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Objective: To evaluate the global practice pattern of wound dressing use after lumbar fusion
for degenerative conditions.

Methods: A survey issued by AO Spine Knowledge Forums Deformity and Degenerative
was sent out to AO Spine members. The type of postoperative dressing employed, timing of
initial dressing removal, and type of subsequent dressing applied were investigated. Differ-
ences in the type of surgery and regional distribution of surgeons’ preferences were analyzed.
Results: Right following surgery, 60.6% utilized a dry dressing, 23.2% a plastic occlusive
dressing, 5.7% glue, 6% a combination of glue and polyester mesh, 2.6% a wound vacuum,
and 1.2% other dressings. The initial dressing was removed on postoperative day 1 (11.6%),
2 (39.2%), 3 (20.3%), 4 (1.7%), 5 (4.3%), 6 (0.4%), 7 or later (12.5%), or depending on
drain removal (9.9%). Following initial dressing removal, 75.9% applied a dry dressing,
17.7% a plastic occlusive dressing, and 1.3% glue, while 12.1% used no dressing. The use of
no additional coverage after initial dressing removal was significantly associated with a later
dressing change (p < 0.001). Significant differences emerged after comparing dressing man-
agement among different AO Spine regions (p < 0.001).

Conclusion: Most spine surgeons utilized a dry or plastic occlusive dressing initially applied
after surgery. The first dressing was more frequently changed during the first 3 postopera-
tive days and replaced with the same type of dressing. While dressing policies tended not to
vary according to the type of surgery, regional differences suggest that actual practice may
be based on personal experience rather than available evidence.

Keywords: Dressing, Spine fusion, Surgical site infection, Intervertebral disc degeneration,
Minimally invasive spine surgery, Survey
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INTRODUCTION

Surgical site infection (SSI) is a major cause of morbidity fol-
lowing spine surgery, with an increased risk of pseudoarthrosis,
deformity, and even death.' The reported incidence of SSIs fol-
lowing posterior lumbar spine fusion ranges between 2% and
20%,” with higher rates in patients affected by diabetes and obe-
sity, > 3-hour-long surgeries, and when using posterior approach-
es.” Overall, SSIs pose a tremendous clinical and socioeconomic
burden on both patients and healthcare facilities.* Indeed, SSIs
are one of the most common reasons for hospital readmission
and often require extensive intravenous antibiotic administra-
tion, revision surgery, and prolonged hospital stay.® Therefore,
considering their devastating outcomes, it is essential to strictly
apply preventive measures preoperatively, intraoperatively, and
postoperatively.

Accurate wound care is fundamental to lowering the rate of
postsurgical SSIs. The application of sterile wound dressings
has the objective of preserving the sterile environment of the
operating room, absorbing any wound drainage, and even lo-
cally delivering antiseptic treatments to prevent wound infec-
tion.® Furthermore, wound dressings also serve as protection
against pressure, friction and irritation, which are common due
to prolonged supine position after posterior lumbar spine sur-
gery.” To date, several different dressing options are available for
postoperative wound care. These include traditional dry dress-
ings, plastic occlusive dressings, and more advanced solutions,
such as silver-impregnated dressings, characterized by inherent
antiseptic properties. Additionally, the utilization of skin glue
has been increasingly reported due to ease of application and
avoiding the use of additional dressings. In selected cases, espe-
cially when wound healing complications are expected (e.g., re-
vision surgery, multilevel procedures), incisional wound vacu-
um may also be utilized. Although several dressing protocols
and materials are available, there is no consensus regarding the
specific type of dressing to be used or the timing of dressing re-
moval. Indeed, indications concerning dressing policy are frag-
mentary and often related to local policies rather than interna-
tional guidelines.®

The aim of this study was to evaluate current worldwide dress-
ing protocols following lumbar spine surgery for degenerative
conditions. We have analyzed the data extracted from a global
online survey conducted by AO Spine to describe the most com-
mon dressing strategies and comparing them in terms of differ-
ent types of surgery performed and regional variability. More
specifically, the type of dressing usually employed, timing of
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initial dressing removal and type of subsequent dressing applied
were investigated.

