
SURVEY

Negative Pressure Wound Therapy in Grade IIIB Tibial
Fractures: Fewer Infections and Fewer Flap Procedures?

Daniel R. Schlatterer DO, MS, Adam G. Hirschfeld MD,

Lawrence X. Webb MD

Received: 26 January 2014 / Accepted: 6 January 2015 / Published online: 17 January 2015

� The Association of Bone and Joint Surgeons1 2015

Abstract

Background Grade IIIB open tibia fractures are devas-

tating injuries. Some clinicians advocate wound closure or

stable muscle flap coverage within 72 hours to limit com-

plications such as infection. Negative pressure wound

therapy was approved by the FDA in 1997 and has become

an adjunct for many surgeons in treating these fractures.

Opinions vary regarding the extent to which negative

pressure wound therapy contributes to limb salvage. Evi-

dence-based practice guidelines are limited for use of

negative pressure wound therapy in Grade IIIB tibia frac-

tures. This systematic literature review of negative pressure

wound therapy in Grade IIIB tibia fractures may substan-

tiate current use and guide future studies.

Questions/purposes We sought to answer the following:

(1) Does the use of negative pressure would therapy

compared with gauze dressings lead to fewer infections?

(2) Does it allow flap procedures to be performed safely

beyond 72 hours without increased infection rates? (3) Is it

associated with fewer local or free flap procedures?

Methods We conducted a systematic review of six large

databases (through September 1, 2013) for studies report-

ing use of negative pressure wound therapy in Grade IIIB

open tibia fractures, including information regarding

infection rates and soft tissue reconstruction. The system-

atic review identified one randomized controlled trial and

12 retrospective studies: four studies compared infection

rates between negative pressure wound therapy and gauze

dressings, 10 addressed infection rates with extended use,

and six reported on flap coverage rates in relation to neg-

ative pressure wound therapy use beyond 72 hours. None

of the 13 studies was eliminated owing to lack of study

quality.

Results Negative pressure wound therapy showed a

decrease in infection rates over rates for gauze dressings in

two of four studies (5.4% [two of 35] versus 28% [seven of

25], and 8.4% [14 of 166] versus 20.6% [13 of 63]), an

equivalent infection rate in one study (15% [eight of 53]

versus 14% [five of 16]), and an increased infection rate in

the fourth study (29.5% [23 of 78] versus 8% [two of 25]).

In terms of the second question regarding infection rates

with negative pressure wound therapy beyond 72 hours,

eight of 10 studies concluded there was no increase in

infection rates, whereas two of 10 reported an increase in

infection rates associated with negative pressure wound

therapy use beyond 72 hours. Infection rates varied from

0% to 57% in these 10 studies. Five studies reported low
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infection rates of 0% to 7% and five reported rates of 27%

to 57%. The third question (addressed by six studies)

regarded the potential decreased use of a soft tissue flap in

patients treated with extended negative pressure wound

therapy. Flap rates were reduced by 13% to 60% respec-

tively compared with those of historical controls. Grade

IIIB tibia fractures by definition required soft tissue pro-

cedures. The patients in these six studies had Grade IIIB

tibia fractures after the first débridement. However, after

extended negative pressure wound therapy, fewer patients

required flaps than grading at the first débridement would

have predicted.

Conclusions There is an increasing body of data sup-

porting negative pressure wound therapy as an adjunctive

modality at all stages of treatment for Grade IIIB tibia

fractures. There is an association between decreased

infection rates with negative pressure wound therapy

compared with gauze dressings. There is evidence to sup-

port negative pressure wound therapy beyond 72 hours

without increased infection rates and to support a reduction

in flap rates with negative pressure wound therapy. How-

ever, negative pressure wound therapy use for Grade IIIB

tibia fractures requires extensive additional study.

Level of Evidence Level III, therapeutic study.

Introduction

Tissue demarcation in Grade IIIB open tibia fractures often

continues even after the first débridement [55]. In addition,

the wound is relatively open to the hospital environment

until a flap can be placed [55]. The implant used for bony

stabilization may compromise regional bone blood flow and

may lead to wound problems [55]. These factors and others

contribute to wound-bed bacterial colonization [10, 12, 14,

27, 46, 54, 55] and progression to infection. Since Godina’s

study [25], it generally has been accepted that these open

fractures require early (within 72 hours) bony stabilization

and soft tissue reconstruction. Unfortunately, soft tissue

coverage is not always possible in the acute setting for

numerous reasons. In some circumstances a flap is not

placed for a week or more and a negative pressure wound

therapy dressing is applied in the interim. Regardless when a

flap is placed, negative pressure wound therapy has become

preferred over traditional gauze dressings by some [15, 16].

