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�� Trauma

A feasibility study of standard dressings 
versus negative-pressure wound therapy 
in the treatment of adult patients having 
surgical incisions for hip fractures: the 
WHISH randomized controlled trial

Aims
This study sought to compare the rate of deep surgical site infection (SSI), as measured by 
the Centers for Disease Control and Prevention (CDC) definition, after surgery for a fracture of 
the hip between patients treated with standard dressings and those treated with incisional 
negative pressure wound therapy (iNPWT). Secondary objectives included determining the 
rate of recruitment and willingness to participate in the trial.

Methods
The study was a two-arm multicentre randomized controlled feasibility trial that was embed-
ded in the World Hip Trauma Evaluation cohort study. Any patient aged > 65 years having 
surgery for hip fracture at five recruitment centres in the UK was considered to be eligible. 
They were randomly allocated to have either a standard dressing or iNPWT after closure 
of the wound. The primary outcome measure was deep SSI at 30 and 90 days, diagnosed 
according to the CDC criteria. Secondary outcomes were: rate of recruitment; further surgery 
within 120 days; health-related quality of life (HRQoL) using the EuroQol five-level five-
dimension questionnaire (EQ-5D-5L); and related complications within 120 days as well as 
mobility and residential status at this time.

Results
A total of 462 valid randomizations were carried out (232 and 230 in the standard dressing 
and iNPWT groups, respectively). In the standard dressing group, 14 of 218 patients (6.4%) 
developed deep SSI. In the iNPWT group, four of 214 patients (1.9%) developed deep SSI. 
This gives a total rate of SSI of 4.2% (95% confidence interval (CI) 2.7% to 6.5%). Patients and 
surgeons were willing to participate in the study with 462 patients being recruited from a 
possible 749 (62.3%).

Conclusion
The rate of deep SSI 30 days after surgery for a fracture of the hip was 4%, which makes a 
study comparing the clinical effectiveness of standard dressings and iNPWT feasible.

Cite this article: Bone Joint J 2021;103-B(4):755–761.

Introduction
The management of elderly patients with a hip 
fracture is one of the biggest challenges facing 
healthcare systems. There are 1.3 million hip frac-
tures worldwide, and more than 60,000 in the UK 
every year.1 The cornerstone of the acute care in 
these patients in high-income settings is the surgical 
management.2 Surgery seeks to restore the patients' 

mobility as quickly as possible, and is used in more 
than 98% of patients with a hip fracture in the UK 
and other high-income settings.2

Given the high prevalence of comorbidity,3,4 
it is not surprising that complications commonly 
occur.5 One of the most devastating complications 
is surgical site infection (SSI), which is associated 
with an increased length of stay in hospital and 
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 Allocation 

Excluded (n = 478)
•   Not meeting inclusion criteria (n = 196)
•   Declined to participate (n = 149)
•   Other reasons (n = 133) 

Allocated to intervention (n = 232)
•   Received allocated intervention (n = 229) 
•   Did not receive allocated intervention (n = 3)
       Patient received NPWT dressing (n = 1)
       Randomized in error (duplicate) (n = 2) 

Allocated to intervention (n = 233)
•   Received allocated intervention (n = 217)
•   Did not receive allocated intervention (n = 16)
        Pt did not have surgery/no treatment (n = 1)
        Pt received standard dressing (n = 14)
               Due to surgeon preference (n = 3)
               Due to error (n = 11)
        Randomized in error (duplicate) (n = 1)

Withdrawn before 30-day follow-up (n = 12)
Withdrew consent following nomination (n = 12)
Lost to 30-day follow-up (n = 0)

Completed 30-day PROMs (n = 218) 

Analyzed primary outcome (n = 214)
•   Excluded from analysis (n = 19)
Withdrawn before 30-day follow-up (n = 17)
Lost to 30-day follow-up (n = 1)

Randomized in error (duplicate) (n = 1) 

Further analysis at 120 days
         •     EQ-5D-5L
         •     Complications
         •     Mortality
         •     Mobility
         •     Residential status
         •     Further surgery 

Analyzed primary outcome (n = 218)
•   Excluded from analysis (n = 14)
Withdrawn before 30-day follow-up (n = 12)
Randomized in error (duplicate) (n = 2) 

