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Abstract

Background

Itis controversial whether surgical zipper technique (SZT), a non-invasive method of surgi-
cal wound closure, achieves a better outcome of incision healing than intracutaneous
sutures (IS) in the surgery. This meta-analysis was performed to systematically analyze
whether surgical zipper is superior to suture material for the incision closure.

Methods

Databases and reference lists were searched for randomized controlled trials (RCTs) com-
paring SZT with IS for the incision closure.

Results

Four RCTs with 678 patients were identified and analyzed. Compared with IS, SZT
achieved similar incidence of postoperative complications, less time for incision closure,
less cost of both surgeons’ time and operating room time, no need for removing sutures and
more comfort for the patients. Besides, SZT achieved perfect aesthetic results in various
types of incisions with the exception of those with substantial curvatures, those with secre-
tions, in obese patients or those under high tension.

Conclusion

The non-invasive zipper technique may be a more attractive option of incision closure in a
wide spectrum of surgical areas.

PLOS ONE | DOI:10.1371/journal.pone.0162471

September9, 2016 1/10


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0162471&domain=pdf
http://creativecommons.org/licenses/by/4.0/

@° PLOS | ONE

Surgical Zipper Technique and Intracutaneous Sutures

Introduction

The healing of a skin wound is a complex process requiring the collaborative efforts of many
tissues and cell lineages [1]. The goal of incision healing is to prevent wound infection and
achieve a good cosmetic result. To date, various types of incision closure techniques have been
applied to clinical practice, including synthetic sutures, absorbable sutures, staples and adhe-
sive compounds [2-4]. It is known that in wound closure, intracutaneous suture technology
often gives a good cosmetic result. However, traditional suture material may create tensions
across the wound edges after contributing to inadequate circulation and supporting the bacte-
rial adhesion to surgical sutures with a potential risk of postoperative infection [5,6], which
would disturb the natural healing process of incision.

Recently, a new closure technique named surgical zipper technique (SZT) is being widely
used to facilitate the incision healing [7-9]. It is a combination of microporous polyester and a
zipper that is coated with acrylate adhesive, which could provide uniform force on the wound
edge to facilitate a natural healing process of the incision [7-9]. In the process of incision clo-
sure, the underlying fascia is closed in a standard manner using absorbable suture material to
close the subcutaneous tissue for the reduction of skin tension and then the skin wound is
closed using the surgical zipper [1,10-12]. The zipper can be used for straight or slightly curved
incisions [8]. The application of the zipper should be 2-4 cm longer than the wound and leave
a distance of 0.5 cm between the zipper teeth and the edge of the incision. The incision should
be elongated manually to approximate the wound edges. The operator should close the zipper
at the same time when pulling gently on the rear loop. The zipper is available in seven sizes: 6,
12, 20, 25, 30, 40, and 50 cm [8] and it can be used for a wound of 4 to 47 cm in length. Surgical
zipper is also designed for early incision inspection just by opening it and then closing it. But in
most cases, the zipper was not routinely opened until removal [1, 10, 11].

Several published randomized controlled trials (RCTs) have compared SZT with IS in inci-
sion closure. However, the conclusions are not clear and systematic. The purpose of this study
is to systematically review the efficacy of the non-invasive zipper technique versus intracutane-
ous method for incision healing.

Methods
The study protocol was shown in S1 PRISMA Checklist (2009).

Search strategy

RCTs comparing SZT with IS for the efficacy of incision healing were identified and retrieved
from Medline, Embase, Cochrane Library database and Chinese Biological Medline using the
free text terms “Medizip” “zipper” “sutur*” in all fields in combination with the Boolean opera-
tors AND or OR. We systematically searched these databases from their establishment to
March 2016. The reference lists were checked for additional studies.

Selection criteria

All abstracts identified by the search strategy were screened manually and full-text articles were
then reviewed for closer examination. Studies were included if: 1) The study was a RCT (the
article mentioned using randomization). 2) The deeper structures in the wound were closed
using absorbable suture material and then the skin wound was closed in both groups by IS and
SZT, respectively. 3) The study reported detailed outcomes of SZT versus IS. 4) Studies con-
taining two or more comparative arms, one of which met the above conditions, were included
in the study.
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Data extraction

Data was independently extracted by two investigators from the articles and checked by other
authors. Discrepancies were resolved by consensus discussions.

