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 45 
STRUCTURED ABSTRACT 46 
 47 
Objective: Establish baseline rates of and risk factors for reoperation within 1 or 2 years of ankle 48 
open reduction internal fixation (ORIF).  49 
 50 
Design: Retrospective, population based, cohort study. 51 
 52 
Setting: 202 hospitals in Ontario, Canada (approximate population 13.6 million in 2014). 53 
 54 
Patients/Participants: 45,444 patients that underwent ankle ORIF performed by 710 different 55 
surgeons between January 1, 1994 and December 31, 2011.  56 
 57 
Main outcome measurements: Intermediate-term reoperation due to isolated implant removal, 58 
repeat ORIF, irrigation and debridement (I&D) due to infection, or amputation. Multivariable 59 
logistic regression related potential prognostic factors (patient, provider, and injury) to 60 
reoperation. 61 
 62 
Results: There were 8,936 patients who underwent at least one subsequent operation (19.7%). 63 
The most common procedure was isolated implant removal (18.7%); odds of removal being 64 
higher for females (odds ratio [OR], 1.53; 95% confidence interval [CI], 1.45 – 1.62 p<0.001). 65 
N=674 patients (1.5%) underwent reoperation for another reason. The odds of repeat ORIF and 66 
I&D infection were greater for open fractures (OR 2.17; 95% CI, 1.22 – 3.86; p = 0.008 and OR 67 
3.12; 95% CI 1.94 – 5.03; p < 0.001). Odds of amputation was highest for diabetics (OR 7.42; 68 
95% CI 3.73 – 14.86; p < 0.001).  69 
 70 
Conclusion: Isolated implant removal accounts for the vast majority of intermediate-term 71 
reoperations after ankle ORIF. Reoperation for other reasons (repeat ORIF, I&D, or amputation) 72 
was extremely rare, even among the highest risk patients. Concerns regarding reoperation for 73 
these reasons should not preclude operative treatment in any patient, provider or injury group 74 
we considered. 75 
 76 
Key Words: Ankle Fractures; Fracture Fixation, Internal; Osteosynthesis; Complications; 77 
Epidemiology; Retrospective studies; Canada 78 
 79 
Level of Evidence: Prognostic Level II. See Instructions for Authors for a complete description of 80 
levels of evidence. 81 
 82 
 83 
 84 
 85 
 86 
 87 
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 88 
INTRODUCTION 89 

 Unstable rotational ankle fractures are considered the most common cause of post-90 

traumatic ankle arthritis.(1-5) Standard of care for these fractures includes open reduction 91 

internal fixation (ORIF), which reduces tibio-talar joint reactive forces(6, 7) and has been shown 92 

to improve clinical and radiographic outcomes compared to cast treatment.(8) Indeed, ankle 93 

ORIF is the second most common fracture fixation procedure in our Province.(9)  94 

 Recently published Level I evidence, however, suggests a certain subset of unstable 95 

rotational ankle fractures among older adults may be adequately treated by non-surgical 96 

methods.(10) Conclusions were drawn based on early, non-inferior patient reported outcomes 97 

among older patients undergoing close-contact casting, compared to those who received ORIF. 98 

Accurate data regarding reoperation rates, however, may also guide clinical decision-making 99 

between treatment alternatives. In particular, identifying less suitable candidates for operative 100 

treatment, such as patients at increased risk for reoperation, is critical.  Unfortunately, prior 101 

large, prognostic studies after ankle ORIF are limited by short-term follow-up (90 days),(11) 102 

restricted cohort definitions (geriatric patients),(12) and the range of potential prognostic 103 

factors investigated.(11, 12) As a result, rates of reoperation, and factors that predict 104 

reoperation, are not clear in existing literature.  105 

 Given recent evidence in support of alternative ankle fracture treatment and limitations 106 

in prior prognostic studies, we investigated intermediate-term (1-2 year) reoperation rates 107 

following ankle ORIF in a large, population based cohort. Specific aims of our study were to (A) 108 

establish reoperation rates following ankle ORIF in the general population and (B) identify 109 

patient, provider, and surgical factors that may influence theses rates. 110 
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 111 

