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Abstract Surgical-site infection (SSI ) in the spine is a

serious postoperative complication. Factors such as posteri-

or surgical approach, arthrodesis, use of spinal instrumenta-

tion, age, obesity, diabetes, tobacco use, operating-room

environment and estimated blood loss are well established

in the literature to affect the risk of infection. Infection after

spine surgery with instrumentation is becoming a common

pathology. The reported infection rates range from 0.7% to

11.9%, depending on the diagnosis and complexity of the

procedure. Besides operative factors, patient characteristics

could also account for increased infection rates. These infec-

tions after instrumented spinal fusion are particularly diffi-

cult to manage due to the implanted, and possibly infected,

instrumentation. Because the medical, economic and social

costs of SSI after spinal instrumentation are enormous, any

significant reduction in risks will pay dividends. The goal of

this literature review was to analyse risk factors, causative

organisms, diagnostic elements (both clinical and biologi-

cal), different treatment options and their efficiency and

consequences and the means of SSI prevention.

Introduction

Over the last two decades, major advances in surgical instru-

mentation of the vertebral column have emerged for a number

of spinal pathologies, including fractures and degenerative

and neoplastic diseases. Infections may develop after any

surgical procedure, and their management in the setting of

spinal instrumentation is critical to provide appropriate post-

operative care. The incidence of wound infection after spinal

surgery without instrumentation is relatively low. However,

using spinal instrumentation clearly increases the risk for

postoperative soft tissue infections, and recent estimates from

retrospective reviews range from 2.1% to 8.5%. A number of

well-recognised risk factors for postoperative wound infection

development are inextricably linked to the insertion of spinal

instrumentation. Recognising such potential factors permits

their reduction and, consequently, may diminish the incidence

of wound infections. Given the wider application of spinal

instrumentation in over the last 10 years, managing related

postoperative infections has become increasingly important.

The major objectives of this article were to review clinical

characteristics, operative management and outcome of post-

operative infections in patients with spinal instrumentation.

Epidemiology

The most frequent causative organism for surgical-site

infections (SSIs) following spine surgery is Staphylococcus
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aureus [1–5]. Table 1 presents findings of studies by several

authors following their analysis of SSIs.

Pull ter Gunne et al. [12] reported that of 132 cases,

S. aureus was found in 72.6% of all deep SSI isolates,

Table 1 Characteristics of infection in several studies

Characteristics

Articles Number of

infected patients

Population Mono- or

polymicrobial

cultures

Most frequent organisms (%) Time since initial surgery

(number of patients)

No-growth

cultures (%)

Pull ter Gunne et al.

(2010) [6]

132 Adult Monomicrobial 63

(52.1%)

. Staphylococcus aureus 65.1% nd° 38 (31.4%)

. Enterococcus faecalis 14.5%

. MRSA* 10.8 %

Polymicrobial 20

(16.5%)

. Escherichia coli 10.8%

. Klebsiella pneumoniae 7.2%

. Streptococcus spp. 4.8%

Cahill et al.

(2010) [7]

61 paediatric Monomicrobial 29

(47.5%)

. S. aureus 38% ≤ 3 months 32 (52.4%) 11 (18%)

. Staphylococcus coagulase

negative 24%

. MRSA 20%

Polymicrobial21

(34.4%)

. Pseudomonas spp. 20% ≥ 3 months 29 (47.5%)

. E. coli 18%

. E. faecalis 16%

. Enterobacter spp. 8%

. Proteus mirabilis 8%

Mok et al.

(2009) [1]

16 Adult

paediatric

Monomicrobial 7

(43.7%)

. Staphylococcus coagulase

negative 50%

≤ 3 months 12 (75%) 0%

. Enterococcus spp.50%

. S. aureus 31.2%

Polymicrobial9

(56.3%)

. P. acnes 18.7% ≥ 3 months 4 (25%)

. E. coli 18.7%

. Enterobacter

spp. 18.7%

"Rihn"/>Rihn

et al. (2008) [8]

7 paediatric Monomicrobial 5

(83.3%)

. Staphylococcus coagulase

negative 33.3%

≤ 6 months 1 (14.3%) 14.3%

MRSA 16.6%

Polymicrobial1

(16.6%)

. E. faecalis 16.6% ≥ 6 months 6 (85.7%)

. Streptococcus spp. 16.6%

. P. acnes 16.6%

. S. marscesens 16.6%

"Ho"/>Ho et al.

