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Background  
Ankle fractures account for ~10% of fractures, ~40% treated operatively, yet absolute 
long-horizon complication and secondary-procedure estimates by fracture pattern and 
comorbidity remain limited. Prior series generally left decedents in the denominator as 
though still at risk. 

Methods  
Retrospective cohort study of aggregated, de-identified TriNetX data. Adults (≥18 years) 
undergoing operative ankle fracture fixation (2000–2015) were assigned to four 
fracture-pattern cohorts (isolated lateral, medial, bimalleolar, trimalleolar) and described 
across five overlapping comorbidity strata (diabetes, peripheral vascular disease, liver 
disease, renal failure, open fracture) plus a no-comorbidity reference. Aalen–Johansen 
cumulative incidence, with death as the competing event, was estimated for 90-day 
infection, venous thromboembolism (VTE), and mortality, and for nonunion/malunion 
repair, clinically attended arthritis, conversion to arthrodesis/arthroplasty, and hardware 
removal at 2, 5, and 10 years. No hypothesis was tested or comparison performed. 

Results  
Of 68,992 eligible adults, 56,724 carried no qualifying comorbidity codes (lateral 18,871; 
bimalleolar 16,794; trimalleolar 13,058; medial 8,001); 12,268 carried ≥1. In reference 
cohorts, 90-day cumulative incidence was 1.93–2.28% (infection), 1.61–2.19% (VTE), and 
0.30–0.75% (mortality); comorbidity-stratum maxima were 9.61%, 8.62%, and 4.15%. At 
10 years, reference-cohort cumulative incidence was 17.10–20.20% (clinically attended 
arthritis), 11.69–14.32% (hardware removal), 0.32–1.73% (nonunion/malunion repair), 
and 0.48–1.62% (arthrodesis/arthroplasty conversion), reaching 22.60% and 6.34% in 
comorbidity strata. Cumulative deaths by 10 years reached 29.2% (trimalleolar 
renal-failure stratum) versus 2.8–4.7% in the reference cohorts. 

Conclusion  
Competing-risks cumulative incidence of coded complications and secondary procedures 
after ankle ORIF is reported by fracture pattern and comorbidity stratum. These 
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unadjusted estimates support no comparison between patterns or strata but provide 
reference figures for preoperative counseling and for designing adjusted patient-level 
studies. 

Level of Evidence    
IV, retrospective descriptive epidemiologic study. 
Keywords: ankle fracture; open reduction internal fixation; competing risks; cumulative 
incidence; clinically attended post-traumatic arthritis; administrative database 

INTRODUCTION 

Ankle fractures make up 9–10% of all fractures, with ap
proximately 40% requiring surgical intervention.1,2 Risk 
factors include age, osteoporosis, and low-energy trauma in 
older adults, whereas younger patients more often sustain 
high-energy, frequently sports-related injuries.3‑6 Isolated 
lateral malleolus, isolated medial malleolus, bimalleolar, 
and trimalleolar fractures represent the primary operative 
patterns, with trimalleolar fractures reflecting greater joint 
disruption.1,7,8 

Studies of ORIF outcomes report low short- and inter
mediate-term complication rates and identify diabetes mel
litus and peripheral vascular disease as correlates of early 
postoperative complications.9‑11 Absolute outcome pro
portions at a decade, reported separately for each operative 
fracture pattern and for common comorbidity groups, are 
less widely available. Such figures are useful in preoperative 
counseling, where the practical question is how often a 
given event has been recorded by a given timepoint in pa
tients resembling the one in the room.12,13 

The present study reports absolute, fracture-pattern– 
and comorbidity-stratified cumulative incidence of coded 
postoperative events at 90 days and at 2, 5, and 10 years 
after ankle ORIF in a large EHR-derived cohort, estimated 
within a competing-risks framework in which death from 
any cause is treated as a competing event rather than as 
continued event-free follow-up. It is purely descriptive, 
with the primary aim of characterizing 10-year outcomes 
for each operative fracture pattern in patients with and 
without common medical comorbidities. 

PATIENTS AND METHODS 

STUDY DESIGN AND DATA SOURCE 

This retrospective, descriptive cohort study followed the 
STROBE and RECORD statements and used de-identified, 
aggregated data from the TriNetX Research Network, which 
aggregates electronic health record data from large acade
mic health care organizations across the United States. Be
cause only aggregated counts were analyzed, the study was 
exempt from institutional review board review under insti
tutional policy. 

COHORT CONSTRUCTION 

Adults (≥18 years) undergoing operative fixation of an ankle 
fracture were assigned to one of four mutually exclusive 
fracture-type cohorts, each requiring both the relevant 

fracture diagnosis and a fixation procedure. The isolated 
medial and isolated lateral cohorts excluded concurrent in
volvement of the other malleoli, including the posterior 
malleolus; the bimalleolar cohort required medial and lat
eral involvement, and the trimalleolar cohort medial, lat
eral, and posterior involvement. Patients with additional 
malleolar components that would reclassify the pattern, bi
lateral ankle injuries, or other ipsilateral lower-extremity 
fractures at the index encounter were excluded. Within 
each cohort, patients were described across comorbidity 
strata identified at or before the index procedure — dia
betes mellitus, peripheral vascular disease, liver disease, re
nal failure, and open fracture (Gustilo I–IIIC) — alongside 
a no-comorbidity reference column. Code lists, baseline 
characteristics, and cohort derivation appear in Supple
mentary Tables 1–2 and Figure 1. 

OUTCOMES 

Outcomes comprised 90-day postoperative infection, 
90-day venous thromboembolism (VTE), open repair of 
nonunion/malunion, and clinically attended post-trau
matic arthritis (a coded, symptomatic rather than radi
ographic diagnosis). Conversion to arthrodesis/arthroplasty 
and hardware removal were reported as healthcare-utiliza
tion outcomes; conversion may be read as a surrogate for 
end-stage joint failure. Each outcome is reported as the cu
mulative incidence of a first coded event within the stated 
interval (90 days; 2, 5, and 10 years), estimated in the pres
ence of death as a competing event. All-cause mortality was 
handled in two ways: it is reported as an outcome in its own 
right at 90 days (Tables 1–4), and it serves as the compet
ing event for every non-fatal outcome at every timepoint. 
The interval-specific death counts entering the competing-
event hazard at 90 days and at 2, 5, and 10 years are given 
in Appendix Table A1. 

