Outcome following reverse shoulder arthroplasty for acute proximal humerus fractures with different humerus inklination angels versus non-surgical treatment


Background:
The optimal treatment of proximal humerus fracture (PHF) Neer type III and IV AO B2 and C2 is controversial. National clinic guidelines for Denmark are official since 2015 and updated 2019. They recommend conservative treatment to all kinds of PHF for patients aged above 60 years. Exceptions are dislocations, headsplits or surgical conditions, were intervention is mandatory like perforations, nerv- or circulationproblems.
Recently reverse shoulder arthroplasthy (RSA) has gained expanding popularity in treating PHF[endnoteRef:1]. Compared with osteosynthesis (ORIF) or hemiarthroplathy (HA) outcomes were superior[endnoteRef:2],[endnoteRef:3]. The impotence of tuberosity healing for good functional outcomes has lead to development of different implants and fixation techniques. The original RSA design by  Gramont with 155 degree was for cuffarthropathy and distalisese the humeral head with further tension on the tuberosities. In contrast “anatomical” designed humeral implants 135 degree enables anatomical refixation of the tuberosities without tension and might avoid resorbtion or displacement of these fracutureparts. Usually in PHF the rotator cuff (RA) is intakt. To implant a 155 degree RSA the surgeon has to remove parts of the rotator cuff, in 135 degree a cuff sparing technique is possible.  [1:  Rajaee, S.Yalamanchili D Increasing Use of Reverse Total Shoulder Arthroplsty for Proximal Humerus Fractures in Elderly Patient. Rajaee, S.Yalamanchili D. Slach  Vol 40 Nr 6
]  [2:  Bonneviall N., Tournier C. Clavert P. Ohl X. Sirveaux F. Saragaglia D. Hemiarthroplasty versus reverse Shoulder arthroplasty in 4-part displaced fractures of the proximal humerus: Multicenter retrospective study Orthoaedics & Traumatology 102/2016
]  [3:  Fraser N A, Bjørdal J, Fjalestad T Reverse Shoulder Arthoplasty Is Superior to Plate Fixation at 2 Years for Displaced Proximal Humeral Fractures in Elderly: A Multicenter Randomized Controlled Trial J Bone Joint Surg Am 2020
] 

The aim of the study is to compare outcomes of different designed RSA versus conservative treatment of PHF Neer type III or IV / AO B2, C2.

Methods and Material

Patients, who meet the inclusion parameters, will be blok-randomimized to one of the three groups.  30 patients in each group will be treated surgical or non-surgical and follow a standardized rehabilitation in public health-system.
Follow-up will be at 3,12,24 month by Western Ontario Osteoarthritis score (WOOS)[endnoteRef:4], Constant Murley (CS)[endnoteRef:5] and Subjective shoulder Volume (SSV)[endnoteRef:6]. X-rays will be valuated independently by to researchers to state union/ non-union/ pseudarthosis in the non-surgical group and TH as healed, displaced over 5 mm or resorbed. Complication and revisions will be noticed. [4:  Moeini S., Rasmussen, J.V; Klausen, T.W. Brorson, St.; Rasch Analysis of the Western Ontorio Osteoarthritis of the shoulder index-the Danish version. Patient relat Outcome Meas /, doi:10,2147/PROM,S87048 (2016)

]  [5:  Constant CR, Gerber C, Emery RJ, Søjberg JO, Gohlke F, Boileau P. A review of the Constant score: modifications and guidelines for its use. JSES 2008 doi10.1016/jjse.2007/06.022
]  [6:  Gilbart,M.; Gerber, Ch. Coparrison of the subjective shoulder value and the Constant score JSES 16/2007
] 


Sample size and Randomization

30 participant in each group has to be included by block randomization by using STATA 1.6
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Analyzes
The data will be analyzed using multivariate mixed regression to take into account the different measurements at follow-up time points 3,12,24 month after fracture/surgery.
X-rays will be valuated interim independently.
Patient information
Patient will be asked verbally and in writing when diagnosed PHF Neer type III / IV AO B2 C2, in the orthopedic outpatient clinic when they get offer treatment either non-surgical or surgical. 