(2007) [9]

53 paediatric Monomicrobial 45

(85%)

. Staphylococcusylococcus

coagulase negative 47%

≤ 6 months 31 (58.5%) 6%

. S. aureus 17%

. Enterococcus spp. 6%

Polymicrobial 8

(15%)

. Pseudomonas spp. 6% ≥ 6 months 22 (41.6%)

. E. coli 4%

. Enterobacter spp. 4%

"Fang"/>Fang et al.

(2005) [10]

48 Adult

paediatric

nd° . S. aureus 56.2% ≤ 3 months 40 (83.4%) 0%

. Staphylococcus coagulase

negative 37.5%

. Enterococcus spp. 23% ≥ 3 months 8 (16.7%)

. E. coli 8.3%

. Pseudomonas

spp. 8.3%

Collins et al.

(2008) [11]48

74 Adult

paedatric

Monomicrobial 46

(62.2%)

. Propionibacterium spp. 46% ≤ 30 days 6 (8%) 0%

.Staphylococcus coagulase

negative 24.3%

Polymicrobial 28

(37.8%)

. S. aureus 12%

.Staphylococcusylococcus

coagulase negative 24.3%

≥ 30 days 68 (92%)

MRSA methicillin-resistant S. aureus, nd not documented
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with 17.8% demonstrating methicillin resistance. Either

Escherichia coli or Enterococcus faecalis suggesting

genitourinary or faecal wound contamination caused

most other cases of deep SSI. In the superficial SSI

group, S. aureus was present in 85.7%, with only 5.5%

demonstrating methicillin resistance. However, in this

series, patients had their incision primarily explored

and cultured. Culture aspirations deep into the fascia

were performed and local wound care initiated. The

reliability of these cultures was not as favourable as

deep cultures taken in the operating room. Only

51.2% of the wounds cultured were positive. As op-

posed to the literature, most SSIs were caused by a

single species of bacteria. Low virulency skin organ-

isms can lead to infection on spinal instrumentation.

Propionibacterium is regarded as a low-virulence organ-

ism and has only been reported as a late cause of

postoperative infection following posterior spinal fusion

and instrumentation [13–15]. Bemer et al. [16] report a

rate of 9.7% positive cultures to P. acnes in spinal

instrumentation in a series of 68 patients. The incidence

becomes obviously higher with improved culture tech-

nique, as P. acnes requires an extended incubation pe-

riod before it can be identified. These authors

recommend that the surgeon perform at least four deep

samples to facilitate culture interpretation. Results of at

least four deep-culture samples, histology and C-

reactive protein (CRP) must be compared with the pre-

operative macroscopic details.

Diagnosis

Clinical

Diagnosis may be difficult clinically, as signs appear a

few months or even years after the surgery, making long-

term follow-up necessary. In most cases, clinical signs

and symptoms are fever, pain, erythema, swelling,

warmth, tenderness to palpation or wound drainage. Pull

ter Gunne et al. [12] found that wound drainage was the

most frequently seen sign indicating SSI and was present

in 67.9% of deep SSI and 64.6% of isolated superficial

SSI. In the study of Collins et al. [11], the mean time for

infection diagnosis was 14 months (days to years post-

operatively); 24.3% were detected or more years after

initial surgery. These demonstrate the need for long-

term follow-up following instrumented spinal surgery in

order to obtain a more accurate indication of the inci-

dence of infection. Pull ter Gunne et al. [6] compared the

time to diagnosis between deep and superficial SSIs and

found the mean time to diagnosis was shorter in the deep

SSI group (15 vs. 18 days).

Laboratory

This literature review emphasises the importance of the

different biological markers. All infection markers were

elevated [white blood cells (WBC), erythrocyte sedimenta-

tion rate (ESR) and CRP)] at the time of diagnosis. First, it is

important to determine what are considered the normal

levels of these markers after surgery and when they should

return to normal. CRP levels are increased and can take

two weeks to normalise [17]. ESR will also be elevated,

reaching a peak level at two weeks, and requires up to

six weeks to return to normal levels. Most authors found

that CRP value was more sensitive than ESR or WBC for

different types of SSI. CRP level was a highly sensitive

factor for infection [18–20], with 96.8% of deep and 100%

of superficial SSIs having elevated levels. WBC count has

been a less reliable indicator for infection. Takahashi et al.