MATERIALS and METHODS 112 

 113 

Data sources and Setting 114 

 Data were obtained from several health administrative databases, at 202 different 115 

hospitals, in Ontario, Canada (population 13.6 million in 2014). These databases are held 116 

securely in linked, encoded form and were analyzed at the Institute for Clinical Evaluative 117 

Sciences (ICES; www.ices.on.ca). This data has been used successfully in prior prognostic studies 118 

of orthopaedic trauma patients.(13, 14)  119 

 The supplementary appendix contains a detailed description of the data sources used in 120 

this study as well as the specific diagnostic and billing codes utilized for cohort identification 121 

and outcome assessment. The study protocol was approved by the Research Ethics Board at 122 

Sunnybrook Health Sciences Centre. 123 

 124 

Cohort inclusion (Figure 1) 125 

 All adult patients aged > 16 undergoing isolated ankle ORIF in Ontario between January 126 

1, 1994 and December 1, 2011 were eligible for inclusion. Non-Ontario residents, patients less 127 

than 16 years old, and those with bilateral or tibial plafond fractures were excluded (Figure 2). 128 

The beginning of the study period was selected to allow up to 2 years look-back for patient 129 

comorbidity score calculation, and identification of tibial plafond fractures in administrative 130 

databases that began data capture in 1992. Figure 1 displays the study design. 131 

 132 
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Outcomes 133 

 We considered four reasons for reoperation after ankle ORIF: (1) implant removal in 134 

isolation, (2) repeat ORIF, (3) irrigation and debridement (I&D) due to infection, and (4) lower 135 

extremity amputation. Implant removal was assessed up to 2-years and had to occur without 136 

repeat ORIF, I&D, or amputation (in other words, ‘in isolation’) to be considered.  Other reasons 137 

for reoperation were assessed up to 1-year. We defined “intermediate-term” differently in this 138 

way based on our clinical experience as to when these complications most commonly occur. 139 

 140 

Exposures (potential prognostic factors) 141 

 Several patient, provider and surgical factors previously suggested to influence 142 

reoperation rates after ankle ORIF were considered.(11, 12)  Age and sex were analyzed as 143 

continuous and categorical variables, respectively. Comorbidities listed on hospital discharge 144 

abstracts in the three years before the index fixation procedure were categorized according to 145 

both the Charlson Comorbidity Index(15) and Collapsed Aggregate Diagnosis Groups 146 

(CADGs).(16) In addition, previously validated algorithms identified patients with diabetes,(17) 147 

hypertension,(18) and “frailty”(16) at the time of their index procedure. Median neighbourhood 148 

household income quintile was used as a surrogate for socioeconomic status and living 149 

conditions. (19-21)  150 

 Index surgeon-related factors were assigned at patient entry into the cohort.  These 151 

included (a) years since their Canadian orthopaedic certification (‘surgeon experience’) and (b) 152 

the number of ankle ORIF procedures performed in the year preceding the index event 153 

(‘surgeon volume’). Surgeon volume was categorized by quintile. Index hospitals were 154 
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categorized as either ‘‘academic’’ or ‘‘non-academic’’ on the basis of their membership in the 155 

Council of Academic Hospitals of Ontario (www.cahohospitals.com). Surgical covariates 156 

identified by ICD-10 diagnosis codes and OHIP billing codes included the presence of an open 157 

fracture, fracture-dislocation, and single malleolus versus bi-/tri- malleolus fractures. Lastly, 158 

length of stay (LOS) was categorized as (a) day surgery, (b) 1 night-stay or (c) >1 night-stay. 159 

