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The following content was supplied by the authors as supporting 
material and has not been copy-edited or verified by JBJS. 
Supplemental Table E-1: Codes and Definitions 

Fracture codes 

Fracture ICD-9 diagnosis code 

Clavicle 810.00, 810.01, 810.02, 810.03, 810.10, 810.11, 810.12, 810.13 
Femur 821.00, 821.01, 821.10, 821.11, 821.20, 821.22, 821.23, 821.29, 821.30, 

821.31, 821.32, 821.33, 821.39 
Neck of femur 820.00, 820.01, 820.02, 820.03, 820.09, 820.10, 820.11, 820.12, 820.13, 

820.19, 820.20, 820.21, 820.22, 820.30, 820.31, 820.32, 820.8, 820.9 
Fibula 823.01, 823.11, 823.21, 823.31, 823.41, 823.81, 823.91 
Humerus 812.00, 812.01, 812.02, 812.03, 812.09, 812.10, 812.11, 812.12, 812.13, 

812.19, 812.20, 812.21, 812.30, 812.31, 812.40, 812.41, 812.42, 812.43, 
812.44, 812.49, 812.50, 812.51, 812.52, 812.53, 812.54, 812.59 

Radius 813.05, 813.06, 813.07, 813.15, 813.16, 813.17, 813.21, 813.31, 813.41, 
813.42, 813.45, 813.51, 813.52, 813.81, 813.91 

Radius + Ulna 813.08, 813.18, 813.23, 813.33, 813.44, 813.54, 813.83, 813.93 
Tibia + Fibula 823.02, 823.12, 823.22, 823.32, 823.42, 823.82, 823.92 
Tibia 823.00, 823.10, 823.20, 823.30, 823.40, 823.80, 823.90 
Ulna 813.01, 813.02, 813.03, 813.04, 813.11, 813.12, 813.13, 813.14, 813.22, 

813.32, 813.43, 813.53, 813.82, 813.92 
Definition: Inpatient or outpatient diagnosis code. Excluded if multiple fracture types within 7 days.  

Codes for exclusion criteria 

Diagnosis ICD-9 code 

Other fractures 
(including pathologic 
fractures) 

822.0, 822.1, 809.0, 825.0, 824.0, 800.01, 800.02, 800.03, 800.04, 800.05, 
800.06, 800.09, 800.10, 800.11, 800.12, 800.13, 800.14, 800.15, 800.16, 
800.19, 800.20, 800.21, 800.22, 800.23, 800.24, 800.25, 800.26, 800.29, 
800.30, 800.31, 800.32, 800.33, 800.34, 800.35, 800.36, 800.39, 800.40, 
800.41, 800.42, 800.43, 800.44, 800.45, 800.46, 800.49, 800.50, 800.51, 
800.52, 800.53, 800.54, 800.55, 800.56, 800.59, 800.60, 800.61, 800.62, 
800.63, 800.64, 800.65, 800.66, 800.69, 800.70, 800.71, 800.72, 800.73, 
800.74, 800.75, 800.76, 800.79, 800.80, 800.81, 800.82, 800.83, 800.84, 
800.85, 800.86, 800.89, 800.90, 800.91, 800.92, 800.93, 800.94, 800.95, 
800.96, 800.99, 801.01, 801.02, 801.03, 801.04, 801.05, 801.06, 801.09, 
801.10, 801.11, 801.12, 801.13, 801.14, 801.15, 801.16, 801.19, 801.20, 
801.21, 801.22, 801.23, 801.24, 801.25, 801.26, 801.29, 801.30, 801.31, 
801.32, 801.33, 801.34, 801.35, 801.36, 801.39, 801.40, 801.41, 801.42, 
801.43, 801.44, 801.45, 801.46, 801.49, 801.50, 801.51, 801.52, 801.53, 
801.54, 801.55, 801.56, 801.59, 801.60, 801.61, 801.62, 801.63, 801.64, 
801.65, 801.66, 801.69, 801.70, 801.71, 801.72, 801.73, 801.74, 801.75, 
801.76, 801.79, 801.80, 801.81, 801.82, 801.83, 801.84, 801.85, 801.86, 
801.89, 801.90, 801.91, 801.92, 801.93, 801.94, 801.95, 801.96, 801.99, 802.1, 
802.21, 802.22, 802.23, 802.25, 802.26, 802.27, 802.29, 802.31, 802.32, 
802.33, 802.35, 802.36, 802.37, 802.38, 802.39, 802.4, 802.5, 802.6, 802.7, 
802.8, 802.9, 803.01, 803.02, 803.03, 803.04, 803.05, 803.06, 803.09, 803.10, 
803.11, 803.12, 803.13, 803.14, 803.15, 803.16, 803.19, 803.20, 803.21, 
803.22, 803.23, 803.24, 803.25, 803.26, 803.29, 803.30, 803.31, 803.32, 
803.33, 803.34, 803.35, 803.36, 803.39, 803.40, 803.41, 803.42, 803.43, 
803.44, 803.45, 803.46, 803.49, 803.50, 803.51, 803.52, 803.53, 803.54, 
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803.55, 803.56, 803.59, 803.60, 803.61, 803.62, 803.63, 803.64, 803.65, 
803.66, 803.69, 803.70, 803.71, 803.72, 803.73, 803.74, 803.75, 803.76, 
803.79, 803.80, 803.81, 803.82, 803.83, 803.84, 803.85, 803.86, 803.89, 
803.90, 803.91, 803.92, 803.93, 803.94, 803.95, 803.96, 803.99, 805.01, 
805.02, 805.03, 805.04, 805.05, 805.06, 805.07, 805.08, 805.11, 805.12, 
805.13, 805.14, 805.15, 805.16, 805.17, 805.18, 805.2, 805.3, 805.4, 805.5, 
805.6, 805.7, 806.01, 806.02, 806.03, 806.06, 806.07, 806.08, 806.11, 806.12, 
806.13, 806.16, 806.17, 806.18, 806.21, 806.22, 806.23, 806.26, 806.27, 
806.28, 806.31, 806.32, 806.33, 806.36, 806.37, 806.38, 806.4, 806.5, 806.61, 
806.62, 806.69, 806.71, 806.72, 806.79, 807.01, 807.02, 807.03, 807.04, 
807.05, 807.06, 807.07, 807.08, 807.11, 807.12, 807.13, 807.14, 807.15, 
807.16, 807.17, 807.2, 807.3, 807.4, 807.5, 807.6, 808.0, 808.1, 808.2, 808.3, 
808.41, 808.42, 808.43, 808.44, 808.51, 808.52, 809.1, 811.01, 811.02, 811.03, 
811.09, 811.11, 811.12, 811.13, 811.19, 814.01, 814.02, 814.03, 814.04, 
814.05, 814.06, 814.07, 814.08, 814.09, 814.11, 814.12, 814.13, 814.14, 
814.15, 814.16, 814.17, 814.18, 814.19, 815.01, 815.02, 815.03, 815.04, 
815.09, 815.11, 815.12, 815.13, 815.14, 815.19, 824.1, 824.2, 824.3, 824.4, 
824.5, 824.6, 824.7, 800.00, 801.00, 802.0, 802.20, 802.24, 802.28, 802.30, 
803.00, 804.00, 805.00, 805.10, 805.8, 805.9, 806.00, 806.04, 806.05, 806.09, 
806.10, 806.14, 806.15, 806.19, 806.20, 806.24, 806.25, 806.29, 806.30, 
806.34, 806.35, 806.39, 806.60, 806.70, 806.8, 806.9, 807.00, 807.09, 807.10, 
807.18, 807.19, 808.49, 808.53, 808.54, 808.59, 811.00, 811.10, 814.00, 
814.10, 815.00, 815.10, 816.00, 816.01, 816.02, 816.03, 816.10, 816.11, 
816.12, 816.13, 817.0, 817.1, 819.0, 819.1, 826.0, 826.1, 804.01, 804.02, 
804.03, 804.04, 804.05, 804.06, 804.09, 804.10, 804.11, 804.12, 804.13, 
804.14, 804.15, 804.16, 804.19, 804.20, 804.21, 804.22, 804.23, 804.24, 
804.25, 804.26, 804.29, 804.30, 804.31, 804.32, 804.33, 804.34, 804.35, 
804.36, 804.39, 804.40, 804.41, 804.42, 804.43, 804.44, 804.45, 804.46, 
804.49, 804.50, 804.51, 804.52, 804.53, 804.54, 804.55, 804.56, 804.59, 
804.60, 804.61, 804.62, 804.63, 804.64, 804.65, 804.66, 804.69, 804.70, 
804.71, 804.72, 804.73, 804.74, 804.75, 804.76, 804.79, 804.80, 804.81, 
804.82, 804.83, 804.84, 804.85, 804.86, 804.89, 804.90, 804.91, 804.92, 
804.93, 804.94, 804.95, 804.96, 804.99, 802.34, 825.0, 825.1, 825.20, 825.21, 
825.22, 825.23, 825.24, 825.25, 825.29, 825.30, 825.31, 825.32, 825.33, 
825.34, 825.35, 825.39, 733.10, 733.11, 733.12, 733.13, 733.14, 733.15, 
733.16, 733.19, 733.93, 733.94, 733.95, 733.96, 733.97, 733.98 

