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 � TrAuMA

Does negative pressure wound therapy 
reduce the odds of infection and 
improve health- related quality of life in 
patients with open fractures?

Aims
To evaluate the impact of negative pressure wound therapy (NPWT) on the odds of having 
deep infections and health- related quality of life (HRQoL) following open fractures.

Methods
Patients from the Fluid Lavage in Open Fracture Wounds (FLOW) trial with Gustilo- Anderson 
grade II or III open fractures within the lower limb were included in this secondary analysis. 
Using mixed effects logistic regression, we assessed the impact of NPWT on deep wound in-
fection requiring surgical intervention within 12 months post- injury. Using multilevel model 
analyses, we evaluated the impact of NPWT on the Physical Component Summary (PCS) of 
the 12- Item Short- Form Health Survey (SF- 12) at 12 months post- injury.

results
After applying inverse probability treatment weighting to adjust for the influence of injury 
characteristics on type of dressing used, 1,322 participants were assessed. The odds of devel-
oping a deep infection requiring operative management within 12 months of initial surgery 
was 4.52- times higher in patients who received NPWT compared to those who received a 
standard wound dressing (95% confidence interval (CI) 1.84 to 11.12; p = 0.001). Overall, 
1,040 participants were included in our HRQoL analysis, and those treated with NPWT had 
statistically significantly lower mean SF- 12 PCS post- fracture (p < 0.001). These differences 
did not reach the minimally important difference for the SF- 12 PCS.

Conclusion
Our analysis found that patients treated with NPWT had higher odds of developing a deep 
infection requiring operative management within 12 months post- fracture. Due to possible 
residual confounding with the worst cases being treated with NPWT, we are unable to de-
termine if NPWT has a negative effect or is simply a marker of worse injuries or poor access 
to early soft- tissue coverage. Regardless, our results suggest that the use of this treatment 
requires further evaluation.

Cite this article: Bone Jt Open 2022;3-3:189–195.
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Introduction
Open fractures continue to be devastating 
presentations in orthopaedic trauma, as 
they are associated with superficial and 
deep infections and various bone healing 
problems.1- 3 These complications are associ-
ated with increased costs to the health care 
system.4 Furthermore, patients with open 
fractures have been found to have decreased 
health- related quality of life (HRQoL).5

Once initial standard management of 
open fractures is completed, including thor-
ough irrigation and debridement of the 
wound, the surface of the wound is then 
dressed. Dressings can take the form of a 
non- adhesive sealed dressing layer, with or 
without antibiotic beads, which is applied to 
protect the wound from further contamina-
tion.6 Another form of dressing commonly 
used for open fracture management 
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Table I. Baseline patient characteristics.

Variable
NPWT group (n = 
266)

Standard wound 
dressing group (n 
= 1,056)

Mean age, yrs (SD) 43.0 (15.6) 43.7 (16.9)

Sex, n (%)
Female 52 (19.5) 328 (31.1)

Male 214 (80.5) 728 (68.9)

Gustilo grade, n (%)
II 73 (27.4) 628 (59.5)

IIIA 99 (37.2) 349 (33.0)

IIIB 94 (35.3) 79 (7.5)

Mechanism of Injury, n 
(%)
Low energy 6 (2.3) 98 (9.3)

High energy 260 (97.7) 958 (90.7)

Fracture location, n (%)
Other 96 (36.1) 523 (49.5)

Tibia 170 (63.9) 533 (50.5)

Contamination, n (%)
Mild 124 (46.6) 785 (74.3)

Moderate 102 (38.3) 221 (20.9)

Severe 40 (15.0) 50 (4.7)

Irrigation solution, n (%)
Soap 130 (48.9) 920 (87.1)

Saline 136 (51.1) 567 (53.7)

Amount of fascial tissue 
debrided, n (%)
None 47 (17.7) 383 (36.3)

Small (< 1 cm2) 135 (50.8) 560 (53.0)

Moderate (1 to 5 cm2) 72 (27.1) 102 (9.7)

Large (> 5 cm2) 12 (4.5) 11 (1.0)

Amount of bone debrided 
(n = 265), n (%)
None 98 (36.8) 547 (51.8)