ELIGIBILITY AND OBSERVATION WINDOW 

Eligibility required the potential for 10 years of observation 
rather than documentation that it occurred: patients were 
included if the index fixation procedure fell between Janu
ary 1, 2000 and December 31, 2015, so that every patient 
had at least 3,650 days of potential observation before data 
extraction, with no requirement for a recorded encounter 
at or after that threshold. A total of 68,992 adults met 
the age, fracture-diagnosis, fixation-procedure, and cohort-
exclusion criteria within this calendar window. Of these, 
56,724 carried none of the qualifying comorbidity codes and 
constitute the no-comorbidity reference cohorts (isolated 
lateral 18,871; bimalleolar 16,794; trimalleolar 13,058; iso
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Table 1. Competing-risks cumulative incidence of postoperative complications and secondary procedures after           
bimalleolar ankle fracture repair, by comorbidity stratum.        

Outcome 
No 

Comorbidity 
Diabetes 

Peripheral 
Vascular 
Disease 

Liver 
Disease 

Renal 
Failure 

Open 
Fracture 

90-Day 
Cumulative 
Incidence 

Baseline N = 
16,794 

Baseline N = 
994 

Baseline N = 
893 

Baseline N = 
1,014 

Baseline N = 
1,715 

Baseline N = 
1,279 

Infection 
(postoperative) 

380 (2.26); 
95% CI, 

2.05–2.50 

60 (6.05); 
95% CI, 

4.72–7.69 

55 (6.17); 
95% CI, 

4.76–7.93 

46 (4.54); 
95% CI, 

3.42–6.00 

91 (5.32); 
95% CI, 

4.34–6.47 

75 (5.88); 
95% CI, 

4.70–7.29 

Venous 
thromboembolism 

270 (1.61); 
95% CI, 

1.43–1.81 

31 (3.12); 
95% CI, 

2.21–4.39 

42 (4.71); 
95% CI, 

3.50–6.30 

36 (3.56); 
95% CI, 

2.58–4.88 

61 (3.57); 
95% CI, 

2.78–4.54 

36 (2.82); 
95% CI, 

2.04–3.87 

All-cause 
mortality 

111 (0.66); 
95% CI, 

0.55–0.80 

22 (2.22); 
95% CI, 

1.47–3.33 

25 (2.80); 
95% CI, 

1.90–4.10 

16 (1.58); 
95% CI, 

0.97–2.55 

47 (2.75); 
95% CI, 

2.07–3.63 

21 (1.65); 
95% CI, 

1.08–2.50 

Cumulative 
Incidence Within 
2 Years 

Baseline N = 
16,794 

Baseline N = 
994 

Baseline N = 
893 

Baseline N = 
1,014 

Baseline N = 
1,715 

Baseline N = 
1,279 

Open repair of 
nonunion/
malunion 

60 (0.36); 
95% CI, 

0.28–0.46 
— — — — 

13 (1.03); 
95% CI, 

0.59–1.73 

Clinically 
attended arthritis 

1,649 (9.83); 
95% CI, 

9.38–10.28 

104 (10.56); 
95% CI, 

8.71–12.52 

81 (9.14); 
95% CI, 

7.36–11.13 

104 (10.38); 
95% CI, 

8.54–12.28 

182 (10.71); 
95% CI, 

9.24–12.16 

141 (11.11); 
95% CI, 

9.42–12.86 

Conversion to 
arthrodesis/
arthroplasty 

114 (0.68); 
95% CI, 

0.57–0.81 

29 (2.95); 
95% CI, 

2.04–4.16 

18 (2.03); 
95% CI, 

1.28–3.16 

13 (1.30); 
95% CI, 

0.75–2.18 

38 (2.24); 
95% CI, 

1.62–3.03 

29 (2.29); 
95% CI, 

1.58–3.24 

Hardware 
removal 

1,807 
(10.77); 95% 

CI, 
10.30–11.24 

112 (11.37); 
95% CI, 

9.45–13.38 

88 (9.93); 
95% CI, 

8.07–11.98 

120 (11.98); 
95% CI, 

9.99–13.97 

187 (11.02); 
95% CI, 

9.52–12.47 

184 (14.50); 
95% CI, 

12.57–16.42 

Cumulative 
Incidence Within 
5 Years 

Baseline N = 
16,794 

Baseline N = 
994 

Baseline N = 
893 

Baseline N = 
1,014 

Baseline N = 
1,715 

Baseline N = 
1,279 

Open repair of 
nonunion/
malunion 

60 (0.36); 
95% CI, 

0.28–0.46 
— — — — 

14 (1.10); 
95% CI, 

0.65–1.83 

Clinically 
attended arthritis 

2,198 
(13.10); 95% 

CI, 
12.59–13.61 

140 (14.20); 
95% CI, 

12.06–16.39 

111 (12.50); 
95% CI, 

10.43–14.76 

138 (13.80); 
95% CI, 

11.64–15.86 

238 (14.00); 
95% CI, 

12.32–15.59 

189 (14.90); 
95% CI, 

12.94–16.83 

Conversion to 
arthrodesis/
arthroplasty 

129 (0.77); 
95% CI, 

0.65–0.91 

31 (3.15); 
95% CI, 

2.21–4.39 

19 (2.14); 
95% CI, 

1.37–3.30 

14 (1.40); 
95% CI, 

0.82–2.30 

42 (2.48); 
95% CI, 

1.82–3.29 

35 (2.76); 
95% CI, 

1.97–3.78 

Hardware 
removal 

1,988 
(11.85); 95% 

CI, 
11.36–12.33 

122 (12.39); 
95% CI, 

10.38–14.46 

102 (11.53); 
95% CI, 

9.50–13.68 

129 (12.89); 
95% CI, 

10.81–14.91 

209 (12.32); 
95% CI, 

10.72–13.82 

194 (15.29); 
95% CI, 

13.31–17.24 

Cumulative 
Incidence Within 
10 Years 

Baseline N = 
16,794 

Baseline N = 
994 

Baseline N = 
893 

Baseline N = 
1,014 

Baseline N = 
1,715 

Baseline N = 
1,279 

Open repair of 
nonunion/
malunion 

64 (0.38); 
95% CI, 

0.30–0.49 
— — — — 

15 (1.18); 
95% CI, 

0.71–1.93 

Clinically 
attended arthritis 

2,986 
(17.80); 95% 

CI, 
17.21–18.37 

187 (19.10); 
95% CI, 

16.51–21.36 

152 (17.20); 
95% CI, 

14.70–19.63 

186 (18.60); 
95% CI, 

16.08–20.84 

321 (18.90); 
95% CI, 

16.94–20.63 

258 (20.40); 
95% CI, 

18.06–22.46 

Conversion to 133 (0.79); 32 (3.25); 19 (2.14); 14 (1.40); 43 (2.54); 36 (2.84); 
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Outcome 
No 

