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Aims
To explore whether time to surgery affects functional outcome in displaced proximal humeral fractures.
Patients and Methods
250 patients presenting within three weeks of sustaining a displaced proximal humeral fracture involving the surgical neck were recruited at 32 acute UK National Health Service hospitals between September 2008 and April 2011. 109 of 125 participants received surgery (fracture fixation or humeral head replacement) as per randomisation. Data were included for 101 and 67 participants at 6 month and 5 year follow-up, respectively. Oxford shoulder score collected at 6, 12, and 24 months and 3, 4, and 5 years post-randomisation was plotted against time to surgery. Long-term recovery was explored by plotting 6 month scores against 5-year scores and agreement was illustrated with a Bland-Altman plot.
Results
The mean time from initial trauma to surgery was 10.5 days (range 1-33 days). Earlier surgical intervention did not appear to improve Oxford shoulder score throughout follow-up. Nor when stratifying by participant age (<65 versus ≥65 years old) and fracture severity (1- and 2-part versus 3- and 4-part fractures). Participants managed later than reported international averages (3 days in the USA/Europe, 8 days in the UK) did not have worse outcomes. At 5 year follow-up, 76% of participants had the same or improved Oxford shoulder scores compared with 6 months (r=0.613). A Bland-Altman plot demonstrated a positive average mean difference (+3.3 Oxford Shoulder Score points, ± 7.92) with wide 95% limits of agreement (-12.2 and 18.8 points).
Conclusion and Relevance
Timing of surgery did not affect Oxford shoulder scores at any follow-up time-point, irrespective of age or fracture type. Most participants had the same or improved functional outcome at 5 years compared with 6 months. These findings may help guide providers of trauma services on surgical prioritisation. 
Trial Registration: isrctn.com Identifier: ISRCTN50850043



























Introduction
Fractures of the proximal humerus are the third most common osteoporotic fracture, accounting for 5-6% of adult fractures.1 Many (20%) are displaced fractures and typically occur following minimal trauma.2–6 Management ranges from non-surgical options to surgical interventions including: internal fixation (locking plate and screws, intramedullary nailing, and screw-only fixation) and hemi-arthroplasty.6–9 Considerable variation in surgical management occurs internationally, both between hospitals in the same country and between surgeons.6,10 

The Proximal Fracture of the Humerus Evaluation by Randomization (PROFHER) trial provides rigorous evidence that surgical management is neither superior nor cost-effective compared with non-surgical treatment for displaced proximal humeral fractures involving the surgical neck.8,11–13 This excludes fracture dislocations, head splitting fractures and open fractures which necessitate surgical intervention and represent urgent cases. There is evidence, however, that whilst delayed surgery does not impact upon short-term mortality in patients with fractures of the proximal humerus it can increase morbidity in the immediate post-operative period and length of stay.14 Long-term complications can also be more severe and common if surgery is delayed.4,12,14–16 

Internationally, there is variation in time from initial trauma to surgery. Patients in the United States of America (USA) receive surgery within 3 days and is consistent with practice in a European country (Germany).14,17 An average of 8 days to surgery has been reported in the United Kingdom (UK).11 The window of opportunity for surgical benefit could therefore be earlier than the mean time of around 11 days to surgery achieved in PROFHER.8 Currently the National Institute for Health and Care Excellence in the UK does not recommend when surgical management of proximal humeral fractures should be undertaken despite well-established guidelines for other common fractures.18,19 

In this post hoc sub-analysis, data from the PROFHER randomised clinical trial were used to explore whether the time from initial trauma to surgical management affected patient-reported functional outcome using the Oxford Shoulder Score (OSS) at 6 months, 1, 2, 3, 4, and 5 year follow-up. This was compared across international averages and whether this differed across important participant characteristics. We also explored the stability of OSS between short and long-term follow-up.

Patients and Methods
Study design 
We conducted a post hoc analysis of data from the participants allocated to surgery in the PROFHER trial. Patients aged over 16 years who presented within 3 weeks of sustaining a displaced fracture of the proximal humerus involving the surgical neck were recruited at orthopaedic departments of 32 UK National Health Service (NHS) hospitals between September 2008 and April 2011. PROFHER excluded open fractures, fracture dislocations and head-splitting fractures.

