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Introduction

Terrible triad (TT) of the elbow [START_REF] Hotchkiss | Fractures and dislocations of the elbow[END_REF] associates postero-lateral dislocation of the elbow, fracture of the radial head and fracture of the coronoid process. Its severe instability almost always requires surgery [START_REF] Mathews | Terrible triad injury of the elbow: current concepts[END_REF], except in rare selected cases [START_REF] Chan | Can we treat select terrible triad injuries nonoperatively?[END_REF][START_REF] Mazhar | Evaluation of functional outcome after nonsurgical management of terrible triad injuries of the elbow[END_REF]. Lateral collateral ligament reconstruction is associated to radial head fixation or replacement, and reinsertion of the coronoid at the insertion of the anterior capsule and anterior bundle of the medial collateral ligament onto the antero-medial facet of the coronoid process [START_REF] Cage | Soft tissue attachments of the ulnar coronoid process. An anatomic study with radiographs correlation[END_REF][START_REF] Zeider | Management of unstable elbows following complex fracture-dislocations-the "terrible triad" injury[END_REF][START_REF] Lindenhovius | Comparison of acute versus subacute treatment of terrible triad injuries of the elbow[END_REF][START_REF] Garrigues | Fixation of the coronoid process in elbow fracture-dislocations[END_REF][START_REF] Watters | Fixation versus replacement of radial head in terrible triad: Is there a difference in elbow stability and prognosis?[END_REF]. Without appropriate treatment there is almost systematic progression to chronic instability and osteoarthritis [START_REF] Guitton | Incidence and risk factors for the development of radiographic arthrosis after traumatic elbow injuries[END_REF], with risk of iterative surgery [START_REF] Carlier | Arthroscopic debridement for osteoarthritis of the elbow: Results and analysis of predictive factors[END_REF][START_REF] Lenoir | Can preoperative imaging predict the outcomes after arthroscopic release for elbow arthritis?[END_REF][START_REF] Desmoineaux | Arthroscopic treatment of elbow osteoarthritis[END_REF][START_REF] Carlier | Prospective comparative analysis of arthroscopic debridement for primary and post-traumatic elbow osteoarthritis[END_REF][START_REF] Heijink | Biomechanical considerations in the pathogenesis of osteoarthritis of the elbow[END_REF].

Risk of progression toward osteoarthritis after surgery has been little reported [START_REF] Rodriguez-Martin | Outcomes after terrible triads of the elbow treated with the current surgical protocols. A review[END_REF]. The mechanisms underlying traumatic osteoarthritis of the elbow are complex and not fully understood, and the link between surgical stabilization and long-term osteoarthritis is unclear [START_REF] Heijink | Biomechanical considerations in the pathogenesis of osteoarthritis of the elbow[END_REF]. No previous studies assessed onset of post-traumatic osteoarthritis after surgical stabilization of TT [START_REF] Heijink | Biomechanical considerations in the pathogenesis of osteoarthritis of the elbow[END_REF].

We therefore conducted a retrospective study [START_REF] Hotchkiss | Fractures and dislocations of the elbow[END_REF] to assess prevalence of traumatic osteoarthritis of the elbow after TT surgery, (2) to assess functional impact, and (3) to identify prognostic factors. The study hypothesis was that the prevalence of osteoarthritis after TT surgery is high, impairing clinical results.

Material and Method

Patients

A single-center retrospective study in the orthopedic surgery and traumatology department of a university hospital included patients operated on for TT between 2008 and 2017. Fifty-three of the 70 patients operated on for TT during the study period were included: 25 female, 28 male; mean age 50±17.8 years (range, 21-84 years) (Figure 1). The dominant limb was involved in 43.4% of cases (23/53).

Lesion assessment

The causal trauma was a high fall in 71.7% of cases (38/53) and a high-energy accident in 28.3% (15/53); 11.3% of cases (6/53) involved work accidents. We recorded 66% of patients (35/53) with preoperative CT in addition to simple X-ray. On the Regan-Morrey classification [START_REF] Regan | Fractures of the coronoid process of the ulna[END_REF], coronoid fractures were type 1 in 54.7% of cases (29/53), type 2 in 30.2% (16/53) and type 3 in 15.1% (8/53). Type 2 fractures on the O'Driscoll classification [START_REF] Sanchez-Sotelo | Medial oblique compression fracture of the coronoid process of the ulna[END_REF] (involving the antero-medial facet of the coronoid process) could not be precisely analyzed, as not all patients had CT scans. On the Mason classification [START_REF] Mason | Some observations on fractures of the head of the radius with a review of one hundred cases[END_REF], radial head fractures were type 1 in 3.8% of cases (2/53), type 2 in 30.2% (16/53) and type 3 in 66% (35/53). There was skin opening (Gustilo 2) in 1.9% of cases (1/53). There was preoperative neurologic involvement in 9.4% (5/53) of cases: ulnar territory in 2 and radial territory in 3.