Small (< 1 cm2) 100 (37.6) 364 (34.5)

Moderate (1 to 5 cm2) 53 (19.9) 124 (11.7)

Large (> 5 cm2) 14 (5.3) 21 (2.0)

Amount of skin debrided, 
n (%)
None 38 (14.3) 303 (28.7)

Small (< 1 cm2) 124 (46.6) 619 (58.6)

Moderate (1 to 5 cm2) 86 (32.3) 111 (10.5)

Large (> 5 cm2) 18 (6.8) 23 (2.2)

Amount of muscle 
debrided (n = 1,055), n 
(%)
None 61 (22.9) 502 (47.5)

Small (< 1 cm2) 117 (44.0) 434 (41.1)

Moderate (1 to 5 cm2) 64 (24.1) 105 (9.9)

Large (> 5 cm2) 24 (9.0) 14 (1.3)

Mean wound width, cm (SD) 6.4 (6.3) 3.1 (3.3)

Mean wound length, cm (SD) 8.6 (8.9) 5.6 (5.6)

Wound degloving injury, n 
(%)

124 (46.6) 193 (18.3)

Skin loss, n (%) 132 (49.6) 185 (17.5)

Muscle loss, n (%) 106 (39.8) 144 (13.6)

NPWT, negative pressure wound therapy; SD, standard deviation.

is negative pressure wound therapy (NPWT). This 

technology has been previously thought to aid wound 
healing through removal of fluid, promotion of wound 
healing through angiogenesis, and cell division acti-
vation, as well as optimization of the wound environ-
ment.7,8 This, however, comes at a considerable cost 
increase compared to conventional dressings.

International expert panels, as well as clinical guide-
lines,9 have supported the use of NPWT for wounds in 
the setting of open fractures. More recently, the Wound 
management of Open Lower Limb Fractures (WOLLF) 
randomized controlled trial (RCT) compared the effect 
of NPWT to standard wound management on 12- month 
disability and deep infection rates among patients with 
severe open fractures of the lower limb.10 In their study of 
460 patients, no statistically significant differences were 
found between the two groups. This secondary analysis 
of the Fluid Lavage in Open Fracture Wounds (FLOW) 
trial patient cohort aims to evaluate the effect of NPWT 
compared to standard dressings on the rate of deep infec-
tions and HRQoL within this large cohort of open fracture 
patients.

Methods
The FLOW trial was an RCT, which enrolled patients 
with open fractures from 41 clinical sites from Australia, 
Canada, India, Norway and the USA.11 This study was 
approved by the ethics committees at each participating 
site, as well as the two co- ordinating centres at McMaster 
University (Research Ethics Board no. 08- 268) and Prisma 
Health (formerly Greenville Health System) (Institutional 
Review Committee no. 03- 08- 06). Furthermore, the 
study was prospectively registered at www.clincaltrials. 
gov with identifier NCT00788398. The two- by- three 
factorial designed study randomized 2,551  patients 
who had open fractures to undergo one of three irriga-
tion pressures and one of two irrigation solutions. This 
study found that the reoperation rate was higher with the 
soap group compared to the saline group. Meanwhile, 
the reoperation rate was similar regardless of irrigation 
pressure.
Deep infection analysis. Patients within the FLOW tri-
al who suffered Gustilo- Anderson12 grade II or III lower 
limb open fractures were included in the study. Patients 
with a deep infection diagnosed before the date of NPWT 
application or on the same day were excluded from the 
analysis. To adjust for the influence of injury character-
istics among the NPWT and standard wound dressing 
groups, an inverse probability treatment weighting mod-
el using the covariate balancing propensity score meth-
od was performed to calculate the propensity score and 
generate a weighted cohort. Inverse probability treat-
ment weighting creates groups that are otherwise similar 
when assessing the impact of a treatment or exposure.13 
Opposed to matching treated and untreated individu-
als on a particular selection of confounders, the inverse 
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Table II. Covariate balance across comparison groups before and after propensity score weighting.