General study information, baseline characteristics of the patients, types of surgeries, details
of the process of surgeries and postoperative management would be extracted from each eligi-
ble study. Data for the mean value and standard deviation in the studies would be converted
according to formulas because of different units of measurement. All data was extracted from
the studies using a data extraction form.

Assessment of risk of bias

We systematically assessed the risk of bias according to the guidelines of the Cochrane collabo-
ration [13]. Six terms have been considered relevant including random sequence generation,
allocation concealment, baseline characteristic, eligibility criteria, description of loss to follow-
up and drop-out, intention-to-treat analysis. Studies with one or two negative answers were
regarded at a moderate risk of bias and studies with three or more negative answers were quali-
fied as high risk of bias.

Statistical analysis

Statistical studies were conducted using software Revman 5.3 [14]. Pooled risk ratio (RR) with
95% confidence interval (CI) was calculated for the incidence of postoperative complication
including total wound infection (TWTI), superficial wound infection (SWI) and blister, and
mean difference (MD) was calculated for outcomes that were continuous variables such as the
time for incision closure. All pooled outcome measures were determined using random-effects
models as described by DerSimonian and Laird [15]. A p value of < 0.05 was considered statis-
tically significant.

The Q statistic and I’ value were used to assess heterogeneity of treatment effect. A p value
of < 0.05 and I? value of >50% were used to indicate the presence of significant heterogeneity.
We conducted the sensitivity analysis by excluding each individual study and recalculating the
summary RR and CI to evaluate whether the results were affected significantly. Otherwise, we
presented the narrative syntheses when the data of outcome was inappropriate to combine but
important to analyze.

Results
Description of eligible trials

Fig 1 shows the flow chart of the studies retrieved and excluded. We identified 79 potentially
relevant articles from the databases. Sixty-nine articles were excluded after screening their titles
and abstracts, and the rest was analyzed by reading the full text. Finally, 4 RCTs were deemed
eligible and included in this study.

Table 1 summarises the characteristics of included RCTs. Four trials involving 678 patients
met the inclusion criteria. Of them, 333 patients were randomly assigned to the SZT group and
345 patients assigned to the IS group. Two trials [10, 11] were conducted by the same group
and published in the same year.

Table 2 summaries the details of surgeries and postoperative management. The curve mag-
nitude of the incisions was reported in only one trial [12] which made incisions with substan-
tial curvature beyond 45 degrees.
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4 RCTs were finally included in the study

Fig 1. Flow diagram for study selection.

doi:10.1371/journal.pone0162471.9001

Quality of eligible trials

There was a good agreement among the reviewers about the selection criteria and quality
assessment of the studies. Table 3 lists assessment of the quality for the four included trials.

In the four studies, only two studies [10, 11] specified the randomization method of block
randomization and two trials [10, 12] applied adequate allocation concealment by using Enve-
lopes. Baseline characteristics were similar in the three trials [1, 11, 12]. All four RCTs revealed
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Table 1. Characteristics of included randomized controlled trials in the meta-analysis.

Study, year Country Study period Number of Mean age Mean BMI Sex M/F
patients
SZT | IS | SZT | IS | Pvalue | SZT | IS | Pvalue | Men | Women
Risnes[10],2002 | Norway June 2000- July 2001 150 | 150 | 66.3 | 63.1 0.05 - - - 204 96
Roolker[1],2001 | Netherlands | November 1996- February 1998 60 60 | 44.9 | 4941 0.19 - - - 45 75
Xu[12],2014 China July 2011- June 2012 45 45 | 13.2 | 135 NS 17.8 | 17.2 0.72 - -
Risnes[11],2002 | Norway October 1999- July 2001 78 90 - - - - - - - -

NS, not significant;—, data not available; SZT, surgical zipper technology; IS, intracutaneous sutures; BMI, body mass index

doi:10.1371/journal.pone.0162471.t001

Table 2. Details of the surgeries and postoperative management in the four RCTs.