Surgery

The elbow dislocation was reduced in emergency. Mean trauma-to-surgery interval was 3.9 ± 4.4 days (range, 0-22 days). The operator was a senior surgeon in 58.5% of cases (31/53) and a junior surgeon in 41.5% (22/53). The approach was lateral in all 53 cases (100%), with a complementary medial approach in 9.4% (5/53) to reinsert the medial ligament on the medial epicondyle in case of persistent medial instability at end of procedure.

The lateral collateral ligament was systematically repaired. The coronoid process was reinserted in 49.1% of cases (26/53): by anterior capsule reinsertion in 84.6% of cases (22/26), and screwing in 15.4% (4/26); no coronoid surgery was performed in 50.9% of cases (27/53).

The radial head was fixed in 22.6% of cases (12/53), and arthroplasty was performed in 71.7% (38/53).

Various radial head implants were successively used over time:

-CRF 2 (Tornier-Wright, Montbonnot, France) in 23.7% of cases (9/38) (bipolar, long cemented stem).

-Mopyc (Tornier-Wright, Montbonnot, France) in 44.7% (17/38) (unipolar, pyrocarbon head, long press-fit stem).

-rHead standard (Small Bone Innovations, Morrisville, PA, USA) in 31.6% (12/38) (unipolar, short stem, cementless or press-fit).

Postoperative immobilization used an elbow splint in 69.8% of cases (37/53), external fixator in 20.8% (11/53) and articulated splint in 5.7% (3/53), for a mean 3.6 ±1.6 weeks (range, 0-8 weeks) (including no immobilization in 1.9% of cases (1/53)).

Postoperative standard AP and lateral X-ray screened for and assessed lateral or medial decoaptation on AP view and early posterior subluxation or dislocation on lateral view. Implant height was considered satisfactory when the implant did not go beyond the radial notch of the ulna at the lateral part of the coronoid process, as visualized intraoperatively directly and under fluoroscopy, as advocated by Doornberg et al. [START_REF] Doornberg | Coronoid fracture patterns[END_REF].

Clinical and radiographic assessment at last follow-up

Systematic last-follow-up clinical examination included range of motion and Mayo Elbow Performance Index (MEPI) [START_REF] Morrey | Functional evaluation of the elbow[END_REF].

Last-follow-up standard AP and lateral X-ray screened for and quantified humero-ulnar and radio-condylar osteoarthritis on the Broberg-Morrey classification [START_REF] Broberg | Results of treatment of fracture-dislocations of the elbow[END_REF] in 4 grades dichotomized as grade 0/1 and grade 2/3 as suggested by Lindenhovius et al. [START_REF] Lindenhovius | Radiographic arthrosis after elbow trauma: interobserver reliability[END_REF] to enhance reproducibility:

-Grade 0: no joint impingement, normal joint; -Grade 1: slight joint impingement, slight osteophytosis; -Grade 2: greater joint impingement, moderate osteophytosis; -Grade 3: severe degeneration and joint destruction.

Osteoarthritis at last follow-up was assessed on double reading by 2 of the authors.

Statistics

Correlations were assessed between humero-ulnar/radio-condylar osteoarthritis at last follow-up and functional results, and potential patient-related, lesion-related or procedure-related risk factors.

Quantitative variables were reported as mean with standard deviation, and qualitative variables as Correlation coefficients were calculated on the Spearman method, due to the non-normal distributions of the quantitative variables. Alpha risk was set at 5%. Analyses used R software, version 3.3.2 (R Core Team 2013. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria).

Results

Prevalence of osteoarthritis at last follow-up

Mean follow-up was 49.2 ± 34.5 months (range, 12-131 months). At last follow-up, medial and/or lateral humero-ulnar osteoarthritis (Figure 2) was found in 45.3% of cases (24/53), and Broberg-Morrey grade 2 or 3 radio-condylar osteoarthritis (Figure 3) in 50% (25/50). In 3 cases, the radial head implant was removed before last follow-up: radio-condylar osteoarthritis was thus assessed in only 50 patients.