Comorbidity 
Diabetes 

Peripheral 
Vascular 
Disease 

Liver 
Disease 

Renal 
Failure 

Open 
Fracture 

90-Day 
Cumulative 
Incidence 

Baseline N = 
16,794 

Baseline N = 
994 

Baseline N = 
893 

Baseline N = 
1,014 

Baseline N = 
1,715 

Baseline N = 
1,279 

arthrodesis/
arthroplasty 

95% CI, 
0.67–0.94 

95% CI, 
2.29–4.51 

95% CI, 
1.37–3.30 

95% CI, 
0.82–2.30 

95% CI, 
1.87–3.36 

95% CI, 
2.04–3.87 

Hardware 
removal 

2,025 
(12.07); 95% 

CI, 
11.57–12.56 

125 (12.70); 
95% CI, 

10.66–14.78 

102 (11.53); 
95% CI, 

9.50–13.68 

133 (13.29); 
95% CI, 

11.18–15.33 

212 (12.50); 
95% CI, 

10.89–14.00 

199 (15.69); 
95% CI, 

13.68–17.65 

Values are the observed event count with the Aalen–Johansen cumulative incidence function (CIF, %) in parentheses. Death from any cause is treated as the competing event; loss to follow-up 
is treated as independent right censoring. Baseline N is the cohort entering the estimator at time zero; because decedents leave the risk set, the CIF is not the event count divided by the base
line N. Comorbidity strata are not mutually exclusive and their columns are not additive. Em dashes denote cells suppressed at the TriNetX reporting threshold of fewer than 10 patients. Com
peting-death counts are given in Appendix Table A1. 

lated medial 8,001), and 12,268 carried at least one. Be
cause the comorbidity strata are not mutually exclusive, a 
patient meeting criteria for more than one condition con
tributes to each stratum (Figure 1). 

ANALYSIS 

Analyses were descriptive. For every outcome, comorbidity 
stratum, fracture pattern, and timepoint we report the ob
served event count and the cumulative incidence function 
(CIF). Death from any cause was specified as the competing 
event. Loss to follow-up was treated as independent right 
censoring. The complement of a CIF is not a survival prob
ability, and CIFs for different outcomes within a stratum 
are not additive. Interval-specific competing-death counts 
are reported in Appendix Table A1. Cells with fewer than 
10 patients were suppressed in accordance with the TriNetX 
reporting threshold and are shown as em dashes. Ninety-
five percent confidence intervals accompany each cumula
tive incidence estimate and are reported to convey the pre
cision of that estimate within its own stratum. Analyses 
were performed in Python 3.14. 

RESULTS 

STUDY POPULATION 

Of 68,992 calendar-eligible adults, 56,724 carried none of 
the qualifying comorbidity codes and comprised the four 
no-comorbidity reference cohorts: isolated lateral malleo
lus (n = 18,871), bimalleolar (n = 16,794), trimalleolar (n = 
13,058), and isolated medial malleolus (n = 8,001); the re
maining 12,268 carried at least one qualifying comorbidity 
and populate the overlapping strata. Mean age at index was 
43.4 years (isolated lateral), 38.0 (isolated medial), 48.7 (bi
malleolar), and 51.7 (trimalleolar); the proportion female 
was 50.0%, 43.5%, 60.2%, and 71.8% respectively (Supple
mentary Table 2). All cumulative incidence estimates are 
presented in Tables 1–4, and the competing-death counts 
underlying them in Appendix Table A1. 

90-DAY COMPLICATIONS 

In the no-comorbidity reference cohorts, the 90-day cumu
lative incidence of coded postoperative infection was 1.93% 
(isolated lateral malleolus), 2.28% (isolated medial malle
olus), 2.26% (bimalleolar), and 2.03% (trimalleolar). Across 
the comorbidity strata it ranged from 3.21% to 9.61%, the 
highest being the isolated medial malleolus peripheral vas
cular disease stratum (9.61%; 23 events, baseline N = 242). 
The 90-day cumulative incidence of venous thromboem
bolism in the reference cohorts was 1.85%, 2.19%, 1.61%, 
and 1.65% respectively, and ranged from 2.82% to 8.62% 
across the comorbidity strata, the highest being the iso
lated medial malleolus renal-failure stratum (8.62%; 51 
events, baseline N = 595). All-cause mortality within 90 
days was 0.30%, 0.36%, 0.66%, and 0.75% in the reference 
cohorts and ranged from 1.01% to 4.15% across the comor
bidity strata, the highest being the trimalleolar peripheral 
vascular disease stratum (4.15%; 29 events, baseline N = 
700) (Tables 1–4). 

INTERMEDIATE-TERM OUTCOMES 

In the no-comorbidity reference cohorts, the cumulative 
incidence of clinically attended arthritis by 2 years was 
10.74% for isolated lateral malleolus, 9.05% for isolated 
medial malleolus, 9.83% for bimalleolar, and 12.53% for tri
malleolar fractures; by 5 years, the corresponding estimates 
were 14.20%, 12.40%, 13.10%, and 15.70%. Hardware re
moval by 2 years was 11.58%, 12.93%, 10.77%, and 10.60%, 
respectively, and by 5 years was 12.73%, 14.06%, 11.85%, 
and 11.55%. Conversion to arthrodesis/arthroplasty by 2 
years was 0.35%, 1.13%, 0.68%, and 1.09%, respectively, 
and by 5 years was 0.44%, 1.48%, 0.77%, and 1.28%. Be
cause death was modeled as a competing event, each value 
is the probability of a coded event having been recorded by 
that timepoint among patients who had not yet died, and 
should not be read as the proportion of a fixed baseline de
nominator or as an interval-specific incidence rate (Tables 
1–4). 
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Table 2. Competing-risks cumulative incidence of postoperative complications and secondary procedures after           
isolated lateral malleolus ankle fracture repair, by comorbidity stratum.          