Further analysis at 120 days
         •     EQ-5D-5L
         •     Complications
         •     Mortality
         •     Mobility
         •     Residential status
         •     Further surgery 

Withdrawn before 30-day follow-up (n = 17)
Lost to 30-day follow-up (n = 1)

Completed 30-day PROMs (n = 214) 

Standard

Follow-up 

Analysis

incisional NPWT

Randomized (n = 467)
Randomized in error
(violation) (n = 2)*

Enrolment
Assessed for eligibility (n = 945)

Fig. 1

Consolidated Standards of Reporting Trials (CONSORT) flow diagram outlining the process of participant identification and randomization. *Two 
patients were randomized in error (violation); these patients were randomized but had declined consent. These two randomizations are removed 
from the analyzed population. EQ-5D-5L, EuroQol five-level five-dimension questionnaire; NPWT, negative pressure wound therapy; PROM, patient-
reported outcome measure; Pt, patient.

costs, and an increased rate of mortality of 20% one year post-
operatively.6 These consequences are well understood and the 
prevention of deep SSI is a major research priority.7

Wound management is an important component of reducing 
SSI. There is a growing body of evidence which suggests that 
the use of negative pressure wound therapy (NPWT) reduces the 
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Table I. Baseline patient and treatment characteristics by treatment 
group.

Characteristic Standard dressing
(n = 230)

iNPWT
(n = 232)

Median age, yrs (IQR) 84.9 (77 to 89) 85.2 (77 to 90)

Sex, female:male, n (%) 168/62 (73/27) 160/72 (69/31)

ASA, n (%)29

I 3 (1.4) 5 (2.3)

II 54 (24.5) 52 (23.4)

III 129 (58.6) 125 (56.3)

IV 33 (15.0) 40 (18)

V 1 (0.5) 0 (0.0)

Mean preop AMTS (SD) 8.0 (3.0) 7.4 (3.5)

Own home, n (%) 185 (85.6) 177 (82.3)

Residential care, n (%) 16 (7.4) 17 (7.9)

Nursing home, n (%) 10 (4.6) 19 (8.8)

Other, n (%) 5 (2.4) 2 (1.0)

Regular smoker, n (%)
Yes 15 (7.0) 21 (10.0)

No 198 (93.0) 190 (90.0)

Diabetic, n (%)
Yes 24 (12.6) 34 (18.9)

No 190 (87.4) 179 (81.1)

AMTS, Abbreviated Mental Test Score; ASA, American Society of 
Anesthesiologists; iNPWT, incisional negative pressure wound therapy; 
IQR, interquartile range.

risk of SSI.8,9 Thus, a fully powered randomized controlled trial 
assessing the effectiveness of this form of treatment is required. 
Variations in the true rate of SSI, which has been reported to 
be between 1% and 9%, preclude an informed sample size 
calculation.10,11

Our aim was to compare the rate of SSI after surgery for a hip 
fracture in patients treated with standard dressings and NPWT.

Methods
Trial design summary. This study was part of the World Hip 
Trauma Evaluation (WHiTE) study.12-19 It was approved by the 
UK National Research Ethics Service, who gave approval on 
28 April 2017 (Oxford REC Committee C 17/ SC/0207);20 full 
details are included in the published protocol.21 The trial was 
overseen by independent steering and data and safety monitor-
ing committees convened in Oxford, who were responsible for 
oversight of all WHiTE studies.
Consent. Patients with a hip fracture require surgery on the 
next available trauma operating list. All have received opiate 
analgesia. It is therefore understandable that most patients 
find the initial period of their treatment in hospital confusing 
and disorientating. Similarly, patients’ next of kin, carers, and 
friends are often anxious at this time and may have difficulty 
taking in the large amounts of information that they are given 
about the injury and plan for treatment. It is often not possi-
ble for the patient or relative/carer (consultee) to review trial 
documentation, weigh the information, and give an informed 
decision about whether they wish to participate. The consent 
procedure for this trial reflected that of the surgery, with the 
clinical team assessing capacity before taking consent for the 
operation, and the assessment of capacity was then used to in-
form consent for the study. An appropriate method, in line with 
the Mental Capacity Act,22 was then used to gain either pro-
spective or retrospective consent from the patient or consultee 
by a Good Clinical Practice (GCP)-trained member of the local 
research team.
Eligibility. Eligible patients were aged > 65 years and having 
surgery for a hip fracture. Patients with an undisplaced int-
racapsular fracture treated with cannulated screws were ex-
cluded due to the small incisions needed for this procedure. 
A total of 462 patients were recruited successfully into the 
study between July 2017 and February 2018. Five were rand-
omized in error and withdrawn (467 randomizations in total). 
Figure  1 outlines the Consolidated Standards of Reporting 
Trials (CONSORT) diagram.23