MATERIALS AND METHODS

1. Study Participants

An online questionnaire focused on perioperative outcomes
and aspects of spine surgery was formulated by AO Spine Knowl-
edge Forum Degenerative and Deformity working groups. No
formal Institutional Review Board approval was needed for this
study. The survey was sent out by email to all AO Spine users
and members between March 3 and March 22, 2022. All the
participants signed a digital informed consent and agreed on
the use of their anonymized answers for research purposes.
Answers from spine surgeons performing > 10 cases per year
of one or more of the following procedures were retrospectively
analyzed: (A) long fusion (> 5 levels) for adult spine deformity
patients extending to the pelvis; (B) long fusion (> 5 levels) for
adult spine deformity patients not extending to the pelvis; (C)
open 1- or 2-level fusion for adult lumbar degenerative pathol-
ogies; (D) minimally invasive surgery (MIS) 1- or 2-level fusion
for adult lumbar degenerative pathologies; (E) open 3- to 5-level
tusion for adult lumbar degenerative pathologies. For this study,
only answers from surgeons performing lumbar spine surgery
for degenerative conditions (C-E) were included.

2. Study Questionnaire

Retrieved data included participants’ country and AO Spine
region of practice, sex, age, years of practice in spine surgery,
specialty, practice setting and information about spine surgery
tellowship were retrieved, as well as surgical case volume. Par-
ticipants were asked if performing > 10 cases of one or more of
the following procedures for adult lumbar degenerative disor-
ders: open 1- or 2-level fusion; MIS 1- or 2-level fusion; open
3- to 5-level fusion. With regards to postoperative dressing man-
agement, the type of postoperative dressing usually employed,
timing of initial dressing removal and type of subsequent dress-
ing applied were investigated. As surgeons could choose more
than one option, multiple data entries for the same participant
were also considered. The questionnaire is available as Supple-
mentary Material.

3. Statistical Analysis

Categorical data were shown as absolute (n) and relative (%)
frequencies. Statistical analysis was performed using the chi-
square test. To ensure test validity, data groups were opportune-
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ly combined when values were lower than 1 and/or when more
than 20% of the values were lower than 5. Logistic regression
was performed to evaluate the relationship between the use of
dressing versus no dressing following the initial dressing change
(independent variable) and the timing of dressing change (post-
operative day, dependent variable). Furthermore, a multiple lo-
gistic regression model was built to investigate the associations
between MIS and open surgery (dependent variables) and work
setting (private/public/academic), type of initial dressing, post-
operative day of dressing change and type of second dressing.
Open surgery was considered a negative outcome (encoded as
“0”) and MIS as a positive outcome (encoded as “1”). The most
frequent categories per each independent variable were selected
as reference levels (work setting: academic; type of initial dress-
ing: dry dressing; postoperative day of dressing change: 2; type
of second dressing: dry dressing). Similarly, the associations be-
tween surgeons’ years of experience (< 15 and >15) and type of
initial dressing, postoperative day of dressing change and type
of second dressing were investigated. Odds ratios (ORs) and
95% confidence intervals (Cls) were estimated for each refer-
ence category. An area under the curve (AUC)>0.7 was con-
sidered acceptable. Statistical significance was set at p <0.05.
Formal analysis was conducted using Prism ver. 9.5.1 (Graph-
Pad Software Inc., La Jolla, CA, USA).

RESULTS

A total of 354 spine surgeons responded to the questionnaire
and 280 completed it (79.1%). Among these, 261 routinely per-
formed lumbar degenerative spine surgery and were thus ana-
lyzed (n=261; Fig. 1). The responders were distributed among
North America (19.1%), Latin America (14.2%), Europe & South-
ern Africa (36.0%), Middle East & Northern Africa (8.0%), and
Asia-Pacific (22.6%) regions. Most surgeons were male (99.2%),
aged between 35 and 44 (42.1%), and in practice for at least
5 years (83.9%). Most participants were orthopaedic surgeons
(75.1%), 45.6% practiced in an academic hospital, 26.4% in a
public hospital, and 25.7% in a private setting. The majority
completed a spine surgery fellowship (63.2%) and operated be-
tween 50 and 150 cases per year (47.9%). Among these, 233
(89.3%) performed 1- and 2-level open fusion surgeries, 112
(42.9%) performed 1- and 2-level MIS fusion surgeries, and
189 (72.4%) performed 3- to 5-level open fusion surgeries for
degenerative pathologies. Right following surgery, 60.6% uti-
lized a dry dressing, 23.2% a plastic occlusive dressing, 5.7% ap-
plied glue, 6% used a combination of glue and polyester mesh
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354 AO Spine members
answering the questionnaire

74 Questionnaires excluded due
to incomplete responses

280 Complete questionnaires

19 Questionnaires completed by
surgeons not routinely
performing lumbar degenerative
spine surgery

261 Questionnaires filled by
surgeons performing lumbar
degenerative spine surgery

Fig. 1. Flowchart depicting the inclusion of participants.