Outcome 
No 

Comorbidity 
Diabetes 

Peripheral 
Vascular 
Disease 

Liver 
Disease 

Renal 
Failure 

Open 
Fracture 

90-Day 
Cumulative 
Incidence 

Baseline N = 
18,871 

Baseline N = 
920 

Baseline N = 
758 

Baseline N = 
1,093 

Baseline N = 
1,356 

Baseline N = 
638 

Infection 
(postoperative) 

364 (1.93); 
95% CI, 

1.74–2.14 

50 (5.45); 
95% CI, 

4.15–7.09 

46 (6.08); 
95% CI, 

4.58–8.00 

35 (3.21); 
95% CI, 

2.31–4.42 

77 (5.70); 
95% CI, 

4.57–7.04 

34 (5.35); 
95% CI, 

3.84–7.35 

Venous 
thromboembolism 

349 (1.85); 
95% CI, 

1.67–2.05 

35 (3.81); 
95% CI, 

2.75–5.24 

33 (4.36); 
95% CI, 

3.12–6.05 

38 (3.49); 
95% CI, 

2.54–4.74 

63 (4.67); 
95% CI, 

3.65–5.90 

25 (3.93); 
95% CI, 

2.67–5.72 

All-cause 
mortality 

56 (0.30); 
95% CI, 

0.23–0.39 

11 (1.20); 
95% CI, 

0.67–2.13 

14 (1.85); 
95% CI, 

1.10–3.08 

11 (1.01); 
95% CI, 

0.56–1.79 

20 (1.48); 
95% CI, 

0.96–2.27 
— 

Cumulative 
Incidence Within 
2 Years 

Baseline N = 
18,871 

Baseline N = 
920 

Baseline N = 
758 

Baseline N = 
1,093 

Baseline N = 
1,356 

Baseline N = 
638 

Open repair of 
nonunion/
malunion 

149 (0.79); 
95% CI, 

0.67–0.93 

13 (1.43); 
95% CI, 

0.83–2.40 
— — — 

26 (4.13); 
95% CI, 

2.80–5.90 

Clinically 
attended arthritis 

2,025 
(10.74); 95% 

CI, 
10.30–11.18 

102 (11.17); 
95% CI, 

9.22–13.28 

56 (7.45); 
95% CI, 

5.73–9.47 

103 (9.51); 
95% CI, 

7.83–11.30 

113 (8.41); 
95% CI, 

6.98–9.92 

102 (16.15); 
95% CI, 

13.35–19.03 

Conversion to 
arthrodesis/
arthroplasty 

66 (0.35); 
95% CI, 

0.28–0.44 

11 (1.20); 
95% CI, 

0.67–2.13 
— — 

11 (0.82); 
95% CI, 

0.45–1.45 
— 

Hardware 
removal 

2,183 
(11.58); 95% 

CI, 
11.12–12.03 

99 (10.84); 
95% CI, 

8.92–12.93 

70 (9.33); 
95% CI, 

7.37–11.51 

123 (11.37); 
95% CI, 

9.51–13.26 

126 (9.37); 
95% CI, 

7.86–10.95 

103 (16.33); 
95% CI, 

13.49–19.20 

Cumulative 
Incidence Within 
5 Years 

Baseline N = 
18,871 

Baseline N = 
920 

Baseline N = 
758 

Baseline N = 
1,093 

Baseline N = 
1,356 

Baseline N = 
638 

Open repair of 
nonunion/
malunion 

153 (0.81); 
95% CI, 

0.69–0.95 

13 (1.43); 
95% CI, 

0.83–2.40 
— — — 

26 (4.13); 
95% CI, 

2.80–5.90 

Clinically 
attended arthritis 

2,677 
(14.22); 95% 

CI, 
13.70–14.69 

136 (14.92); 
95% CI, 

12.64–17.22 

80 (10.70); 
95% CI, 

8.56–12.94 

140 (12.90); 
95% CI, 

10.96–14.92 

157 (11.71); 
95% CI, 

9.98–13.39 

120 (19.01); 
95% CI, 

15.97–22.02 

Conversion to 
arthrodesis/
arthroplasty 

83 (0.44); 
95% CI, 

0.35–0.54 

11 (1.20); 
95% CI, 

0.67–2.13 
— — 

13 (0.97); 
95% CI, 

0.56–1.63 
— 

Hardware 
removal 

2,400 
(12.73); 95% 

CI, 
12.25–13.20 

112 (12.28); 
95% CI, 

10.22–14.45 

75 (10.01); 
95% CI, 

7.97–12.23 

140 (12.95); 
95% CI, 

10.96–14.92 

141 (10.50); 
95% CI, 

8.88–12.14 

114 (18.10); 
95% CI, 

15.09–21.03 

Cumulative 
Incidence Within 
10 Years 

Baseline N = 
18,871 

Baseline N = 
920 

Baseline N = 
758 

Baseline N = 
1,093 

Baseline N = 
1,356 

Baseline N = 
638 

Open repair of 
nonunion/
malunion 

155 (0.82); 
95% CI, 

0.70–0.96 

13 (1.43); 
95% CI, 

0.83–2.40 
— — — 

27 (4.30); 
95% CI, 

2.92–6.09 

Clinically 
attended arthritis 

3,525 
(18.71); 95% 

CI, 
18.13–19.24 

178 (19.64); 
95% CI, 

16.92–22.03 

114 (15.22); 
95% CI, 

12.67–17.76 

188 (17.43); 
95% CI, 

15.08–19.55 

216 (16.12); 
95% CI, 

14.08–17.97 

141 (22.47); 
95% CI, 

19.05–25.48 
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Outcome 
No 

Comorbidity 
Diabetes 

Peripheral 
Vascular 
Disease 

Liver 
Disease 

Renal 
Failure 

Open 
Fracture 

90-Day 
Cumulative 
Incidence 

Baseline N = 
18,871 

Baseline N = 
920 

Baseline N = 
758 

Baseline N = 
1,093 

Baseline N = 
1,356 

Baseline N = 
638 

Conversion to 
arthrodesis/
arthroplasty 

91 (0.48); 
95% CI, 

0.39–0.59 

11 (1.20); 
95% CI, 

0.67–2.13 
— — 

13 (0.97); 
95% CI, 

0.56–1.63 
— 

Hardware 
removal 

2,468 
(13.09); 95% 

CI, 
12.60–13.57 

117 (12.84); 
95% CI, 

10.72–15.03 

78 (10.42); 
95% CI, 

8.32–12.66 

144 (13.32); 
95% CI, 

11.30–15.31 

147 (10.96); 
95% CI, 

9.30–12.61 

119 (18.92); 
95% CI, 

15.82–21.86 

Values are the observed event count with the Aalen–Johansen cumulative incidence function (CIF, %) in parentheses. Death from any cause is treated as the competing event; loss to follow-up 
