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A B S T R A C T

Study design: Cross-sectional study with systematic review of literature.
Objective: There is an increasing interest in the topical use of antibiotics to prevent infection following spine 
surgery. To extend the antibiotic coverage to the gram-negative spectrum, the usage of tobramycin powder is 
being considered. We surveyed to analyze the current practice preference on the use of topical tobramycin in 
lumbar spine surgery and also aimed to analyze the literature for current evidence on the same.
Methods: A multinational cross-sectional survey was conducted among AO Spine members worldwide to un
derstand the use of topical tobramycin in 1 or 2-level open lumbar fusion surgeries. Also, an independent sys
tematic review of four scientific databases (PubMed, Scopus, clinicaltrials.gov, Web of Science) was performed 
by two authors to identify relevant articles in adherence to the preferred reporting in systematic reviews and 
meta-analysis (PRISMA) guidelines. Studies reporting the usage of tobramycin in lumbar spine surgeries were 
included for analysis.
Results: Among the 231 participating surgeons, only 1.7 %(n = 4) reported utilizing tobramycin in 1 or 2-level 
open lumbar fusion surgery. Upon systematic review of the literature, two studies with 484 patients were 
included for analysis. With the usage of tobramycin as a topical antibiotic powder, both studies noted a reduction 
in the incidence of infection with change in the spectrum of infective organisms.

Abbreviations: PRISMA, Preferred Reporting In Systematic reviews and Meta-Analysis; RCT, Randomised controlled Trial; SD, Standard Deviation; SSI, Surgical 
Site Infection.
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Conclusion: Topical Tobramycin is not the commonly preferred topical antibiotic to prevent SSI among spine 
surgeons worldwide. There is a lack of sufficient evidence to support the routine use of topical tobramycin in 
lumbar spine surgery.

1. Introduction

Surgical site infection (SSI) remains a major concern in spine surgery 
due to its catastrophic effects on the patient and the operating surgeon.1

The overall incidence of SSIs in spine surgery ranges from less than 1 %– 
11.9 % based on the risk factors inherent to the patient and the 
procedure.1–11 SSI has an impact on the medical, social, and economic 
sectors of patients and the hospitals treating them.12 SSI might neces
sitate prolonged length of hospital stay and need for additional pro
cedures along with extended antibiotic usage thereby increasing the cost 
of the procedure to the patient.13,14 Apart from the economic burden, 
SSI has an emotional impact on the overall outcome of the procedure.

Prophylactic usage of systemic antibiotics has been routinely 
employed to prevent postoperative SSIs. Cephalosporins are the com
mon group of antibiotics routinely used with established efficacy against 
staphylococcal species.15 However, Vancomycin remains the drug of 
choice in high-risk individuals harboring methicillin-resistant Staphylo
coccus aureus or with known allergy to β-lactam antibiotics.16 Despite 
the systemic administration of prophylactic antibiotics their penetration 
is limited below the minimum inhibitory concentration in the target 
tissue in spine surgery. Hence, local antibiotic application to the surgical 
sites became a common practice to ensure adequate therapeutic drug 
levels at surgical sites. Local antibiotic delivery has been shown to 
demonstrate a 10-fold reduction in the infection rate in orthopedic 
surgeries.17 Further, local administration not only prevents the adverse 
effects due to systemic administration but also prevents the risk of 
antibiotic resistance.18

Vancomycin and tobramycin remain the safe candidate antibiotics 
for topical use to reduce the risk of SSIs.19–22 With the increasing evi
dence, vancomycin has been commonly used topically in spine surgery 
in high-risk surgeries such as deformity correction in the young and 
multi-level surgeries and surgeries requiring instrumentation in 
high-risk individuals. However, vancomycin usage has resulted in an 
increased incidence of sepsis due to gram-negative organisms.23 This 
calls us to consider tobramycin with an antibiotic spectrum against 
common gram-negative organisms such as Pseudomonas aeruginosa and 
Klebsiella pneumoniae.24–27 We surveyed the AO Spine members world
wide to understand the current intraoperative topical antibiotic usage in 
open lumbar fusion surgery. Hence there is a need to understand the 
evidence behind the usage of topical tobramycin in spine surgery.