The expectations of negative pressure wound therapy are for

it to decrease tissue edema, enhance local blood flow, limit

or prevent infection, improve flap rates, and possibly reduce

the overall need for flaps. Is there clinical evidence to sup-

port replacement of gauze dressings with negative pressure

wound therapy in Grade IIIB tibia fractures?

The earliest articles regarding negative pressure wound

therapy and infections were published in the 1990s [21–23,

44]. In 1997, the FDA approved negative pressure wound

therapy. Subsequently, animal studies [39, 41] and addi-

tional clinical reports that favored negative pressure

wound therapy to reduce edema, decrease bacterial loads,

increase granulation tissue formation, and other pathways

to promote wound healing [2, 38] were published. The

majority of studies however, regard chronic or diabetic

wounds [5, 8, 18, 42, 43, 52]. The data regarding chronic

and diabetic wounds might be able to be extrapolated to

traumatic wounds. In Grade IIIB tibia wounds negative

pressure wound therapy has the added expectation of

sealing the wound from the hospital environment, acting

as a temporary dermal substitute, and preventing bacterial

access to the wound bed. The decrease in bacterial load

[43, 54] and initiation of granulation tissue formation [2,

19, 24, 39] reported in some studies, to our knowledge,

has not been reviewed or summarized for Grade IIIB tibia

fractures. It also has yet to be reported whether negative

pressure wound therapy is associated with favorable out-

comes, such as fewer infections or flap procedures with

days or weeks of therapy. Use of negative pressure wound

therapy in some centers extends long beyond the acute

injury phase (weeks at a time with intermittent sponge

changes). These centers have found an associated

decreased rate of free or local flap procedures [6, 15, 16,

29, 35, 45], and an increase in delayed primary closure or

skin grafting. Whether the outcomes are as universally

favorable for Grade IIIB tibia fractures needs to be

determined.

We therefore performed a systematic review to look at

Grade IIIB tibia fractures and negative pressure wound

therapy. We asked the following questions: (1) Does the

use of negative pressure wound therapy in Grade IIIB tibia

fractures compared with gauze dressings lead to fewer

infections? (2) Does it allow flap procedures to be per-

formed beyond 72 hours without increased infection rates?

(3) Is it associated with fewer local or free flap procedures?

Search Strategy and Criteria

We conducted a systematic literature search (through

September 1, 2013) of six databases (Fig. 1). First, using

the Cochrane Central Register of Controlled Trials, the

Cochrane Database of Systematic reviews, and the Coch-

rane Methodology Register, three terms for negative

pressure wound therapy (negative pressure wound therapy,

topical negative wound therapy, and vacuum assisted clo-

sure) were used yielding 107 randomized, controlled trials

(RCTs). One hundred were excluded based on their titles

most commonly because of inclusion of chronic or diabetic

wounds. We reviewed the abstracts of the seven remaining

studies and only one [49] included Grade IIIB tibia
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fractures, negative pressure wound therapy, and any of our

outcome questions. A second search protocol was used

with the databases of MEDLINE1, Embase, and Google

Scholar (Fig. 1). The same three terms for negative pres-

sure wound therapy (negative pressure wound therapy,

topical negative wound therapy, and vacuum assisted clo-

sure) were used and yielded 1010 articles. These 1010

articles then were screened by combining exploded Medi-

cal Search Headings (MeSH1 terms) and free text words

using Boolean operators ‘‘OR’’ and ‘‘AND’’ in various

combinations: (negative pressure wound therapy OR topi-

cal negative wound therapy OR vacuum assisted closure)

AND (tibial fractures) AND (open fractures) AND (infec-

tions OR osteomyelitis) AND (muscle flap OR soft tissue

reconstruction OR flap procedures) until all combinations

were exhausted. The search was limited to articles pub-

lished in English and involving human subjects. All levels

of evidence initially were included. Secondary screening

yielded 136 articles, and all but 35 were eliminated after

title review, primarily owing to inclusion of chronic or

Records iden�fied through Cochrane Central 
Register of Controlled Trials, the Cochrane Database of 
Systema�c reviews, and the Cochrane Methodology 
Register using three terms for NPWT (nega�ve 
pressure wound therapy, topical nega�ve wound 
therapy, and vacuum assisted closure)
(n = 107 RCTs)
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Addi�onal records iden�fied through 
MEDLINE®, Embase, and Google Scholar using 
three terms for NPWT (nega�ve pressure 
wound therapy, topical nega�ve wound 
therapy, and vacuum assisted closure)
(n = 1010)