Study, Type of surgery Suture material Length of incision Mean curve
year magnitude
Risnes Open-heart surgery (94 coronary artery Poliglecaprone - -

[10],2002 | bypass grafting, 66 valve replacement or (Monocryl 3—-0)
plasty, 58 combined coronary arterybypass | intracutaneous suture
grafting and valve replacement and 82
various other procedures)

Roolker Orthopaedic surgery (20 knee operations, PDS suture Mean length of SZT -
[1],2001 | 20 hip operations, 20 spine operations) group, 20.5 cm; mean
length of IS group, 18.2
cm; p value, 0.13

Xu[12], Posterior spinal fusion surgery 4—0 subcuticular Mean length, 31.5 cm, 52.3° ranging

2014 Monocryl sutures range from 29.2 cm to from 45°to 70°
34.2cm

Risnes Saphenous vein harvesting Monocryl 3—-0 Rangefrom2cmto46 | -

[11],2002 poliglecaprone cm

intracutaneous suture
SZT, surgical zipper technique; IS, intracutaneous sutures; -, not reportedin the article

doi:10.1371/journal.pone.0162471.t002

Time for removal of the
Zipper

The zipper was routinely
not opened until removal
after 12 days.

The zipper was not
opened but removed
between 10 and 14 days
after the operation.

The surgical zipper was
removed on the seventh
day after operation.

The zipper was routinely
not opened until removal
after 12 days.

the eligibility criteria for patients enrolled in. Two studies [10, 11] specified numbers of patients
loss to follow-up and drop-out but no intention-to-treat (ITT) analysis was performed in both
trials. Blinding was not applied in these trials because of the nature of the intervention. Of
these studies, all four trials were regarded to have a moderate risk of bias.

Table 3. Assessment of the risk of bias for the four trials.

Study, Randomization method | Allocation Homogeneous Eligibility Loss to follow-up Intention-To- | Score
year concealment Baseline criteria and drop-out Treat analysis
characteristic described
Risnes Envelope method with Envelopes No Yes Yes No Moderate
[10],2002 | blocks of 40 patients risk
Roolker Unclear Unclear Yes Yes No participant Notneeded | Moderate
[1], 2001 absent risk
Xu[12], Unclear Sealed identical Yes Yes No participant Notneeded | Moderate
2014 opaque envelopes absent risk
Risnes Block number Unclear Yes Yes Yes No Moderate
[11],2002 risk

doi:10.1371/journal.pone.0162471.t003
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[SZT] IS
Study or Subgroup Events Total Events Total
Xu 2014 0 45 0 45
Risnes(b) 2002 12 78 21 90
Risnes(a) 2002 10 150 10 150
Roolker 2002 2 60 0 60
Total (95% CIl) 333 345
Total events 24 31

Heterogeneity: Tau? = 0.01; Chi? = 2.06, df = 2 (P = 0.36); I? = 3% '0 01

Test for overall effect: Z=0.78 (P = 0.44)

Fig 2. Forest plot for TWI between SZT and IS. Risk ratios are shown with 95 per cent confidence intervals.

doi:10.1371/journal.pone 0162471.9002

Risk Ratio
Weight M-H. Random, 95% CI

Risk Ratio
M-H. Random, 95% CI

Not estimable

61.0% 0.66 [0.35, 1.25]
36.1% 1.00 [0.43, 2.33]
3.0% 5.00 [0.25, 102.00]

100.0% 0.81 [0.48, 1.37]

v

>

Postoperative complication

All four trials reported data for the total wound infection and the results indicated no signifi-

cant statistical heterogeneity between the trials (p = 0.36). Compared with IS, SZ did not

0.1 1 10
[SZT] [IS]

100

increase the incidence of postoperative incision infection (pooled RR 0.81, 95% CI, 0.48 to
1.37, p = 0.44) (Fig 2).
The incidence of SWI and blister was reported respectively in three and two studies. The
results indicated that, compared with IS, SZT showed similar incidence of SWI (pooled RR
0.77,95% CI, 0.46 to 1.29, p = 0.32) (Fig 3) and blister (pooled RR 1.85, 95% CI, 0.07 to 47.93,
p =0.71) (Fig 4). There was also no significant difference in the incidence of deep wound infec-
tion (DWI) [1, 10], dehiscence of the wound [1, 12] and wound separation [1].

