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Background: Initial surgical management of Gustilo-Anderson type-I to IIIA open fractures varies from surgical fixation of
the fracture with immediate closure of the traumatic wound to various combinations of staged fracture and wound
management. The decision to choose staged management has historically been based on wound contamination and the
severity of the open fracture. The purpose of this study was to compare the rates of surgical site infection (SSI), wound
complication, nonunion, and 1-year reoperation between patients with type-I to IIIA open fractures who underwent fix-and-
close treatment and those who underwent planned, staged treatment.

Methods: This is a secondary analysis of participants who were enrolled in the Aqueous-PREP and PREPARE-Open
studies, excluding those with type-IIIB and IIIC open fractures. Participants were divided into fix-and-close or planned,
staged groups and were matched using propensity scores that were computed with multiple variables, including patient
and injury characteristics. Associations between treatment type and outcomes were analyzed.

Results: A total of 3,170 participants (staged, 872: 70% White, 20% Black, and 10% other or unknown race; fix-and-
close, 2,298: 62% White, 21% Black, and 17% other) with Gustilo-Anderson type-I to IIIA open fractures were identified.
Eight hundred and thirty-six participants who underwent planned, staged treatment were propensity score-matched to
836 participants who underwent fix-and-close treatment. Staged treatment was significantly associated with increased
odds of deep SSI within 90 days (odds ratio [OR], 2.0 [95% confidence interval (CI), 1.15 to 3.47]; p = 0.01) and
reoperation specifically for infection within 1 year (OR, 1.47 [95% CI, 1.06 to 2.04]; p = 0.02) but was not associated
with increased odds of wound dehiscence (OR, 0.85 [95% CI, 0.49 to 1.49]; p = 0.57), wound necrosis or failure of the
wound to heal (OR, 1.37 [95% CI, 0.83 to 2.25]; p = 0.21), reoperation requiring any free or local flap coverage (OR,
0.96 [95% CI, 0.55 to 1.68]; p = 0.89), or reoperation for delayed union or nonunion (OR, 1.30 [95% CI, 0.92 to 1.83];
p = 0.14).

Conclusions: Fix-and-close treatment of open fractures of type IIIA and lower was associated with decreased odds of deep
SSI within 90 days and reoperation for infection within 1 year without an increased risk of wound complications or nonunion and
may be considered even in fractures with embedded contamination provided that adequate debridement is performed.

Level of Evidence: Therapeutic Level II. See Instructions for Authors for a complete description of levels of evidence.
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O
pen fractures carry an inherent risk of developing sur-
gical site infections (SSIs) and wound-healing compli-
cations due to the injury disrupting soft tissue and

exposing both bone and soft tissue to contamination. Despite the
treatment of open fractures having been studied extensively, re-
sulting in a substantial body of evidence regarding the early
administration of antibiotics, meticulous debridement, the type
andmethod of irrigation, and the timing of soft-tissue coverage in
type-IIIB open fractures, the timing of wound closure in type-IIIA
open fractures or lower-type open fractures remains controversial.
Historically, a second debridement with delayed wound closure
was advocated to allow drainage to prevent the collection
of contaminated tissue and fluid. This treatment strategy
has been traced back to World Wars I and II during the pre-
antibiotic era1-3. Currently, the timing of fracture fixation
is often planned on the basis of wound closure in order to
avoid exposing metal work to the environment while waiting
for definitive wound closure4,5. Advancements in surgical
technique and the introduction of antibiotics have chal-
lenged this practice. Indeed, it has been demonstrated that
primary wound closure is safe in non-contaminated wounds6-9.
However, there are no clear guidelines regarding the timing of
wound closure in open fractures with contamination, and the
decision is largely left to the judgement and experience of the
treating surgeon.

The purpose of this study was to compare the rates of SSI,
wound complication, nonunion, and 1-year reoperation between
patients with type-I to IIIA open fractures, with or without
contamination, who underwent fix-and-close treatment ver-
sus planned, staged treatment. The hypothesis of the study
was that fix-and-close treatment would not lead to higher
rates of the measured outcomes.