Records a�er combining MeSH terms and Boolean 
operators 
1. (nega�ve pressure wound therapy OR topical nega�ve wound 
therapy OR vacuum assisted closure) AND 
2. (�bial fractures) and then repeated with (nega�ve pressure 
wound therapy OR topical nega�ve wound therapy OR vacuum 
assisted closure) AND 
3. (infec�ons OR osteomyelitis) un�l all combina�ons were 
exhausted
(n =136)

Records a�er screening the 
�tle (n = 35)

Records excluded
owing to lack of 
inclusion of 
Grade IIIB �bia 
fractures (n =101)

Full-text ar�cles assessed 
for eligibility (n = 13)

Full-text ar�cles 
excluded owing 
to review ar�cle 
or case report
(n = 23)

Studies included in this systema�c 
review (n = 1 RCT, 12 retrospec�ve 
studies)

Records a�er screening the �tle, 
elimina�ng studies on chronic wounds, 
diabe�c wounds (n = 7)

Full-text ar�cles assessed for 
eligibility (n = 1)

Full-text ar�cles 
excluded owing to 
lack of inclusion of 
Grade IIIB �bia 
fractures (n = 6)

Fig. 1 The PRISMA flowchart shows the identification process for articles in our study. RCT = randomized controlled trial; NPWT = negative

pressure wound therapy.
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diabetic wounds. Pediatric studies were not excluded.

Thirteen studies remained [6, 7, 15, 16, 29, 30, 33, 35, 36,

45, 47, 49, 50] after reading the abstract and the full-length

article as needed to ascertain data points. Twenty-two

studies were eliminated from the final 35 articles identified

because they were review articles (n = 8), articles

regarding pilon fracture (n = 2), and articles with insuffi-

cient data or case reports (n = 12). All publications were

from 2006 and later, likely owing to FDA approval in 1997

and several years thereafter for clinicians to use negative

pressure wound therapy and several more years for patient

followup. One of the 13 studies was an RCT [49], and the

remaining 12 were retrospective [6, 7, 15, 16, 29, 30, 33,

35, 36, 45, 47, 50]. The RCT was not eliminated because of

lack of study quality as defined by Moher et al. [37] or by

Detsky et al. [17].

The methodologic index for nonrandomized studies

(MINORS) [48] instrument was used to assess the 12 ret-

rospective studies in our review. We used all 12 criteria in

the MINORS assessment method [48]. Five criteria were

found to be most relevant to our three questions: (1) a

clearly stated study aim, (2) inclusion of consecutive

patients, (3) end points appropriate to the aim of the study,

(4) followup appropriate to the aim of the study, and (5)

loss to followup less than 5%. The 12 retrospective articles

were assessed for but not eliminated for: (1) unbiased

assessment of the study end point because infection

determination, for example, could not be blinded from the

treating authors, (2) prospective data collection, or (3)

prospective calculation of the study size because this would

have eliminated all the retrospective studies. Three of the

final four criteria for the MINORS method [48] of evalu-

ation of nonrandomized studies assessed the control

groups. All 12 retrospective studies were limited either by

lack of a control group beyond historic information or

small control group size; thus, these criteria would have

eliminated all 12 studies. These criteria were not strictly

applied. The final criterion, statistical analysis, was

included and because the end points, such as infection

rates, were straightforward, no bias was noted toward any

of the study conclusions. No retrospective studies were

eliminated after using the MINORS method.

Each of the 13 papers was read and reviewed to deter-

mine which of our three questions were addressed in each

of the studies. Some studies addressed more than one

question. Only one article [35] reported data for all three

questions (Table 1). To answer our first question regarding

infection risk, we found four of the 13 articles [7, 35, 45,

49] compared gauze dressings with negative pressure

wound therapy (Table 1). Ten [6, 15, 16, 29, 30, 33, 35, 36,

47, 50] of 13 studies evaluated infection rates when flap

coverage and negative pressure wound therapy use

Table 1. Summary of the three literature search questions. Six of 13 studies addressed two of 3 search questions, one of 13 studies addressed

three of 3 search questions

Study NPWT versus gauze dressings,

fewer infections in NPWT?

NPWT extends time until wound

coverage without rate increase?

NPWT decreases

flap rate?