Outcomes
The Oxford Shoulder Score (OSS) was the primary outcome of the PROFHER trial. The OSS consists of 12 items that are summed to a total score of a patient’s subjective assessment of shoulder pain and function that ranges from 0 (worst outcome) to 48 (best outcome).20,21 

Statistical analysis
The data were limited to the surgical arm alone. All analyses were descriptive and performed using Stata version 15 (StataCorp). Due to this being an exploratory study, no formal null hypothesis was stated. Figure 1 summarises the planned analyses. The baseline characteristics of participants were described and grouped by different waiting times to surgery. This illustrates potential factors that may have influenced the decision to undertake surgery earlier. These included: age, fracture severity, sex, smoking status, arm dominance, diabetes and history of previous fracture(s). Waiting times to surgery were compared by center size, approximated by the number of surgical procedures in the trial period: small (1-4 operations), medium (5-9 operations) and large (10 or more operations). Raw OSS scores were plotted against time to surgery in days at each follow-up, in total and stratified for the sub-groups specified in PROFHER (age and fracture severity). Cut-offs based on average surgery times recorded in international practice were included for reference: 3 days (standard indicated by USA and German practice) and 8 days (UK average). The stability of recovery between OSS at 6 months and 5 years was investigated using correlation, illustrated by plotting the two scores against each other and by a Bland-Altman plot of the extent of agreement. Differences in baseline characteristics were explored for participants who improved or deteriorated between 6 months and 5 years.

Results
Of the 1250 patients screened for inclusion, 250 were recruited into PROFHER. The mean age of the 125 participants allocated to surgery was 66 years (range, 27-92 years), 97 (78%) were female and 124 (99%) were white. Of these participants, 109 received surgery as planned. There were 90 (83%) who were managed with locking plate fixation, 10 (9%) received hemiarthroplasty, 4 (4%) intramedullary nail fixation and the remaining 5 (5%) a range of other surgical procedures. There were valid OSS responses at 6 months for 101 participants (93%), at 12 months for 99 participants (91%) and 95 participants (87%) at the original 24 month end-point. Consent to long-term follow-up was obtained from 79 participants (73%) who received an unconditional £5 incentive for each follow-up from 12 months onwards. Valid responses were acquired at 3, 4, and 5 years for 75 participants (69%), 70 participants (64%), and 67 participants (61%), respectively (see Figure 1 for participant flow). Of the 67 participants with follow up data at the 5 year follow-up, valid OSS data at the initial follow up of 6 months was not available for 1 participant.

Table 1 shows that older participants tended to undergo surgical management earlier on: mean age of 71.5 (SD ± 7.3) years for patients with surgery within 3 days post-injury, 66.3 (SD ±13.6) years for surgery between 4 and 8 days, 65 (SD ± 11.0) years for surgery after more than 8 days. There was little difference in the profile of participants at baseline and those retained at follow-up in terms of age, fracture severity and all other characteristics.

Time to surgery and OSS 
Participants who received surgery as allocated (109 (87%)) waited a mean of 10.5 days (range 1-33 days, ± 6.51 days, 95% confidence interval 9.26 to 11.7 days) from initial trauma to surgical management.8 The mean waiting time was 12.9 days (± 6.03) for participants managed in small sites (n=42 in 21 hospitals), 11.2 days (± 7.86) in medium sized sites (n=34 patients in 5 hospitals) and 8.24 days (± 5.10) in large sites (n=33 patients in 2 hospitals).  

Timing of surgery did not appear to be associated with OSS score at any time point (Figure 2). Participants who underwent surgery later than either the USA or UK averages did not appear to have worse OSS scores. Similarly, Figure 3 shows no obvious association between time to surgery and outcome for any of the sub-groups of age (<65 and ≥65 years old) and fracture severity (1- and 2-part versus 3- and 4-part fractures) at any follow-up.

Comparison between OSS at 6 months and 5 years 
Of the participants managed surgically, 66 had complete OSS data available at both 6 months and 5 years. A correlation coefficient (r) of 0.613 indicated a moderate to strong positive correlation between these two time-points. Improved OSS scores at the end of follow-up were seen for 47 patients (71%), scores remained the same for 3 patients (5%) and deteriorated for 16 patients (24%) (Figure 4a).  The majority of patients who deteriorated at 5 years had fractured their dominant shoulder (n=13, 81%), whereas the majority of patients who improved had injured their non-dominant shoulder (n=28, 59%). There appeared to be no other differences in baseline factors (data not presented). A Bland-Altman plot (Figure 4b) illustrates that the average score change over time was positive (3.3 OSS points, ± 7.92). The 95% limits of agreement were wide between -12.2 and 18.8 OSS points.  There was no obvious pattern in the direction of score differences or the extent of agreement by the level of OSS performance.