(DERMABOND PRINEO Skin Closure System, Ethicon, John-
son & Johnson; Raritan, NJ, USA), 2.6% an incisional wound
vacuum, and 1.2% other dressings. No postoperative dressing
was used by 0.6% of responders (Fig. 2A). The initial dressing
was removed either on postoperative day 1 (11.7%), 2 (39.2%),
3 (20.3%), 4 (1.7%), 5 (4.3%), 6 (0.4%), 7 or later (12.5%), or
depending on drain removal (9.9%; Fig. 2B). Following initial
dressing removal, 75.9% applied a dry dressing, 17.7% a plastic
occlusive dressing, and 1.3% glue, while 12.1% used no dressing
(Fig. 2C). No statistical significance was found when compar-
ing the type of initial dressing (p=0.792) (Table 1), timing of
initial dressing change (p=0.926) (Table 2), and type of subse-
quent dressing (p=0.933) (Table 3) in terms of different surgi-
cal procedures performed. However, the use of no dressing fol-
lowing dressing change was significantly associated with a later
removal of the initial dressing (p <0.001; 95% CI, 2.527-3.701;
AUC, 0.73) (Fig. 3). Furthermore, we built a multiple logistic
regression model to investigate the association between MIS or
open surgery and the other investigated variables (work setting,
type of initial dressing, timing of dressing change, and type of
second dressing). Intriguingly, while MIS was significantly as-
sociated with the use of a plastic occlusive dressing as the initial
wound cover (OR, 1.79; 95% CI, 1.04-3.05; p=0.034), no addi-
tional statistically significant relationships were found. Similar-
ly, no significant association was found between surgeons’ years
of experience and type of initial dressing, timing of dressing
change, and type of second dressing.

Interestingly, statistically significant differences were found
when comparing postoperative dressing protocols among dif-
ferent AO Spine regions in terms of type of initial dressing (p <
0.001) (Table 4), timing of initial dressing removal (p<0.001)
(Table 5), and type of subsequent dressing used (p <0.001) (Ta-
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Fig. 2. Surgeons’ preferences in terms of type of initial dressing (A), timing of initial dressing change (B), and type of subsequent
dressing applied according to different surgical procedures. MIS, minimally invasive surgery; POD, postoperative day.

Table 1. Type of initial postoperative dressing according to
surgical procedure

Table 3. Type of dressing applied following removal of initial
postoperative dressing according to surgical procedure

1- or 2-level 1- or2-level 3-to 5-level

1- or 2-level 1- or2-level 3-to 5-level

Type of dressing open fusion MIS fusion open fusion Type of dressing open fusion MIS fusion open fusion
surgery surgery surgery surgery surgery surgery
Dry dressing 180 (71.4) 74 (29.4) 138 (54.8) Dry dressing 176 (75.9) 79 (34.1) 139 (59.9)
Plastic occlusive dressing 62 (24.6) 35(13.9) 53 (21.0) Plastic occlusive dressing 41 (17.7) 19 (8.2) 34 (14.7)
Glue 14 (5.6) 10 (4.0) 13 (5.3) Glue 3(1.3) 2(0.9) 3(1.3)
Glue+polyester mesh 15 (5.9) 7 (2.8) 17 (6.8) Other 2(0.9) 1(0.4) 2(0.9)
Incisional wound vacuum 8(3.2) 2(0.8) 7 (2.8) No dressing 28 (12.1) 17 (7.3) 25 (3.0)
Other 3(1.2) 2(0.8) 3(1.2) Values are presented as number (%).
No dressing 0(0) 2(0.8) 2(0.8) MIS, minimally invasive surgery.
Values are presented as number (%).
MIS, minimally invasive surgery.
Yes
Table 2. Timing of initial dressing change according to surgi-
cal procedure
El
. s . 1- or 2-level 1- or 2-level 3- to 5-level 2
Timing of initial dressing . . i S
. open fusion MIS fusion open fusion 5
surgery surgery surgery E
=
POD 1 27(11.7)  18(7.8)  23(9.9) g
)
POD 2 91(39.2) 42(18.1)  71(30.6) Z
POD 3 47 (203)  21(9.1)  38(16.4) s
POD 4 4(1.7) 0 3(1.3) P
POD 5 10 (4.3) 5(2.2) 7 (3.0)
POD 6 1(0.4) 1(0.4) 1(0.4) No ‘ ‘ ‘ ‘ ‘ ‘ /
POD 7 or later 290125 16(69)  26(112) o2 s e
POD
Depending on drain removal 23 (9.9) 7 (3.0) 19(8.2)