Bhattacharyya et al. [6] N/A No Yes

Blum et al. [7] Yes

8.4% (14/166) vs 20.6% (13/63)

N/A N/A

Dedmond et al. [15] N/A Yes Yes

Dedmond et al. [16] N/A Yes Yes

Hou et al. [29] N/A No Yes

Karanas et al. [30] N/A Yes N/A

Li et al. [33] N/A Yes N/A

Liu et al. [36] N/A Yes N/A

Liu et al. [35] No*

29.5% (23/78) vs 8.0% (2/25)

Yes Yes

Parrett et al. [45] Equivalent

15% (8/53) vs 14% (5/35)

N/A Yes

Rinker et al. [47] N/A Yes N/A

Stannard et al. [49] Yes

5.4% (2/35) vs 28% (7/25)

N/A N/A

Steiert et al. [50] N/A Yes N/A

Total Four of 13 10 of 13 Six of 13

# of studies supporting NPWT two of four** eight of 10 six of 6

NPWT = negative pressure wound therapy; N/A = not available; *a fourfold higher rate of exposed hardware occurred in the NPWT group

versus the gauze group, which may correlate with the increased infection rates in the NPWT group; **one of 4 studies reported equivalent data.
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extended beyond 72 hours. Six studies [6, 15, 16, 29, 35,

45] reported data on flap procedure rates when negative

pressure wound therapy extended beyond 72 hours. For the

purposes of this review, any patient treated with antibiotics

alone or antibiotics and surgical incision and drainage or

other procedure was considered to have an infection.

Seventy-two hours generally has become the cutoff point

[25] for defining early versus late wound closure. Subacute

closure is defined as closure between 3 and 7 days. Data for

late wound coverage, defined as closure after 7 days, also

were reported [6, 15, 16, 30, 35, 39]. For the purposes of

this review, we considered early closure as before 72 hours.

Results

Negative Pressure Wound Therapy and Infection

Reduction in Grade IIIB Tibial Fractures

Negative pressure wound therapy versus gauze dressings

showed a decrease in infection rates for negative pressure

wound therapy in two [7, 49] of four studies [7, 35, 45, 49]

(5.4% [two of 35] versus 28% [seven of 25], and 8.4% [14 of

166] versus 20.6% [13 of 63]), an equivalent infection rate in

one study [45] (15% [eight of 53] versus 14% [five of 16]), and

an increased infection rate in one study [35] (29.5% [23 of 78]

versus 8% [two of 25]). Infection rates ranged from 5.4% to

29.0% for negative pressure wound therapy dressings and

from 8% to 28% for gauze dressings in all four studies [7, 35,

45, 49]. The RCT [49] reported patients receiving dressings

were one-fifth as likely to have an infection develop compared

with patients receiving gauze dressings. Parrett et al. [45]

looked at a group of patients with only gauze dressings (before

negative pressure wound therapy, 1992–1995). They then

compared this group with a group of patients treated with

negative pressure wound therapy between 2000 and 2003.

This second period was chosen specifically because it

bypassed their earliest clinical experiences with negative

pressure wound therapy. That period was 1997 to 2000 which

abuts the 1997 FDA approval of negative pressure wound

therapy. The infection rates were equivalent at 14% for gauze

dressings and 15% for negative pressure wound therapy in

their study [45]. The patients in the two studies [7, 49] with

decreased and the one [45] with equivalent infection rates and

negative pressure wound therapy dressings all had wound

closure within 7 days. Liu et al., in a retrospective study [35],

reported increased infection rates with negative pressure

wound therapy. Their study had a subgroup of patients who

had wound closure after 7 days. The most common causative

infectious organisms reported were methicillin-sensitive

Staphylococcus aureus, methicillin-resistant S aureus, Pseu-

domonas, and Enterococcus. Only Stannard et al. [49]

reported a specific antibiotic regimen, which included a broad-

spectrum cephalosporin or aminoglycoside plus a first-gen-

eration cephalosporin. Penicillin was added when wounds

were severely contaminated. The other studies briefly stated

that all patients received antibiotics at the time of initial pre-

sentation and for a minimum of 24 hours (range, 24–72 hours)

after wound closure.

Does Negative Pressure Wound Therapy Facilitate Late

Flap Procedures

Ten retrospective studies [6, 15, 16, 29, 30, 33, 35, 36, 47,

50] reported data on extended use (beyond 72 hours) of

negative pressure wound therapy in Grade IIIB tibia

fractures. The combined infection rates ranged from 0% to

57%. Two subgroups emerged. Five studies [30, 33, 36,

47, 50] reported infection rates of 0% to 7%, and five [6,

15, 16, 29, 35] reported rates of 27% to 57%. Only two [6,

29] of the 10 studies however, reported an increase in

infection rates associated with extended negative pressure

wound therapy use. Hou et al. [29] reported an infection

rate with negative pressure wound therapy of 45% (10 of

22) versus 10% (one of 10) with gauze dressings. Bhat-

tacharyya et al. [6] reported an infection rate with negative

pressure wound therapy of 57% (eight of 14) versus 12.5%

(three of 24) with gauze dressings. In both of these studies

with higher negative pressure wound therapy infection

rates the cutoff for early and extended negative pressure

wound therapy use was 7 days rather than 72 hours. The

most common infective organism(s) were similar to those

for question one in the preceding paragraph. Eight [6, 15,

16, 29, 30, 33, 35, 47] of 10 studies reported incision and

drainage procedures were performed in the operating

room every 24 to 48 hours. One of the 10 studies [50]