Factors for osteoarthritis

Humero-ulnar osteoarthritis at last follow-up showed associations with (Table 1):

-dislocation or subluxation on immediate postoperative X-ray (in 45.8% of cases with versus 10.3% without osteoarthritis; p=0.004); -dislocation or subluxation on last-follow-up X-ray (20.8% versus 3.4%; p=0.047):

-postoperative complications (54.2% versus 27.6%; p=0.049).

Radiocondylar osteoarthritis at last follow-up showed associations with:

-radial head replacement rather than fixation (in 92% of cases with versus 48% without osteoarthritis; p=0.0007); -too high radial head implant positioning (47.8% versus 0%; p=0.023) (Figure 3).

Functional impact

Mean range of flexion-extension was 109.3° ± 23.2° (range, 65-145°) and pronation-supination 150° ± 39.2° (range, 20-180°). Mean supination was 72° ± 25° (range, 0-90°) and pronation 77.9° ± 18.1° (range, 10-90°). Mean flexion was 128.1° ± 13.2° (range, 100-145°) and mean extension loss 18.8° ± 13.9° (range, 0-50°). Mean MEPI was 82.9 ± 14 points (range, 45-100) (Table 1 

Discussion

The prevalence of elbow osteoarthritis after TT surgery was relatively high in the present series, at 45.3% in the humero-ulnar compartment and 50% in the radio-condylar compartment. Data are sparse.

Treatment of TT is surgical in almost all cases [START_REF] Mathews | Terrible triad injury of the elbow: current concepts[END_REF][START_REF] Rodriguez-Martin | Outcomes after terrible triads of the elbow treated with the current surgical protocols. A review[END_REF][START_REF] Giannicola | Terrible triad of the elbow: is it a troublesome injury?[END_REF] and consequently there are few reports of the results of non-operative treatment (Table 3) and even fewer on subsequent onset of osteoarthritis [START_REF] Chan | Can we treat select terrible triad injuries nonoperatively?[END_REF][START_REF] Guitton | Incidence and risk factors for the development of radiographic arthrosis after traumatic elbow injuries[END_REF].

Chan et al. [START_REF] Chan | Can we treat select terrible triad injuries nonoperatively?[END_REF] reported a 36% rate of osteoarthritis (4/11 patients) at 12 months after non-operative treatment of TT. There are more reports [START_REF] Rodriguez-Martin | Outcomes after terrible triads of the elbow treated with the current surgical protocols. A review[END_REF][START_REF] Giannicola | Terrible triad of the elbow: is it a troublesome injury?[END_REF][START_REF] Pugh | Standard surgical protocol to treat elbow dislocations with radial head and coronoid fractures[END_REF][START_REF] Egol | Fracture dislocation of the elbow. Functional outcome following treatment with a standardized protocol[END_REF][START_REF] Forthman | Elbow dislocation with intra articular fracture: the result of operative treatment without repair of the medial collateral ligament[END_REF] of clinical results after surgery (Table 3), but they do not give precise details on the onset of osteoarthritis or, usually, the compartment involved.

Giannicola et al. [START_REF] Giannicola | Terrible triad of the elbow: is it a troublesome injury?[END_REF], in a series of 26 patients undergoing TT surgery on a standardized protocol, found a 38% rate of elbow osteoarthritis (10/26 patients), including 19% Broberg-Morrey grade 2 or 3, at a minimum 12 months' follow-up. Pugh et al. [START_REF] Pugh | Standard surgical protocol to treat elbow dislocations with radial head and coronoid fractures[END_REF] reported 39% (14/36) at a minimum 20 months.