Risks of side effects, disadvantages, injuries
 The orthopedic department of university southern Denmark, Esbjerg is specialized in shoulderreplacement and cover a population of about 1 million citizens. Three experienced surgeons will perform the procedures at a public hospital. The rehabilitation is standardized and similar in each group. 
All participant are covered by the patient-insurance of region southern Denmark.

Sponsors
Non, all treatment-costs are covert by the Danish public health-system without any charge. The authors declare no financially interests of any kind of treatment.
Discussion
PHF is common and non-operative treatment is indicated in all factures Neer type I and II. In type III or IV, in headsplints or fractures with luxations surgical treatment can be necessary. In Denmark national treatment guidelines are published in 2015 and updated in 2019. They recommend conservative treatment for all patients with PHF age over 60, unless headsplint or dislocations accour. Support for non-operative treatment comes by Rasmussen S., Hvass I. 1992[endnoteRef:7], they stated, that displaced PHF can be treated satisfactory. A systematic Review of non-operative treatment of PHF by Iyengar J 2011[endnoteRef:8] found high rates of radiographic healing, good functional outcomes and modest complicationrates. Rangan A 2015[endnoteRef:9] compared surgical vs non-surgical treatment of PHF and found no significant difference. Of 109 operations performed by 66 surgeons in 30 centers, 90 were ORIF, 4 nails, 10 hemiarthroplasthy , 5 others. No fracture classification was used. Recently Soler-Peiro M. 2020[endnoteRef:10] reviewed systematically conservative treatment of Neer 3- and 4 part PHF. They found consolidation I most fractures with negligible rate of mal-unions, good functional results with few complications.  [7:  Rasmuss, S., Hvass I.Displaced proximal humerus fractures: results of conservative treatment. Rasmuss, S., Hvass I. Injury Vol 23, 1992
]  [8:  Iyengar J, Devcic Z Sproul R Feeley B. Nonoperative Treatment of Proximal humerus Fractures: A Systematic review J Orthopaed. Trauma 25/2011
]  [9:  Rangan A. Handoll H. Brealey St et all Surgical vs Nonsurgical Treatment of Adults with displaced Fractures of the Proximal Humerus: Th PROFHER Randomizized Clinical Trial JAMA 313/2015
]  [10:  Soler-Peiro M, Garcia-Martinez L, Aguilella L, Perez-Bermejo M Conservative treatment of 3-part and 4-part proximal humerus fractures: a systematic review J Orthop Surg Res 15/2020
] 