We surveyed to analyze the current practice preference on the use of 
topical tobramycin in lumbar spine surgery and also aimed to analyze 
the literature for evidence to support the use of topical tobramycin in 
lumbar spine surgery and generate recommendations for its routine 
usage.

2. Methods

2.1. Survey design

A survey was designed and disseminated through AO Spine Knowl
edge Forum to analyze the perioperative surgeon practices in degener
ative lumbar spine surgery. Questions ranging from topics such as peri- 
operative antibiotic use, wound closure techniques, and suture materials 
used were included in the surgery along with the demographic infor
mation of the participants. Surgeons performing at least 10 cases of open 
1 or 2-level fusion for adult lumbar degenerative pathologies annually 
were eligible to participate in the survey. Informed consent was not 
required since no specific patient data has been involved in the survey 
and ethical committee approval was not obtained given the study was a 

surgeon-based survey.
The survey was distributed to over 6,000 AO Spine members inter

nationally and was conducted electronically in March 2022. Surgeon 
demographic information was collected including geographic region 
(Asia Pacific, North America, Latin America, Europe and Southern Af
rica, and Middle East and Northern Africa), gender, age, years of prac
tice, specialty, and practice setting. In the antibiotic usage domain, the 
surgeons were asked specifically about their topical use of tobramycin, 
location of placement, and dosage utilized.

2.2. Literature search

The present systematic review was conducted according to the 
preferred reporting in systematic reviews and meta-analysis (PRISMA) 
guidelines.28 Two individual researchers (S.M., S.V.) independently 
reviewed four scientific databases (PubMed, Scopus, clinicaltrials.gov, 
Web of Science) to identify relevant articles. The algorithms used for the 
literature search included the following keywords: "tobramycin", "lum
bar spine", "surgical site infection", and "topical antibiotics". Appropriate 
adjustments to the algorithms were made for each of the databases using 
Boolean operators such as “AND”, “OR” and “NOT”. The algorithms used 
in one of the included databases are presented in Appendix 1. The 
bibliographies of the identified studies were also reviewed for the 
identification of additional relevant studies. Any conflicts were resolved 
by discussion until a consensus was achieved.

Following the removal of the duplicates, the titles and abstracts of 
the identified studies were reviewed for relevance using the online 
platform www.rayyan.ai. The full texts of the possibly relevant studies 
were then examined against our inclusion criteria. Studies that fulfilled 
the following inclusion criteria were included in the systematic review: 

Patient: patients undergoing lumbar spine surgery.

Intervention: use of topical tobramycin

Comparison: comparator or placebo

Study types: randomized controlled trials (RCT) or observational 
studies with at least 10 patients per study group

We excluded observational studies with less than 10 patients, study 
types such as in-vitro studies, animal studies, case reports, letters to the 
editor, brief reports, and conference abstracts.

2.3. Data extraction

Using an Excel form, two independent authors (S.M., S.V.) extracted 
the following data from the studies, if available: 

Study characteristics: name of the first author, year of publication, 
type of study, number of participants

Patient characteristics: age, gender, comorbidities

Procedure characteristics: approach and levels of fusion, surgery type 
(open/minimally invasive), the dosage of antibiotic used

Outcomes: incidence of SSI and spectrum of organisms noted.

Any discrepancies between the reviewers were resolved through 
discussion until consensus was obtained.

2.4. Quality assessment

Quality assessment was performed using the ROB2 tool of Cochrane 
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Collaboration for RCTs with five domains of assessment and the ROBINS 
tool for non-randomized studies that have seven domains of assessment. 
The quality assessment was performed independently by two in
vestigators (S.M., S.V.). Any discrepancy is resolved upon discussion 
until consensus was obtained.

2.5. Statistical analysis

We used mean and standard deviation (SD) to present the continuous 
variables and percentages for discrete data. We used Stata (Version 17, 
StataCorp, LLC) for all statistical analyses. We considered a p-value of 
0.05 as significant for all statistical calculations.