is treated as independent right censoring. Baseline N is the cohort entering the estimator at time zero; because decedents leave the risk set, the CIF is not the event count divided by the base
line N. Comorbidity strata are not mutually exclusive and their columns are not additive. Em dashes denote cells suppressed at the TriNetX reporting threshold of fewer than 10 patients. Com
peting-death counts are given in Appendix Table A1. 

Figure 1. Patient flow and cohort derivation. Adults       
undergoing operative ankle fracture fixation between       
January 1, 2000 and December 31, 2015 were assigned          
to four mutually exclusive fracture-type cohorts, each        
with at least 10 years of potential observation before          
data extraction. Death is handled as a competing event          
and loss to follow-up as independent censoring        
(Supplementary Table 1).    

OUTCOMES BY FRACTURE PATTERN 

In the no-comorbidity reference cohorts, the 10-year cumu
lative incidence of conversion to arthrodesis/arthroplasty 
was 0.48% (91 events; isolated lateral malleolus), 1.62% 
(129 events; isolated medial malleolus), 0.79% (133 events; 
bimalleolar), and 1.30% (170 events; trimalleolar). Open re
pair of nonunion/malunion by 10 years was 0.82%, 1.73%, 
0.38%, and 0.32% respectively. Clinically attended arthritis 
by 10 years was 18.71%, 17.1%, 17.8%, and 20.2%, and hard
ware removal by 10 years was 13.09%, 14.32%, 12.07%, 
and 11.69%. Across all four patterns, hardware removal and 
conversion to arthrodesis/arthroplasty accrued predomi
nantly within the first 2 years, with modest additional ac
crual thereafter, whereas clinically attended arthritis con
tinued to accrue across the full 10-year horizon. 

COMPETING-EVENT BURDEN 

Cumulative deaths by 10 years, which constitute the com
peting-event burden removed from the risk set, totaled 524 
of 18,871 (2.8%) in the isolated lateral malleolus reference 
cohort, 245 of 8,001 (3.1%) in the isolated medial malleolus 
reference cohort, 729 of 16,794 (4.3%) in the bimalleolar 
reference cohort, and 617 of 13,058 (4.7%) in the trimalleo
lar reference cohort. The burden was several-fold greater in 
the comorbidity strata, reaching 13.9% to 29.2% across the 
renal-failure strata and 14.1% to 26.9% across the periph
eral vascular disease strata, with the largest value in the tri
malleolar renal-failure stratum (398 of 1,362; 29.2%). The 
interval-specific counts are given in Appendix Table A1. 

LATE SECONDARY PROCEDURES AND CLINICALLY 
ATTENDED ARTHRITIS 

In the comorbidity strata, 10-year cumulative incidence of 
clinically attended arthritis ranged from 15.20% to 22.60%, 
the highest value being the isolated medial malleolus pe
ripheral vascular disease stratum (22.60%; 52 events, base
line N = 242). Ten-year cumulative incidence of conversion 
to arthrodesis/arthroplasty in the comorbidity strata 
ranged from 0.97% to 6.34%, the highest being the isolated 
medial malleolus diabetes stratum (6.34%; 16 events, base
line N = 259). Ten-year hardware removal ranged from 
10.42% to 19.83%, and open repair of nonunion/malunion, 
where estimable, from 1.18% to 4.30%, the highest being 
the isolated lateral malleolus open-fracture stratum. Esti
mates at 90 days and at 2, 5, and 10 years for every outcome 
and stratum are given in Tables 1–4. 

DISCUSSION 

This report tabulates competing-risks cumulative incidence 
of coded postoperative events after ankle ORIF in 68,992 
calendar-eligible adults, separately for four operative frac
ture patterns and five comorbidity strata, at 90 days and 
at 2, 5, and 10 years. The present study adds long term 
outcomes to existing literature of aggregate or single-time
point figures at the level of resolution a preoperative con
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Table 3. Competing-risks cumulative incidence of postoperative complications and secondary procedures after           
isolated medial malleolus ankle fracture repair, by comorbidity stratum.          

Outcome 
No 

Comorbidity 
Diabetes 

Peripheral 
Vascular 
Disease 

Liver 
Disease 

Renal 
Failure 

Open 
Fracture 

90-Day 
Cumulative 
Incidence 

Baseline N = 
8,001 

Baseline N = 
259 

Baseline N = 
242 

Baseline N = 
391 

Baseline N = 
595 

Baseline N = 
800 

Infection 
(postoperative) 