reported the negative pressure wound therapy dressing

was changed less frequently (every 3 to 9 days), and in

another of the 10 studies [36], the negative pressure

wound therapy was left in place unchanged after the initial

incision and drainage. The negative pressure wound

therapy dressing continued for 7 to 10 days and was

removed only at wound closure [36]. Total time for use of

negative pressure wound therapy ranged from 7 to 53 days

across all 10 studies [6, 15, 16, 29, 30, 33, 35, 36, 47, 50].

One study [30] with 14 patients reported a mean time of

27 days (range, 8–53 days) to flap procedure and a zero

infection rate. The method of bony stabilization was

variable across studies. Some authors reported temporary

external fixation was followed by a plate or an intra-

medullary device. Some reported external fixation was

maintained until the time of union. No study reported the

duration of temporary external fixation or the exact timing

of either external or internal fixation in relation to the

timing of wound closure. For example, Li et al. [33] had
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limited fixation information, stating only: ‘‘External fixa-

tion or simple limited internal fixation was selected to

reconstruct bone.’’ Karanas et al. [30] reported no infor-

mation regarding the bony stabilization method. In eight

studies [6, 15, 16, 29, 35, 36, 47, 50], external fixation was

used in 5% to 100% of patients, an intramedullary rod was

used in 0% to 66%, and open reduction and internal fix-

ation was used in 0% to 42%.

Is the Use of Negative Pressure Wound Therapy

Associated with Less-frequent Use of Flap Procedures?

Six [6, 15, 16, 29, 35, 45] of the 13 studies used extended

negative pressure wound therapy and had flap rate data to

report. In a longitudinal study [45], Parrett et al. reported

free flap rates of 42% before the advent of negative pressure

wound therapy. During a 4-year period (2000 through 2003)

starting 3 years after FDA approval of negative pressure

wound therapy in 1997, their free flap rate decreased to a

mean of 11%. Their local flap rate however, stayed constant

at 38% to 40%. Their local wound care increased from 22%

to 49% with the advent of negative pressure wound therapy

[45]. This comprised skin grafts and/or delayed primary or

secondary wound closure [45]. Five other studies [6, 15, 16,

29, 35] using extended negative pressure wound therapy

until wound closure showed 13% to 60% decreases in their

flap rates. These authors calculated their flap rate changes

either by using previous flap rates at their institutions as a

reference or with the amount of exposed bone after the first

débridement, which means limbs without adequate bony

coverage were Grade IIB fractures with the full expectation

of needing a flap. This flap expectation was after the first

débridement and before starting negative pressure wound

therapy. Many of these leg wounds were closed by means

other than a flap despite an initial Grade IIIB assignment.

Dedmond et al. [15, 16] reported a decrease in the rate of

flap use relative to the wound classification at the first

débridement. Seven [7, 30, 33, 36, 47, 49, 50] of 13 studies

in our systemic review had no flap data to report. In two

studies [7, 49] no data were available because all wounds

were closed and all flaps were placed by 72 hours. Five

studies [30, 33, 36, 47, 50] reported flap placement after 72

hours but there was no variability in wound dressings or

coverage methods. All patients in these five studies [30, 33,

36, 47, 50] had either a local or free flap procedure and no

skin grafting or secondary closures.

Discussion

Negative pressure wound therapy is preferred by some for

treatment of Grade IIIB tibia fractures because negative

pressure wound therapy has been reported to increase

granulation tissue formation, enhance local blood flow, and

decrease bacterial burden and infection rates, among other

metrics. Limb salvage in Grade IIIB tibia fractures is

particularly challenging. The evidence for efficacy of

negative pressure wound therapy varies in this setting.

Some studies [6, 7, 15, 16, 29, 30, 33, 35, 36, 45, 47, 49,

50] address a decrease of Grade IIIB tibia infections with

negative pressure wound therapy and/or whether open

tibial fractures otherwise considered Grade IIIB (need for

muscle flap coverage) can be treated successfully with

simpler soft tissue coverage techniques. The purpose of our

study was to summarize the evidence regarding negative

pressure wound therapy and Grade IIIB tibia fractures after

a systematic review of the current literature. We specifi-

cally investigated Grade IIIB tibia fractures and infection

rates associated with short- and long-term use of negative

pressure wound therapy and flap rates. In 1986, Godina

[25], recommended stabilizing Grade IIIB tibia fractures

and complete soft tissue reconstruction within 72 hours.