Materials and Methods

AProgram of Randomized Trials to Evaluate Preoperative
Antiseptic Skin Solutions in Orthopaedic Trauma (PREP-

IT) consisted of 2 trials. These were A Pragmatic Randomized
Trial Evaluating Preoperative Aqueous Antiseptic Skin Solu-
tions in Open Fractures (Aqueous-PREP), which compared
10% povidone-iodine versus 4% chlorhexidine gluconate in
aqueous solutions, and A Pragmatic Randomized Trial Evaluat-
ing Preoperative Alcohol Skin Solutions in Fractured Extremities
(PREPARE), which compared 3M DuraPrep (iodine-povacrylex
[0.7% free iodine]) versus BD (Becton Dickinson) ChloraPrep
(2% chlorhexidine gluconate) in alcohol solutions. The present
study is a secondary analysis of participants who were enrolled in
the Aqueous-PREP and PREPARE-open studies10,11. Participants
with Gustilo-Anderson type-IIIB and IIIC open fractures were
excluded from this analysis. Ethical approval for this analysis was
obtained from the Hamilton Integrated Research Ethics Board
(HiREB #17591).

Participants were divided into 2 groups on the basis of
whether fix-and-close or planned, staged treatment strategies
were utilized. These groups were then matched using pro-
pensity scores that were computed with multiple variables,
including age, gender, body mass index, educational attain-

ment, medical insurance, Functional Comorbidity Index, renal
disease, diabetes,HIV (human immunodeficiency virus), smoking
status, Gustilo-Anderson classification, embedded wound con-
tamination and bone loss based on the Orthopaedic Trauma
Association Open Fracture Classification (OTA-OFC)12, local
antibiotic use, injury mechanism, fracture anatomic location13

(humerus: OTA/AO 11, 12, and 13; radius and ulna: OTA/AO
21, 22, and 23; femur: OTA/AO 31 to 34; tibia: OTA/AO 41 to
44; pelvis: OTA/AO 61 and 62; hand: OTA/AO 71 to 79;
foot: OTA/AO 81 to 89), workplace injury, American
Society of Anesthesiologists (ASA) physical status, and
Injury Severity Score (ISS). The optimal propensity score-
matching method was used to minimize covariate imbal-
ance between the participants in the fix-and-close group
and those in the staged treatment group; additionally,
highly influential variables, including embedded wound
contamination, bone loss, and Gustilo-Anderson classifi-
cation, were exactly matched to ensure complete compa-
rability between the groups.

Propensity score matching was performed with use of the
MatchIt package (R statistical software; R Foundation for
Statistical Computing) To assess the balance of covariates
after matching, the absolute standardized mean difference
(SMD) was utilized because it emphasizes differences in
proportions and, unlike the p value, is not dependent on
sample size14. Variables with an SMD of <0.1 were consid-
ered optimally balanced. Propensity score values for each
treatment group before and after matching were plotted in
histograms.

The clinical outcomes of interest were any SSI; deep SSI;
and any unplanned reoperation for wound dehiscence, wound
necrosis or failure of the wound to heal, a free or local flap, or
delayed union or nonunion. Associations between treatment
type and each outcome were analyzed with use of logistic
regression for the full dataset of study participants and with use
of conditional logistic regression for the matched subset.
The threshold for statistical significance was set at p < 0.05.
Additionally, the relationship between treatment type and an
ordinal outcome indicating each participant’s most severe
wound-complication event—categorized in descending sever-
ity as free or local flap, skin graft, revision wound closure, or no
reoperation—were analyzed with use of proportional odds
models. Lastly, external and internal fixation methods,
stratified by fracture location, were examined for associ-
ations with the outcomes of interest in each of the treat-
ment groups. SSI was defined according to the Centers for
Disease Control and Prevention (CDC) National Healthcare
Safety Network criteria15. SSI included superficial incisional
infection within 30 days after fracture surgery, deep incisional
or organ-space infection within 90 days after fracture surgery, and
any SSI that met the CDC definition within 12 months after
surgery. Reoperation events included any unplanned return to the
operating theater for infection, wound-healing complications, or
fracture-healing complications. Of note, planned, staged reoper-
ations, such as staged bone grafting or skin grafting, were not
counted as reoperation events.
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TABLE I Patient Characteristics of the Overall Study Population and Propensity Score-Matched Subset*

Characteristic

Overall (N = 3,170) Propensity Score-Matched† (N = 1,672)

Staged
(N = 872)