The use of a standardized treatment algorithm by Katthagen JC 2017[endnoteRef:11] looked into failure and revision rates. Other studies compared different surgical approaches. Fraser AN, Fjalestad T 2020[endnoteRef:12] conducted  a multicenter RCT (DelPhi) and found at 2 –years follow-up advantage of RSA over ORIF in displaced OTA/AO type B2 and C2. RSA vs HA for PHF by Ball CM[endnoteRef:13] 2017 is based on the shoulderarthroplasty registry of New Zealand and included 218 RSA and 427 HA from 1999 to 2014. The RSA group was older and 90% female, the revision rate was lower for RSA and the functional outcome better at 5 years. Significant difference were not demonstrated. Tokisch JM[endnoteRef:14] 2017 retrospectively compared outcomes non-operative N19 vs RSA N20  for 3/4-part PHF with 1 year FU, they found only minimal benefits of RSA over non-operative treatment. Marco F[endnoteRef:15] 2019 analyzed in a prospective RCT 30 non-operative vs 29 RSA age 85/ 82 and ound no significant difference between both groups. Retrospective found Argenson JN[endnoteRef:16] 2019 in an age-group older than 70 years, RSA vs non-operative for 3 and 4-part PHF significant better results for RSA and Constant-score, the complications rate was higher for RSA. They suggested RSA for higher demand patients. A registry analysis of 5946 patient from Australia by Critchley O 2020[endnoteRef:17] RSA vs HA focused on revision rates between 2004 and 2014. 51% RSA vs 49% HA had lower revision rates within 9 years 7,0 vs 11,7%, Younger males (55-64) had more luxations, cemented stems had lower revision rate. The importense of greater tuberosity healing for clinical outcomes is shown by Ohl X., Boileau P 2018[endnoteRef:18]. They compared outcomes after tuberosity excision, failed fixation or anatomical healing and found that anatomical tuberosity healing in RSA for PHF improves objective and subjective outcomes, excision was associated with worst outcome.  Tuberosity healing after reverse shoulderarthroplasty for acute proximal humerus fractures: the ‘‘black and tan’’ technique Levy,J,Rosas S[endnoteRef:19], JSES 2015. This technique together with standard suture repair and an implant that support tuberosity healing results in a high healing rates with restoration of external rotation after reverse shoulder arthroplasty for fracture. [11:  Katthagen JC, Hubder M, Grabowski S, Ellwein A, Jensen G, Lill H.  Failure and revision rates of proximal humeral fracture treatment with use of standardized treatment algorithm at a level-1 trauma center J Ortop Traumatol 18/2017
]  [12:  Fraser N A, Bjørdal J, Fjalestad T Reverse Shoulder Arthoplasty Is Superior to Plate Fixation at 2 Years for Displaced Proximal Humeral Fractures in Elderly: A Multicenter Randomized Controlled Trial J Bone Joint Surg Am 2020
]  [13:  Merwe M, Boyle M, Frampton Ch, Ball C Reverse shoulder arthroplasty compared with hemiarthoplasty in treatment of acute proximal humerus fractures JSES 26/2017
]  [14:  Roberson, TA.; Granade CH M.; Tokisch J: Nonoperative management versus reverse shoulder arthroplasty for treatment of 3- and 4-part proximal humeral fractures in older adults. JSES 26/2017
]  [15:  Lopiz Y. Alcvobia-Diaz B.,Marco F: Reverse shoulder arthroplasty versus nonoperative treatment for 3- or 4-part proximal humeral fractures in elderly patients: a prospective randomized controlled trail JSES 28/2019
]  [16:  Chivot M. Lami D. Bizzozero P; Argenson J-N: Three- and four-part dispaced proximal humeral fractures in patients older than 70 years: revers shoulder arthroplasty or nonsurgical treatment JSES 28/2019
]  [17:  Critchley O, McLean A et all Reverse shoulder arthroplasty compared to stemmed hemiarthoplastty for proximal humeral fractures: a registry analysis of 5946 patients JSES 2020
]  [18:  Ohl X. Bonnevialle N. Gallinet B, Boileau P. How greater tuberosity affects clinical outcomes after reverse shoulder arthroplasty for proximal humerus fractuers JSES 27/2018
]  [19:  Levy J, Avoiding Cement Bone Necrosis Effect on Tuberosity Healing: The “Black-and-Tan” Technique Techniques in Shoulder & Elbow 14/2013
] 

Brorson St and Rasmussen J[endnoteRef:20] 2013 did one systematic review for RSA in acute PHF. They found the functional outcome not clearly superior to HA, with higher complicationrates for RSA and risk for scapular notching. A Nordic registry-based study of 6756 replacements by Brorson St and Rasmussen 2017[endnoteRef:21] looked into revision rates after shoulder replacement for acute PHF. Between 2003 and 2013 90% were HA, 8,4 % RSA. The 5 year survival rate was 0,96 for both, the relative risk for revision 1,4 RSA/HA, higher in the age group less than 75 years. Reasons for revision were mainly infections, instability, periprothetic fractures or loosening.  [20:  Brorson St, Rasmussen J, Olsen B. Frich L, Lund St, Hrobjartsoson A reverse shoulder arthroplasty in acute fractures of the proximal humerus: A systematic review International J of Shoulder Surgery 7/2013