[21] found that the most sensitive parameter for enhanced

inflammation elicited by implants appears to be CRP be-

cause its level increased sharply immediately after surgery,

reaching a high peak level on day two. The authors con-

cluded that hardware was the cause of the acute inflamma-

tory response with a high CRP level after surgery. The

increase in CRP seven days after surgery can be used to

monitor a possible infection, because at that time, it should

be lower than the level two days after surgery. WBC and

renewed elevation of CRP, WBC and body temperature

appear to be reliable signals [18]. Takahashi et al. [18]

reported the utility of detecting a decreased lymphocyte

count for early diagnosis of postoperative wound infection.

In their prospective study, they measured WBC count

and WBC differential in patients after spinal surgery with

or without surgical-wound infection. Their results suggest

that lymphopenia (no more than 10% or 1,000/μl)

four days after surgery indicates possible surgical-

wound infection.

Risk factors

It is important to know the risk factors for infection in order

to use preventive measures and optimise surgical treatment

[10]. Some factors cannot be modified, such as the patient’s

age. Cahill et al. [7] found that age has a significant inverse

relationship with the risk of infection, with younger patients

having a higher infection rate following scoliosis surgery.

This suggests that the risk of infection has a bimodal age

distribution, where the risk is lowest at some point in the

teenage years. In a retrospective case control analysis of 48

cases of postoperative infection following spinal proce-

dures, Fang et al. [10] found that for preoperative risk

factors, age greater than 60 years, smoking, diabetes, previ-

ous infection, increased body mass index and alcohol abuse
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were statistically significant preoperative risk factors. Pre-

vious surgery and steroid use did not appear to be predictive

of infection. They found that for intraoperative risk factors,

staged procedure, surgery time (over five hours) and the

number of levels [22–27] were statistically significant intra-

operative risk factors. They concluded that the most fre-

quently infected procedure was likely to be a combined

anterior/posterior spinal fusion performed in a staged man-

ner under separate anaesthetics. In a multivariate analysis,

Pull ter Gunne et al. [12] found that obesity was the only

independent risk factor that increased the rate of superficial

SSI. Approaches were associated with a 1.7% risk of SSI,

and any surgery that included a posterior spinal approach

was associated with a minimum of 4.4% risk of infection.

The authors reported that improved vascularity and lym-

phatic drainage of the anterior spine may enhance the clear-

ance of incidental bacterial contamination of an anterior

spinal surgery. The rate of infection of the posterior ap-

proach depends on the nature of the procedure and after

simple discectomy is approximately 1%, increases to 2–5%

when there is a posterior spinal fusion and up to 9% with

instrumentation.

Prevention

Antibiotic prophylaxis and precautions against risk factors

are important to prevent infections after spinal surgery with

instrumentation. Pull ter Gunne [12] found that an anterior

approach was a protective factor. Isolated anterior surgical

approaches were associated with a 1.7% risk of SSI, whereas

any surgery that included a posterior spinal approach was

associated with a minimum of 4.4% risk of infection. To

address the complication of diabetes, Dubberke et al. [28]

found that tight regulation of blood sugar pre-operatively

may decrease the risk of SSI. To decrease the risk of infection

when estimated blood loss (EBL) is greater than 1 l, some

authors [12, 29] recommend minimising EBL in any surgical

procedure, decreasing the need for nonautologous blood trans-

fusions. They found that nonautologous blood transfusions

produced immune suppression in the recipient. When the

patient had a history of prior infection, Pull ter Gunne [12]

attempted to determine the organism that caused the previous

SSI and its antibiotic sensitivities in order to modify the

antibiotic regimen. A meta-analysis was published by Barker

[30] in which he evaluated six randomised controlled trials

into which a total of 843 patients were enrolled. The difference

between the raw pooled infection rate (2.2% in the antibiotic

group and 5.9% in the no antibiotic group) was statistically

significant. The results suggest that prophylaxis is bene-

ficial in terms of reducing the incidence of operative-

site infections following spinal surgery. Ho et al. [9]