Allocation of treatment. A computer-generated randomization 
algorithm was created and delivered by the Oxford Clinical 
Trials Unit to ensure that the allocation sequence was con-
cealed. The patients were allocated to treatment on a 1:1 basis, 
stratified by recruitment centre.
Standard care pathway. All patients received a general or 
regional anaesthetic. The operation followed standard clinical 
practice with relevant details recorded by the research team. 
Routine prophylactic antibiotics were given according to lo-
cal hospital policy. This was either a single intraoperative dose 
(three centres) or multiple doses (two centres). All patients were 
assessed for venous thromboembolism prophylaxis according 

to local policy. At the end of the operation, the allocated dress-
ing was applied to the wound.

The patients were not blinded to their treatment allocation 
as the dressings were clearly visible. In addition, the treating 
surgeons could not be blinded, but the surgical and healthcare 
team were not involved in any assessments relating to the trial 
and the primary outcome data were collected by independent 
research associates. All elements of postoperative care and 
rehabilitation were the same for all patients.
Standard dressings. For the standard dressing study arm, all 
recruitment centres used a sterile dressing sealed from exter-
nal contamination. The precise details of the materials used in 
standard dressings depended on the routine local care.
Incisional negative pressure wound therapy pathway. The 
PICO dressing system (Smith & Nephew, London, UK) was 
used in the NPWT arm of the study. This involves a silicone 
contact layer with a silicon-based adhesive, an airlock layer, a 
superabsorbent layer, and a polyurethane (semipermeable) lay-
er on top that makes the system showerproof while allowing 
water vapour to escape. A sealed tube connects the dressing to a 
built-in mini-pump that creates a partial vacuum (-80 mmHg of 
negative pressure) over the wound. This dressing was applied to 
the wound at the end of the operation according to the treating 
surgeon’s normal practice and the manufacturer’s instructions; 
any further dressing was recorded and followed the allocated 
treatment unless otherwise clinically indicated.
Outcomes. The addition of 90-day follow-up is a recent change 
in the CDC criteria. Therefore, to satisfy the criteria each pa-
tient was assessed at both 30 and 90 days.24,25

The rate of recruitment of patients, both in terms of eligi-
bility and those who consented, or on whose behalf consent was 
provided, was recorded. The number of available patients and 
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Table II. Baseline characteristics by treatment group.

Characteristic Standard dressing
(n = 230)

iNPWT
(n = 232)

Total
(n = 462)

Surgery < 36 hrs, n (%) 129 (56.1) 143 (61.6) 272 (58.9)

Operation, n (%)
Hemiarthroplasty 
(cemented)

113 (49.3) 118 (51.1) 231 (50.2)

Hemiarthroplasty 
(uncemented)

2 (0.9) 3 (1.3) 5 (1.1)

Arthroplasty - THA 
(cemented)

11 (4.8) 9 (3.9) 20 (4.3)

Arthroplasty - THA 
(uncemented)

0 (0) 1 (0.4) 1 (0.2)

Arthroplasty - THA hybrid 15 (6.6) 13 (5.6) 28 (6.1)

Internal fixation - 
cannulated screws

2 (0.9) 5 (2.2) 7 (1.5)

Internal fixation - 
intramedullary nail

15 (6.6) 17 (7.4) 32 (7.0)

Internal fixation - sliding 
hip screw*

71 (31.0) 65 (28.1) 136 (29.6)

Surgeon grade, n (%)
Consultant 153 (66.5) 156 (67.5) 309 (67.0)

ST3-ST8† 66 (28.7) 66 (28.6) 132 (28.6)

SAS 11 (4.8) 9 (3.9) 20 (4.3)

Other 0 (0.0) 0 (0.0) 0 (0.0)

Wound closure, n (%)
Interrupted suture 26 (15.5) 16 (9.8) 42 (12.7)

Skin clips 25 (14.9) 26 (16.0) 51 (15.4)

Subcuticular suture 111 (66.1) 117 (71.8) 228 (68.9)

Other 6 (3.6) 4 (2.5) 10 (3.0)

*Within the sliding hip screw cohort were patients co-enrolled in 
another embedded trial, which included a similar device. All patients 
were classified as receiving a sliding hip screw.17

†ST3 denotes a training grade surgeon equivalent to resident.
iNPWT, incisional negative pressure wound therapy; SAS, Staff and 
Associate Specialist; THA, total hip arthroplasty.

proportion recruited is a feasibility parameter which will inform 
any definitive study.

