (y*= 7.85, P < 0.01). Extramed-
ullary internal fixation had been performed
in 14 (87.5%) of the 16 patients with anaer-
obic infection.

The predominant organism found in the
26 patients with monomicrobial cultures
was §. aureus (8 cases) as shown in Table
4. The other 21 patients had mixed infec-
tions in which the predominant organism
was P ageruginosa (13 cases).

Discussion

The study revealed that 2 acruginosa and
S. epidermidis were the most common
causative agents of postoperative ortho-
paedic infection. These organisms are of-
ten found as part of the normal cutaneous
flora [5] and can be transmitted from im-
properly decontaminated skin into trauma-
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Table 4 Organisms isolated from 26 patients
with monomicrobial infection by onset of

infection
Organism Early Late Total
onset  onset

Staphylococcus

aureus 5 3 8
Pseudomonas

aeruginosa 1 4
S. epidermidis 0 4
Pigmented

bacteroides 0 4 4
Klebsielia sp. 2 1 3
FEnterchacteriaceae n 2 2
Enterobacter sp. 0 1 1
Total 8 18 26
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tized bone or soft tissue during the opera-
tive manipulation. Therefore, meticulous
preoperative skin decontamination and per-
fect sterilization of operative and dressing
instruments are mandatory. P, aeruginosa
is usually resistant to commonly used anti-
biotics and thus might be transmitted from
one patient to another by imperfectly steril-
ized instruments, or could be introduced
into the surgical wound through faulty
dressing technique,

The most frequently recovered anaero-
bic organisms were pigmented bacteroides,
B. fragilis and Peptostreptococcus sp. By
contrast, Templeton et al. [3] found that
Peptostreptococcus sp. and Propionibacte-
rium acnes were the most common anaero-
bic bacteria recovered from patients with
postoperative osteomyelitis.

Anaerobic microorganisms were isolat-
ed from 34% of patients in the study, while
Hall et al. [6] found a lower prevalence
(22%) of anaerobic infection in patients
with infected total hip arthroplasties. The
high rate of recovery of anaerobes was re-
lated to the methodology of careful collec-
tion, inoculation and anaerobic culture of
the operative specimens. Specimens were
collected by syringe and inoculated and
cultured immediately at the bedside, with-
out the use of transport media. Anaerobic
transport mecia were not used as they
might have led to overgrowth of facultative

anaercbic bacteria over strict anaerobes, a
situation that could lead to anaerobic organ-
isms heing missed Tn addition, collection
of specimens by syringe, the method used
in this study, has been found to be more
efficient than collection by cotton swab for
the isolation of anaerobes on culture [7,8].

The findings of this study give a higher
incidence of anaerobic infection in delayed-
onset (50.0%) than in early-onset {10.5%)
postoperative infections. Moreover, the
isolation of anaernhes alone from 6 patients
with delayed-onset infection indicates the
significant role of these bacteria in the
pathogenesis of this infection. All of these 6
patients also had extramedullary internal
fixation devices. This association needs to
be further investigated ta explore the rela-
tionship between anaerobic infection and
extramedullary internal fixation, Late-onset
anaerobic infection might be acquired from
the blood by transfer of anaerobes on an
internal fixation device, where a metallic
foreign body with low oxygen tension
could predispose towards anaerobic infec-
tion. Therefore, retaining an internal fixa-
tion device for a prolonged perind may
increase the risk of anaerobic infection. It
is therefore recommended that any internal
fixation device be removed as soon as pos-
sible after bone healing. Anacrobic cultures
should also be made in all cases presenting
with delayed-onset postoperative infection.
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Surgical care at the district hospital

Surgical care at the district hospital provides a practical guide to sur-
gical procedures that are commonly performed by non-specialist
clinicians working tn district hospitals (1st level referral hospitals)
with limited resources. In many developing countries, essential
emergency surgical and anaesthetic care at such referral hospitals
is provided by nadequately trained non-specialist medical, nursing
and paramedical personnel, with imited facilities, equipment and
supplies. The objective of this manual is to improve the quality of
clinical care at the district hospital particularly in essential proce-
dures in surgery, obstetrics, aynaecology, corihopaedics, anaesthe-
sia and trauma. The manual includes a comprehensive guide to the
organization of the district surgical service, management of equip-
ment and infection contrg!. it has been written by an international
team of specialists and reviewed by clinical specialists from all parts
of the world.

Surgical care at the district hospital is currently in production and is
due cut in early 2003. Further information is available from the De-
partment of Blood Safety & Clinical Technology, World Health Organi-
zation. 20 Avenue Appia, CH 1211, Geneva 27, Switzerland. !
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