changed their antibiotic protocol from cefazolin to

vancomycin and ceftazidime as prophylactic antibiotics

for posterior spinal fusions in order to cover Staphylo-

coccus epidermis (the most frequently found causative

organism in their study). They use, in addition, jet

lavage irrigation with detergent solution [31] before

closure, with early results suggesting a much smaller

infection rate. Another preventive measure was de-

scribed by Cheng et al. [32] in a prospective, rando-

mised study. They found that irrigation of the spinal

wound with dilute Betadine solution completely pre-

vented infection in a group of 208 patients compared

with a 2.9% rate in 206 patients who did not have

Betadine irrigation. Concerning obese patients, the Surgical

Care Improvement Project (SCIP) advisory panel recommends

a 2-g dose of cefazolin for prophylaxis in patients who weigh

over 80 kg. Given the minimal side effects of cefazolin in

nonallergic patients, it appears reasonable to give 2 g to all

patients weighing more than 80 kg to decrease the risk of SSIs

associated with obesity.

Treatment

Infection types

The treatment for an SSI following spinal surgery may

depend on whether or not the SSI is isolated superficial to

the muscular fascia or includes the spine deep to the fascia.

Many treatments have been described. The first is aggres-

sive surgical treatment and antibiotic therapy [1, 33]; anoth-

er is removal of the instrumentation, with delayed

reimplantation [33, 34]; a third is retention of the stable

implant [4, 35]. Concerning the wound, some authors pri-

marily close the wound following debridement, whereas

others suggest either a second-look operation or leaving

the wound open and closing it in a second stage. Pull ter

Gunne and al [6] use treatment that included aggressive

wound and soft-tissue debridement (89.3%), stable hard-

ware retention (73.3%) and primary replacement of instru-

mentation (14.7%) if fixation failure had occurred. This was

followed by primary closure over multiple drains. With this

method, 76% of deep SSIs could be treated with a single

surgical debridement. Further debridement was performed if

clinical evidence of uncontrolled infection continued. All

patients received antibiotic therapy for a mean of 40.8 days.

Intravenously administered antibiotics were used in 90%

of cases and were often followed by a short course of

oral antibiotics. The time when the infection is diagnosed

is used to differentiate between late and early infection;

90 days is used as the cutoff time by some authors, with

early being before 90 days and late after 90 days. For

infections that develop within the 90 days, Mok [1] and

Cahill et al. [7] recommend debridement without
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hardware removal followed by suppressive antibiotics

until adequate fusion is obtained. For late infections, they

recommend inspecting the fusion before instrumentation

removal is considered.

Instrumentation retention versus removal

With regard to the treatment of delayed infection after spinal

instrumentation, most studies reported successful treatment

through complete implant removal associated with appro-

priate antibiotherapy [36, 37]. In the retrospective case

series by Hedequist et al. [38], 26 patients developed a

delayed infection that could not be eradicated when

implants were left in place. Further debridement was always

needed, until eventual implant removal allowed wounds to

be closed. There was no need for further operations after

implant removal in most cases. In some, there was one

additional operation needed, to apply vacuum-assisted clo-

sure (VAC) dressing for a period of two or three days to

create a granulated bed for closure. Patients who underwent

initial irrigation and debridement and whose wounds were

closed with implants left in place always returned with

infected implants, either at the same or a later hospital

admission. Hedequist et al. [38] explains that debridement

of a chronic infection without implant removal leaves areas

underneath rods and spinal anchor points that are not thor-

oughly debrided, and pockets of infected tissue and that

immediate implant replacement no doubt would probably

lead to early reinfection because of a colonised bed. The risk

of instrumentation removal is the loss of deformity correc-

tion. Even in the face of what appears to be a solid fusion at

exploration, removal of spinal implants is sometimes asso-

ciated with deformity progression [39]. In that study, some

patients needed revision surgery at a later date because the

deformity progressed. Six of the patients were revised at an

average of 16 months after infected implant removal. In

patients that were not revised, there was no deformity pro-

gression or significant complaints requiring revision. For

patients with delayed spinal infection without a completely

destabilised spine, Hedequist et al. [38] recommend immedi-

ate implant removal at the first operation, with thorough

debridement, and revision surgery if necessary at a later date.

Buchowski et al. [40] presented a study of 69 infections in

2,876 adult and paediatric patients in which 39.1% of patients

required instrumentation removal to treat their infection. For

Ho et al. [9], 18.9% of a study of 53 infected paediatric

patients required instrumentation removal. Hahn et al. [41]

eradicated 100% of infections by implant removal.