Any further surgery to the hip within 120 days of the fracture 
was recorded from the patient and medical records.

Complications were recorded from a predefined list: wound 
infection; respiratory infection; urinary tract infection; venous 
thromboembolism; cerebrovascular accident; cardiac event; 
failure of fixation; dislocation; and blood transfusion. These 
were collected from the medical records and included if they 
were within 120 days of the fracture. A standard set of outcomes 
was recorded.26 Death within 120 days was recorded from the 
medical records.

Health-related quality of life (HRQoL) was measured 
using the EuroQol five-level five-dimension questionnaire 
(EQ-5D-5L) at baseline and 120 days. The EQ-5D-5L is a 
validated self-administered patient-reported outcome measure 
consisting of five dimensions, each with five possible answers. 
Each combination of answers produces a health profile that can 
be converted into an estimated health utility score after applying 
a set of preference weights. A scoring that maps the EQ-5D-5L 
to EQ-5D-3L value sets was used as was the EuroQol calcu-
lator.27,28 This score was completed either by the patient or a 
carer if they were unable to.

The mobility status pre-fracture and at 120 days was recorded. 
The possible responses for mobility were: freely mobile without 
aids; mobile outdoors with one aid; mobile outdoors with two 
aids or frame; some indoor mobility but never going outside 
without help; and no functional mobility (using lower limbs).

The residential status pre-fracture and at 120 days was 
recorded (Table I). The possible responses for residential status 
were: own home/sheltered housing; residential care; nursing 
home; rehabilitation unit; acute hospital; dead; and other.
Statistical analysis. Standard statistical summaries (means, 
SDs, medians, interquartile ranges (IQRs)) are reported for all 
discrete and continuous outcome measures. Baseline data (age 
and sex) were summarized to check comparability between 
treatment groups. No formal hypothesis testing was undertak-
en; according to the aims of this feasibility study, the analysis 
reports the rates of deep SSI overall and in the two treatment 
groups on an intention-to-treat basis at 30 and 90 days post-
recruitment. Analysis of between-group rates of deep SSI was 
exploratory. Any between-group differences were ‘post hoc’ 
and were interpreted in this context. These differences were 
presented using descriptive statistics and appropriate measures 
of uncertainty (e.g. 95% confidence intervals (CIs)). All anal-
yses were undertaken using Stata v15.1 (Stata Corp, College 
Station, Texas, USA). Binomial CIs were calculated using the 
Wilson method.30

Feasibility was shown if the rate of deep SSI was sufficiently 
high that a clinically important difference could be shown, and 
that the number of patients needed to do this would be realistic.

Results
There were 18 deep SSIs in 432 patients, giving an overall rate 
of 4.2% at 30 days (95% CI 2.7% to 6.5%). The rate of deep SSI 
at 30 days was 6.4% (14/218) in the standard dressing group 
and 1.9% (4/214) in the NPWT group (risk ratio 0.29; 95% CI 
0.10 to 0.85) (Table II).

The rate of deep SSI at 90 days was 6.4% (14/218) in the 
standard dressing group and 2.3% (5/214) in the NPWT group, 
and 4.4% overall (95% CI 2.8% to 6.8%).

When considered on a ‘per protocol’ basis, the rates of 
30-day deep SSI were as follows: total rate of 15 SSIs in 307 
patients, giving an overall rate of 4.6% at 30 days (95% CI 2.8% 
to 7.5%). The rate of deep SSI at 30 days was 6.5% (11/168) 
in the standard dressing group and 2.6% (4/156) in the NPWT 
group (risk ratio 0.39; 95% CI 0.13 to 1.20). The ‘per protocol’ 
rate of deep SSI at 90 days was 17 infections in 324 patients, 
a rate of 5.2% (95% CI 3.3% to 8.2%). By group, it was 7.7% 
(13/168) in the standard dressing group and 2.6% (4/156) in the 
NPWT group. All deep SSI outcome data are reported by group 
in Table III.