]  [21:  Brorson St, Salomonsson B, Jensen St, Fenstad A. Demir Y. Rasmussen J  Revision after shoulder replacement for acute fracture of th proximal humerus: a Nordic registry-based study of 6,756 Cases Acta Orthopaedica 88/2017
] 

The influence of humeral head inclination in RSA was reviewed by Romeo A[endnoteRef:22] 2015, They found lower rates for scapular notching and dislocation in the 135 degree group. External rotation were significant better in this anatomic group, too. No subgroups for different indications were made. Walch G[endnoteRef:23] 2015 found dramatic improvement in adduction, extension and external rotation with varus inclination prostheses. Denard P[endnoteRef:24] 2015 found similar results. Uncemented RSA as initial treatment for PHF by Wiater B[endnoteRef:25] 2019 showed 97% stable humeral stemfixation and 70% healing of the tuberosities. Good functional results were achieved. Krishnan S[endnoteRef:26] 2021 reported on 60 uncemented RSA with excellent ROM and functions-scores, 91% TH, 6,7% revision rate. The study on 135 degree RSA for PHF focused on TH by Gerhardt Ch[endnoteRef:27] 2020 with four years FU showed adjusted CS 61, TH 82%, SSV 79 %, revision rate 5%, scapular nothching 3%. Half of the implants were uncemented. They suspected that RSA with humeral inclination of 135 degree allows refixation of the tuberosties in a more anatomic position and therefor might result in decreased stress on the tuberosity repair. A biomechanical study  compared stability of the tuberosity fixation in reverse fracture arthroplasty with different humerusinclination angels and found higher stability for 135 degree[endnoteRef:28]. Cuff DJ 2013[endnoteRef:29] compared HA vs RSA for PHF with 135 degree fracture-stem with similar good TH.    [22:  Erickson B. Frank R. Harris J. Mall N. Romeo A. The influence of humeral head inclination in reverse shoulder arthroplasty: a systematic review JSES 24/2015
]  [23:  Lädermann A Denard P Boileau P Farron A Dersansart P Terrier A Ston J Walch G Effect of humeral stem design on humeral position and range of motion in reverse shoulder arthroplasty Int Orthop 39/2015
]  [24:  O`Sullivan J.; Lädermann A.; Denard P.:A systematic review of tuberosity healing and outcomes following reverse shoulder arthroplasty for fracture according to humeral inclination of the prosthesis. JSES 29/2020
]  [25:  Writh J. Ho A. Kalma J, Wiater B et all Uncemented Reverse Total shoulder Arthroplasty as Initial Treatment for Comminuted Proximal Humerus Fractures J Orthop Trauma 33/2019
]  [26:  Lo E. Rizkalla J. Montemaggi P. Majekodunmi T Krishnan S. Clinical and radiographic outcomes of cementless reverse total shoulder arthroplasty for proximal humeral fractures JSES 2021
]  [27:  Schmalzl J. Jessen M. Sadler N. Lehmann L-J. Gerhardt Ch. High tuberosity healing rates associated with better functinal outcomes following rimary reverse shoulder arthroplasty for proximal humeral fractures with 135 prothesis BMC Musculoskelt Disord 21/2020
]  [28:  Schmalzl, J; Lehmann, L-J. Higher primary stability of tuberosity fixation in reverse fracture arthroplasty with 135 than with 155 degree humeral inclination JSES 2020
]  [29:  Cuff,D.;Pupello , DR. Comparrison of hemiarthroplsty and reverse shoulder arthroplasty for treatment of proximal humeral fractures In elderly patients. J Bone Joint Surg Am 95/2013
] 


Publications of the results

The result will be scientiffically published in a peer-view journal
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