3. Results

3.1. Survey demographics

A total of 231 surgeons responded to the antibiotic usage domain of 
the survey on perioperative management. Respondents formed an in
ternational cohort, with the largest group from Europe and Southern 
Africa (35.9 %), followed by Asia Pacific (21.6 %), North America (19.5 
%), Latin America (14.3 %), and Middle East and Northern Africa (8.7 
%). Most respondents were orthopedic surgeons (77.1 %) and academic/ 
university hospital affiliated (49.4 %). On the other hand, 27.7 % of 
surgeons were affiliated with public/military hospitals, and 22.9 % were 
in private practice. Finally, surgeon experiences among the respondents 
varied widely, and they were equally distributed across five groups 
ranging from <5 years of experience to >20 years of experience. Char
acteristics of the participating surgeons were presented in Table 1.

3.2. Tobramycin usage

Among the 231 participating surgeons, only 1.7 %(n = 4) reported 
utilizing tobramycin in 1 or 2-level open lumbar fusion surgery. All of 
them reported sub-fascial application of the tobramycin powder. The 

dose of tobramycin utilized ranged from ≤1 g (n = 1), 1–2 g (n = 2), and 
2–3 g (n = 1). The characteristics of surgeons using topical tobramycin 
in their practice are given in Table 1.

3.3. Study characteristics

We performed an independent and duplicate screening of the liter
ature to identify studies using tobramycin in lumbar spine surgery. 
Following duplicate removal, 58 studies were identified from the 
included databases and screened for inclusion. After an initial screening 
of titles and abstracts, we excluded 52 studies. The full texts of the 6 
remaining studies were then examined against our inclusion criteria, 
leading to the inclusion of 2 studies.29,30 The characteristics of the 
included studies are presented in Table 2 (see Fig. 1).

3.4. Risk of bias assessment

None of the studies had a high risk of bias to warrant exclusion from 
the analysis as shown in Fig. 2. Of all included studies, some concerns 
were noted in domains accounting for confounding bias and missing 
data bias in one of the included studies.29

3.5. SSI incidence

Shapiro et al.29 used tobramycin combined with methylmethacrylate 
in 65 patients undergoing cranioplasty, lumbar spinal fusion, and 
vertebral body replacement surgeries. They did not note any case of 
infection in the spinal procedures using topical tobramycin powder.

Lee et al.30 in their study analyzed the incidence of SSI with (n = 708) 
and without (n = 209) the use of topical antibiotics in lumbar spine 
surgeries. Their topical antibiotic group had two subgroups, one van
comycin alone (n = 489) and the other vancomycin with tobramycin 
(219). The incidence of SSI noted was 5.7 %(n = 12) in the control group 
whereas 2 %(n = 10) in the vancomycin group and 1.8 %(n = 4) in the 
vancomycin and tobramycin group. The difference was statistically 
significant compared to the control group while within the two anti
biotic subgroups, they did not note any significant difference in SSI 
incidence.

3.6. Infective strain

Upon comparing the organisms cultured from the SSI cases in the 
antibiotic group in the study by Lee et al.,30 it is noted that apart from 3 
cases of methicillin-sensitive Staphylococcus aureus rest of all the 7 cases 
from the 10 SSI cases in vancomycin group were gram-negative strains, 
predominantly Pseudomonas aeruginosa and Klebsiella pneumoniae. 
Similarly, the strains from the vancomycin with tobramycin group were 
also due to Pseudomonas aeruginosa (n = 2), Klebsiella pneumoniae (n =
1), and Escherichia coli (n = 1).

3.7. Risk factors

Lee et al.30 analyzed the risk factors contributing to SSI in the pa
tients analyzed. They noted that smoking (p < 0.001) significantly 
contributed to the risk of SSI. They also noted that the age of the patient 
(p = 0.07), alcohol consumption (p = 0.05), and comorbidities of the 
patient (p = 0.07) did not contribute to the risk of SSI in their cohort.

4. Discussion

SSI remains a devastating complication following any surgery and 
spinal surgeries with instrumentation make it difficult to eradicate them 
once it occurs.3 The risk factors involved in the development of SSI 
include surgical factors such as instrumentation, levels of surgery, 
revision surgery, and blood loss; and patient factors such as obesity, 
diabetes, and immunocompromised state.31–34 Anderson et al.35

Table 1 
Characteristics of surgeons participated in the survey and those using topical 
tobramycin in their current practice.