Bone cancer or cancer 
metastatic to bone 

198.5, 170.0, 170.1, 170.2, 170.3, 170.4, 170.5, 170.6, 170.7, 170.8, 170.9 

Malunion 733.81 

Outcome codes 

Diagnosis/Procedure ICD-9 or CPT code 

Nonunion diagnosis 733.82 
Procedure to treat 
nonunion 

 
 

    Bone Graft 23485, 25425, 25426, 27170, 780.0, 780.1, 780.2, 780.3, 780.5, 780.7 
    Bone Growth 
Stimulator 

20975, 20974, 20979, E0747, E0749, E0760, 789.0, 789.1, 789.2, 789.3, 789.5, 
789.7  

    Surgical repair 24430, 25400, 25415, 27470, 27720, 27725, 27726 
    Surgery with bone 
graft 

24435, 25405, 25420, 27472, 27722, 27724 
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Covariate Codes 

Diagnosis/Procedure ICD-9 or CPT code 

Anxiety 300.00, 300.01, 300.02, 309.21, 309.24, 309.28 Inpatient or 
outpatient 
diagnosis during 
baseline 

Depression 296.20, 296.21, 269.22, 269.23, 269.24, 269.25, 269.26, 
296.30, 296.31, 296.32, 296.33, 296.34, 296.35, 296.36, 
296.50, 296.51, 296.52, 296.53, 296.54, 296.55, 296.56, 
296.60, 296.61, 296.62, 296.63, 296.64, 296.65, 296.66, 
296.89, 298.0, 300.4, 309.1, 311 

Inpatient or 
outpatient 
diagnosis during 
baseline 
 

Chronic pain 307.80, 307.89, 338.0, 338.20, 338.21, 338.22, 338.28, 
338.29, 338.4, 729.1 

Inpatient or 
outpatient 
diagnosis during 
baseline 
 

Coronary artery disease 410.00, 410.01, 410.02, 410.10, 410.11, 410.12, 410.20, 
410.21, 410.22, 410.30, 410.31, 410.32, 410.40, 410.41, 
410.42, 410.50, 410.51, 410.52, 410.60, 410.61, 410.62, 
410.70, 410.71, 410.72, 410.80, 410.81, 410.82, 410.90, 
410.91, 410.92, 411.0, 411.1, 411.81, 411.89, 412, 413.0, 
413.1, 413.9, 414.00, 414.01, 414.02, 414.03, 414.04, 
414.05, 414.06, 414.07, 414.12, 414.2, 414.3, 414.4, 414.8, 
414.9 