Fix-and-Close
(N = 2,298) P Value‡

Staged
(N = 836)

Fix-and-Close
(N = 836) P Value‡

Age (yr) 43 (30, 57) 42 (29, 59) 0.49 43 (30, 57) 42 (29, 58) 0.41

Gender 0.59 0.31

Female 339 (39%) 869 (38%) 326 (39%) 305 (36%)

Male 533 (61%) 1,427 (62%) 510 (61%) 531 (64%)

Not reported 0 (0%) 2 (0.1%) 0 (0%) 0 (0%)

Race§ <0.001 0.005

White 609 (70%) 1,421 (62%) 583 (70%) 530 (63%)

Black 174 (20%) 481 (21%) 167 (20%) 174 (21%)

Asian 8 (0.9%) 26 (1.1%) 8 (1.0%) 7 (0.8%)

American Indian or Alaska Native 10 (1.1%) 16 (0.7%) 10 (1.2%) 7 (0.8%)

Native Hawaiian or Other Pacific Islander 1 (0.1%) 2 (0.1%) 1 (0.1%) 1 (0.1%)

Other racial group 12 (1.4%) 28 (1.2%) 11 (1.3%) 13 (1.6%)

Prefer not to answer 10 (1.1%) 21 (0.9%) 10 (1.2%) 10 (1.2%)

Missing data 48 (5.5%) 303 (13%) 46 (5.5%) 94 (11%)

Hispanic ethnicity§ 105 (12%) 207 (9.0%) 0.01 102 (12%) 81 (9.7%) 0.10

Education <0.001 0.23

High school diploma or less 417 (48%) 1,034 (45%) 404 (48%) 397 (47%)

Some college or associate’s degree 244 (28%) 555 (24%) 234 (28%) 222 (27%)

Bachelor’s degree 108 (12%) 348 (15%) 100 (12%) 118 (14%)

Graduate degree 59 (6.8%) 154 (6.7%) 56 (6.7%) 43 (5.1%)

Prefer not to answer 44 (5.0%) 207 (9.0%) 42 (5.0%) 56 (6.7%)

Medical insurance 668 (77%) 1,909 (83%) <0.001 640 (77%) 642 (77%) 0.95

Body mass index classification <0.001 0.86

Underweight 8 (0.9%) 35 (1.5%) 8 (1.0%) 8 (1.0%)

Healthy weight 202 (23%) 681 (30%) 197 (24%) 189 (23%)

Overweight 262 (30%) 770 (34%) 244 (29%) 260 (31%)

Obese 400 (46%) 812 (35%) 387 (46%) 379 (45%)

Current smoking 289 (33%) 789 (34%) 0.55 278 (33%) 261 (31%) 0.40

Functional Comorbidity Index (points) 1 (0, 2) 1 (0, 2) <0.001 1 (0, 2) 1 (0, 2) 0.48

Renal disease 4 (0.5%) 25 (1.1%) 0.15 4 (0.5%) 5 (0.6%) >0.99

Diabetes 88 (10%) 218 (9.5%) 0.65 83 (9.9%) 97 (12%) 0.31

HIV 1 (0.1%) 12 (0.5%) 0.20 1 (0.1%) 2 (0.2%) >0.99

Gustilo-Anderson classification <0.001 0.70

Type I 99 (11%) 692 (30%) 99 (12%) 89 (11%)

Type II 267 (31%) 826 (36%) 264 (32%) 274 (33%)

Type IIIA 506 (58%) 780 (34%) 473 (57%) 473 (57%)

OTA-OFC: embedded wound contamination 124 (14%) 114 (5.0%) <0.001 97 (12%) 97 (12%) >0.99

OTA-OFC: bone loss <0.001 >0.99

None 482 (55%) 1,602 (70%) 474 (57%) 474 (57%)

Bone missing or devascularized bone fragments 337 (39%) 658 (29%) 332 (40%) 332 (40%)

Segmental bone loss 53 (6.1%) 38 (1.7%) 30 (3.6%) 30 (3.6%)