 160 

Statistical Analysis 161 

 Descriptive statistics of baseline characteristics were calculated for the entire cohort 162 

and stratified by the presence of reoperation (isolated implant removal, repeat ORIF, I&D for 163 

infection, and amputation are presented separately; Table 1). These include means (and 164 

standard deviations) and proportions as appropriate. Multivariable logistic regression was used 165 

to assess the influence of potential prognostic factors (patient, provider, and surgical factors) 166 

on intermediate-term re-operation rates.  Predictors included in each multivariable model 167 

were: age, sex, Charlson index, frailty, diabetes, income quintile, LOS, surgeon experience and 168 

volume, hospital academic status, fracture-dislocation, and open fracture. Since 169 

overparameterization was a concern in modeling ‘lower extremity amputation’ (N=48), we 170 

developed a parsimonious model for this outcome that included only the following predictors: 171 

age, sex, Charlson index, frailty, and diabetes (Figure 3). All analyses were performed using SAS 172 

software (version 9.3 and SAS EG 6.1, SAS Institute, Cary, NC) and the type I error probability 173 

was set to 0.05. 174 

 175 

 176 
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RESULTS 177 

Baseline characteristics (Figure 2, Table 1) 178 

 After exclusions, we identified 45,444 patients during the study period who underwent 179 

isolated ankle ORIF in Ontario (Figure 2). Their mean age was forty-eight years (SD ± 19 years) 180 

and 41.2% were male. Most fractures (70.8%) were bi- or tri-malleolar and most procedures 181 

(83.9%) took place in community hospitals (Table 1).  182 

 183 

Outcomes (Figure 3, Table 1) 184 

Reoperation (overall) 185 

 We identified 8,936 patients (19.7%) who underwent intermediate-term reoperation 186 

after ankle ORIF. The vast majority of reoperations were isolated implant removal (8,232 cases 187 

or 92.1% of all reoperations). 188 

 189 

Repeat ORIF 190 

 Analyses of repeat ankle ORIF were performed separately for single malleolus and bi-/tri 191 

malleolus fractures. Two hundred (0.4%) single malleolus fracture patients underwent repeat 192 

ORIF within one year. Older age, hypertension, increasing LOS, and initial fracture-dislocation 193 

were associated with repeat ORIF among this group. Median time to repeat ORIF was 34 days 194 

(interquartile range (IQR) = 15, 87). 195 

 There were 216 multiple malleolus fracture patients (0.4%) underwent repeat ankle 196 

ORIF. Risk of repeat ORIF was higher among those who initially presented with an open fracture 197 

(OR 2.17; 95% CI, 1.22 – 3.86; p = 0.008). It was also more common in male patients, those with 198 
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higher medical comorbidity (including diabetes) and those with initial fracture-dislocation 199 

(Table 1 and Figure 3). Median time to repeat ORIF among this group was 20 days (IQR = 10, 200 

63). 201 

 202 

Isolated Implant Removal 203 

 Isolated implant removal occurred in 8,232 cases (18.7%). Female patients more 204 

commonly underwent implant removal in comparison to males (OR 1.53; 95% CI 1.45 – 1.62; 205 

p<0.001). Implant removal was also more common in patients with higher socioeconomic 206 

status, when index procedures were performed at community hospitals, and those with initial 207 

fracture-dislocations or open fractures. Patients with medical comorbidity were less likely to 208 

receive implant removal (Table 1 and Figure 3). Median time to implant removal was 346 days 209 

(IQR = 185, 469). 210 

 211 

Irrigation and Debridement (I&D) for Infection 212 

 I&D for infection occurred in 207 patients (0.4%). Infection risk was highest amongst 213 

patients with open fractures (OR 3.12; 95% CI 1.94 – 5.03, p < 0.001) or diabetes (OR 2.0; 95% 214 

CI 1.38 – 2.87, p < 0.001). It was also more common among males, those with medical 215 

comorbidity, at academic hospitals, and after fracture-dislocations (Table 1 and Figure 3). 216 

Median time to I&D was 100 days (IQR = 48, 194) 217 

 218 

 219 

 220 
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Amputation 221 

 Amputation was performed in 48 cases (0.1%). Risk of amputation was not surprisingly 222 

highest among patients with diabetes (OR 7.4; 95% CI 3.7 – 14.8, p < 0.001) and males (OR 2.46; 223 