Inpatient or 
outpatient 
diagnosis during 
baseline 

Congestive heart failure 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 
404.13, 404.91, 404.93, 428.0, 428.1, 428.20, 428.21, 
428.22, 428.23, 428.30, 428.31, 428.32, 428.33, 428.40, 
428.41, 428.42, 428.43, 428.9, 

Inpatient or 
outpatient 
diagnosis during 
baseline 

Obesity 278.00, V8530, V8531, V8532, V8533, V8534, V8535, 
V8536, V8537, V8538, V8539, 278.01, V854, V8541, V8542, 
V8543, V8544, V8545 

Inpatient or 
outpatient 
diagnosis during 
baseline 

Peptic ulcer disease 531.00, 531.01, 531.10, 531.11, 531.20, 531.21, 531.30, 
531.31, 531.40, 531.41, 531.50, 531.51, 531.60, 531.61, 
531.70, 531.71, 531.90, 531.91, 532.00, 532.01, 532.10, 
532.11, 532.20, 532.21, 532.30, 532.31, 532.40, 532.41, 
532.50, 532.51, 532.60, 532.61, 532.70, 532.71, 532.90, 
532.91, 533.00, 533.01, 533.10, 533.11, 533.20, 533.21, 
533.30, 533.31, 533.40, 533.41, 533.50, 533.51, 533.60, 
533.61, 533.70, 533.71, 533.90, 533.91, 534.00, 534.01, 
534.10, 534.11, 534.20, 534.21, 534.30, 534.31, 534.40, 
534.41, 534.50, 534.51, 534.60, 534.61, 534.70, 534.71, 
534.90, 534.91 

Inpatient or 
outpatient 
diagnosis during 
baseline 

End stage renal disease 585.6 Inpatient or 
outpatient 
diagnosis during 
baseline 

Alcoholism 303.00, 303.01, 303.02, 303.90, 303.91, 303.92 Inpatient or 
outpatient 
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diagnosis during 
baseline 

Diabetes 249.00, 249.01, 249.10, 249.11, 249.20, 249.21, 249.30, 
249.31, 249.40, 249.41, 249.50, 249.51, 249.60, 249.61, 
249.70, 249.71, 249.80, 249.81, 249.90, 249.91, 250.00, 
250.01, 250.02, 250.03, 250.10, 250.11, 250.12, 250.13, 
250.20, 250.21, 250.22, 250.23, 250.30, 250.31, 250.32, 
250.33, 250.40, 250.41, 250.42, 250.43, 250.50, 250.51, 
250.52, 250.53, 250.60, 250.61, 250.62, 250.63, 250.70, 
250.71, 250.72, 250.73, 250.80, 250.81, 250.82, 250.83, 
250.90, 250.91, 250.92, 250.93, 357.2, 362.01, 362.02, 
362.03, 362.04, 362.05, 362.06, 366.41 

1 inpatient or 2 
outpatient 
diagnoses during 
baseline 

Osteoporosis 733.01, 733.02, 733.03, 733.00, 733.09 1 inpatient or 2 
outpatient 
diagnoses during 
baseline 

Hypertension 362.11, 401.0, 401.1, 401.9, 402.00, 402.01, 402.10, 
402.11, 402.90, 402.91, 403.00, 403.01, 403.10, 403.11, 
403.90, 403.91, 404.00, 404.01, 404.02, 404.03, 404.10, 
404.11, 404.12, 404.13, 404.90, 404.91, 404.92, 404.93, 
405.01, 405.09, 405.11, 405.19, 405.91, 405.99, 437.2 

1 inpatient or 2 
outpatient 
diagnoses during 
baseline 

Chronic kidney disease 016.00, 016.01, 016.02, 016.03, 016.04, 016.05, 016.06, 
095.4, 189.0, 189.9, 223.0, 236.91, 249.40, 249.41, 250.40, 
250.41, 250.42, 250.43, 271.4, 274.10, 283.11, 403.01, 
403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 
404.93, 440.1, 442.1, 572.4, 580.0, 580.4, 580.81, 580.89, 
580.9, 581.0, 581.1, 581.2, 581.3, 581.81, 581.89, 581.9, 
582.0, 582.1, 582.2, 582.4, 582.81, 582.89, 582.9, 583.0, 
583.1, 583.4, 583.6, 583.7, 583.81, 583.89, 583.9, 584.5, 
584.6, 584.7, 584.8, 584.9, 585.1, 585.2, 585.3, 585.4, 
585.5, 585.6, 585.9, 586, 587, 588.0, 588.1, 588.81, 588.89, 
588.9, 591, 753.12, 753.13, 753.14, 753.15, 753.16, 753.17, 
753.19, 753.20, 753.21, 753.22, 753.23, 753.29, 794.4 

1 inpatient or 2 
outpatient 
diagnoses during 
baseline 

Chronic obstructive 
pulmonary disease 

491.0, 491.1, 491.8, 491.9, 492.0, 492.8, 491.20, 491.21, 
491.22, 494.0, 494.1, 496 

1 inpatient or 2 
outpatient 
diagnoses during 
baseline 

Asthma 493.00, 493.01, 493.02, 493.10, 493.11, 493.12, 493.20, 
493.21, 493.22, 493.81, 493.82, 493.90, 493.91, 493.92 

1 inpatient or 2 
outpatient 
diagnoses during 
baseline 

Cerebrovascular disease 430, 431, 433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 
434.00, 434.01, 434.10, 434.11, 434.90, 434.91, 435.0, 
435.1, 435.3, 435.8, 435.9, 436, 997.02 