Injury mechanism <0.001 0.19

Motor vehicle 543 (62%) 1,161 (51%) 516 (62%) 505 (60%)

continued
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Results

Atotal of 3,170 participants with type-I to IIIA open frac-
tures were identified. Participant characteristics are detailed

in Table I. Staged treatment was performed in 872 participants,
and fix-and-close treatment was performed in 2,298 participants.
In this sample, 1,573 participants had an open fracture of the tibia
and 1,597 participants had non-tibial open fractures. A total of
238 participants presented with open fractures with embedded
wound contamination. Before propensity score matching, 124
(14%) of the participants in the staged treatment group had
embedded wound contamination compared with 114 (5%) of the
participants in the fix-and-close group (p < 0.001). Supplemental
Table I shows the number of participants with a given number of
planned surgeries (see Appendix). The number of participants

with embedded contamination increased with the severity of the
open fracture based on the Gustilo-Anderson classification (p <
0.001; see Appendix Supplemental Table II).

A total of 836 participants from the planned, staged
treatment group were propensity score-matched to a total of
836 participants from the fix-and-close group (Table I). The
variables used in the propensity score calculation were well
balanced between the 2 treatment groups (see Appendix Sup-
plemental Fig. 1), including the Gustilo-Anderson classifica-
tion (staged group: type I, n = 99; type II, n = 264; type IIIA,
n = 473; fix-and-close group: type I, n = 89; type II, n = 274;
type IIIA, n = 473; p = 0.70), embedded wound contamination
(n = 97 in each group; p > 0.99), and the severity of bone loss
(staged group: none, n = 474; bone missing or devascularized

TABLE I (continued)

Characteristic

Overall (N = 3,170) Propensity Score-Matched† (N = 1,672)

Staged
(N = 872)

Fix-and-Close
(N = 2,298) P Value‡

Staged
(N = 836)

Fix-and-Close
(N = 836) P Value‡

Fall 219 (25%) 663 (29%) 217 (26%) 203 (24%)

Other 110 (13%) 474 (21%) 103 (12%) 128 (15%)

Fracture location# <0.001 0.88

Humerus 50 (5.7%) 178 (7.7%) 47 (5.6%) 47 (5.6%)

Radius/ulna 109 (13%) 465 (20%) 106 (13%) 90 (11%)

Femur 134 (15%) 406 (18%) 125 (15%) 131 (16%)

Tibia 483 (55%) 1,090 (47%) 467 (56%) 479 (57%)

Pelvis 14 (1.6%) 15 (0.7%) 13 (1.6%) 9 (1.1%)

Hand 6 (0.7%) 21 (0.9%) 6 (0.7%) 6 (0.7%)

Foot 76 (8.7%) 123 (5.4%) 72 (8.6%) 74 (8.9%)

Any local antibiotic use 76 (8.7%) 288 (12.5%) 0.003 75 (9.0%) 87 (10.4%) 0.84

Local antibiotic type** 0.03 0.31

Vancomycin only 61 (80%) 258 (90%) 60 (80%) 76 (87%)

Vancomycin and tobramycin 14 (18%) 28 (9.7%) 14 (19%) 11 (13%)

Vancomycin and other antibiotic 0 (0.0%) 2 (0.7%) 0 (0.0%) 0 (0.0%)

Tobramycin only 1 (1.3%) 0 (0.0%) 1 (1.3%) 0 (0.0%)

Workplace injury 91 (10%) 215 (9.4%) 0.39 87 (10%) 85 (10%) 0.94

ASA physical status <0.001 0.39

1 69 (7.9%) 245 (11%) 66 (7.9%) 75 (9.0%)

2 346 (40%) 1,033 (45%) 334 (40%) 349 (42%)

3 352 (40%) 837 (36%) 339 (41%) 325 (39%)

4 88 (10%) 178 (7.7%) 85 (10%) 82 (9.8%)

5 17 (1.9%) 5 (0.2%) 12 (1.4%) 5 (0.6%)