Discussion
In recent years, there has been a considerable increase in research about fractures of the proximal humerus, particularly their surgical management.4 This has included the optimisation of internal fixation and hemiarthroplasty to achieve stable fixation in osteoporotic bone.6,9 However, this has yielded studies demonstrating only modest reductions in complication rates when augmentation (cementation or allograft) of locking plate fixation is undertaken or conversion to reverse total shoulder arthroplasty, respectively as well as their own unique complications and higher costs.6,9,22 There has, however, been limited focus on whether timing of surgery influences functional outcome, despite heterogeneity in practice internationally.15,23–25 This post hoc analysis provides evidence that there does not appear to be an obvious difference in functional outcome (measured using the OSS) in relation to timing of surgery. This applies to international thresholds of 3 and 8 days post-injury throughout follow-up from 6 months to 5 years.  Exploring the effect of important participant characteristics of age and fracture severity did not alter these findings. 	Comment by John Norman: New para, in response to papers suggested by the editor in chief.

Proximal humeral fractures are a leading cause of lasting morbidity and it has been reported that patients do not regain function comparable to pre-injury.4,15 However, symptoms are thought to improve over time, irrespective of management modality.2,5,7,26–29 We have shown that on average most (76%) participants experienced a modest improvement in OSS at 5 years compared with 6 months. This, however, was less (3.3 OSS points) than the minimal threshold of approximately 5 OSS points (a standard effect size of 0.4) proposed to be clinically important.8,20 Surgical fixation of midshaft fractures of the clavicle has also been found not to generate functional benefit at the shoulder joint compared to conservative management beyond 6 months post-surgery.30 There was also considerable variation in the extent of improvement in our cohort of participants. Given the paucity of research into long-term (beyond 24 months) functional outcomes, this evidence represents the longest known period of post-operative follow-up. 2,24,28,31 

Treatment decisions are informed by factors including patient age, sex, fracture severity and comorbidities. Younger patients and more complex fracture patterns are more likely to be managed surgically and tend to undergo surgical management within a shorter time frame.2,3,32 In contrast, in PROFHER, older participants tended to be operated on earlier and neither age (<65 and ≥65 years old) nor fracture severity (1- and 2-part versus 3- and 4-part) were associated with the primary outcome. Injury of the dominant shoulder has also been considered to be important in predicting worse functional outcome post-surgery.9,16,24 Our findings support this in that the large majority of patients with worse 5 year functional outcome compared with at 6 months had fractured their dominant shoulder.

Whilst our study in the UK provides evidence that time to surgery does not influence patient-reported shoulder function, a study in the USA found that surgery carried out more than 3 days following trauma correlated with prolonged hospital stay and significant in-patient adverse events (including infection, reintubation and acute kidney injury) whilst not impacting on mortality rates.14 An ethnic minority background and having no insurance were independent risk factors for surgery after the third day post-trauma. This could possibly explain the poorer outcomes when surgery was delayed beyond 3 days. In the USA, access to healthcare is a major factor in determining time to surgery in this patient population. Whereas in the UK, access to NHS provided health care is free at the point of delivery, without requiring additional insurance or additional costs beyond those levied from taxation.14 Issues with accessing care following a fracture of the proximal humerus is less likely to act as a limiting factor when considering time to surgery in the UK.

No known guidelines are published about when surgical management should be undertaken in fractures of the proximal humerus in contrast with neck of femur fractures.2,18,19,33 The consequences of fractures of the femoral neck include a 1-year mortality rate of around 30% whereas fractures of the proximal humerus are not associated with comparable mortality rates.34 Internal fixation of the proximal humerus is associated with high complication rates (including, but not limited to, glenoid damage and screw perforation), with correspondingly high reoperation rates.22 Prompt surgical management (within 5 days of trauma) can, however, significantly reduce rates of serious complications (loss of fixation and avascular necrosis) following internal fixation of displaced or comminuted proximal humeral fractures.14,17 Furthermore, a small prospective study showed delayed surgery correlated with an increased incidence of acute post-operative infection, with an appreciable increase in skin bacterial load observed from day 2 post-injury and a statistically significant increase at around 5 days post-injury.25 There is contrasting evidence, however, that operating within 48 hours does not reduce complication rates (including loss of fixation and avascular necrosis) compared to performing surgery between post-injury days 3 and 5 although operating beyond 5 days correlated with increased risk of complications and infection.17,27 In contrast with other fractures - such as the femoral neck – therefore, there is inconsistent evidence about the benefits or complications of timing of surgery in the management of patients with displaced fractures of the proximal humerus.17,33
 