1 inpatient or 2 
outpatient 
diagnoses during 
baseline 

Osteoarthritis 715.00, 715.04, 715.09, 715.10, 715.11, 715.12, 715.13, 
715.14, 715.15, 715.16, 715.17, 715.18, 715.20, 715.21, 
715.22, 715.23, 715.24, 715.25, 715.26, 715.27, 715.28, 
715.30, 715.31, 715.32, 715.33, 715.34, 715.35, 715.36, 
715.37, 715.38, 715.80, 715.89, 715.90, 715.91, 715.92, 

2 inpatient or 
outpatient 
diagnoses on 
different days 
during baseline 
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715.93, 715.94, 715.95, 715.96, 715.97, 715.98, 721.0, 
721.1, 721.2, 721.3, 721.90, 721.91 

Rheumatoid Arthritis 714.0, 714.1, 714.2, 714.30, 714.31, 714.32, 714.33, 714.4, 
714.81, 714.89, 714.9 

2 inpatient or 
outpatient 
diagnoses on 
different days 
during baseline 

Energy of injury   
  High Energy E8000, E8001, E8002, E8003, E8008, E8009, E8010, E8011, 

E8012, E8013, E8018, E8019, E8020, E8021, E8022, E8023, 
E8028, E8029, E8030, E8031, E8032, E8033, E8038, E8039, 
E8040, E8041, E8042, E8043, E8048, E8049, E8050, E8051, 
E8052, E8053, E8058, E8059, E8060, E8061, E8062, E8063, 
E8068, E8069, E8070, E8071, E8072, E8073, E8078, E8079, 
E8100, E8101, E8102, E8103, E8104, E8105, E8106, E8107, 
E8108, E8109, E8110, E8111, E8112, E8113, E8114, E8115, 
E8116, E8117, E8118, E8119, E8120, E8121, E8122, E8123, 
E8124, E8125, E8126, E8127, E8128, E8129, E8130, E8131, 
E8132, E8133, E8134, E8135, E8136, E8137, E8138, E8139, 
E8140, E8141, E8142, E8143, E8144, E8145, E8146, E8147, 
E8148, E8149, E8150, E8151, E8152, E8153, E8154, E8155, 
E8156, E8157, E8158, E8159, E8160, E8161, E8162, E8163, 
E8164, E8165, E8166, E8167, E8168, E8169, E8170, E8171, 
E8172, E8173, E8174, E8175, E8176, E8177, E8178, E8179, 
E8180, E8181, E8182, E8183, E8184, E8185, E8186, E8187, 
E8188, E8189, E8190, E8191, E8192, E8193, E8194, E8195, 
E8196, E8197, E8198, E8199, E8200, E8201, E8202, E8203, 
E8204, E8205, E8206, E8207, E8208, E8209, E8210, E8211, 
E8212, E8213, E8214, E8215, E8216, E8217, E8218, E8219, 
E8220, E8221, E8222, E8223, E8224, E8225, E8226, E8227, 
E8228, E8229, E8230, E8231, E8232, E8233, E8234, E8235, 
E8236, E8237, E8238, E8239, E8240, E8241, E8242, E8243, 
E8244, E8245, E8246, E8247, E8248, E8249, E8250, E8251, 
E8252, E8253, E8254, E8255, E8256, E8257, E8258, E8259, 
E8260, E8261, E8262, E8263, E8264, E8268, E8269, E8270, 
E8272, E8273, E8274, E8278, E8279, E8280, E8282, E8284, 
E8288, E8289, E8290, E8294, E8298, E8299, E8300, E8301, 
E8302, E8303, E8304, E8305, E8306, E8307, E8308, E8309, 
E8310, E8311, E8312, E8313, E8314, E8315, E8316, E8317, 
E8318, E8319, E8320, E8321, E8322, E8323, E8324, E8325, 
E8326, E8327, E8328, E8329, E8330, E8331, E8332, E8333, 
E8334, E8335, E8336, E8337, E8338, E8339, E8340, E8341, 
E8342, E8343, E8344, E8345, E8346, E8347, E8348, E8349, 
E8350, E8351, E8352, E8353, E8354, E8355, E8356, E8357, 
E8358, E8359, E8360, E8361, E8362, E8363, E8364, E8365, 
E8366, E8367, E8368, E8369, E8370, E8371, E8372, E8373, 
E8374, E8375, E8376, E8377, E8378, E8379, E8380, E8381, 
E8382, E8383, E8384, E8385, E8386, E8387, E8388, E8389, 
E8400, E8401, E8402, E8403, E8404, E8405, E8406, E8407, 
E8408, E8409, E8410, E8411, E8412, E8413, E8414, E8415, 

Code from 
fracture episode 
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E8416, E8417, E8418, E8419, E8426, E8427, E8428, E8429, 
E8430, E8431, E8432, E8433, E8434, E8435, E8436, E8437, 
E8438, E8439, E8440, E8441, E8442, E8443, E8444, E8445, 
E8446, E8447, E8448, E8449, E8450, E8458, E8459, E846, 
E847, E848, E8800, E8810, E8811, E882, E8831, E8832, 
E8839, E8841, E8849, E8853, E8854, E9080, E9081, E9082, 
E9083, E9084, E9088, E9089, E9090, E9091, E9092, E9093, 
E9094, E9098, E9099, E916, E9170, E9171, E9172, E9173, 
E9174, E9175, E9176, E9177, E9178, E9179, E918, E9190, 
E9191, E9192, E9193, E9194, E9195, E9196, E9197, E9198, 
E9199, E9200, E9201, E9202, E9203, E9204, E9208, E9209, 
E9210, E9211, E9218, E9219, E9220, E9221, E9222, E9223, 
E9224, E9228, E9229, E9230, E9231, E9232, E9238, E9239 