Variable Total Surgeons Tobramycin

N = 231 N = 4

Gender
Male 220 (95.2 %) 3 (75 %)
Female 11 (4.8 %) 1 (25 %)

Surgeon Age
25–34 years 17 (7.4 %) 1 (25 %)
35–44 years 100 (43.3 %) 1 (25 %)
45–54 years 65 (28.1 %) 1 (25 %)
55–64 years 39 (16.9 %) 1 (25 %)
≥ 65 years 10 (4.3 %) –

Region
Asia Pacific 50 (21.6 %) 1 (25 %)
Europe and Southern Africa 83 (35.9 %) –
Latin America 33 (14.3 %) 1 (25 %)
Middle East and Northern Africa 20 (8.7 %) –
North America 45 (19.5 %) 2 (50 %)

Surgeon experience
<5 years 40 (17.3 %) 1 (25 %)
05–10 years 55 (23.8 %) –
11–15 years 47 (20.3 %) 1 (25 %)
16–20 years 34 (14.7 %) –
>20 years 55 (23.8 %) 2 (50 %)

Speciality
Orthopaedic Surgery 178 (77.1 %) 4 (100 %)
Neurosurgery 53 (22.9 %) –

Institution
Academic/University Hospital 114 (49.4 %) 3 (75 %)
Private practice 53 (22.9 %) 1 (25 %)
Public/Military Hospital 64 (27.7 %) –
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demonstrated that 60 % of the SSIs could be prevented, and with the 
increasing number of spine surgeries performed to date in the aging 
population, the impact of SSI must not be underestimated.36,37

Local administration of antibiotics has been considered a viable 
treatment strategy to prevent SSI with bactericidal concentrations at the 
surgical site with promising outcomes.7,38–41 Topical application of 
vancomycin has been shown to eradicate gram-positive wound 
contamination thereby making it a routine practice of spine 
surgeons.23,42–45 Staphylococcus aureus remains the common organism 
isolated from spinal SSI. But there has been a shift in the strain of 
pathogens from classic skin flora to more aggressive methicillin-resistant 
Staphylococcus aureus (MRSA) and gram-negative bacteria.37,46

The addition of topical vancomycin powder before wound closure 
has been shown to reduce the incidence of SSI from 5.7 % to 2 %. 
Further, the combined use of topical vancomycin with tobramycin 
reduced the SSI to 1.8 %.30 Analysis behind the topical use of antibiotics 
has shown that whether used independent or in combination, vanco
mycin and tobramycin are economically justifiable in preventing SSI.12

Recent literature analysis denotes that 30 % of spinal SSI and almost 50 
% of pediatric SSI are due to gram-negative bacteria.47 The change noted 
in the strain of infective organisms may be attributed to the common use 
of prophylactic antibiotics with gram-positive coverage resulting in se
lective progression of gram-negative strains.

A synergism has been noted with the combined use of vancomycin 
and tobramycin in-vitro.48 However, their combined usage did not result 
in clinically demonstrable SSI reduction in the study by Lee et al.30 and 
the possible explanation given for the lack of synergism was due to 
under-dosing of the tobramycin component. However, one must care
fully consider antibiotic dosing since it carries the risk of more virulent 
organisms with the addition of more topical antibiotic volume along 
with changes in the noted spectrum of SSI and the risk of nephrotoxicity 
in higher doses.30,49 Further, usage of such increased dosages is ques
tioned in the pediatric population undergoing spine surgery.50

The study has some significant limitations worth acknowledging. 
The survey results could be influenced by the working conditions of the 
participating surgeons and the local availability of the antibiotic. 
Further, the responses might not be representative of the current prac
tice preference given the low response rate. Hence, the results of the 
survey must be interpreted with caution. Regarding the systematic re
view, the number of available studies using tobramycin in lumbar spine 
surgery is limited. Given the limited number of available studies using 
tobramycin in spine surgery, no definite conclusion on its effectiveness 
could be ascertained. Hence, we recommend future high-quality ran
domized controlled trials be conducted to arrive at a definite conclusion 
to develop recommendations for its routine usage in lumbar spine 
surgeries.

Table 2 
Characteristics of studies included in the systematic review.