Forthman et al. [START_REF] Forthman | Elbow dislocation with intra articular fracture: the result of operative treatment without repair of the medial collateral ligament[END_REF] reported 33% Broberg-Morrey grade 2 or 3 (7/21 patients) at a minimum 12 months. And Egol et al. [START_REF] Egol | Fracture dislocation of the elbow. Functional outcome following treatment with a standardized protocol[END_REF] reported a higher rate, at 76% (22/29 patients) at a minimum 12 months. None of these studies [START_REF] Giannicola | Terrible triad of the elbow: is it a troublesome injury?[END_REF][START_REF] Pugh | Standard surgical protocol to treat elbow dislocations with radial head and coronoid fractures[END_REF][START_REF] Egol | Fracture dislocation of the elbow. Functional outcome following treatment with a standardized protocol[END_REF][START_REF] Forthman | Elbow dislocation with intra articular fracture: the result of operative treatment without repair of the medial collateral ligament[END_REF] dealt with functional impact or with factors associated with osteoarthritis at last follow-up. Underlying mechanisms are multiple and still poorly understood [START_REF] Heijink | Biomechanical considerations in the pathogenesis of osteoarthritis of the elbow[END_REF]. Identifying risk factors is thus of obvious interest, especially as onset of osteoarthritis impairs functional results [START_REF] Heijink | Biomechanical considerations in the pathogenesis of osteoarthritis of the elbow[END_REF], as seen in the present series.

The surgical treatment of TT is not standardized [START_REF] Chemama | Terrible triad injury of the elbow: How to improve outcomes?[END_REF][START_REF] Pierrart | Terrible triad of the elbow: treatment protocol and outcome in a series of eighteen cases[END_REF][START_REF] Mckee | Standard surgical protocol to treat elbow dislocations with radial head and coronoid fractures[END_REF][START_REF] Antoni | Comparison of bipolar and monopolar radial head prostheses in elbow fracture-dislocation[END_REF] and the effectiveness of certain procedures remains to be proven [START_REF] Couture | Factors affecting outcome of partial radial head fractures: A Retrospective Cohort Study[END_REF]: annular ligament suture [START_REF] Barnes | The Annular Ligament-Revisited[END_REF] or fixation of coronoid tip fracture [START_REF] Papatheodorou | Terrible triad injuries of the elbow: does the coronoid always need to be fixed?[END_REF][START_REF] Antoni | Anterior capsule re-attachment in terrible triad elbow injury with coronoid tip fracture[END_REF] are not recommended by all authors, and did not decrease onset of osteoarthritis the present series. Concerning ligament lesions, lateral collateral ligament reinsertion should be systematic in case of TT [START_REF] Mathews | Terrible triad injury of the elbow: current concepts[END_REF][START_REF] Rodriguez-Martin | Outcomes after terrible triads of the elbow treated with the current surgical protocols. A review[END_REF][START_REF] Sanchez-Sotelo | Complex elbow instability: surgical management of elbow fracture dislocations[END_REF] and we inevitably had no control group without. Medial ligament reinsertion onto the medial epicondyle was too rare in the present series to allow statistical analysis.

Radial head implants, instead of internal fixation, increased the rate of osteoarthritis, in agreement with Chytas et al.'s biomechanical study [START_REF] Chytas | Capitellar erosion after radial head arthroplasty: a comparative biomechanical study of operated radial head fractures on cadaveric specimens[END_REF] showing greater condylar cartilage wear after total replacement than internal fixation in the absence of pre-existing capitulum cartilage lesions. Too high positioning of the radial implant increased the rate of radio-condylar osteoarthritis due to "overstuffing" on the capitulum, accelerating cartilage wear [START_REF] Delclaux | Complications of radial head prostheses[END_REF]. Implant height adjustment is a delicate step, the risk being too high a position, as the lateral ligament has not yet been reconstructed. However, an excessively low position also impairs functional results [START_REF] Van Glabbeek | The kinematic importance of radial neck length in radial head replacement[END_REF]. Intraoperatively, the implant should not go beyond the radial notch of the ulna, which can be clearly visualized on the lateral approach, as advocated by Doornberg et al. [START_REF] Doornberg | Coronoid fracture patterns[END_REF].

Another landmark is that the "river delta sign ": too proximal a position makes for humeroulnar joint line asymmetry on frontal fluoroscopy [START_REF] Gauci | Clinical and radiologic outcomes of pyrocarbon radial head prosthesis: midterm results[END_REF].

Early subluxation or dislocation on immediate postoperative radiographs was associated with increased prevalence of osteoarthritis at last follow-up, probably due to development of chronic instability, leading to osteoarthritis [START_REF] Heijink | Biomechanical considerations in the pathogenesis of osteoarthritis of the elbow[END_REF][START_REF] Papandrea | Reconstruction for persistent instability of the elbow after coronoid fracture-dislocation[END_REF]. Finally, onset of postoperative complications was also associated with osteoarthritis, impairing clinical results [START_REF] Duparc | Prevention and management of early treatment failures in elbow injuries[END_REF].