  Low Energy E8801, E8809, E8830, E8840, E8842, E8843, E8844, E8845, 
E8846, E8850, E8851, E8852, E8859, E8860, E8869, E8880, 
E8881, E9225, E927, E9270, E9271, E9272, E9273, E9274, 
E9278, E9279, E9280 

Code from 
fracture episode 

Fracture treatment   
 Closed Reduction 23500, 23505, 23520, 23525, 23540, 23545, 23600, 23605, 

23620, 23625, 23665, 24500, 24505, 24530, 24535, 24560, 
24565, 24576, 24577, 24620, 24650, 24655, 24670, 24675, 
25500, 25505, 25520, 25530, 25535, 25560, 25565, 25600, 
25605, 25650, 27230, 27232, 27238, 27240, 27246, 27267, 
27268, 27500, 27501, 27502, 27503, 27508, 27510, 27530, 
27532, 27538, 27750, 27752, 27780, 27781, 27786, 27788, 
23700, 790.0, 790.1, 790.2, 790.5, 790.6, 790.9 

Code from 
fracture episode 

  External Fixator 781.0, 781.1, 781.2, 781.3, 781.4, 781.5, 781.7, 781.8, 
781.9 

Code from 
fracture episode 

  Open reduction without 
internal fixation 

23515, 23530, 23532, 23550, 23552, 23615, 23616, 23630, 
23670, 24545, 24546, 24575, 24579, 24586, 24587, 24635, 
24665, 24685, 25515, 25525, 25526, 25545, 25574, 25575, 
25620, 25652, 27248, 27254, 27269, 27511, 27513, 27514, 
27535, 27536, 27540, 27784, 27792, 28465, 28485, 27506, 
792.0, 792.1, 792.2, 792.5, 792.6, 792.7, 792.9 

Code from 
fracture episode 

  Open reduction with 
internal fixation 

24515, 24666, 25607, 25608, 25609, 27236, 793.0, 793.1, 
793.2, 793.5, 793.6, 793.9, 27507, 27758, 27244 

 

  Percutaneous fixation 24538, 24566, 24582, 25606, 25611, 25651, 27235, 27509, 
27756, 791.0, 791.1, 791.2, 791.5, 791.6, 791.9 

Code from 
fracture episode 
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Supplemental Table E-2: Unadjusted and adjusted association between non-selective NSAID, 
COX-2 inhibitors, and opioids with nonunion 

  Nonunion Diagnosis + Procedure Nonunion Diagnosis 

 
N 

OR 
(95% CI) 

Adjusted OR 
(95% CI) 

OR  
(95% CI) 

Adjusted OR 
(95% CI) 

NSAID/COX-2 Analysis      
  Neither 279,720 Reference Reference Reference Reference 
  Non-selective NSAID 22,590 1.30 (1.14-1.49) 1.07 (0.93-1.23) 1.15 (1.03-1.27) 1.08 (0.96-1.20) 
  COX-2 2,411 2.66 (2.01-3.53) 1.84 (1.38-2.46) 1.94 (1.52-2.47) 1.48 (1.16-1.89) 
Opioid Analysis      
  No Opioid 146,034 Reference Reference Reference Reference 
  Opioid 123,807 2.71 (2.48-2.96) 1.69 (1.53-1.86) 2.05 (1.92-2.18) 1.53 (1.43-1.64) 

Unadjusted odds ratios (OR) and adjusted OR are from univariate and multivariable logistic regression models 
with all covariates of interest. NSAID/COX-2 analyses exclude patients with NSAID or COX-2 prescriptions within 
90 days prior to fracture and are adjusted for current and previous opioid use. Opioid analyses exclude patients 
with opioid prescriptions in the 90 days prior to fracture and are adjusted for previous and current NSAID and 
COX-2 use 
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Supplemental Table E-3: Full models for NSAID/COX-2 analyses  

 

Nonunion diagnosis + 
procedure 

OR (95% CI) 

Nonunion diagnosis 
 

OR (95% CI) 

NSAID/COX-2 use post fracture   

  None Reference Reference 

  NSAID 1.07 (0.93-1.23) 1.08 (0.96-1.20) 

  COX-2 1.84 (1.38-2.46) 1.48 (1.16-1.89) 

Covariates   

Opioid use post fracture   

  No opioid Reference Reference 

  Opioid 1.70 (1.55-1.87) 1.56 (1.46-1.66) 

Opioid previous 90 days 0.97 (0.87-1.09) 1.03 (0.95-1.12) 

Age 1.08 (1.06-1.09) 1.06 (1.05-1.07) 

Age squared 1.00 (1.00-1.00) 1.00 (1.00-1.00) 

Year 0.99 (0.98-1.00) 1.00 (0.99-1.01) 

Female 1.02 (0.93-1.12) 1.04 (0.97-1.11) 

Region   

  East North Central Reference Reference 

  East South Central 0.98 (0.78-1.24) 0.95 (0.80-1.13) 

  Middle Atlantic 1.00 (0.81-1.24) 0.85 (0.72-0.99) 

  Mountain 1.20 (1.03-1.40) 1.12 (1.00-1.26) 

  New England 1.02 (0.81-1.30) 1.00 (0.84-1.18) 

  Pacific 0.87 (0.73-1.03) 1.01 (0.90-1.14) 

  South Atlantic 1.13 (0.98-1.29) 0.98 (0.89-1.08) 

  West North Central 1.20 (1.03-1.39) 1.19 (1.07-1.32) 

  West South Central 1.13 (0.97-1.31) 1.02 (0.91-1.14) 

  Unknown 0.82 (0.42-1.60) 0.95 (0.63-1.44) 