95% CI 1.36 – 4.45, p < 0.001) (Table 1 and Figure 3). Median time to amputation was 135.5 224 

days (IQR = 79, 239) 225 

 226 

 227 

DISCUSSION 228 

Principal findings 229 

 Intermediate-term reoperation after ankle ORIF was common, occurring in 8,936 cases 230 

(19.7%). The vast majority of reoperations comprised implant removal in isolation (8,232 cases 231 

or 92.1% of all reoperations). Reoperation for other reasons (repeat ORIF, I&D, or amputation) 232 

was rare, even among the highest risk patients.  Risk factors for more severe complications 233 

were associated with patient factors for poor healing (e.g., diabetes) and injury factors 234 

suggestive of higher degrees of soft-tissue compromise (e.g., open fracture or initial fracture-235 

dislocation). 236 

 237 

Limitations 238 

 Administrative data used in this study do not include several potential predictors of 239 

reoperation. These relate to the initial injury and surgical technique and include: (a) fracture 240 

pattern (other than single malleolus vs. bi-/tri- malleolus), (b) fracture displacement or 241 

comminution, (c) fixation device and orientation, and (d) soft tissue dissection and stripping. 242 
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Bloodwork, radiographs, body mass index, and compliance with post-operative weight-bearing 243 

instructions were also unknown. Although we could not determine laterality of the index event 244 

and potential outcomes, we argue attributing reoperations to the index ankle ORIF is 245 

reasonable given that we only considered (a) isolated ankle fractures and (b) intermediate-term 246 

reoperations within 1 or 2 years. Furthermore, the large sample size and event rate of this 247 

study allowed us to adjust the multivariable analyses for a broader range of potential 248 

prognostic factors (patient, provider and injury) compared to those examined in prior 249 

literature.(11, 12)  Another significant strength of this investigation is the ability of our universal 250 

system to track every patient up to 2-years postoperatively, even if lost to follow-up from their 251 

original surgeon, as long as they continued to be treated in Ontario. 252 

 It is also important to emphasize that our study focused on intermediate-term 253 

reoperation following ankle ORIF. We did not consider other adverse outcomes that may be 254 

clinically important in this population, such as wound complications treated with non-255 

procedural means. Outcomes occurring over longer follow-up periods, such as ankle arthrodesis 256 

or arthroplasty, were also not assessed.(22) Future work at the population level is also required 257 

to examine failure of treatment and reoperation after non-operatively treated ankle fractures. 258 

 259 

Implications 260 

 Ankle fracture incidence is increasing,(23) particularly amongst the elderly.(23, 24) 261 

Although open reduction internal fixation (ORIF) reduces tibio-talar joint reactive forces(6, 7) 262 

and has been shown to improve clinical and radiographic outcomes compared to cast 263 

treatment,(8) recently published Level I evidence suggests some unstable rotational ankle 264 

ACCEPTED

Copyright � 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



MANUSCRIPT  Ankle reoperation 

11 

fractures among older adults may be adequately treated by non-surgical methods (provided 265 

there is no unacceptable displacement or predictive features of syndesmosis widening).(10)  In 266 

light of this evidence and limitations in prior prognostic studies following patients after ankle 267 

ORIF, we investigated reoperation rates after ankle ORIF in a large, population based cohort.  268 

 Similar to large prognostic studies that followed patients after undergoing ORIF for 269 

clavicle or tibial plateau fractures,(13, 14) we found isolated implant removal accounted for the 270 

vast majority of intermediate-term reoperations (92.1%). Implant removal following ankle ORIF 271 

can range from removing prominent hardware, syndesmosis screw removal upon healing of the 272 

syndesmosis, or due to surgeon standard of care. Among orthopaedic surgeons, routine implant 273 

removal is controversial. The procedure may pose a burden on the health-care system and 274 

cause patient morbidity itself.(25-27) Surveys of patients, however, identify their surgeon’s 275 

recommendation (68%), as the most common reason why they underwent the procedure.(28) 276 