ISS (points) 10 (9, 19) 10 (9, 14) <0.001 10 (9, 18) 10 (9, 18) 0.27

*Values are given as the median, with the interquartile range in parentheses, or as the number of patients, with the percentage in parentheses.
HIV = human immunodeficiency virus; OTA-OFC = Orthopaedic Trauma Association Open Fracture Classification, ASA = American Society of
Anesthesiologists, ISS= Injury Severity Score.†Propensity score covariates included age, gender, body mass index, Functional Comorbidity Index,
renal disease, diabetes, HIV, current smoking, injury mechanism, fracture location, workplace injury, ASA physical status, ISS, OTA-OFC:
embedded wound contamination (exact match), OTA-OFC: bone loss (exact match), and Gustilo-Anderson classification (exact match; I/II
versus IIIA). ‡The Wilcoxon rank-sum test was used for continuous data, and the Pearson chi-square test was used for categorical data.
§Race and ethnicity were self-reported. #Humerus: OTA/AO 11, 12, and 13. Radius and ulna: OTA/AO 21, 22, and 23. Femur: OTA/AO 31
to 34. Tibia: OTA/AO 41 to 44. Pelvis: OTA/AO 61 and 62. Hand: OTA/AO 71 to 79. Foot: OTA/AO 81 to 89. **Percentages are based on
the total number of participants with any local antibiotic use in that group.
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bone fragments, n = 332; segmental bone loss, n = 30; fix-and-
close group: none, n = 474; bone missing or devascularized
bone fragment, n = 332; segmental bone loss, n = 30; p > 0.99).
Figure 1 shows the SMDs in the overall study population and in
the matched subset. After propensity score matching, all SMDs
were <0.1, indicating an acceptable level of covariate similarity
between the treatment groups14.

Table II shows the results of the analyses of various
outcomes in the entire participant population and in the pro-
pensity score-matched subset. In the entire population, staged
treatment was significantly associated with increased odds of
any SSI within 90 days (odds ratio [OR], 1.82 [95% confidence
interval (CI), 1.35 to 2.45]; p = 0.0001), deep SSIwithin 90 days
(OR, 2.79 [95% CI, 1.81 to 4.28]; p < 0.0001), any SSI within
1 year (OR, 2.06 [95% CI, 1.61 to 2.63]; p < 0.0001), any
unplanned reoperation within 1 year (OR, 2.19 [95% CI, 1.77
to 2.71]; p < 0.0001), reoperation for infection within 1 year
(OR, 2.39 [95% CI, 1.82 to 3.13]; p < 0.0001), wound necrosis
or failure of the wound to heal (OR, 2.16 [95% CI, 1.43 to
3.24]; p = 0.0002), any free or local flap (OR, 1.96 [95% CI,

1.21 to 3.15]; p = 0.005), and reoperation for delayed union or
nonunion (OR, 2.01 [95% CI, 1.51 to 2.68]; p < 0.0001). There
was no association between staged treatment and wound dehis-
cence (OR, 1.60 [95%CI, 0.98 to 2.58]; p= 0.06). After propensity
score matching, all significant associations were attenuated; how-
ever, staged treatment remained significantly associated with in-
creased odds of deep SSI within 90 days (OR, 2.0 [95% CI, 1.15 to
3.47]; p = 0.01) and reoperation for infection within 1 year (OR,
1.47 [95% CI, 1.06 to 2.04]; p = 0.02).

When looking specifically at wound-related outcomes
(Table III) in the full participant population, individuals in the
staged treatment group had higher odds of experiencing a
higher-severity outcome than individuals in the fix-and-close
group (OR, 2.48 [95% CI, 1.74 to 3.52]). However, staged treat-
ment was not significantly associated with this ordinal outcome
variable in the matched subset (OR, 1.28 [95% CI, 0.87 to 1.89]).

Supplemental Tables 3 and 4 show the results of the
unadjusted analyses for open tibial fractures, non-tibial open
fractures, and fractures stratified by Gustilo-Anderson classi-
fication (see Appendix). Deep SSI within 90 days, any SSI

Fig. 1

Standardizedmeandifferences (SMDs) in the overall study population andmatched subset. Aftermatching, all covariates demonstrated improvedbalance,

with SMDs of <0.1 (rightmost solid black line) indicating an acceptable level of covariate similarity between the treatment groups. The dashed line

represents an SMD of 0.05. Anatomic fracture locations consisted of the humerus (OTA/AO 11, 12, and 13), radius and ulna (OTA/AO 21, 22, and 23),

femur (OTA/AO31 to34), tibia (OTA/AO41 to44), pelvis (OTA/AO61and62), hand (OTA/AO71 to79), and foot (OTA/AO81 to89). ASA=AmericanSociety

of Anesthesiologists, OFC = Open Fracture Classification.
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within 1 year, any unplanned reoperation within 1 year, and
reoperation for infection within 1 year remained associated
with staged treatment in open tibial fractures, non-tibial open
fractures, and Gustilo-Anderson type-IIIA fractures. Any SSI
within 1 year, unplanned reoperation within 1 year, and re-
operation for infection within 1 year were associated with
staged treatment in Gustilo-Anderson type-II open fractures,
whereas no outcomes were associated with staged treatment in
Gustilo-Anderson type-I open fractures.