First author 
(year)

Study Type Sample 
size

Age 
(Mean)

Female Follow-up 
(Mean)

Antibiotic used Infected 
Cases

Organism Cultured

Shapiro et al 
(1991)29

Prospective 65 NA NA 32.2 
months

Tobramycin 0 None

Lee et al 
(2018)30

Retrospective 419 53 136 66 months Vancomycin +
Tobramycin

4 Pseudomonas aeruginosa (2), Escherichia coli (1), 
Coagulase negative Staphylococcus, Klebsiella 
pneumoniae (1)

Fig. 1. PRISMA Flow diagram for selection of studies.
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5. Conclusion

Topical Tobramycin is not the commonly preferred topical antibiotic 
to prevent SSI among spine surgeons worldwide. There is a lack of suf
ficient evidence to support the routine use of topical tobramycin in 
lumbar spine surgery. We recommend future high-quality randomized 
controlled trials to investigate the utility of tobramycin in this regard to 
develop recommendations on its routine usage.
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Appendix 

Search strategy used in PubMed database

Search Topic # Search Terms

Population: 
Patients undergoing lumbar 
spine surgery

#1 ("lumbar vertebrae"[Mesh]) OR (lumbar spine [All Fields]) 
OR (lumbar[All Fields])

#2 ("fusion surgery"[All Fields]) OR ("decompression surgery"[All Fields])
#3 #1 AND #2

Intervention: 
Tobramycin antibiotic powder 
usage

#4 ("tobramycin"[Mesh]) OR ("antibiotic prophylaxis"[Mesh]) OR ("antibiotic prophylaxis"[All Fields]) OR ("topical tobramycin"[All 
Fields]) OR ("antibiotic powder"[All Fields]) OR ("topical antibiotic"[All Fields])

#5 #3 AND #4
Study design: 

Prospective and retrospective 
studies

#6 ("clinical trial"[All Fields] OR "clinical trials as topic"[MeSH Terms] OR "clinical trials"[All Fields] OR "randomized controlled 
trial"[Publication Type] OR "randomized controlled trials as topic"[MeSH Terms] OR "randomized controlled trial"[All Fields] OR 
"randomised controlled trial"[All Fields] OR ("randomized"[All Fields] AND "controlled"[All Fields] AND "trials"[All Fields]) OR 
"randomized controlled trial"[All Fields]) OR ("randomized controlled trial"[Publication Type] OR "randomised controlled trial"[All 
Fields] OR "controlled clinical trial"[Publication Type] OR "controlled clinical trials as topic"[MeSH Terms] OR "controlled clinical 
trial"[All Fields])) OR ("random"[All Fields] AND "allocation"[All Fields]) OR "random allocation"[All Fields] OR "randomization"[All 

(continued on next page)

Fig. 2. Risk of bias assessment of the included studies using ROBINS-I tool of Cochrane Collaboration.
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(continued )

Search Topic # Search Terms

Fields] OR "randomized"[All Fields] OR "random"[All Fields] OR "randomize"[All Fields] OR "randomizing"[All Fields] OR 
"randomizations"[All Fields] OR "randomize"[All Fields] OR "randomizes"[All Fields] OR "randomizing"[All Fields] OR "randomness"[All 
Fields] OR "randoms"[All Fields] OR "trials"[All Fields] OR ("prospective studies"[MeSH Terms] OR ("prospective"[All Fields] AND 
"studies"[All Fields]) OR "prospective studies"[All Fields] OR ("prospective"[All Fields] AND "studies"[All Fields]) OR "prospective 
studies"[All Fields] OR "retrospective studies"[MeSH Terms] OR ("retrospective"[All Fields] AND "studies"[All Fields]) OR "retrospective 
studies"[All Fields])

#7 #5 AND #6
#8 (“biography”[Publication Type] OR “comment”[Publication Type] OR “directory”[Publication Type] OR “editorial”[Publication Type] 

OR “festschrift”[Publication Type] OR “interview”[Publication Type] OR “lecture”[Publication Type] OR “legal case”[Publication Type] 
OR “legislation”[Publication Type] OR “letter”[Publication Type] OR “news”[Publication Type] OR “newspaper article”[Publication 
Type] OR “patient education handout”[Publication Type] OR “popular work”[Publication Type] OR “congress”[Publication Type] OR 
“consensus development conference”[Publication Type] OR “consensus development conference, nih”[Publication Type] OR “practice 
guideline”[Publication Type]) OR “Review”[Publication Type])

#9 #7 NOT #8
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