182 (2.28); 
95% CI, 

1.97–2.63 

19 (7.39); 
95% CI, 

4.75–11.17 

23 (9.61); 
95% CI, 

6.42–13.86 
— 

42 (7.09); 
95% CI, 

5.26–9.40 

51 (6.40); 
95% CI, 

4.88–8.29 

Venous 
thromboembolism 

175 (2.19); 
95% CI, 

1.89–2.53 
— 

13 (5.43); 
95% CI, 

3.17–8.97 

14 (3.62); 
95% CI, 

2.14–5.92 

51 (8.62); 
95% CI, 

6.58–11.10 

40 (5.02); 
95% CI, 

3.69–6.74 

All-cause 
mortality 

29 (0.36); 
95% CI, 

0.25–0.52 
— — — 

12 (2.03); 
95% CI, 

1.16–3.49 
— 

Cumulative 
Incidence Within 
2 Years 

Baseline N = 
8,001 

Baseline N = 
259 

Baseline N = 
242 

Baseline N = 
391 

Baseline N = 
595 

Baseline N = 
800 

Open repair of 
nonunion/
malunion 

134 (1.68); 
95% CI, 

1.42–1.98 
— — — — 

28 (3.54); 
95% CI, 

2.43–5.01 

Clinically 
attended arthritis 

723 (9.05); 
95% CI, 

8.43–9.68 

33 (13.01); 
95% CI, 

9.22–17.35 

30 (12.69); 
95% CI, 

8.82–17.15 

43 (11.27); 
95% CI, 

8.27–14.49 

63 (10.78); 
95% CI, 

8.36–13.32 

81 (10.23); 
95% CI, 

8.22–12.41 

Conversion to 
arthrodesis/
arthroplasty 

90 (1.13); 
95% CI, 

0.92–1.38 

11 (4.31); 
95% CI, 

2.39–7.44 
— — 

25 (4.28); 
95% CI, 

2.86–6.13 

25 (3.16); 
95% CI, 

2.13–4.57 

Hardware 
removal 

1,033 
(12.93); 95% 

CI, 
12.19–13.66 

44 (17.39); 
95% CI, 

12.91–22.04 

29 (12.26); 
95% CI, 

8.47–16.68 

57 (14.93); 
95% CI, 

11.42–18.42 

82 (14.04); 
95% CI, 

11.24–16.78 

141 (17.78); 
95% CI, 

15.14–20.42 

Cumulative 
Incidence Within 
5 Years 

Baseline N = 
8,001 

Baseline N = 
259 

Baseline N = 
242 

Baseline N = 
391 

Baseline N = 
595 

Baseline N = 
800 

Open repair of 
nonunion/
malunion 

138 (1.73); 
95% CI, 

1.46–2.03 
— — — — 

28 (3.54); 
95% CI, 

2.43–5.01 

Clinically 
attended arthritis 

991 (12.40); 
95% CI, 

11.68–13.13 

41 (16.10); 
95% CI, 

11.89–20.77 

37 (15.80); 
95% CI, 

11.30–20.36 

55 (14.50); 
95% CI, 

10.97–17.86 

81 (13.90); 
95% CI, 

11.09–16.60 

108 (13.70); 
95% CI, 

11.31–16.04 

Conversion to 
arthrodesis/
arthroplasty 

118 (1.48); 
95% CI, 

1.23–1.76 

14 (5.51); 
95% CI, 

3.25–8.87 
— — 

28 (4.81); 
95% CI, 

3.28–6.72 

28 (3.54); 
95% CI, 

2.43–5.01 

Hardware 
removal 

1,123 
(14.06); 95% 

CI, 
13.29–14.81 

48 (19.01); 
95% CI, 

14.27–23.71 

33 (13.99); 
95% CI, 

9.88–18.53 

64 (16.81); 
95% CI, 

13.03–20.36 

89 (15.26); 
95% CI, 

12.32–18.05 

154 (19.43); 
95% CI, 

16.67–22.13 

Cumulative 
Incidence Within 
10 Years 

Baseline N = 
8,001 

Baseline N = 
259 

Baseline N = 
242 

Baseline N = 
391 

Baseline N = 
595 

Baseline N = 
800 

Open repair of 
nonunion/
malunion 

138 (1.73); 
95% CI, 

1.46–2.03 
— — — — 

28 (3.54); 
95% CI, 

2.43–5.01 

Clinically 
attended arthritis 

1,365 
(17.10); 95% 

CI, 
16.25–17.90 

51 (20.40); 
95% CI, 

15.31–24.96 

52 (22.60); 
95% CI, 

16.78–27.09 

72 (19.10); 
95% CI, 

14.89–22.56 

106 (18.20); 
95% CI, 

14.95–21.09 

144 (18.30); 
95% CI, 

15.49–20.81 

Conversion to 
arthrodesis/

129 (1.62); 
95% CI, 

16 (6.34); 
95% CI, 

— — 
29 (4.99); 

95% CI, 
30 (3.80); 

95% CI, 
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Outcome 
No 

Comorbidity 
Diabetes 

Peripheral 
Vascular 
Disease 

Liver 
Disease 

Renal 
Failure 

Open 
Fracture 

90-Day 
Cumulative 
Incidence 

Baseline N = 
8,001 

Baseline N = 
259 

Baseline N = 
242 

Baseline N = 
391 

Baseline N = 
595 

Baseline N = 
800 

arthroplasty 1.36–1.91 3.84–9.80 3.41–6.91 2.64–5.30 

Hardware 
removal 

1,144 
(14.32); 95% 

CI, 
13.55–15.08 

50 (19.83); 
95% CI, 

14.96–24.55 

34 (14.43); 
95% CI, 

10.23–18.99 

64 (16.81); 
95% CI, 

13.03–20.36 

92 (15.79); 
95% CI, 

12.78–18.59 

156 (19.69); 
95% CI, 

16.90–22.39 

Values are the observed event count with the Aalen–Johansen cumulative incidence function (CIF, %) in parentheses. Death from any cause is treated as the competing event; loss to follow-up 
is treated as independent right censoring. Baseline N is the cohort entering the estimator at time zero; because decedents leave the risk set, the CIF is not the event count divided by the base
line N. Comorbidity strata are not mutually exclusive and their columns are not additive. Em dashes denote cells suppressed at the TriNetX reporting threshold of fewer than 10 patients. Com
peting-death counts are given in Appendix Table A1. 