[SZT] IS Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Random. 95% CI M-H, Random, 95% CI
Risnes(a) 2002 8 150 9 150 31.5% 0.89 [0.35, 2.24] .
Risnes(b) 2002 12 78 21 90 65.5% 0.66 [0.35, 1.25] _gn
Roolker 2002 2 60 0 60 3.0% 5.00 [0.25, 102.00] >
Total (95% CI) 288 300 100.0% 0.77 [0.46, 1.29] >
Total events 22 30
o 2= = 2 = ~ = .12 = 0O | } l |
?etf;ogeneltyl.l T?fu : ;)900 gghl o _1.082,2df 2 (P=0.40); ?=0% 0.01 01 1 10 100
est for overall effect: Z=0.99 (P = 0.32) [SZT] [IS]
Fig 3. Forest plot for SWI between SZT and IS. Risk ratios are shown with 95 per cent confidence intervals.
doi:10.1371/journal.pone0162471.9g003
[SZT] IS Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Roolker 2002 4 60 0 60 52.0% 9.00 [0.50, 163.58] = »
Xu 2014 0 45 1 45 48.0% 0.33 [0.01, 7.97] L]
Total (95% CI) 105 105 100.0% 1.85 [0.07, 47.93] e —
Total events 4 1
G Tal2 = 3 19+ Chiz = - - |2 = BRY b } : !
?etciz;ogeneltyl.I T?ru : ;120 §7h| o _2633,1df 1 (P=0.13); I? = 56% 0.01 01 1 10 100
est for overall effect: Z=0.37 (P =0.71) [SZT] [IS]
Fig 4. Forest plot for blister between SZT and IS. Risk ratios are shown with 95 per cent confidence intervals.
doi:10.1371/journal.pone0162471.9004
6/10
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tudy or Subgrou
Roolker 2002
Xu 2014

Total (95% Cl)

[SZT] IS Mean Difference Mean Difference
Mea SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI

21 0.78 60 94 29 60 41.9%  -7.30[-8.06, -6.54] d

0.755 0.088 45 9.008 0.4 45 58.1%  -8.25[-8.37,-8.13] O

105 105 100.0%  -7.85[-8.78, -6.93] |
[ 2= . Chi2 = N = . |2 = 839 I t 1 i
Heterogeneity: Tau? = 0.38; Chi?2 = 5.90, df = 1 (P = 0.02); I? = 83% -100 -50 0 50 100

[SZT] [IS]

Test for overall effect: Z = 16.70 (P < 0.00001)

Fig 5. Forest plot for incision closure time between SZT and IS. Weighted mean differences are shown with 95 per cent confidence intervals.

doi:10.1371/journal.pone0162471.9g005

The time for incision closure

Two trials [1, 12] involving 210 patients reported the time for surgical wound closure. In the
random-effects model, the application of zipper technique significantly decreased the time con-
sumed for incision closure compared with that of intracutaneous closure (MD -7.85, 95%CI,
-8.78 t0 -6.93, p<<0.00001). Heterogeneity of treatment effects was significant (p = 0.02) (Fig 5).

Cosmetic outcome

The cosmetic result was evaluated by patients themselves with different scales at the follow-up
visit in these studies. It showed that SZT achieved better aesthetic results in the patients 6
weeks after the closing of sternal wound [10] and 6 weeks after leg wound closure [11], but
showed no significant difference 6 weeks after the orthopaedic surgery [1] and one year after
posterior spinal fusion surgery [12].

Sensitivity analysis

Our sensitivity analysis performed by removing each individual study from the above analyses
did not markedly change the RRs or 95% Cls, indicating that the conclusions were confirmed.