Fracture type   

  Clavicle Reference Reference 

  Femur 1.04 (0.87-1.23) 0.96 (0.83-1.10) 

  Neck of femur 0.23 (0.19-0.27) 0.38 (0.34-0.43) 

  Fibula 0.39 (0.31-0.49) 0.41 (0.34-0.48) 

  Humerus 0.62 (0.54-0.71) 0.62 (0.55-0.68) 

  Radius 0.18 (0.15-0.21) 0.20 (0.18-0.23) 

  Radius + ulna 0.56 (0.45-0.69) 0.50 (0.42-0.60) 

  Tibia + fibula 1.12 (0.95-1.33) 1.09 (0.95-1.25) 

  Tibia 0.41 (0.35-0.49) 0.40 (0.35-0.46) 

  Ulna 0.47 (0.38-0.58) 0.53 (0.46-0.62) 
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Open fracture 1.81 (1.61-2.03) 1.63 (1.49-1.78) 

Energy of Fracture   

  Low Reference Reference 

  High 1.40 (1.23-1.61) 1.47 (1.33-1.63) 

  Other 0.92 (0.79-1.07) 0.94 (0.84-1.05) 

  No energy code 0.78 (0.70-0.88) 0.86 (0.79-0.94) 

Location   

  Outpatient Reference Reference 

  Emergency Dept 1.18 (1.03-1.35) 1.16 (1.05-1.28) 

  Inpatient 3.28 (2.96-3.63) 2.91 (2.69-3.15) 

Fracture treatment   

  None Reference Reference 

  Closed reduction 1.04 (0.74-1.47) 1.07 (0.84-1.36) 

  External fixator 0.95 (0.81-1.11) 0.98 (0.88-1.09) 

  ORIF 1.25 (0.94-1.66) 1.15 (0.93-1.41) 

  Open reduction 1.51 (0.66-3.45) 1.07 (0.55-2.09) 

  Percutaneous 0.35 (0.11-1.10) 0.80 (0.48-1.33) 

Anxiety 1.01 (0.87-1.17) 0.98 (0.88-1.09) 

Depression 1.21 (1.07-1.37) 1.25 (1.14-1.36) 

Chronic pain 1.18 (1.01-1.39) 1.28 (1.14-1.43) 

Coronary artery disease 1.20 (1.04-1.39) 1.10 (0.99-1.22) 

CHF 0.87 (0.70-1.09) 0.91 (0.79-1.06) 

Obesity 1.16 (0.97-1.40) 1.22 (1.07-1.39) 

PUD 0.77 (0.50-1.19) 0.81 (0.61-1.09) 

ESRD 1.17 (0.69-2.00) 1.20 (0.85-1.69) 

Alcoholism 0.94 (0.64-1.40) 1.09 (0.83-1.44) 

Diabetes 1.11 (0.98-1.27) 1.16 (1.06-1.27) 

Osteoporosis 0.98 (0.77-1.23) 0.99 (0.85-1.15) 

Hypertension 1.04 (0.93-1.16) 1.05 (0.97-1.14) 

CKD 1.03 (0.84-1.27) 1.09 (0.95-1.25) 

COPD 0.81 (0.66-1.00) 0.87 (0.76-1.00) 

Asthma 0.97 (0.77-1.22) 1.10 (0.94-1.29) 

CVD 0.70 (0.52-0.95) 0.76 (0.63-0.92) 

Osteoarthritis 1.16 (1.00-1.34) 1.11 (1.00-1.22) 

Rheumatoid arthritis 1.48 (1.10-2.00) 1.40 (1.13-1.74) 

Anticoagulation past 90 days 0.63 (0.47-0.85) 0.75 (0.63-0.90) 

Glucocorticoids past 90 days 1.00 (0.82-1.21) 0.97 (0.84-1.12) 
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Adjusted odds ratios (OR) are from multivariable logistic regression models with all 
covariates of interest, excluding patients with NSAID or COX-2 prescriptions within 90 
days prior to fracture 
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Supplemental Table E-4: Full models for opioid analyses 

 Nonunion diagnosis + 
procedure 

OR (95% CI) 

Nonunion diagnosis 
 

OR (95% CI) 

Opioid use post-fracture   

  No opioid Reference Reference 

  Opioid 1.69 (1.53-1.86) 1.53 (1.43-1.64) 

Covariates   

NSAID/COX-2 use post fracture   

  None Reference Reference 

  NSAID 1.15 (1.01-1.32) 1.13 (1.01-1.26) 
  COX-2 1.60 (1.18-2.18) 1.48 (1.16-1.88) 
NSAID past 90 days 1.41 (1.20-1.66) 1.34 (1.18-1.52) 
COX-2 past 90 days 1.12 (0.79-1.58) 1.28 (1.00-1.63) 

Age 1.08 (1.06-1.09) 1.06 (1.05-1.07) 

Age squared 1.00 (1.00-1.00) 1.00 (1.00-1.00) 

Year 0.99 (0.98-1.00) 1.00 (0.99-1.01) 

Female 0.99 (0.90-1.09) 1.04 (0.97-1.11) 

Region   

  East North Central Reference Reference 

  East South Central 0.94 (0.73-1.21) 0.95 (0.80-1.13) 

  Middle Atlantic 1.03 (0.83-1.28) 0.85 (0.72-0.99) 

  Mountain 1.23 (1.04-1.45) 1.12 (1.00-1.26) 

  New England 1.04 (0.82-1.34) 1.00 (0.84-1.18) 

  Pacific 0.90 (0.74-1.08) 1.01 (0.90-1.14) 

  South Atlantic 1.16 (1.01-1.34) 0.98 (0.89-1.08) 

  West North Central 1.19 (1.02-1.39) 1.19 (1.07-1.32) 

  West South Central 1.14 (0.97-1.34) 1.02 (0.91-1.14) 