versation actually requires: the fracture, the comorbidity, 
and the time horizon. 
The most informative feature of these tabulations is how 

differently the four late outcomes accrue. Hardware re
moval is essentially a first-two-year event: in the no-co
morbidity reference cohorts, 2-year estimates of 
10.60–12.93% rise only to 11.69–14.32% by 10 years, so 
roughly nine in ten removals that will occur have occurred 
by 24 months. Open repair of nonunion/malunion behaves 
the same way and is nearly complete by 2 years (isolated 
lateral 0.79% at 2 years, 0.82% at 10 years). Conversion to 
arthrodesis or arthroplasty is rare throughout but follows 
the same early pattern, with 70–86% of the 10-year cumu
lative incidence already accrued by 2 years across the four 
patterns (isolated lateral 0.35% of 0.48%; isolated medial 
1.13% of 1.62%; bimalleolar 0.68% of 0.79%; trimalleolar 
1.09% of 1.30%). Clinically attended arthritis is the excep
tion: it continues accruing across the full horizon, roughly 
doubling from 9.05–12.53% at 2 years to 17.10–20.20% at 
10 years. 
This divergence is the practical content of the tables. A 

patient asking about reoperation is asking about two dis
tinct processes on two distinct clocks, an early, largely elec
tive implant-related one, and a late, degenerative one, and 
the counseling literature has not previously separated them 
by pattern at fixed horizons. Prior population data are con
sistent with the early clustering: a population-based On
tario cohort of 45,444 ankle ORIF patients found isolated 
implant removal accounted for the large majority of in
termediate-term reoperation (18.1%), with reoperation for 
any other reason at 1.5%.14 The Finnish nationwide register 
similarly reports fixation-device removal as the dominant 
long-term reoperation, with 17% cumulative incidence by 3 
years.10 

Across the reference cohorts the pattern gradient is 
modest for most outcomes and largest for arthritis, which 
is highest after trimalleolar injury (20.20% at 10 years) and 
lowest after isolated medial fracture (17.10%). Conversion 
to arthrodesis/arthroplasty follows a different ordering, be
ing lowest after isolated lateral fracture (0.48%) and highest 
after isolated medial fracture (1.62%). No comparison was 
tested and the strata are unadjusted, so these orderings are 
reported as observed rather than interpreted. 

For orientation only, published aggregate estimates for 
conversion to fusion or arthroplasty are of similar mag
nitude to those reported here. Axelrod et al.,13 matching 
44,133 operatively treated ankle fractures to population 
controls, reported 0.65% undergoing fusion or arthroplasty, 
and SooHoo et al.11 reported 0.96% at five years; the 
10-year reference-cohort values here span 0.48–1.62%. 
These figures are not directly comparable, but the agree
ment in order of magnitude supports the internal plausibil
ity of the rarest endpoint. 
Modeling death explicitly is the analytic choice that dis

tinguishes these tabulations from crude proportions, and 
its practical importance varies sharply across the tables. 
In the reference cohorts, cumulative deaths by 10 years 
were 2.8–4.7%, and the competing-risks and crude esti
mates are close. In the comorbidity strata the burden is 
several-fold greater, reaching 29.2% in the trimalleolar re
nal-failure stratum, with most renal-failure and peripheral 
vascular disease strata between 14% and 22%. These are 
precisely the strata in which a naïve estimate that retains 
decedents as event-free diverges most from the competing-
risks estimate, a phenomenon well documented in registry-
based orthopaedic outcome research, where the magnitude 
of divergence grows with follow-up duration and with the 
frequency of the competing event.15,16 

LIMITATIONS 

This study has several limitations inherent to its design. 
Every outcome is defined by diagnosis, procedure, and 
billing codes subject to miscoding and unverifiable against 
charts, imaging, or operative notes, and ascertainment de
pends on care delivered within contributing organizations, 
so events treated elsewhere are unobserved; each estimate 
is therefore a lower bound with respect to unobserved out-
of-network care. The competing-risks framework depends 
on complete death ascertainment: deaths were identified 
from the TriNetX vital-status flag, which may under-cap
ture out-of-network deaths, and any such under-capture 
would understate the competing hazard and bias the re
ported cumulative incidence upward. Loss to follow-up is 
treated as independent censoring, an assumption that can
not be verified in EHR data and that is violated if disen
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Table 4. Competing-risks cumulative incidence of postoperative complications and secondary procedures after           
trimalleolar ankle fracture repair, by comorbidity stratum.        

Outcome 
No 

Comorbidity 
Diabetes 

Peripheral 
Vascular 
Disease 

Liver 
Disease 

Renal 
Failure 

Open 
Fracture 

90-Day 
Cumulative 
Incidence 

Baseline N = 
13,058 

Baseline N = 
823 

Baseline N = 
700 

Baseline N = 
802 

Baseline N = 
1,362 

Baseline N = 
834 

Infection 
(postoperative) 