Before propensity score weighting After propensity score weighting

Variable
NPWT group (n 
= 266)

Standard wound 
dressing group(n 
= 1,056) SMD

NPWT group (n 
= 266)

Standard wound 
dressing
group (n = 1,056, 
weighted as 318) SMD

Gustilo grade, %
II 27.4 59.5 -0.72 27.4 27.5 -0.0002

IIIA 37.2 33.1 0.09 37.2 37.2 0

IIIB 35.3 7.5 0.58 35.3 35.3 0.0002

Mechanism of injury, %
High energy 97.7 90.7 0.47 97.7 97.7 0.0008

Fracture location, %
Tibia 63.9 50.5 0.28 63.9 63.9 0.0001

Contamination, %
Mild 46.6 74.3 -0.56 46.6 46.6 -0.0001

Moderate 38.4 20.9 0.36 38.4 38.4 0

Severe 15 4.7 0.29 15 15 0.0002

Irrigation solution, %
Saline 51.1 53.7 -0.05 51.1 51.1 0.0001

Skin loss 49.6 17.5 0.64 49.6 49.6 0.0002

Muscle loss 39.9 13.6 0.54 39.9 39.8 0.0002

Propensity score, probability 0.35 0.16 0.83 0.35 0.35 -0.0005

NPWT, negative pressure wound therapy; SMD, standardized mean difference.

probability treatment weighting approach uses the en-
tire cohort and can include numerous confounding varia-
bles.13 Every individual in the cohort is assigned a weight, 
dependent on the probability of exposure to the treat-
ment effect being explored, and applying this weight to 
regression models lessens or eliminates the influence of 
confounders.13 Since most observations are kept in the 
analysis, this method offers increased precision in esti-
mating treatment effects.14 The following variables were 
controlled for: Gustilo- Anderson grade (II vs IIIA vs IIIB), 
irrigation solution (soap vs saline), fracture location (tibia 
vs other), mechanism of injury (low vs high energy), de-
gree of contamination (low vs high), skin loss (yes vs no), 
and muscle loss (yes vs no).

To ensure covariate balance of the weighted cohort, 
we checked the standardized mean differences (SMDs) 
of each covariate. An SMD no greater than 0.1 implied 
a negligible correlation and good balance between the 
group and each covariate. A mixed effects logistic regres-
sion analysis was then completed, with centre included as 
a random effect, NPWT versus standard wound dressing 
included as a fixed effect, and the propensity score 
weights included as an adjustment variable. Results were 
reported as odds ratios (ORs), 95% confidence intervals 
(CIs), and associated p- values. All tests were two- tailed 
with α = 0.05. Deep infection was defined as an infection 
requiring surgical intervention in the form of irrigation 
and debridement within 12 months post- injury.
Health-related quality of life analysis. The FLOW trial in-
cluded HRQoL as a secondary outcome within the study. 
This was assessed by using the 12- Item Short- Form Health 

Survey (SF- 12) which measures self- reported HRQoL via 
an eight domain profile of functional health and wellbe-
ing, as well as physical and mental health measures.15 SF- 
12 scores were collected at baseline, as well as six weeks, 
and three, six, nine, and 12 months post- open fracture. 
Norm- based scoring methods were used to calculate the 
physical component summary (PCS) scores with a range 
of 0 to 100. We performed multilevel model analyses 
with two levels (patient and time). SF- 12 PCS was the de-
pendent variable with patient entered as a random effect. 
NPWT versus standard wound dressing was entered as a 
fixed effect as well as the propensity score weights and 
pre- injury SF- 12 scores. A threshold for minimally impor-
tant difference (MID) was set at five points.15

Statistical analysis. Results were reported as adjusted 
mean differences (AMDs) with 95% CIs and associated 
p- values. All tests were two- tailed with α = 0.05. All anal-
yses were performed using R software version 4.0.2 (R 
Project for Statistical Computing, Austria).

results
Patient characteristics. Overall, 1,322  patients met the 
inclusion criteria of Gustilo- Anderson grade II or III open 
fractures within the lower limb from the FLOW trial. Of 
the 1,322 included patients, 266 received NPWT and 
1,056 received a standard wound dressing. The mean du-
ration of NPWT was 11.5 days (standard deviation (SD) 
21). Table I demonstrates the patient demographics pri-
or to propensity score weighting. After propensity score 
weighting, adequate balance between the NPWT and 
standard wound dressing groups was obtained as shown 
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Fig. 1

Covariate balance across comparison groups before and after propensity score weighting.