The true value of implant removal remains unknown as there is a paucity of reported clinical 277 

outcomes on the efficacy of the procedure.  In addition to practice variation between surgeons, 278 

we detected important differences in the provision of implant removal at the patient level. For 279 

example, disparities in implant removal may be addressed among females and those with high 280 

socioeconomic status.  281 

 Also similar to prior literature examining the epidemiology of ankle fractures, we found 282 

that women were more likely to suffer ankle fractures and that operative injuries are more 283 

likely to be bimalleolar.(24) The majority of ankle ORIF procedures in our Province occur in 284 

community practice (83.7%). Interestingly, surgeon volume and experience did not appreciably 285 

influence the rate of reoperation. Since we were unable to judge the technical difficulty of each 286 
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operation, however, high volume / experienced ankle fracture surgeons who are referred 287 

challenging cases may be predisposed having complications occur. Instead, risk factors for more 288 

severe complications were associated with patient factors for poor healing (e.g., diabetes) and 289 

injury factors suggestive of higher degrees of soft-tissue compromise (e.g., open fracture or 290 

initial fracture-dislocation). Since diabetes is a potentially modifiable risk factor, further 291 

research is warranted to understand whether improved glucose control and/or non-operative 292 

treatment strategies would be beneficial when these patients suffer ankle fractures. 293 

 Nonetheless, reoperation for reasons other than isolated implant removal (repeat ORIF, 294 

I&D for infection, or amputation) was extremely rare, even among the highest risk patients. For 295 

example, though diabetes was a risk factor for amputation (OR 7.4; 95% CI 3.7 – 14.8) and I&D 296 

(OR 2.0; 95% CI 1.4 – 2.9, p < 0.001), the absolute risk of these complications was still extremely 297 

low (amputation = 0.67% and I&D=1.1% after ankle ORIF among patients with diabetes). For 298 

this reason, we conclude concerns regarding repeat ORIF, I&D, or amputation should not 299 

preclude operative treatment in any patient, provider or injury group we considered. Instead, 300 

operative intervention in each case should be evaluated in the context of this reoperation data, 301 

as well as individual patient preferences, perioperative medical risk, and the long-term risk of 302 

developing post-traumatic arthritis (>50,000 cases reported each year in the United States).(4, 303 

29) This study was conducted among a diverse population of more than 13.6 million Ontarians, 304 

treated at 202 different academic and community hospitals, by 710 different surgeons. As such, 305 

we argue our conclusions apply to patients undergoing ankle ORIF throughout the developed 306 

world. The population based reoperation rates described in this study may also inform power 307 

calculations for future prospective research. 308 
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 309 

Final Conclusions 310 

 Isolated implant removal accounts for the vast majority of intermediate-term 311 

reoperations after ankle ORIF. Disparities we found in the provision of implant removal may be 312 

addressed at the patient level, among females and those with high socioeconomic status, in 313 

particular. In contrast, reoperation for other reasons (repeat ORIF, I&D, or amputation) was 314 

extremely rare, even among the highest risk patients. Concerns regarding reoperation for these 315 

reasons should not preclude operative treatment in any patient, provider or injury group we 316 

considered.  317 

 318 
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 394 
Table and Figure Legends 395 
 396 
Figure 1: Description of the study design. We conducted a population-based, cohort study 397 
among Ontarians that received ankle ORIF between January 1, 1994 and December 31, 2011. 398 
Reoperation after ankle ORIF was the primary outcome: (a) isolated implant removal at 2-years 399 
or (b) repeat ORIF, I&D, or lower extremity amputation at 1-year. Multivariable logistic 400 
regression was used to assess the influence of potential prognostic factors (patient, provider, 401 
and surgical factors) on reoperation rates. 402 
 403 
Figure 2. Patients included and excluded in the study cohort. 404 
 405 
Figure 3.  Multivariable logistic regression analyses relating potential prognostic factors to re-406 
operation.  Predictors included in each multivariable model were: age, sex, Charlson index, 407 
frailty, diabetes, income quintile, LOS, surgeon experience and volume, hospital academic 408 
status, fracture-dislocation, and open fracture. A parsimonious model was used for lower 409 
extremity amputation. Adjusted odds ratios [95% confidence intervals] are reported. 410 
 411 
Table 1: Baseline characteristics amongst 45,444 ankle fracture patients in Ontario between 412 
1994-2011, overall and by outcome. 413 
 414 
 415 
 416 
 417 
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TABLE 1  Ankle reoperation 