Supplemental Table V shows data on the relationship
between fixation method and treatment type for each frac-
ture location, and Supplemental Table VI shows the associ-
ation between the fixation method and outcomes in the
subgroup of patients with tibial fractures (see Appendix).
The internal fixation method utilized for femoral and tibial
fractures significantly differed between the treatment groups
in the entire population (femur, p = 0.026; tibia, p < 0.001)

and in the propensity score-matched subset (p = 0.021 and
p < 0.001, respectively), with plate(s)/screw fixation being
more common in the staged treatment group and intra-
medullary nail fixation being more common in the fix-
and-close group. In the tibial fracture subgroup after
matching, use of both an intramedullary nail and plate(s)
and screws was significantly associated with an unplanned
local or free flap.

In sensitivity analyses that accounted for clustering by
trauma center using mixed-effects logistic regression and
that excluded patients who had ‡3 planned surgeries (i.e.,
compared fix-and-close to only 1 additional debridement),
staged treatment was significantly associated with increased
odds of deep SSI within 90 days, any SSI within 1 year, any
unplanned reoperation within 1 year, and reoperation for
infection within 1 year (see Appendix Supplemental Table
VII).

TABLE II Associations Between Staged Treatment and Outcomes in the Full Dataset and Propensity Score-Matched Subset*

Outcome

Full Dataset, Unadjusted† (N = 3,170) Propensity Score-Matched‡ (N = 1,672)

Staged
(N = 872)

Fix-and-Close
(N = 2,298) OR (95% CI) P Value

Staged
(N = 836)

Fix-and-Close
(N = 836) OR (95% CI) P Value

Any SSI within 90 days 77 (8.8%) 116 (5.0%) 1.82 (1.35-2.45) 0.0001 70 (8.6%) 62 (7.4%) 1.15 (0.80-1.65) 0.46

Deep SSI within 90 days 44 (5.0%) 43 (1.9%) 2.79 (1.81-4.28) <0.0001 40 (4.8%) 21 (2.5%) 2.0 (1.15-3.47) 0.01

Any SSI within 1 year 126 (14.4%) 174 (7.6%) 2.06 (1.61-2.63) <0.0001 116 (13.9%) 93 (11.1%) 1.29 (0.96-1.72) 0.09

Any unplanned reoperation
within 1 year

174 (20.0%) 235 (10.2%) 2.19 (1.77-2.71) <0.0001 156 (18.7%) 125 (15.0%) 1.30 (1.00-1.67) 0.05

Reoperation for infection
within 1 year

107 (12.3%) 127 (5.5%) 2.39 (1.82-3.13) <0.0001 99 (11.8%) 71 (8.5%) 1.47 (1.06-2.04) 0.02

Wound dehiscence 27 (3.1%) 45 (2.0%) 1.60 (0.98-2.58) 0.06 26 (3.1%) 30 (3.6%) 0.85 (0.49-1.49) 0.57

Wound necrosis or failure of
the wound to heal

43 (4.9%) 54 (2.3%) 2.16 (1.43-3.24) 0.0002 38 (4.5%) 28 (3.3%) 1.37 (0.83-2.25) 0.21

Any free or local flap 30 (3.4%) 41 (1.8%) 1.96 (1.21-3.15) 0.005 25 (3.0%) 26 (3.1%) 0.96 (0.55-1.68) 0.89

Reoperation for delayed
union or nonunion

87 (10.0%) 120 (5.2%) 2.01 (1.51-2.68) <0.0001 77 (9.2%) 60 (7.2%) 1.30 (0.92-1.83) 0.14

*Values are given as the number of patients, with the percentage in parentheses. †Logistic regression. ‡Conditional logistic regression.