  Unknown 0.80 (0.38-1.69) 0.95 (0.63-1.44) 

Fracture type   

  Clavicle Reference Reference 

  Femur 1.03 (0.86-1.24) 0.96 (0.83-1.10) 

  Neck of femur 0.23 (0.19-0.28) 0.38 (0.34-0.43) 

  Fibula 0.37 (0.29-0.47) 0.41 (0.34-0.48) 

  Humerus 0.61 (0.53-0.70) 0.62 (0.55-0.68) 

  Radius 0.17 (0.14-0.21) 0.20 (0.18-0.23) 

  Radius + ulna 0.55 (0.44-0.69) 0.50 (0.42-0.60) 

  Tibia + fibula 1.08 (0.90-1.28) 1.09 (0.95-1.25) 

  Tibia 0.41 (0.34-0.49) 0.40 (0.35-0.46) 

  Ulna 0.47 (0.38-0.59) 0.53 (0.46-0.62) 
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Open fracture 1.82 (1.62-2.05) 1.63 (1.49-1.78) 

Energy of Fracture   

  Low Reference Reference 

  High 1.38 (1.20-1.58) 1.47 (1.33-1.63) 

  Other 0.86 (0.73-1.02) 0.94 (0.84-1.05) 

  No energy code 0.79 (0.70-0.89) 0.86 (0.79-0.94) 

Location   

  Outpatient Reference Reference 

  Emergency Dept 1.15 (0.99-1.32) 1.16 (1.05-1.28) 

  Inpatient 3.34 (3.00-3.73) 2.91 (2.69-3.15) 

Fracture treatment   

  None Reference Reference 

  Closed reduction 1.00 (0.68-1.47) 1.07 (0.84-1.36) 

  External fixator 0.99 (0.84-1.17) 0.98 (0.88-1.09) 

  ORIF 1.35 (1.01-1.80) 1.15 (0.93-1.41) 

  Open reduction 1.86 (0.81-4.26) 1.07 (0.55-2.09) 

  Percutaneous 0.14 (0.02-1.00) 0.80 (0.48-1.33) 

Anxiety 0.98 (0.83-1.16) 0.98 (0.88-1.09) 

Depression 1.13 (0.98-1.31) 1.25 (1.14-1.36) 

Chronic pain 1.23 (1.01-1.49) 1.28 (1.14-1.43) 

Coronary artery disease 1.21 (1.03-1.42) 1.10 (0.99-1.22) 

CHF 0.81 (0.62-1.05) 0.91 (0.79-1.06) 

Obesity 1.22 (0.99-1.49) 1.22 (1.07-1.39) 

PUD 0.75 (0.44-1.28) 0.81 (0.61-1.09) 

ESRD 0.70 (0.30-1.62) 1.20 (0.85-1.69) 

Alcoholism 0.84 (0.52-1.36) 1.09 (0.83-1.44) 

Diabetes 1.07 (0.93-1.24) 1.16 (1.06-1.27) 

Osteoporosis 1.08 (0.84-1.37) 0.99 (0.85-1.15) 

Hypertension 1.07 (0.95-1.20) 1.05 (0.97-1.14) 

CKD 1.11 (0.87-1.41) 1.09 (0.95-1.25) 

COPD 0.89 (0.70-1.13) 0.87 (0.76-1.00) 

Asthma 0.92 (0.71-1.21) 1.10 (0.94-1.29) 

CVD 0.74 (0.52-1.04) 0.76 (0.63-0.92) 

Osteoarthritis 1.04 (0.88-1.23) 1.11 (1.00-1.22) 

Rheumatoid arthritis 2.09 (1.57-2.79) 1.40 (1.13-1.74) 

Anticoagulation past 90 days 0.70 (0.49-0.99) 0.75 (0.63-0.90) 

Glucocorticoids past 90 days 0.96 (0.77-1.21) 0.97 (0.84-1.12) 

Adjusted odds ratios (OR) are from multivariable logistic regression models with all 
covariates of interest, excluding patients with opioid within 90 days prior to fracture 
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Supplemental Table E-5: NSAID/COX-2 and opioid analyses stratified by year category 

  Nonunion Diagnosis + Procedure Nonunion Diagnosis 

 
N 

Nonunion N 
(%) 

aOR 
(95% CI) 

Nonunion N 
(%) 

aOR 
(95% CI) 

NSAID/COX-2 Analyses      
2001-2005      
  Neither 62,860 588 (0.9%) Reference 993 (1.6%) Reference 
  Non-selective NSAID 5,312 57 (1.1%) 0.90 (0.68-1.19) 97 (1.8%) 1.01 (0.82-1.26) 
  COX-2 1,366 28 (2.0%) 1.60 (1.08-2.37) 39 (2.9%) 1.44 (1.03-2.01) 
2006-2010      
  Neither 112,918 945 (0.8%) Reference 1736 (1.5%) Reference 
  Non-selective NSAID 9,206 117 (1.3%) 1.26 (1.02-1.54) 170 (1.8%) 1.13 (0.96-1.33) 
  COX-2 615 13 (2.1%) 2.05 (1.17-3.61) 17 (2.8%) 1.47 (0.90-2.40) 
2011-2015      
  Neither 103,942 717 (0.7%) Reference 1459 (1.4%) Reference 
  Non-selective NSAID 8,072 62 (0.8%) 0.96 (0.73-1.26) 120 (1.5%) 1.06 (0.87-1.29) 
  COX-2 430 10 (2.3%) 2.34 (1.20-4.59) 13 (3.0%) 1.54 (0.86-2.74) 
Opioid Analyses      
2001-2005      
  No Opioid 36,248 191 (0.5%) Reference 385 (1.1%) Reference 
  Opioid 29,395 472 (1.6%) 1.80 (1.50-2.17) 710 (2.4%) 1.57 (1.37-1.80) 
2006-2010      
  No Opioid 56,615 286 (0.5%) Reference 584 (1.0%) Reference 
  Opioid 51,250 690 (1.3%) 1.63 (1.40-1.90) 1118 (2.2%) 1.59 (1.42-1.77) 
2011-2015      
  No Opioid 53,171 225 (0.4%) Reference 544 (1.0%) Reference 
  Opioid 43,162 437 (1.0%) 1.62 (1.35-1.94) 772 (1.8%) 1.43 (1.26-1.61) 