Managing postoperative wound infections after instru-

mented arthrodesis involves a protocol of aggressive debride-

ment and irrigation with subsequent returns to the operating

room until the wound is sufficiently clean for closure. After

closure, the appropriate antibiotics are administered for two to

six weeks [4, 42–46]. Collins et al. [11] reported that nine

(40%) of 15 patients treated with antibiotic therapy and wound

debridement with implant retention had an active infection at

the time of implant removal despite antibiotic therapy. Infec-

tion could not always be eradicated with implant retention.

Sponseller et al. [47] found similar results: 21% of deep

wound infections after neuromuscular scoliosis surgery had

persistent wound discharge and healed only after implant

removal. Glassman et al. [42] reported 19 cases of deep

wound infection following 858 instrumented fusions, which

were diagnosed at an average of 16 days postoperatively. The

patients underwent on average 4.7 procedures (two to ten)

before closure. Instrumentation was retained in all cases with a

one year follow-up, and no sign of infection was found. Cahill

et al. [7] reported 61 infections in 1,571 paediatrics patients.

The number of re-operations was similar between patients

with early and late infections, and instrumentation was more

likely to be retained in early infections (less than 90 days after

operation). The average number of reoperations for early and

late infections was 2.0 and 1.9, respectively. Instrumentation

was retained in 24 (75%) of 32 early and in four (13.8%) of 29

late infections. Instrumentation retention was associated with

a slight decrease in reoperation rate. In 51% (31 of 61) of

infected patients, instrumentation was completely removed to

treat the infection. The average number of reoperations was

2.3 in the 31 patients who had complete instrumentation

removal and 1.6 in the 30 patients who did not undergo

complete instrumentation removal. In contrast, in their series

of paediatric scoliosis patients, Ho et al. [9] found that implant

retention was a significant predictor of further surgery

(P<0,05).: Forty-three patients had implants retained from

initial irrigation and debridement, 47% (20 of 43) of these

patients required a second irrigation and debridement and

12% (five of 43) required a third irrigation and debridement.

Of the ten patients who had implants removed at initial irri-

gation and debridement, only 20% required a second irrigation

and debridement, and no patient required a third irrigation and

debridement. For infections that develop within 90 days, Mok

[1] and Cahill et al. [7] recommend debridement without

removal followed by suppressive antibiotics until adequate

fusion is obtained. For the later infections, they recommend

inspection of the fusion before instrumentation removal is

considered.

Many studies report loss of correction following instru-

mentation removal at the time the infection is treated. Hahn

et al. [41] noted a loss of curve correction ranging from 10°

to 26° in three of six patients; however, a solid fusion was

achieved after instrumentation removal for delayed infec-

tion. Rihn et al. [8], with seven infected patients of 236

following surgery for idiopathic scoliosis, had three with a

loss of curve correction: on average, 22° (36% of correction)

of the thoracic curve and 8° (21% of correction) of the

lumbar curve. This loss of correction was caused by
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pseudarthrosis at the time of surgical debridement and in-

strumentation removal. For the three other patients with

solid fusion, there was no loss of correction despite instru-

mentation removal. None of the patients with pseudarthrosis

at the time of surgical treatment underwent revision spinal

surgery after infection eradication. Patients in the infection

group had similar outcomes to those in the noninfected

group, despite pseudarthrosis and loss of correction. How-

ever, many studies show that there is no correlation between

the amount of postoperative improvement in radiographic

curve correction and outcomes [48, 49].

Antibiotic therapy

Reviewing the literature regarding antibiotic therapy

revealed a varying range of treatments and recommenda-

tions. Rihn et al. [8], in a retrospective study of seven

infected patients, used intravenously administered antibiotics

for a minimum of six weeks, which cleared the infection in all

cases. Clark and Shufflebarger [13] treated delayed infection

with surgical treatment and 48–72 hours of antibiotics i.v.,

followed by ten days of culture-guided antibiotic treatment by

mouth. All infections were eradicated with this approach.

Richards and Emara [50] proposed giving patients less than

three weeks of antibiotic therapy after surgical treatment

for delayed infection, which resolved in all cases. These

authors recommend a two to five day course of anti-

biotics i.v. followed by a seven to 14-day course of

antibiotics orally. This shows that surgical treatment, irriga-

tion, debridement and hardware removal may be combined

with short-term antibiotic treatment for delayed infection.