Values are presented as number (%).
MIS, minimally invasive surgery; POD, postoperative day.
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Fig. 3. Association between timing of initial dressing change
and use of a subsequent dressing. POD, postoperative day.
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Table 4. Type of initial postoperative dressing according to different AO Spine regions

Type of dressing Asia-Pacific SouF;Eer:?E i\gfzrica Latin America Nl\f)lictililszfftria North America
Dry dressing 73 (58.4) 164 (74.2) 55 (59.8) 65 (89.8) 65 (47.1)
Plastic occlusive dressing 40 (32.0) 40 (18.1) 26 (28.3) 4(10.3) 38 (27.5)
Glue 3(24) 16 (7.2) 2(2.2) 0(0) 16 (11.6)
Glue+polyester mesh 9(7.2) 1(0.5) 9(9.8) 0(0) 19 (13.8)
Incisional wound vacuum 3(2.4) 5(2.3) 2(2.2) 0(0) 7 (5.1)
Other 0(0) 2(0.9) 0(0) 0(0) 5(3.6)
No dressing 2(1.6) 0(0) 0(0) 0(0) 2(1.5)
Values are presented as number (%).

Table 5. Timing of initial dressing change according to different AO Spine regions

Timing of initial dressing change Asia-Pacific SouEﬁZ?EeA?rica Latin America Nl\(/)li(ti}(lii anzsftri(a North America
POD 1 3(27) 36 (20.1) 17 (21.8) 5(13.5) 6 (5.8)
POD 2-3 70 (62.0) 100 (55.9) 43 (55.1) 16 (43.2) 58 (56.3)
POD 4-6 2(1.8) 19 (10.6) 4(5.1) 6 (16.2) 6(5.8)
POD 7 or later 28 (24.8) 11(6.2) 10 (12.8) 5(13.5) 16 (15.5)
Depending on drain removal 10 (8.9) 13 (7.3) 4(5.1) 5(13.5) 17 (16.5)

Values are presented as number (%).
POD, postoperative day.

Table 6. Type of dressing applied following removal of initial postoperative dressing according to different AO Spine regions

Type of dressing Asia-Pacific SouF’;EZ?II: eA‘zica Latin America Nl\glir?kilzifzsftria North America
Dry dressing 62 (51.2) 178 (86.8) 48 (64.0) 32(82.1) 64 (59.8)
Plastic occlusive dressing 46 (38.0) 19 (9.3) 20 (26.7) 2(5.1) 8(7.5)

No dressing 13 (19.1) 8 (3.9) 7 (10.3) 5(12.8) 35(32.7)
Glue 5(4.1) 3(1.5) 0(0) 0(0) 0(0)

Values are presented as number (%).