This time is not always feasible. Furthermore, the wound

bed (particularly a highly contaminated wound) is still

demarcating at Day 3 and beyond and requires more time

and more débridements. Since its introduction in 1997,

numerous surgeons have used negative pressure wound

therapy successfully beyond 72 hours as a dynamic wound

dressing for Grade IIIB tibia fractures [15, 16, 30, 33, 36,

47, 50]. Some clinicians have noted improvement with

extended negative pressure wound therapy to the point

whereby local wound care and not a flap procedure com-

pleted bony coverage [6, 15, 16, 29, 45]. Negative pressure

wound therapy dressings may extend the time until wound

closure or stable muscle flap coverage beyond 3 days. They

also may provide an advantage in terms of infection rates

versus traditional gauze dressings in Grade IIIB tibia

fractures.

We searched the literature for evidence regarding neg-

ative pressure wound therapy use in Grade IIIB tibia

fractures. Specifically, we asked: (1) Does the use of

negative pressure wound therapy in Grade IIIB tibial

fractures compared with gauze dressings lead to fewer

infections? (2) Does it allow flap procedures to be per-

formed beyond 72 hours without increased infection rates?

(3) Is it associated with fewer local or free flap procedures?

Our literature search was limited in several ways. The

first limitation was that nearly all of the more than 1000

articles regarding negative pressure wound therapy were

either basic science and nonclinical or pertained to other

wound types. We identified only 13 articles [6, 7, 15, 16,

29, 30, 33, 35, 36, 45, 47, 49, 50] using the strict search

algorithm described above. Four [7, 35, 45, 49] of the 13

articles were germane to our first question, 10 [6, 15, 16,

29, 30, 33, 35, 36, 47, 50] to our second question, and six
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[6, 15, 16, 29, 35, 45] to our third question. Because the

numbers of articles found per question were small, con-

clusive statements regarding negative pressure wound

therapy are limited. Another major limitation was that

numerous studies reported limited and nonspecific infor-

mation regarding their methods of bony stabilization. No

study provided information regarding fixation in terms of

length of time for external fixation, or when internal fixa-

tion was performed. No study provided detailed

information regarding other factors, including hardware

used (stainless steel versus titanium, locking constructs,

plate length), or dimensions of a bony defect if it existed.

The success or failure of negative pressure wound therapy

versus gauze dressings and use of extended negative

pressure wound therapy could be influenced by the fixation

method. In other words, infection rates were reported but a

secondary breakdown by method of bony stabilization

whether temporary with external fixation, definitive with

external fixation, or was external to internal fixation, was

not detailed well in most of the 13 studies. There was no

way to ascertain if the method and sequence of bony sta-

bilization had any association with the overall infection

rates. Therefore, our ability is limited to make conclusive

statements regarding the influence, role, or associations

bony stabilization methods had on infection rates and flap

rates. Negative pressure wound therapy is one of many

potential factors when it comes to an infection occurrence.

In lieu of these limitations there were trends in the use of

negative pressure wound therapy for Grade IIIB tibia

fractures.

Overall, our systematic review suggests that negative

pressure wound therapy is associated with fewer infections

when compared with gauze dressings. The RCT [49] in our

literature search reported patients treated with negative

pressure wound therapy were one-fifth as likely to have an

infection compared with patients treated with gauze

dressings. Blum et al. [7] included a multivariate analysis

for Gustilo fracture Types I to IIIC, concluding negative

pressure wound therapy reduced deep infection risk by

nearly 80%. One study [45] had data regarding dressing use

and outcomes before the advent of negative pressure

wound therapy and after its introduction in 1997. There

was no reported difference in infection rates between these

periods; however, there was a reduction in free flaps from

42% of patients before negative pressure wound therapy to

11% after negative pressure wound therapy [45]. The

fourth study [35] looking at negative pressure wound

therapy as a primary dressing showed a preflap infection

rate for negative pressure wound therapy of 29.5% versus

only 8% for gauze dressings. However, in that study [35],

the exposed hardware rate was 50% in the negative pres-

sure wound therapy group versus only 12% in the gauze

group. This is statistically significant and complicates any

conclusive statements regarding dressing protocols and

infection rates [35]. Furthermore, it was not clear in any of

the 13 studies how much bone was exposed, the wound

dimensions, the extent of wound contamination, or the

need for bone grafting. Some authors acknowledged the

need for additional details by stating a lack of overall

patient population size prohibited subgroup analysis [6, 7,

29, 30, 35, 47]. These are variables requiring further study.