 

 

Table 1: Baseline characteristics amongst 45,444 ankle fracture patients in Ontario between 1994-2011, by 

outcome  

 

Variable Value Overall cohort Implant 

removal 

Repeat ORIF Repeat ORIF I+D for 

infection 

Amputation 

    (1 mal) (2 mal)   

  N=45,444 N=8,232 N=200 N=219 N=207 N=48 

Age Years 48.66 ± 18.15 44.15 ± 16.18 44.57 ± 16.29 53.29 ± 17.82 54.33 ± 17.68 63.83 ± 13.80 

Sex Female 26,731 (58.8%) 5,256 (63.8%) 111 (55.5%) 116 (53.0%) 116 (56.0%) 22 (45.8%) 

 Male 18,713 (41.2%) 2,976 (36.2%) 89 (44.5%) 103 (47.0%) 91 (44.0%) 26 (54.2%) 

Charlson score  0.17 ± 0.67 0.09 ± 0.48 0.19 ± 0.73 0.48 ± 1.11 0.44 ± 1.02 1.77 ± 1.73 

CADG score 0--4 25,737 (56.6%) 4,627 (56.2%) 107 (53.5%) 86 (39.3%) 76 (36.7%) NR 

 5--8 19,203 (42.3%) 3,512 (42.7%) 93 (46.5%) 127 (58.0%) 125 (60.4%) NR 

 9--12 504 (1.1%) 93 (1.1%) 0 (0.0%) 6 (2.7%) 6 (2.9%) NR 

Frailty Yes 8,814 (19.4%) 1,262 (15.3%) 33 (16.5%) 72 (32.9%) 54 (26.1%) 12 (25.0%) 

Hypertension Yes 12,515 (27.5%) 1,652 (20.1%) 58 (29.0%) 87 (39.7%) 95 (45.9%) 31 (64.6%) 

Diabetes Yes 4,755 (10.5%) 607 (7.4%) 24 (12.0%) 60 (27.4%) 54 (26.1%) 32 (66.7%) 

Income quintile 1 9,092 (20.0%) 1,492 (18.1%) 36 (18.0%) 63 (28.8%) NR NR 

 2 9,191 (20.2%) 1,579 (19.2%) 49 (24.5%) 40 (18.3%) NR NR 

 3 8,862 (19.5%) 1,685 (20.5%) 43 (21.5%) 42 (19.2%) NR NR 

 4 9,018 (19.8%) 1,717 (20.9%) 37 (18.5%) 30 (13.7%) NR NR 

 5 9,043 (19.9%) 1,732 (21.0%) 35 (17.5%) 44 (20.1%) NR NR 

 Missing 238 (0.5%) 27 (0.3%) 0 (0.0%) 0 (0.0%) NR NR 

Length of Stay Day surgery 6,558 (14.4%) 964 (11.7%) 22 (11.0%) 34 (15.5%) 25 (12.1%) NR 

 1 night 8,326 (18.3%) 1,364 (16.6%) 29 (14.5%) 35 (16.0%) 28 (13.5%) NR 

 >1 night 30,559 (67.2%) 5,904 (71.7%) 149 (74.5%) 150 (68.5%) 154 (74.4%) NR 

Surgeon volume* Zero 1,323 (2.9%) 214 (2.6%) 8 (4.0%) NR NR NR 

 1-10 11,682 (25.7%) 2,255 (27.4%) 50 (25.0%) NR NR NR 

 11-15 11,459 (25.2%) 2,158 (26.2%) 52 (26.0%) NR NR NR 

 16-21 9,953 (21.9%) 1,770 (21.5%) 38 (19.0%) NR NR NR 

 >21 11,027 (24.3%) 1,835 (22.3%) 52 (26.0%) NR NR NR 

Surgeon experience Years 13.44 ± 9.52 14.68 ± 9.78 13.21 ± 9.91 14.67 ± 9.96 11.12 ± 8.92 13.85 ± 9.73 