Limitations of this study include loss to follow-up with lower response rates at 5 years (61%) compared with 6-month follow-up (93%). However, the reasonably stable characteristics of participants for all important prognostic factors at baseline and across the key follow-up periods of 6 months and 5 years suggests that non-response is unlikely to have introduced bias. The inclusion criteria for PROFHER meant that patients could be enrolled up to three weeks post-injury and could have delayed the timing of surgery.8,35  The evidence presented here, however, suggests this was unlikely to have had an effect on functional outcome and reassuringly did not harm the welfare of trial participants. The average time to surgery of 10.5 days in PROFHER (based on 30 hospitals involving 66 surgeons) was reasonably comparable with the 8 days this took in a UK study of 12 NHS hospitals in routine clinical practice.11 Fracture types (head-split and fracture dislocations) included in other studies to illustrate international practice were excluded from PROFHER.14 These injuries were excluded as they represent clear indications for – often urgent - surgical management and hence, are more likely to undergo rapid intervention. Therefore the generally shorter times indicated from trauma to definitive surgical management internationally may be a consequence of the inclusion of urgent surgical cases.8 This difference in case-mix between PROFHER and international studies has implications for the observed differences in time to surgery and subsequent complications rates, which would be anticipated to be lower in PROFHER.14,25 Consequently, this may explain why the primary outcome (OSS) was unaffected by more prompt surgery in this particularly (non-urgent) cohort. Finally, outcome data was obtained via self-reported (OSS) questionnaires mailed to participants, rather than clinical or radiological follow-up. The OSS is both standardised and joint specific, whilst demonstrating an excellent correlation with Constant scores (a specific objective assessment of motion and strength in fractures of the proximal humerus)36 thus obviating the need for clinical or radiological follow-up of functional impairment which are inherently subjective in assessment.20 

Conclusion
The main conclusion is that shorter time to surgery does not appear to benefit the management of proximal humeral fractures involving the surgical neck regardless of patient age or fracture severity using a patient-reported outcome measure. Most participants experienced the same or improved functional outcome at 5 years compared to 6 months, although there was substantial variation in the extent of any improvement. These findings may help guide providers of trauma services on surgical prioritisation. As a post-hoc analysis of a limited trial sub-sample, these findings should be interpreted with caution. 

Take home message
· Proximal humeral fractures are common injuries associated with considerable morbidity. Optimal management remains uncertain including variation in time to surgery across international practice.
· Timing of surgery for these fractures does not influence patient-reported functional outcome, regardless of patient age or fracture pattern. 

Acknowledgements
The authors wish to thank all of the patients involved in this study and all of the principal investigators from the PROFHER trial for their valued contribution. We particularly thank Helen Handoll, DPhil (Teesside University) for her review and advice during the drafting of the manuscript.

Conflict of Interests
Funding grants for the PROFHER trial were provided by the NIHR HTA. Prof Rangan reported receiving grants and personal fees from ORUK and from DePuy J&J Ltd, outside the submitted work. No other disclosures were reported.

Funding/Support
This trial was funded by the National Institute for Health Research, Health Technology Assessment Programme (project No. 06/404/53) and will be published in full in UK Health Technology Assessment.
Role of the Funder/Sponsor
Teesside University managed the grant application process and monitored the study but it had no direct role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.

Disclaimer
The views expressed are those of the authors and not necessarily those of the UK National Institute for Health Research, the UK National Health Service, or the UK Department of Health and Social Care.