ble 6). Dry dressing was the most utilized in all 5 regions (Asia-
Pacific, 58.4%; Europe & Southern Africa, 74.2%; Latina Amer-
ica, 59.8%; Middle East & Northern Africa, 89.8%; North
America, 47.1%), followed by plastic occlusive dressing (Asia-
Pacific, 32.0%; Europe & Southern Africa, 18.1%; Latina Amer-
ica, 28.3%; Middle East & Northern Africa, 10.3%; North
America, 27.5%). Intriguingly, glue was used mostly in North
America (11.6%) and Europe & Southern Africa (7.2%), while
the combination of glue and polyester mesh was mainly em-
ployed in North America (13.8%) and Asia-Pacific (7.2%) re-
gions (Fig. 4A). In terms of timing of dressing change, postop-
erative days 2 and 3 were the most common time points among
all 5 regions (Fig. 4B). While approximately 20% of surgeons in
Europe & Southern Africa and Latin America changed the ini-
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tial dressing as soon as postoperative day 1, less than 6% did so
in Asia-Pacific and North America regions. On the other hand,
approximately 25% of respondents from the Asia-Pacific region
reported removing the initial dressing on day 7 or later. When
analyzing data regarding the type of dressing applied following
the change of the initial dressing, dry dressing was again the
most common among all practitioners (Fig. 4C). While only a
few responders reported using glue, plastic occlusive dressing
was the most popular choice in respondents from Asia-Pacific
(38%) and Latin America (26.7%). Interestingly, whilst one-
third of surgeons from North America used no dressing follow-
ing removal of the initial dressing, only 3.9% of participants
from Europe & Southern Africa reported leaving the surgical

wound uncovered.

https://doi.org/10.14245/ns.2347168.584
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Fig. 4. Surgeons’ preferences in terms of type of initial dressing (A), timing of initial dressing change (B), and type of subsequent
dressing applied according to different AO Spine regions. POD, postoperative day.

DISCUSSION

To our knowledge, this is the first cross-sectional study to
specifically investigate different wound dressing protocols in
lumbar spine degenerative surgery across AO Spine practitio-
ners worldwide. According to our results, dry and plastic occlu-
sive dressings were the most utilized, and postoperative dress-
ing was changed more frequently during the first 3 days after
surgery. Subsequently, a new dry or plastic occlusive dressing
was applied, either the wound was left uncovered. More specifi-
cally, the use of a subsequent dressing was more likely when re-
spondents changed the initial dressing during the first postop-
erative days. On the other hand, when the initial dressing was
kept in place for a longer time, a higher chance of leaving the
surgical wound uncovered was reported. In addition, MIS sur-
gical procedures were significantly associated with the use of a
plastic occlusive dressing as the initial wound cover.

While no evidence summary for the prevention of SSIs in
lumbar spine surgery is available at present, both the World
Health Organization® and Centers for Disease Control and Pre-
vention'® have released general guidelines on wound care and
dressing management. Overall, in accordance with a Cochrane
review updated in 2016," it is unclear whether any specific dress-
ing is superior to others in reducing the risk of SSI and even if
leaving the surgical wound exposed affects SSI risk compared
to the use of any dressing. As reported, the high degree of un-
certainty is mostly due to the low quality of available evidence
and high risk of bias of included studies. Therefore, the most
appropriate type of dressing should be selected based on dress-
ing costs and surgeon preference. This was also confirmed by a
recent evidence summary on prophylactic postoperative mea-
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sures to reduce SSIs after spine surgery."