Table III. Rates of deep infection rates at 12 months.

Deep infection complication NPWT group, n (%)

Standard wound 
dressing
group, n (%) Odds ratio (95% CI) p- value*

Analysis 1: Participants with Gustilo- Anderson II or IIIA or IIIB 
open fractures (n = 1,322 patients; 116 events)

n = 266 patients
 

50 (18.8)

n = 1,056 patients
 

66 (6.3)

4.52 (1.84 to 11.12) 0.001

Analysis 2: Participants with Gustilo- Anderson II or IIIA open 
fractures (IIIB fractures excluded) (n = 1,149 patients; 91 
events)

n = 172 patients
 

31 (18.0)

n = 977 patients
 

60 (6.1) 4.16 (0.86 to 20.25) < 0.001

Analysis 3: Exclusion of participants with more than four 
irrigation and debridement procedures done during 
reoperation (n = 1,308 patients; 102 events)

n = 253 patients
 

42 (16.6)

n = 1,055 patients
 

60 (5.7) 3.81 (1.53 to 9.47) 0.004

*Mixed effects logistic regression analysis.
CI, confidence interval; NWPT, negative pressure wound therapy.

by standardized mean differences less than 0.1 for each of 
the covariates (Table II and Figure 1).
rate of infection. We found that the odds of develop-
ing a deep infection requiring operative management 
within 12  months of initial injury was 4.52- times high-
er (95% CI 1.84 to 11.12; p = 0.001, mixed effects logis-
tic regression analysis) in patients who received NPWT 
compared to those who did not (Table  III). A sensitivity 
analysis was completed by excluding Gustilo IIIB injuries, 
leaving 1,149 patients with either Gustilo II or IIIA injuries 

available. Within this analysis, the odds of developing a 
deep infection requiring operative management within 
12  months of initial injury was 4.16- times higher (95% 
CI 0.86 to 20.25; p < 0.001, mixed effects logistic regres-
sion analysis) in patients who received NPWT compared 
to those who did not (Table III). A second sensitivity anal-
ysis was completed by excluding participants with more 
than four irrigation and debridement procedures done 
during reoperation. Within this analysis of 1,308 partici-
pants, the odds of developing a deep infection requiring 
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Table IV. Comparison of 12- Item Short Form Health Survey Physical Component Summary (SF- 12 PCS) Score.

Endpoint Patients with data

Adjusted mean difference in score, NPWT vs 
standard wound dressing (95% CI)*

p- value†

SF- 12 PCS‡ 5,168 observations among 1,040 participants -4.23 (- 5.73 to -2.73) < 0.001

*The mean difference was obtained from the multi- level model.
†Asymptotic Wald test.
‡Minimally important difference was set at five points.
CI, confidence interval; NWPT, negative pressure wound therapy.

operative management within 12 months of initial injury 
was 3.81- times higher (95% CI 1.53 to 9.47; p = 0.004, 
mixed effects logistic regression analysis) in patients who 
received NPWT compared to those who did not (Table III).
Health-related quality of life. A total of 1,040 patients met 
the inclusion criteria for the analysis (Table IV). NPWT was 
associated with a statistically significantly lower mean 
post- fracture SF- 12 PCS, indicating worse physical health 
(AMD -4.23; 95% CI -5.73 to -2.73; p < 0.001). This differ-
ence did not reach the MID for the SF- 12 PCS.

Discussion
Our study assessed patients with severe lower limb frac-
tures within the FLOW trial, and found statistically signifi-
cantly increased odds of developing wound infections 
that require surgical intervention in patients treated with 
NPWT compared to those who received standard wound 
dressings. There was also a significant decrease in PCS 
scores of the SF- 12 quality of life measure at various time 
points for those treated with NPWT compared to stan-
dard treatment.