The patients recruited into the study were representative of 
the broader population of patients with hip fractures in terms 
of age, sex, and anaesthetic risk (Table  I).18 These character-
istics were well balanced by the randomization process. Simi-
larly, the surgical treatment was balanced between both study 
groups, and included a representative spread of arthroplasty 
and internal fixation by a mixture of training and consultant 
surgeons (Table II).

The process of recruitment is outlined in Supplementary 
Figure a. A total of 31 patients withdrew, of whom 30 did so 
prior to the collection of primary outcome data at 30 days.
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Table III. Comparison of treatment groups on primary and secondary outcomes.

Outcome Incisional negative pressure wound therapy Standard dressing

Summary* Total, n Summary* Total, n

30 days as randomized population (available cases), n (%) 4 (1.9) 214 14 (6.4) 218

30 days per protocol population (available cases), n (%) 4 (2.8) 144 11 (6.7) 163

90 days as randomized population (available cases), n (%) 5 (2.3) 214 14 (6.4) 218

Secondary outcomes
Mortality, n (%)
30 days 16 (7.4) 214 17 (7.8) 218

120 days 36 (17.0) 211 43 (19.9) 216

EQ-VAS (as randomized population, available cases), n (%)†
Baseline 68.6 (20.0) 202 71.3 (19.1) 205

120 days 67.7 (22.3) 163 69.1 (21.4) 171

EQ-5D index (as randomized population, available cases), n (%)‡
Baseline 0.69 (0.28) 201 0.73 (0.27) 206

120 days 0.46 (0.37) 206 0.48 (0.37) 209

*Summaries are n (%) for binary and mean (95% confidence interval) for continuous variables.
†EuroQol five-dimension questionnaire visual analogue scale range from 0 to 100, with higher scores indicating better quality of life.
‡EuroQol five-dimension questionnaire utility scores range from -0.594 to 1, with higher scores indicating better quality of life.Scores were 
converted to multi-attribute utility values using the crosswalk and EuroQol three-level five-dimension questionnairevalue sets.
EQ-5D, EuroQol five-dimension questionnaire; EQ-VAS, EuroQol visual analogue scale.

The main further surgical intervention was debridement of 
the wound (7/305 (2.3%)). Three patients underwent revision 
surgery within the 120-day follow-up period (3/313 (1.0%)).

There was a similar pattern of complications in the treatment 
groups. Most commonly, patients suffered from infection of the 
chest or urinary tract or required blood transfusion. Further data 
on complications, mobility, and residential status are reported in 
Supplementary Tables i to iii.

The mean EuroQol visual analogue scale (EQ-VAS) score 
was 69.1 (SD 21.4) in the standard dressing group (n = 171) 
and 67.7 (SD 22.3) in the NPWT group (n = 163). The mean 
EQ-5D index was 0.48 (SD 0.37) in the standard dressing group 
(n = 209) and 0.46 (SD 0.37) in the NPWT group (n = 206). All-
cause mortality at 30 days was 33 patients out of a possible 432 
(7.6%); there were 16 deaths in 214 patients (7.5%) in the stan-
dard dressing group and seven deaths in 218 patients (7.8%) in 
the NPWT group.

Discussion
The aims of this study were to assess each patient against the 
CDC criteria for deep SSI in those allocated to either standard 
dressings or NPWT in a randomized feasibility trial. Secondary 
aims were to understand recruitment and retention, and the 
nature of further surgery in patients with deep SSI. A total of 18 
of 432 patients (4.2%) had a deep SSI at 30 days. Half of these 
patients (n = 9) underwent further surgery during the study 
period. The site study and clinical teams were able to recruit 
462 patients over a six-month period. The feasibility objectives 
were met and a fully powered study comparing standard dress-
ings with NPWT would be feasible based on these data.