While the use of dry dressings is usually preferred for their
capacity to absorb wound drainage and low cost, plastic trans-
parent occlusive dressings may have the advantage of monitor-
ing the wound without the need to change the dressing thus pre-
venting outside contamination.”*"* Furthermore, specific dress-
ing strategies have also been developed to directly exert antisep-
tic effects or promote surgical wound healing. These include
skin glue, silver-impregnated dressings, and incisional wound
vacuum. Modern skin glue, mainly composed of glue, has the
ability to provide the wound with a mechanical barrier as well
as bactericidal properties against gram-positive bacteria.”” In a
recent systematic review from Tan et al.,'® cyanoacrylate dermal
closure was associated with significantly low rates of SSIs fol-
lowing both lumbar microdiscectomy and laminectomy (0.4%
and 1.8%, respectively). However, included studies were mainly
composed of case series, thus substantially impacting the reli-
ability of data. Nonetheless, the use of skin glue was reported by
approximately 12% of our survey responders (considering both
glue alone and the combination of glue with a polyester mesh).
Interestingly, the use of skin glue was mostly employed by
North American surgeons in our cohort. Due to the antibacte-
rial activity of silver against both gram-positive and gram-nega-
tive microorganisms, the use of silver-impregnated dressings
has already been successfully reported in preventing SSIs in
lumbar degenerative surgery. Indeed, Epstein® showed that the
use of silver-impregnated dressings reduced the rate of SSI to
0% compared to the use of dry dressings in 106 patients under-
going lumbar multilevel laminectomy and instrumented fusion.
However, due to uncertain benefits and harms (including aller-
gic reactions and skin irritation), and low quality of available
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evidence, the use of silver-impregnated dressings over tradi-
tional dressings is not recommended by most guidelines.*'* A
limited number of surgeons from our cohort (2%-5%) also re-
ported the use of incisional wound vacuum as a dressing strate-
gy. By reducing tensile forces and edema, encouraging blood
and lymphatic flow around the surgical wound, and promoting
exudate draining, negative pressure wound therapy (NPWT)
has been previously utilized in spine surgery. In a recent pro-
spective study, Mueller and colleagues demonstrated that NPWT
was associated with significantly lower SSI rates compared with
standard dressing strategies (3.4% vs. 10.9%) in patients under-
going spine surgery for degenerative disease, deformity, malig-
nancy, and trauma. However, no significant difference was found
in subgroup analyses for patients undergoing lumbosacral sur-
gery (9.2% vs. 3%) or surgery for degenerative conditions (1.3%
vs. 3.4%).” A similar study conducted by Akhter et al."® displayed
a significantly lower rate of SSIs in patients undergoing posteri-
or spine fusion surgery treated with NPW'T compared to routine
dressings (0% vs. 7.1%). However, no subgroup analysis of pa-
tients receiving lumbar spine surgery for degenerative patholo-
gies was provided in this study. Although the use of NPWT
seems advantageous in “high risk” patients (e.g., posterior open
surgery at the cervicothoracic junction, metastatic disease, mul-
tiple comorbidities, high-energy trauma, revision surgery, etc.),
its routine use to prevent SSIs is generally not recommended.®®
Timing of dressing change is widely debated, and no consen-
sus nor guidelines are available.® As demonstrated by the nota-
ble variability of our survey responses, practitioners were divid-
ed among those removing postoperative dressing during the
first 3 days after surgery, those waiting up to 7 days, and those
changing the dressing at the same time of drain removal (which
likely occurred in the first postoperative days). Apparently, there
is no scientific evidence in terms of the relationship between
SSIs and timing of dressing changes, and most practices depend
upon surgeon preference, anecdotal experiences, and individual
training. As wound drainage is more likely during the first post-
operative days, the removal of dirty dressings is usually performed
with the assumption that keeping the wound clean would re-
duce the risk of SSIs. However, Bains et al."” showed that keeping
the postoperative dressing in place for 5 days significantly abat-
ed SSI rates from 5.5% to 1.1% in posterior lumbar fusion cases.
More specifically, the authors advocated the risk of bacterial in-
oculation of the surgical wound after surgery in the nonsterile
environment of hospital wards. However, the actual evidence
suggests that there is no consensus regarding the minimal time
for which dressings should remain intact to reduce SSI rates in
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any type of spine surgery."” Future studies are needed to formu-
late evidence-based recommendations for the management of
wound dressing in the setting of lumbar degenerative disorders.
Moreover, the role of specific advanced wound dressing strate-
gies, such as NPW'T and antiseptic dressings, should be further
delineated.

This study has some limitations. First, the overall response
rate was low, and some regions were significantly less represent-
ed than others, thus likely causing response bias and limiting
the generalizability of the results to a wider population of prac-
titioners. Second, due to its cross-sectional design, this study
cannot impute any causality nor evaluate any change of practice
over time. Indeed, the use of different dressing protocols and
materials may also depend on factors other than surgeon pref-
erence, such as institutional supply. Third, the diverse geograph-
ical distribution of dressing protocols may also reflect differenc-
es among regional incomes, which were not investigated in this
study. In this regard, future studies will need to reach out to a
broader, more representative population of practitioners and
additionally investigate economic and patient-related factors

that may motivate the application of specific dressing protocols.

CONCLUSION

This study provided an outlook of postoperative dressing
management in lumbar spine surgery for degenerative condi-
tions among AO Spine practitioners worldwide. Most respon-
dents used a dry dressing or a plastic occlusive dressing, which
was frequently removed during the first 3 postoperative days
and replaced with the same type of dressing. Otherwise, post-
operative dressing was kept in place for up to 7 days, and then
likely removed without being replaced. While dressing proto-
cols did not vary according to the type of surgery, significant
regional variability suggests that actual practice is determined
by local protocols rather than scientific evidence.
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