265 (2.03); 
95% CI, 

1.80–2.29 

43 (5.24); 
95% CI, 

3.90–6.96 

41 (5.87); 
95% CI, 

4.35–7.85 

26 (3.26); 
95% CI, 

2.22–4.71 

70 (5.15); 
95% CI, 

4.09–6.44 

47 (5.66); 
95% CI, 

4.26–7.41 

Venous 
thromboembolism 

215 (1.65); 
95% CI, 

1.44–1.88 

25 (3.05); 
95% CI, 

2.07–4.45 

27 (3.87); 
95% CI, 

2.66–5.55 

27 (3.38); 
95% CI, 

2.32–4.85 

53 (3.90); 
95% CI, 

2.99–5.05 

26 (3.13); 
95% CI, 

2.14–4.53 

All-cause 
mortality 

98 (0.75); 
95% CI, 

0.62–0.91 

20 (2.44); 
95% CI, 

1.58–3.72 

29 (4.15); 
95% CI, 

2.90–5.89 

23 (2.88); 
95% CI, 

1.92–4.27 

55 (4.05); 
95% CI, 

3.12–5.22 

23 (2.77); 
95% CI, 

1.84–4.10 

Cumulative 
Incidence Within 
2 Years 

Baseline N = 
13,058 

Baseline N = 
823 

Baseline N = 
700 

Baseline N = 
802 

Baseline N = 
1,362 

Baseline N = 
834 

Open repair of 
nonunion/
malunion 

37 (0.28); 
95% CI, 

0.21–0.39 
— — — — — 

Clinically 
attended arthritis 

1,634 
(12.53); 95% 

CI, 
11.96–13.09 

81 (9.94); 
95% CI, 

7.99–12.07 

80 (11.55); 
95% CI, 

9.28–14.00 

101 (12.75); 
95% CI, 

10.47–15.07 

148 (10.97); 
95% CI, 

9.32–12.63 

120 (14.52); 
95% CI, 

12.17–16.93 

Conversion to 
arthrodesis/
arthroplasty 

142 (1.09); 
95% CI, 

0.92–1.28 

28 (3.43); 
95% CI, 

2.36–4.87 
— 

17 (2.14); 
95% CI, 

1.33–3.37 

52 (3.86); 
95% CI, 

2.92–4.97 

17 (2.06); 
95% CI, 

1.28–3.24 

Hardware 
removal 

1,382 
(10.60); 95% 

CI, 
10.07–11.12 

93 (11.40); 
95% CI, 

9.31–13.65 

63 (9.11); 
95% CI, 

7.10–11.35 

95 (12.00); 
95% CI, 

9.79–14.27 

166 (12.30); 
95% CI, 

10.56–14.03 

134 (16.25); 
95% CI, 

13.73–18.71 

Cumulative 
Incidence Within 
5 Years 

Baseline N = 
13,058 

Baseline N = 
823 

Baseline N = 
700 

Baseline N = 
802 

Baseline N = 
1,362 

Baseline N = 
834 

Open repair of 
nonunion/
malunion 

41 (0.31); 
95% CI, 

0.23–0.43 
— — — — — 

Clinically 
attended arthritis 

2,048 
(15.70); 95% 

CI, 
15.07–16.32 

108 (13.20); 
95% CI, 

10.99–15.60 

103 (14.90); 
95% CI, 

12.28–17.53 

127 (16.10); 
95% CI, 

13.47–18.52 

193 (14.30); 
95% CI, 

12.42–16.12 

147 (17.80); 
95% CI, 

15.19–20.36 

Conversion to 
arthrodesis/
arthroplasty 

167 (1.28); 
95% CI, 

1.10–1.49 

28 (3.43); 
95% CI, 

2.36–4.87 
— 

20 (2.52); 
95% CI, 

1.62–3.82 

57 (4.23); 
95% CI, 

3.24–5.38 

21 (2.56); 
95% CI, 

1.65–3.82 

Hardware 
removal 

1,506 
(11.55); 95% 

CI, 
11.00–12.09 

100 (12.28); 
95% CI, 

10.09–14.56 

72 (10.42); 
95% CI, 

8.25–12.76 

104 (13.16); 
95% CI, 

10.82–15.47 

178 (13.20); 
95% CI, 

11.38–14.96 

143 (17.35); 
95% CI, 

14.74–19.85 

Cumulative 
Incidence Within 
10 Years 

Baseline N = 
13,058 

Baseline N = 
823 

Baseline N = 
700 

Baseline N = 
802 

Baseline N = 
1,362 

Baseline N = 
834 

Open repair of 
nonunion/
malunion 

42 (0.32); 
95% CI, 

0.24–0.43 
— — — — — 

Clinically 
attended arthritis 

2,634 
(20.20); 95% 

CI, 
19.49–20.87 

146 (18.10); 
95% CI, 

15.28–20.50 

139 (20.30); 
95% CI, 

17.07–22.97 

163 (20.70); 
95% CI, 

17.68–23.25 

257 (19.10); 
95% CI, 

16.88–21.03 

183 (22.30); 
95% CI, 

19.27–24.88 
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Outcome 
No 

Comorbidity 
Diabetes 

Peripheral 
Vascular 
Disease 

Liver 
Disease 

Renal 
Failure 

Open 
Fracture 

90-Day 
Cumulative 
Incidence 

Baseline N = 
13,058 

Baseline N = 
823 

Baseline N = 
700 

Baseline N = 
802 

Baseline N = 
1,362 

Baseline N = 
834 

Conversion to 
arthrodesis/
arthroplasty 

170 (1.30); 
95% CI, 

1.12–1.51 

30 (3.68); 
95% CI, 

2.57–5.16 
— 

29 (3.69); 
95% CI, 

2.53–5.14 

64 (4.76); 
95% CI, 

3.70–5.96 

24 (2.93); 
95% CI, 

1.94–4.25 

Hardware 
removal 

1,524 
(11.69); 95% 

CI, 
11.13–12.23 

101 (12.40); 
95% CI, 

10.20–14.69 

73 (10.57); 
95% CI, 

8.38–12.91 

104 (13.16); 
95% CI, 

10.82–15.47 

179 (13.28); 
95% CI, 

11.45–15.04 

148 (17.97); 
95% CI, 

15.30–20.48 

Values are the observed event count with the Aalen–Johansen cumulative incidence function (CIF, %) in parentheses. Death from any cause is treated as the competing event; loss to follow-up 
is treated as independent right censoring. Baseline N is the cohort entering the estimator at time zero; because decedents leave the risk set, the CIF is not the event count divided by the base
line N. Comorbidity strata are not mutually exclusive and their columns are not additive. Em dashes denote cells suppressed at the TriNetX reporting threshold of fewer than 10 patients. Com
peting-death counts are given in Appendix Table A1. 

gagement from the network is related to outcome; the di
rection of the resulting bias is not determinable from these 
data. The comorbidity strata overlap and are not mutu
ally exclusive, so their estimates are marginal and their 
counts are not additive. Clinically attended arthritis cap
tures only symptomatic, care-seeking, correctly coded dis
ease and falls below radiographic prevalence estimates. 
Cells below the reporting threshold (n < 10) were sup
pressed. Because no comparison was tested and no adjust
ment applied, no statement about relative risk between 
patterns or strata is supported by these data. 

CONCLUSION 

This report provides absolute, fracture-pattern– and co
morbidity-stratified competing-risks cumulative incidence 
of coded complications and secondary procedures after an
kle ORIF at 90 days and at 2, 5, and 10 years, with death 
from any cause modeled as a competing event. In the no-
comorbidity reference cohorts, 10-year cumulative inci
dence of conversion to arthrodesis/arthroplasty ranged 
from 0.48% to 1.62% and clinically attended arthritis from 
17.10% to 20.20%; corresponding values for each comor
bidity stratum, in which the competing-event burden was 
several-fold larger, are tabulated separately. These are un
adjusted estimates from a single research network and sup
port no comparison between patterns or strata, but they 
may serve as reference figures in preoperative counseling 
and as a basis for designing adjusted, morphology-resolved, 
patient-level studies. 
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