TABLE III Association Between Staged Treatment and Increasingly Severe Outcomes in the Full Dataset and Propensity Score-Matched
Subset*

Overall (N = 3,170) Propensity Score-Matched (N = 1,672)

Staged
(N = 872)

Fix-and-Close
(N = 2,298) P Value†

Staged
(N = 836)

Fix-and-Close
(N = 836) P Value†

Outcome, by increasing severity <0.0001 0.29

None of these events 812 (93.1%) 2,233 (97.2%) 785 (93.9%) 796 (95.2%)

Revision wound closure 14 (1.6%) 15 (0.7%) 14 (1.7%) 8 (1.0%)

Skin graft 16 (1.8%) 9 (0.4%) 12 (1.4%) 6 (0.7%)

Free or local flap 30 (3.4%) 41 (1.8%) 25 (3.0%) 26 (3.1%)

*Values are given as the number of patients, with the percentage in parentheses. †Pearson chi-square test.
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Discussion

In this secondary analysis of the Aqueous-PREP and PREPARE-
Open studies, we found in both the unadjusted and propensity

score-matched analyses that patients with open fractures of
type IIIA or lower who underwent planned, staged treat-
ment had higher rates of deep SSI within 90 days and re-
operation for infection within 1 year than those who
underwent fix-and-close treatment. The propensity score
analyses exactly matched for Gustilo-Anderson classification,
OTA-OFC embedded wound contamination, and OTA-OFC
bone loss. These results suggest that, if an open fracture of
type IIIA or lower is sufficiently debrided, it should be fixed
and closed without a planned second look. This treatment
paradigm appears to be no worse than a planned, staged
approach, and our data suggest that it is likely better at
decreasing SSIs.

A high rate of deep infection in the setting of primary
wound closure (20%) compared with delayed closure (3%) was
reported by Russell et al.16 in a study of 90 type-IIIA or lower
open tibial fractures in 1990. The results from more recent
studies have favored primary wound closure, with deep infec-
tion rates of 5% in primary closure versus 9% to 18% in de-
layed closure8,9,17. Although the overall infection rate in the
present study is slightly higher than these previously reported
infection rates, primary closure of the wound was associated
with a significant decrease in deep SSIs and reoperations for
infection. The swinging of the pendulum from delayed wound
closure to primary closure in open fractures can potentially be
explained by the standardization of antibiotic administration
and improvements in surgical technique. Historically, con-
tamination of the wound may have precluded primary closure
in open fractures. The management of open fractures has
evolved to include systemic and local antibiotic use, changes in
the timing of irrigation and debridement, and multidisciplin-
ary and multimodal soft-tissue management. Compared with
the historical practice of planned second-look debridements, a
fix-and-close strategy may now be plausible because of this
evolution in open fracture management.

The strengths of this study include the large number of
participants, the use of prospectively collected data, and the
propensity score matching of variables such as anatomic
region, open fracture type, embedded wound contamina-
tion, and fracture severity in order to decrease bias. Previous
studies on this topic have been retrospective reviews with
limited numbers of participants. Additionally, the data uti-
lized in the present study were obtained from multiple
hospitals across the world, likely increasing the external
validity of our findings.

The main limitation of this study is the subjectivity of the
assessment of embedded wound contamination. To limit bias,
contamination was graded based on the OTA-OFC12.
However, despite this effort, the severity of wound con-
tamination is not presently quantifiable, and the use of a
staged versus fix-and-close treatment was left to the dis-
cretion of the treating surgeon. Another limitation of the
study is the lack of detail regarding the fracture pattern and

location within the anatomical region as well as the energy
level of the injury, which may contribute to the degree of
soft-tissue injury and potentially impact fracture healing.
Although the treatment groups were propensity score-
matched on the basis of fracture pattern severity,
accounting for OTA-OFC bone loss, fracture anatomic
region, and open fracture type, in order to limit this bias,
we were not able to completely negate the inherent bias of
different fracture types and patterns within the same ana-
tomic region.

Conclusions
Our findings suggest that adopting fix-and-close in open
fractures of type IIIA or lower at the index procedure may not
only be safe but also beneficial, even in patients with embedded
wound contamination, provided that adequate debridement is
performed. Fix-and-close was associated with decreased odds of
deep SSI within 90 days and reoperation for infection within 1 year
following the index treatment without any increase in wound-
healing complications.
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