The present study had certain limitations. 1) The retrospective design incurred all of the inherent biases. Some data were not collected: e.g., traumatic cartilage lesions discovered intraoperatively, which likely have a major role in the development of traumatic osteoarthritis. Even so, the study had the merit of identifying factors associated with onset of osteoarthritis and which can be acted upon, which is not the case for cartilage lesions. 2) Minimum follow-up was only 12 months; but this was also the case in most of the other articles reporting osteoarthritis rates [START_REF] Giannicola | Terrible triad of the elbow: is it a troublesome injury?[END_REF][START_REF] Egol | Fracture dislocation of the elbow. Functional outcome following treatment with a standardized protocol[END_REF][START_REF] Forthman | Elbow dislocation with intra articular fracture: the result of operative treatment without repair of the medial collateral ligament[END_REF]. 3) Radiologic assessment of osteoarthritis was in some cases hindered by flexion contracture, leading to overestimation of joint impingement, and by a radial head implant hindering interpretation in the radiocondylar compartment. However, systematic CTarthrography would have been unjustified, being over-invasive, and MRI would have been severely artifacted by metal implants. 4) The Broberg-Morrey classification used to assess osteoarthritis shows limited inter-observer reproducibility [START_REF] Lindenhovius | Radiographic arthrosis after elbow trauma: interobserver reliability[END_REF], which was why we dichotomized it, as suggested by Lindenhovius et al. [START_REF] Lindenhovius | Radiographic arthrosis after elbow trauma: interobserver reliability[END_REF]. On the other hand, the series had certain strengths. 1) It was the only study focusing specifically on onset of osteoarthritis following TT surgery, despite the high rates reported and the impact on clinical results, as seen in the present study. 2) Various prognostic factors were identified, shedding light on physiopathogenesis. And 3) the patient sample was large compared to other series.

Conclusion

The prevalence of traumatic osteoarthritis following surgical treatment of terrible triad was high in the present series, with clinical impact in case of humero-ulnar compartment involvement. This confirmed the well-known poor prognosis for this pathology and the importance of high-quality postoperative reduction, which is a factor for onset of osteoarthritis.

Onset of traumatic osteoarthritis following surgical treatment of TT is multifactorial in origin, associating traumatic cartilage lesions, persistent instability (which, in the present series, was the most frequent complication), multiple revision surgeries, and radial head replacement (both as such and more especially in case of too high positioning and loosening).

It is difficult to determine the respective impacts of these factors, but identifying them already improves our understanding of the mechanisms underlying the development of traumatic elbow osteoarthritis, so as finally to improve functional outcome. 
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 1 Figure 1: Flowchart
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 2 Figure 2: Humero-ulnar osteoarthritis: complete impingement on medial side in a 62 year-old patient at 24 months' follow-up

Figure 3 :

 3 Figure 3: Humero-ulnar and radio-condylar osteoarthritis in a 58 year-old patient at 16 months' follow-up;Excessive radial implant height (cut too high: should be just above the bicipital tuberosity for a CRF2 implant), causing joint-line asymmetry (***) ("river delta sign"[START_REF] Gauci | Clinical and radiologic outcomes of pyrocarbon radial head prosthesis: midterm results[END_REF]) leading to excessive stress on the capitulum and medial humeroulnar compartment overload due to excessive varus.
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	One or more complications occurred in 39.6% of patients (21/53), requiring 27 revision surgeries in 35.8%
	of cases (19/53) (Table 2).
	Humero-ulnar osteoarthritis impaired functional results: MEPI (76.3 points with versus 88.4 points
	without osteoarthritis; p=0.003), flexion-extension (respectively, 102.3° versus 115.2°; p=0.043) and
	pronation-supination (138.8° versus 159.3°; p=0.006) at last follow-up.
	Radio-condylar osteoarthritis had no significant impact on functional results: MEPI (81.4 with
	osteoarthritis and 84.4 points without; p=0.47), flexion-extension (respectively, 104.8° and 113°; p=0.23)
	or pronation-supination (141.8° and 156.4°; p=0.2) at last follow-up.
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 1 Humero-ulnar and radio-condylar osteoarthritis -statistical associations

	*=p<0.05)
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 2 Complications and revision(CRPS: complex regional pain syndrome)

Table 3 :

 3 Review of the literature son treatment of terrible triad of the elbow.
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