A rate of deep SSI of 4.2% in patients undergoing surgery for 
a hip fracture is a critical benchmark metric for powering a full-
scale randomized study looking at incisional NPWT (iNPWT) 
in these patients. If a reduction of 1.5% in the rate of SSI to 2.7% 
were sought, a total of 6,220 patients would be needed. This can 
be considered feasible on the basis of the rate of recruitment 
achieved in this study and the number of centres available to the 

WHiTE cohort. Given the profound consequences of deep SSI 
in patients with a hip fracture, such a study would be of value to 
patients and healthcare systems.

The small numbers of patients in each group, lack of statistical 
power, and feasibility design of this study preclude a recommenda-
tion about clinical effectiveness based on these data.

The only previous study of iNPWT in the patients with a hip 
fracture compared the presence of seroma and dressing require-
ments,31 and the results favoured the NPWT in reducing the size 
of the seroma.

Meta-analyses also suggested a treatment benefit for NPWT 
in many forms of surgery.8,9 However, each group of patients 
may benefit differently as they will probably have different 
risks. Other large-scale studies of NPWT in major orthopaedic 
trauma have failed to show a clinically important difference in 
the rate of deep SSI.32

There were no substantial issues with the recruitment or 
retention of patients or the involvement of clinicians. The study 
centres had a high volume of eligible cases and any defini-
tive study should be able to recruit a representative sample of 
patients in an appropriate timescale.

Further surgical procedures are a major determinant of cost 
and source of comorbidity. They remain an important compo-
nent of any health economic analysis. That not all patients with 
deep SSI in this study had another operation may reflect the fact 
that some were deemed too high- risk for further surgery. This 
study only captured data up to 120 days postoperatively, in line 
with the framework of the cohort.12 Any definitive study may 
benefit from a longer period of follow-up or the collection of 
more data in order to record information about further surgery 
for a longer period of time.

The core outcome data were successfully captured, and no 
difference was noted between treatment groups in terms of 
mortality and complications.

The collection of data about HRQoL will be crucial in 
informing the calculations of the cost-effectiveness of NPWT if 
clinical superiority was shown in a definitive trial.



Follow us @BoneJointJ

J. MASTERS, J. COOK, J. ACHTEN, M. COSTA760

THE BONE & JOINT JOURNAL 

While the sample size of 462 patients may be large for a 
feasibility study, it may still be relatively small to capture a 
‘rare’ outcome. This is reflected in the broad CIs for both treat-
ment groups and the total study population. The main strengths 
of the study relate to the inclusion of a highly representative 
series of patients, in particular with the inclusion of patients 
with cognitive impairment, who make up 40% of those with a 
hip fracture. These patients are difficult to include in random-
ized studies due to legal and practical issues. The situation of 
this feasibility trial within the WHiTE cohort made it possible 
to overcome these barriers, as there is notable expertise on this 
issue within the framework.12

The baseline characteristics of the patients included in the 
study demonstrate that they are representative of both the 
broader WHiTE cohort and similar national datasets such as the 
National Hip Fracture Database.2

This study had limitations. The inclusion of patients with 
cognitive impairment may have augmented the rate of with-
drawal, as patients were recruited with the agreement of a 
consultee. For an outcome such as deep SSI, being able to 
account for each patient is critical due to the low rate of events 
relative to the study population. Methods such as multiple 
imputation are of limited value when dealing with these types 
of loss of data, as they propagate observed data and do not 
take into account any variation between the withdrawn and 
retained patients.

In conclusion, a definitive randomized clinical trial comparing 
standard dressings with NPWT in patients with a hip fracture is 
deemed to be feasible on the basis of the rate of deep SSI seen in 
these treatment groups. There were no major issues in recruit-
ment, retention, or data capture. Given the devastating conse-
quences of deep SSI for these patients, such a study should be 
considered a priority.

Take home message
- - Prior to this study, there was uncertainty around the true 

event rate for surgical site infection (SSI) after hip fracture 
surgery.

- - An overall rate of 4% in the hip fracture population undergoing surgery 
was found (6.4% in standard dressing group and 1.9% in the incisional 
negative pressure wound therapy (NPWT) group).
- - Based on a 4% SSI event rate and other metrics such as rate of 

recruitment and willingness to participate, a definitive trial can be 
deemed feasible.

Twitter
Follow J. Masters @oxfordtrauma

Supplementary material
‍ ‍Figure a outlines the process of screening and recruit-

ment. Tables i, ii, and iii summarize patient mobility at 
120 days, complications reported by treatment arm, and 

residential status at 120 days, respectively.
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