Hospital Status Teaching 7,399 (16.3%) 1,075 (13.1%) 24 (12.0%) 39 (17.8%) 54 (26.1%) NR 

 Community 38,045 (83.7%) 7,157 (86.9%) 176 (88.0%) 180 (82.2%) 153 (73.9%) NR 

Dislocation Yes 4,116 (9.1%) 827 (10.0%) 26 (13.0%) 35 (16.0%) 33 (15.9%) 6 (12.5%) 

Open fracture Yes 1,217 (2.7%) 300 (3.6%) 6 (3.0%) 13 (5.9%) 20 (9.7%) 8 (16.7%) 

Time to event** Days - 346 (185, 469) 34 (15, 87) 20 (10, 63) 100 (48, 194) 135.5 (79, 239) 

± values indicate mean values ±standard deviation. 

NR – ‘not reportable’, small cells have been suppressed in accordance with guidelines at ICES. 

*Number of ankle fracture procedures performed by the index surgeon in the year prior, by quintile (Zero, 1-10, 

11-15, 16-21, >21). 

**Median (IQR) time to reoperation event reported in days. ACCEPTED
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//

First	year Second	Year
//

Ankle	ORIF

All	Ontarians	between	Jan	1,	1994	and	Dec	31,	2011

Lookback	(2yrs)

I+D,	repeat	ORIF,	amputaHon Implant	removal

Max	follow-up:	Dec	31,	2013Max	lookback:	Jan	1,	1992

ACCEPTED
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276,110	ankle	fracture	patients	in	Ontario	between	
January	1,	1994	to	Dec	1,	2011

Exclusions:
• 200,753	patients	with	no	recorded	
fixation	procedure	within	6	weeks	of	the	
ankle	fracture

72,274 patients	remaining

Exclusions:
• 24,574	patients	with	bilateral	fractures	or	
no	associated	hospitalization

47,700 patients	remaining

Exclusions:
•46,387	patients	aged	<	16
•40	non-Ontario	residents
•903	patients	with	healthcare	coverage	for	
<2	years	prior	to	their	ankle	fracture

45,444 patients	eligible	patients	with	ankle	fracture	
fixation	procedures	(total	study	cohort	size)

Exclusions:
• 3,083	with	any	pilon fracture	between	
1991-2013

273,027 patients	remaining
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0.0 0.5 1.0 1.5 2.0 2.5

Open	 fracture:	1.06	[0.46,	2.41]
Initial	fracture-dislocation:	 1.52	[1.00,	2.31]

Community	hospital:	1.51	[0.98,	2.33]
Surgeon	experience	 (years):	0.99	[0.98,	1.01]

Surgeon	ankle	fracture	volume:	1.00	[0.98,	1.01]
LOS	(2	vs	day	surgery):	1.66	 [1.05,	2.64]
LOS	(1	vs	day	surgery):	1.00	 [0.57,	1.75]

Income	quintile	 (5	vs	1):	1.02	[0.64,	1.63]
Income	quintile	 (4	vs	1):	1.05	[0.66,	1.67]
Income	quintile	 (3	vs	1):	1.24	[0.80,	1.94]
Income	quintile	 (2	vs	1):	1.36	[0.88,	2.09]

Diabetes:	1.25	[0.76,	2.03]
Hypertension:	1.55	[1.06,	2.27]

Frailty:	0.91	[0.62,	1.35]
Charlson	score:	1.10	[0.89,	1.36]

Male:	1.07	 [0.79,	1.44]
Age:	0.97	[0.96,	0.98]

Adjusted	 	OR	

REPEAT	ORIF	(1+	MAL)

ACCEPTED
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0.0 0.5 1.0 1.5 2.0 2.5

Open	 fracture:	2.17	[1.22,	3.86]
Initial	fracture-dislocation:	 1.82	[1.26,	2.6]