Discussion

The results demonstrate that SZT significantly decreased the time used for incision closure, the
cost of both surgeons’ time and operating room time, and the level of discomfort in the patients
undergoing incision closure, and had similar incidence of postoperative complications and
similar or even better cosmetic results.

Skin infection is a common complication occurring after surgical incision closure. The
patients’ own skin is considered to represent the main source of pathogenic bacteria. Tradi-
tional wound closure techniques inevitably leave needle tracks and give micro-organisms addi-
tional routes of entering the incisions through suture material at the time of operation and
suturing incisions. It may represent an important factor in the development of postoperative
incision infection [5, 16]. Using the non-invasive closure system, the risk of infection from skin
pathogens is considered to be reduced due to the absence of perforation of potentially infected
structures and tension in the wound area [17-22]. The zipper technique may be more effective
in decreasing the potential risk of postoperative wound infection although practical results
show similar complication rate between the two techniques.

Acquiring good cosmetic results is a common demand of the patients undergoing surgical
procedures. The most important requirements for good scar result are primary wound healing
without tension and lack of trauma to the wound edges [19, 20]. SZT provides a homogeneous
distribution of tension across the entire incision region, and causes less edema than IS [20, 21],
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which provides adequate circulation for incision healing. However, the result shows that SZT
has no significant advantages of aesthetic result in orthopaedic surgery [1] and posterior spinal
fusion surgery [12]. It may be explained for the incisions with substantial curvature of more
than 20 degrees in the two surgeries, which is an important limitation to the use of SZT [23].
Other limitations of the zipper are the lack of application in closure of incisions with high ten-
sion or secretions, and incisions in obese patients [23]. The use of the zipper is of especially
great value in paediatric and young oncology patients [8].

One of the most important advantages of SZT is the significantly less time consumed in the
wound closure, contributing to less cost of both surgeons’ time and the operating room time
[1, 12]. Roolker et.al [1] reported that the cost for using the zipper was $ 13 on average and for
the intracutaneous sutures, $ 8. There was a significant difference in surgeon’s time cost related
to the time of closure: zipper versus intracutaneous was $ 2 vs $ 11.6. The cost of operation
room time differs from hospital to hospital and is therefore not included. So we could conclude
SZT potentially saves a substantial amount of medical resources, thus reducing the financial
burden on the health care system [1, 12].

SZT represents an easy and painless application process of apposing skin incision as well as
an easy and painless removal process, which decreases the level of discomfort for patients
undergoing surgery. Skin perforation and needle stick injuries can be avoided, trauma to the
wound edge minimized and wound edge approximation is homogeneous, thus promoting a
natural, tension-free healing process. After the surgery, the zipper allows an uncomplicated
skin wound inspection and offers no need for removing sutures and bandages. Surgical zipper
can keep its adhesive properties for at least 10 days and routinely not be opened until removal
in most cases [1, 10, 11]. Its removal is painless for the patients [12]. Furthermore, the fenestra-
tion in the zipper strips allows good aeration of wound and prevents the accumulation of sweat
which may lead to the sogginess of wound [9].

In the analysis, the following limitations should be considered. First, the sample size was rel-
ative small, which may decrease the level of evidence. Second, all included RCTs were not well
designed. Though all trials mentioned randomization, many studies did not report the ran-
domization method, concealment of allocation. Third, heterogeneity was obvious with respect
to incision closure time. It might be caused by different kinds of surgeries in patients of differ-
ent age groups, difference in surgeon skill. Furthermore, postoperative cosmetic results were
evaluated with different scales and we could not pool the related data to gain a more powerful
conclusion. Finally, language bias should be considered. Though we applied search strategies of
no language restriction, all trials were collected by language limitation to Chinese and English,
thus may weaken the applicability of the conclusions.

In conclusion, SZT may be a preferable option in the closing of surgical incision for the ease
and speed of incision, cost-effective, no need for removing sutures and bandages, similar inci-
dence of postoperative complication, less discomfort in the patients and better cosmetic results
in a wide spectrum of surgical areas.

Supporting Information
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(DOC)
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