Some studies reported safe flap procedures without an

increase in infection rates when negative pressure wound

therapy was used beyond 72 hours [15, 16, 30, 33, 35, 36, 47,

49]. The question was whether use of negative pressure

wound therapy beyond 72 hours would result in increased

infection rates compared with historic controls [1, 11, 13, 20,

26, 28]. Reported infection rates are highly variable for

Grade IIIB tibia wounds with the upper end at 67% [10].

Eight [15, 16, 30, 33, 35, 36, 47, 50] of the 10 studies with

data regarding extended use of negative pressure wound

therapy reported infection rates comparable to historic rates

or lower. One study [6] did not favor extended use beyond

1 week (they defined early versus late coverage as 1 week)

because the infection rate in the extended group was 57%.

The infection rate in the early group was 12.5%. Another [30]

of the 10 studies concluded that negative pressure wound

therapy may help reduce flap size and/or reduce the need for

a flap. However, Hou et al. [29] reported that prolonged

periods of negative pressure wound therapy resulted in higher

infection and amputation rates. The infection rate in their

early group was 40% (four of 10), and in the extended neg-

ative pressure wound therapy group it was 45% (10 of 22).

The amputation rates in both infected groups were 50% (two

of four), and 70% (seven of 10) respectively. The amputation

rates reported in the other 12 studies [6, 7, 15, 16, 30, 33, 35,

36, 45, 47, 49, 50] ranged from 0% to 16.7%. The study by

Hou et al. [29], in concluding that use of negative pressure

wound therapy was detrimental after 7 days, was an outlier

regarding amputation rates in the acute and extended groups

of patients with negative pressure wound therapy. Their

study may not represent negative pressure wound therapy

failures but the challenge in identifying appropriate cases for

limb salvage. Furthermore, their small series of 32 patients

limits any subgroup analysis to possibly link other variables

such as fixation method, defect management, and débride-

ment protocol to their high infection and amputation rates.

This does not mean their protocols or conclusions are

incorrect but does reaffirm that negative pressure wound

therapy is one variable among many.

Six of 13 studies from our systematic review addressed

our final question regarding flap rates with extended use of

negative pressure wound therapy. Negative pressure wound

therapy was associated with a decreased rate of flap pro-

cedures. All six studies [6, 15, 16, 29, 35, 45] with data

regarding flap rates and extended negative pressure wound
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therapy use reported a decrease in flap procedures with

extended negative pressure wound therapy. Two [15, 16] of

the studies reported infection complications similar to

those of historic controls [1, 11, 13, 20, 26, 28]. Dedmond

et al. [15, 16] concluded the avoidance of flap procedures,

particularly in the pediatric population, in the end out-

weighed the equivalent infection rates. They concluded

that negative pressure wound therapy was beneficial

because the infections were treated, the limbs were sal-

vaged, and there were less flaps (and their associated

morbidity) for 41.6% (10 of 24) and 50% (three of six) of

their patients [15, 16]. In a longitudinal study, Parrett et al.

[45] reported free flap rates of 42% before the advent of

negative pressure wound therapy. In a 4-year period (2000

through 2003) starting 3 years after FDA approval in 1997,

their free flap rate decreased to a mean of 11%, however

their local flap rate stayed constant at 38% to 40%. Col-

lectively in six studies [6, 15, 16, 29, 35, 45], the flap rates

decreased between 13% and 60% at the respective insti-

tutions. No study center reported an increase in flap

procedures owing to use of extended negative pressure

wound therapy. In these studies, the alternative to flaps was

local wound care consisting of skin grafts, delayed primary

closure, or delayed secondary closure. Limited information

was available regarding the long-term durability of the

nonflap closure protocols. Long-term data (5 years or

more) were not reported whether the alternative wound

closure methods failed, broke down, and/or needed revision

closure for any reason long term.

Corroborations from Basic Science and Other

Disciplines

Aside from the previous evidence, Level 4 evidence has

been published for six patients with high-energy open

fractures where the need for muscle flap coverage and

infection were avoided [51, 53]. Morykwas et al. [41], in

histologic studies regarding burns in a porcine model, de-

scribed preservation of tissue with negative pressure wound

therapy otherwise destined for necrosis (controls) [40].