In contrast, the recent WOLLF trial of patients with 
severe open fractures of the lower limb found no signif-
icant difference in infection between those treated with 
NPWT compared to standard wound care.10 Their study 
included 460 patients across 24 trauma hospitals within 
the UK. It should be noted that this study only included 
patients with wounds that surgeons deemed not able 
to close primarily. Additionally, differences in our results 
and the WOLLF trial may be attributed to the possibility 
that varying standard dressing interventions were used 
in the WOLLF and FLO trials. Another RCT had demon-
strated a reduction in the rate of deep wound infections 
in those treated with NPWT compared to those with stan-
dard wound dressing.16 However, this was a small, single- 
centre study including only 59 patients.

Similar to the WOLLF trial, our study found lower 
SF- 12 PCS scores over 12 months in the patients treated 
with NPWT versus standard treatment. Despite the statis-
tically significant difference of -4.23 points for the SF- 12 
PCS scores post- fracture, these were still less than the 
minimally important SF- 12 difference of five points.15 
Nonetheless, our study suggests that those treated with 
NPWT approach the minimally clinically important differ-
ence when compared to those who received standard 

treatment. Further analysis should be completed to assess 
possible confounding variables, such as the severity of 
injury on patients’ HRQoL.

Upon observing that NPWT in Gustilo grade IIIB open 
tibial fractures sometimes led to delays in definitive soft- 
tissue coverage due to a reduced sense of urgency of 
returning to the operating room, Hou et al17 examined 
the impact of prolonged NPWT in 32  patients with 
Gustilo type IIIB open tibia fractures and compared them 
with a similar cohort of type IIIB tibial fractures treated 
by primary NPWT in the literature. Hou et al17 discov-
ered that the rate of infection was significantly higher 
in patients who had a NPWT usage interval of more 
than seven days from the time of injury to flap coverage 
(45% rate), as compared to those whose usage interval 
was seven days or less (10% rate) (p = 0.001). It may be 
possible that our finding of there being a higher odds of 
deep infection when receiving NPWT was influenced by 
prolonged use of NPWT (mean duration 11.5 days (SD 
21)), leading to a delay in soft- tissue coverage. However, 
we were unable to determine if longer duration of NPWT 
was a confounder or the cause of the worse outcome 
in our analysis. The optimal time periods and methods 
for NPWT are currently unknown and should be better 
defined.

The greatest strength of our analysis was the use of 
inverse probability treatment weighting to address the 
possible influence of injury characteristics on our results 
and create balance for covariates among the compar-
ison groups without needing to drop any eligible 
cases. To further minimize any residual confounding, 
we performed a sensitivity analysis by excluding the 
more severe Gustilo IIIB injuries, and we found that the 
increased odds of infection remained both clinically 
and statistically significant. Despite the use of inverse 
probability treatment weighting to minimize possible 
confounding from variables we could control for, 
accounting for unknown confounders is often a chal-
lenge and a potential limitation. We are suspicious that 
residual confounding exists with the worst cases being 
treated with NPWT. Given the observational nature of 
the design, we are unable to determine if the NPWT has 
a negative effect or is simply a marker of worse injuries 
or poor access to soft- tissue coverage. However, with 
multiple sensitivity analyses to control for as many 
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potential confounders as possible, our results still identi-
fied a significant increased odds of infection with the use 
of NPWT suggesting the need for further high- quality 
studies to investigate the use of NPWT for early wound 
management after open fractures.

In conclusion, the current study suggests that the use 
of NPWT in the setting of severe lower limb open frac-
tures may be less beneficial than previously believed, may 
be associated with an increased risk of infection under 
some circumstances, and that further research is needed 
to confirm these findings.

Take home message
  - The odds of developing a deep infection requiring operative 

management within 12 months of initial surgery was 4.52- 
times higher in patients who received negative pressure 

wound therapy (NPWT) compared to those who received a standard 
wound dressing.
  - Those treated with NPWT had statistically significantly lower mean 

12- Item Short- Form Health Survey Physical Component Summary 
(SF- 12 PCS) post- fracture.
  - These differences did not reach the minimally important difference for 

the SF- 12 PCS.
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