Community	hospital:	1.02	[0.7,	1.46]
Surgeon	experience	 (years):	1.01	[1.00,	1.02]

Surgeon	ankle	fracture	volume:	1.00	[0.99,	1.0]
LOS	(2	vs	day	surgery):	0.82	 [0.55,	1.21]
LOS	(1	vs	day	surgery):	0.89	 [0.55,	1.43]

Income	quintile	 (5	vs	1):	0.75	[0.51,	1.11]
Income	quintile	 (4	vs	1):	0.50	[0.32,	0.78]
Income	quintile	 (3	vs	1):	0.70	[0.47,	1.04]
Income	quintile	 (2	vs	1):	0.63	[0.42,	0.94]

Diabetes:	2.275	[1.59,	3.23]
Hypertension:	1.09	[0.78,	1.54]

Frailty:	1.7	[1.32,	2.41]
Charlson	score:	1.21	[1.07,	1.37]

Male:	1.5	 [1.14,	2.01]
Age:	1.00	[0.99,	1.01]

Adjusted	 	OR	

REPEAT	ORIF	(2+	MAL)
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0.0 0.5 1.0 1.5 2.0 2.5

Open	 fracture:	1.75	[1.52,	2.01]
Initial	fracture-dislocation:	 1.19	[1.09,	1.29]

Community	hospital:	1.31	[1.22,	1.41]
Surgeon	experience	 (years):	1.01	[1.01,	1.01]

Surgeon	ankle	fracture	volume:	0.99	[0.99,	0.99]
LOS	(2	vs	day	surgery):	1.41	 [1.30,	1.5]
LOS	(1	vs	day	surgery):	1.03	 [0.94,	1.13]
Income	quintile	 (5	vs	1):	1.21	[1.1,	1.3]

Income	quintile	 (4	vs	1):	1.18	[1.09,	1.28]
Income	quintile	 (3	vs	1):	1.19	[1.10,	1.29]
Income	quintile	 (2	vs	1):	1.05	[0.97,	1.14]

Diabetes:	0.966	[0.87,	1.06]
Hypertension:	0.89	[0.83,	0.95]

Frailty:	0.89	[0.83,	0.9]
Charlson	score:	0.94	[0.89,	0.99]

Male:	0.65	 [0.61,	0.68]
Age:	0.98	[0.97,	0.98]	

Adjusted	 	OR	

ISOLATED	HARDWARE	REMOVAL
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Open	 fracture:	3.12	[1.94,	5.03]
Initial	fracture-dislocation:	 1.66	[1.13,	2.42]

Community	hospital:	0.67	[0.48,	0.9]
Surgeon	experience	 (years):	0.97	[0.95,	0.98]

Surgeon	ankle	fracture	volume:	1.01	[1.00,	1.02]
LOS	(2	vs	day	surgery):	1.16	 [0.74,	1.82]
LOS	(1	vs	day	surgery):	1.00	 [0.57,	1.73]

Income	quintile	 (5	vs	1):	0.66	[0.43,	1.01]
Income	quintile	 (4	vs	1):	0.6	[0.38,	0.92]
Income	quintile	 (3	vs	1):	0.7	[0.51,	1.15]
Income	quintile	 (2	vs	1):	0.70	[0.47,	1.06]

Diabetes:	1.995	[1.38,	2.87]
Hypertension:	1.54	[1.09,	2.1]

Frailty:	1.09	[0.78,	1.52]
Charlson	score:	1.16	[1.01,	1.33]

Male:	1.36	 [1.01,	1.82]
Age:	1.00	[0.99,	1.01]

Adjusted	 	OR	

I+D	for	INFECTION
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5

Diabetes:	7.426	[3.73,	14.76]

Frailty:	0.73	[0.37,	1.45]
Charlson	score:	1.55	[1.35,	1.78]

Male:	2.46	 [1.36,	4.45]
Age:	1.02	[1.00,	1.05]

Adjusted	 	OR	

LOWER	EXTREMITY	AMPUTATION
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