Closure

Some authors recommend leaving the wound open at the

time of irrigation, with debridement and closure done in a

delayed-staged fashion. Szoke et al. [51], for early deep-

wound infections, recommend leaving the wound open

after the initial irrigation and debridement while leaving

spinal instrumentation and bone graft in place. Wenger et

al. [52] feel that if the diagnosis was delayed and the

wound grossly purulent, the wound should be left open

to heal by secondary intention via dressing changes. Spon-

seller et al. [47] propose this method if patients have

extensive purulence, failure of prior treatment or poor soft

tissue coverage, but seven of 14 patients managed this way

had recurrent infection. Rihn et al. [8] reported that all patients

with delayed infection were successfully treated with a single

irrigation and debridement, instrumentation removal and pri-

mary closure over a Hemovac drain that was maintained for

48 hours.

Vacuum-assisted closure (VAC)

A decrease in wound complications, improved healing times

and reduced overall morbidity rates have been reported. In

the retrospective study by Canavese et al. [53], the efficacy

of vacuum-assisted closure (VAC) in treating deep infection

after extensive instrumentation and fusion for spinal defor-

mity in children and adolescents was reported. A total of 14

patients with early deep spinal infection were treated using

this technique. The mean follow-up was 44 (24–72) months.

All wounds healed; two patients required plastic surgery to

speed up the process. In no patient was the hardware re-

moved nor did loss of correction or recurrent infection

occur. In 2005, Mehbod et al. [46] reported a series of 20

patients with postoperative spinal infections treated with the

wound VAC system. In all patients, wounds healed without

implant removal.

Closed suction irrigation system (CSIS)

According to Rohmiller et al. [54], a closed suction irriga-

tion system (CSIS) is effective for treating postoperative

wound infections following instrumented spinal fusion, thus

avoiding the need for secondary closure. In their retrospec-

tive record review of 500 posterior instrumented fusions

between 1990 and 2002, 28 consecutive infections (5%)

were diagnosed and treated by a standardised incision and

drainage treatment protocol and CSIS:. Twenty-one patients

with acute and seven with late (over six months) infections

were followed up for 22.3 months post-CSIS treatment: 21

(75%) resolved without recurrence with one CSIS treatment;

seven acute infections (25%) required a second course of

treatment. In the seven reinfected patients, five required

only placement of a second CSIS, and two were treated with

antibiotics alone. No patient with acute infection required

implant removal.

Use of allograft

Ho et al. [9] found no significant association between

the use of allograft and infection eradication: 50% (26

of 53) of patients had an allograft in their initial fusion,

and of those requiring a second irrigation and debride-

ment for persistent infection, 46% (ten of 22) had an

allograft.

Clinical outcome

Patients with infection can have good to excellent clinical

outcome, with no long-term loss of function [55, 56], similar

to noninfected patients [1]. In their retrospective case–con-

trol study on 32 patients with deep wound infection, at mean

462 International Orthopaedics (SICOT) (2012) 36:457–464



follow-up of 62 months, Mok et al. [1] reported no signif-

icant difference in Physical Function, Role Physical, Bodily

Pain and General Health domains between infection and

control groups in the SF-36 Health Survey. There were 12

early and four later infections, of which treatment was

irrigation and debridement, repeated if needed. Instrumen-

tation was retained. Mean Physical Component Summary

was 41.4 in the infection group and 44.3 in the control group

(P00.6). Collins et al. [11] found poorer outcomes, report-

ing that only 46% of patients had stable pain free spines

when implants were removed in established fusions.

Infection and pseudarthrosis

Cahill et al. [7] reported 61 infections in 1,571 paediatric

patients, with a 25% incidence of pseudarthrosis. To treat

the pseudarthrosis, they needed an average of 1.2 proce-

dures, and seven patients had persistent pseudarthrosis at the

final follow-up. Rihn et al. [8] reported seven patients with

infection after surgical treatment for adolescent idiopathic

scoliosis, of which one was acute and the others delayed.

Treatment was irrigation and debridement with spinal im-

plant removal; 50% of late infections demonstrated evidence

of pseudarthrosis at the time of irrigation and debridement,

but no patient with pseudarthrosis underwent any additional

procedures to obtain a solid arthrodesis.

Conclusion

In conclusion, knowledge of factors involved, understand-

ing the severity of infections and preventing a delayed

diagnosis can be key factors in preventing SSIs.
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