Implied is the cascade of molecular events that occur after

a thermal wound characterized by edema, impaired

microcirculation, and heightened capillary afterload

(reperfusion injury) with secondary necrosis and additional

tissue loss [40, 51, 53]. A study using a rat cremaster model

supports the contention that this phenomenon is real and is

remedied at the microscopic level by early use of negative

pressure wound therapy by enhancing the resolution of

interstitial edema and clearance of albumin from the third

space [31]. Relevant to these mechanisms, animal studies

have shown successful use of negative pressure wound

therapy in favorably preserving tissue in the setting of

myocardial infarction or brain tissue loss after closed head

trauma [3, 4, 34]. Given the evidence provided in these

settings, one may attribute some of the diminution in

infection and improvements in tissue healing attributable to

negative pressure wound therapy to avoidance of secondary

necrosis. The avoidance of secondary necrosis by negative

pressure wound therapy may account for the favorable

outcomes with no need for flaps and no infections in the 88

high-energy wounds sustained by 77 patients in the Iraq

war reported by Leininger et al. [32].

It is secondary necrosis which years before widespread

adoption of negative pressure wound therapy prompted the

recommendation to perform a second-look débridement of

the high-energy Grade III open fracture at 36 to 48 hours

[9]. This recommendation was prompted by the ‘‘knowl-

edge that crushed tissue demarcates during a 72-hour

course, and any change in wound status is an indication for

surgical exploration and redébridement’’ [9]. Negative

pressure wound therapy has been shown to minimize sec-

ondary tissue necrosis when used after a high-energy

wound as indicated by basic studies and Level IV clinical

studies cited above.

Conclusions

It was not convincingly clear in any of the studies we

reviewed that the use of negative pressure wound therapy

led to more infections, nor was it clear that negative

pressure wound therapy was the primary factor leading to

other complications or the end point of an amputation.

Some evidence [7, 49] suggests that in the acute phase,

negative pressure wound therapy dressings result in fewer

infections compared with gauze dressings. There was evi-

dence [15, 16, 30, 33, 35, 36, 47, 50] to support extended

use of negative pressure wound therapy until soft tissue

reconstruction can be completed without patient compro-

mise. Six studies [6, 15, 16, 29, 35, 45] show a decreased

rate of local and free flap procedures when extended neg-

ative pressure wound therapy was an adjunct in

management. The importance of emergent, thorough, and

aggressive débridements and irrigations was emphasized in

all 13 studies we reviewed. No authors concluded greater

success of a local flap versus a free flap. Surgeons with free

flap success emphasized vascular anastomosis outside the

zone of injury [29]. Dedmond et al. [15], in a study

including pediatric patients, had no conclusions regarding

acute use of negative pressure wound therapy versus gauze

dressings but reported a decrease in flap procedures with

extended use. Their flap rates decreased considerably with

extended negative pressure wound therapy [15, 16]. Their

infection rates remained comparable to historic infection

rates.
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Decreases in flap procedure rates and infections should be

the focus of future studies. Before concluding negative

pressure wound therapy has failed or succeeded, one should

look at the end goal. The easiest way to define failure of

negative pressure wound therapy would be by the occur-

rence of more infections or the need for multiple additional

surgeries. However, since the overall goal is limb salvage

with the least amount of patient morbidity, an increase in

amputations would best define negative pressure wound

therapy failure. Furthermore, if negative pressure wound

therapy buys time until soft tissue coverage can be per-

formed, more limbs may be salvaged. Even if there is no

decrease in infection rates, this may be acceptable if the

limbs are salvaged. If negative pressure wound therapy

decreases patient morbidity through a decrease in flap pro-

cedure rates despite constant infection rates, is this success

or failure? If limb salvage rates improve and patient mor-

bidity improves, these may be the more important factors to

consider with negative pressure wound therapy. We inves-

tigated infection and flap rates because these are often-asked

questions and assumed to factor in the end point of an

amputation. The data in the 13 studies we reviewed [6, 7, 15,

16, 29, 30, 33, 35, 36, 45, 47, 49, 50] indicate that infection

rates alone are not predictive of limb salvage and patient

morbidity. This systematic review could be repeated asking

the question: Does negative pressure wound therapy lead to

more amputations? Twelve of the 13 studies we reviewed

would conclude that negative pressure wound therapy does

not lead to more amputations.

Since the study by Godina [25] in 1986, the recom-

mendation for Grade IIIB tibia fractures has been early

(within 72 hours) bony stabilization and soft tissue recon-

struction. This time is challenging to achieve and may be

extended with negative pressure wound therapy. There are

numerous factors associated with successful treatment of

these complex injuries. The studies we reviewed were

highly variable in methods and 12 of 13 were retrospective.

More high-level studies are needed to delineate the role of

negative pressure wound therapy in high-energy open tibia

fractures.
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