Adjusted odds ratios (aOR) are from multivariable logistic regression models with all covariates of interest. 
NSAID/COX-2 analyses exclude patients with NSAID or COX-2 prescriptions within 90 days prior to fracture 
and are adjusted for current and previous opioid use. Opioid analyses exclude patients with opioid 
prescriptions in the 90 days prior to fracture and are adjusted for previous and current NSAID and COX-2 
use. 
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Supplemental Table 6: NSAID/COX-2 and opioid analyses stratified by fracture type 

  Nonunion Diagnosis + Procedure Nonunion Diagnosis 

 
N 

Nonunion N 
(%) 

aOR 
(95% CI) 

Nonunion N 
(%) 

aOR 
(95% CI) 

NSAID/COX-2 Analyses      
Tibia or Tibia+fibula      
  Neither 26,332 436 (1.7%) Reference 638 (2.4%) Reference 
  Non-selective NSAID 2,162 29 (1.3%) 0.99 (0.67-1.45) 42 (1.9%) 0.98 (0.71-1.36) 
  COX-2 297 10 (3.4%) 1.65 (0.84-3.24) 15 (5.1%) 1.80 (1.04-3.11) 
Distal femur      
  Neither 8,396 211 (2.5%) Reference 328 (3.9%) Reference 
  Non-selective NSAID 346 10 (2.9%) 1.38 (0.70-2.72) 14 (4.0%) 1.21 (0.69-2.14) 
  COX-2 87 4 (4.6%) 1.76 (0.60-5.11) 6 (6.9%) 1.59 (0.66-3.80) 
Neck of femur      
  Neither 57,711 259 (0.4%) Reference 842 (1.5%) Reference 
  Non-selective NSAID 945 7 (0.7%) 1.31 (0.60-2.88) 17 (1.8%) 1.15 (0.70-1.89) 
  COX-2 451 8 (1.8%) 2.48 (1.18-5.21) 14 (3.1%) 1.55 (0.90-2.68) 
Opioid Analyses      
Tibia or Tibia+fibula      
  No Opioid 13,834 93 (0.7%) Reference 155 (1.1%) Reference 
  Opioid 11,386 345 (3.0%) 1.85 (1.41-2.43) 479 (4.2%) 1.62 (1.30-2.02) 
Distal femur      
  No Opioid 4,952 102 (2.1%) Reference 158 (3.2%) Reference 
  Opioid 2,362 94 (4.0%) 0.99 (0.71-1.37) 144 (6.1%) 1.10 (0.84-1.44) 
Neck of femur      
  No Opioid 37,463 125 (0.3%) Reference 436 (1.2%) Reference 
  Opioid 13,166 124 (0.9%) 1.35 (1.03-1.77) 315 (2.4%) 1.40 (1.19-1.64) 

Adjusted odds ratios (aOR) are from multivariable logistic regression models with all covariates of interest. 
NSAID/COX-2 analyses exclude patients with NSAID or COX-2 prescriptions within 90 days prior to fracture 
and are adjusted for current and previous opioid use. Opioid analyses exclude patients with opioid 
prescriptions in the 90 days prior to fracture and are adjusted for previous and current NSAID and COX-2 
use. 
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Supplemental Table 7: NSAID/COX-2 and opioid analyses examining impact of multiple 
prescription fills after fracture  

  Nonunion Diagnosis + Procedure Nonunion Diagnosis 

 
N 

Nonunion N 
(%) 

aOR 
(95% CI) 

Nonunion N 
(%) 

aOR 
(95% CI) 

NSAID/COX-2 Analysis      
  Neither 279,720 2,250 (0.8%) Reference 4,188 (1.5%) Reference 
  1 NSAID Rx 19,049 168 (0.9%) 0.92 (0.78-1.08) 281 (1.5%) 0.94 (0.83-1.07) 
  ≥2 NSAID Rx 3,541 68 (1.9%) 1.79 (1.40-2.30) 106 (3.0%) 1.72 (1.41-2.09) 
  1 COX-2 Rx 1,908 36 (1.9%) 1.63 (1.16-2.29) 49 (2.6%) 1.32 (0.99-1.76) 
  ≥2 COX-2 Rx 503 15 (3.0%) 2.70 (1.57-4.64) 20 (4.0%) 2.10 (1.32-3.33) 
Opioid Analysis      
  No Opioid 146,034 702 (0.5%) Reference 1,513 (1.0%) Reference 
  1 Opioid Rx 58,176 452 (0.8%) 1.26 (1.11-1.42) 751 (1.3%) 1.11 (1.02-1.22) 
  ≥ Opioid Rx 65,631 1,147 (1.7%) 2.03 (1.82-2.26) 1,849 (2.8%) 1.88 (1.74-2.03) 

Adjusted odds ratios (aOR) are from multivariable logistic regression models with all covariates of 
interest. NSAID/COX-2 analyses exclude patients with NSAID or COX-2 prescriptions within 90 days prior 
to fracture and are adjusted for current and previous opioid use. Opioid analyses exclude patients with 
opioid prescriptions in the 90 days prior to fracture and are adjusted for previous and current NSAID and 
COX-2 use. Number of prescriptions (Rx) is the number of prescriptions filled within 60 days after fracture 

 