References
1. 	Court-Brown CM, Caesar B. Epidemiology of adult fractures: A review. Injury. 2006;37(8):691-697. doi:10.1016/j.injury.2006.04.130
2. 	Kruithof RN, Formijne Jonkers HA, van der Ven DJC, van Olden GDJ, Timmers TK. Functional and quality of life outcome after non-operatively managed proximal humeral fractures. J Orthop Traumatol. 2017;18(4). doi:10.1007/s10195-017-0468-5
3. 	Bahrs C, Tanja S, Gunnar B, et al. Trends in epidemiology and patho-anatomical pattern of proximal humeral fractures. Int Orthop. 2014;38(8). doi:10.1007/s00264-014-2362-6
4. 	Slobogean GP, Johal H, Lefaivre KA, et al. A scoping review of the proximal humerus fracture literature. BMC Musculoskelet Disord. 2015;16(112). doi:10.1186/s12891-015-0564-8
5. 	Launonen AP, Lepola V, Saranko A, Flinkkilä T, Laitinen M, Mattila VM. Epidemiology of proximal humerus fractures. Arch Osteoporos. 2015;10(1):5. doi:10.1007/s11657-015-0209-4
6. 	Lee SH, Han SS, Yoo BM, Kim JW. Outcomes of locking plate fixation with fibular allograft augmentation for proximal humeral fractures in osteoporotic patients. Bone Jt J. 2019;(3):260-265. doi:10.1302/0301-620X.101B3.BJJ-2018-0802.R1
7. 	Tepass A, Blumenstock G, Weise K, Rolauffs B, Bahrs C. Current strategies for the treatment of proximal humeral fractures: an analysis of a survey carried out at 348 hospitals in Germany, Austria, and Switzerland. J Shoulder Elb Surg. 2013;22:8-14. doi:10.1016/j.jse.2012.04.002
8. 	Rangan A, Handoll H, Brealey S, et al. Surgical vs nonsurgical treatment of adults with displaced fractures of the proximal humerus the PROFHER randomized clinical trial. JAMA - J Am Med Assoc. 2015;313(10):1037-1047. doi:10.1001/jama.2015.1629
9. 	Holschen M, Siemes M-K, Witt K-A, Steinbeck J. Five-year outcome after conversion of a hemiarthroplasty when used for the treatment of a proximal humeral fracture to a reverse total shoulder arthroplasty. Bone Joint. 2018;100(6):761-766. doi:10.1302/0301-620X.100B6
10. 	Launonen AP, Lepola V, Flinkkilä T, Laitinen M, Paavola M, Malmivaara A. Treatment of proximal humerus fractures in the elderly. Acta Orthop. 2015;86(3):280-285. doi:10.3109/17453674.2014.999299
11. 	Dean BJF, Jones LD, Palmer AJR, Macnair RD, Brewer PE, Jayadev C  et al. A review of current surgical practice in the operative treatment of proximal humeral fractures: does the PROFHER trial demonstrate a need for change?. Bone Jt Res. 2016;5(5):178-184.
12. 	Handoll HHG, Brorson S. Interventions for treating proximal humeral fractures in adults. Cochrane Database Syst Rev. 2015;11. doi:10.1002/14651858.CD000434.pub4
13. 	Corbacho B, Duarte A, Keding A, et al. Cost effectiveness of surgical versus nonsurgical treatment of adults with displaced fractures of the proximal humerus: Economic evaluation alongside the profher trial. Bone Jt J. 2016;98B(2):152-159. doi:10.1302/0301-620X.98B2.36614
14. 	Menendez ME, Ring D. Does the timing of surgery for proximal humeral fracture affect inpatient outcomes? J Shoulder Elb Surg. 2014;23(9):1257-1262. doi:10.1016/j.jse.2014.03.010
15. 	Calori GM, Colombo M, Bucci MS, et al. Complications in proximal humeral fractures. Injury. 2016;47:54-58. doi:10.1016/j.injury.2016.07.039
16. 	Hageman M, Jayakumar P, King JD, Guitton TG, Doornberg JN, Ring D. The factors influencing the decision making of operative treatment for proximal humeral fractures. J Shoulder Elb Surg. 2015;24(1):21-26. doi:10.1016/j.jse.2014.05.013
17. 	Siebenbürger G, Van Delden D, Helfen T, Haasters F, Böcker W, Ockert B. Timing of surgery for open reduction and internal fixation of displaced proximal humeral fractures. Injury. 2015;46 Suppl 4:S58-62. doi:10.1016/S0020-1383(15)30019-X
18. 	National Institute for Health and Care Excellence. Fractures (complex): assessment and management. https://www.nice.org.uk/guidance/ng37/chapter/Recommendations - pre-hospital-settings. Published 2016. Accessed December 9, 2017.
19. 	National Institute for Health and Care Excellence. Fractures (non-complex): assessment and management. https://www.nice.org.uk/guidance/ng38. Published 2016. Accessed December 9, 2017.
20. 	Dawson J, Rogers K, Fitzpatrick R, Carr A. The Oxford shoulder score revisited. Arch Orthop Trauma Surg. 2009:129. doi:10.1007/s00402-007-0549-7
21. 	Dawson J, Fitzpatrick R, Carr AJ, Churchman D. Assessing the outcome of shoulder surgery: development, validation and responsiveness of the patient-reported Oxford Shoulder Score (OSS). Value Heal. 2011;14(3):90. doi:10.1016/j.jval.2011.02.505
22. 	Acklin YP, Zderic I, Inzana JA, et al. Biomechanical evaluation of a new gliding screw concept for the fixation of proximal humeral fractures. Bone Jt Res. 2018;7(6):422-429. doi:10.1302/2046-3758.76.BJR
23. 	Archer LA, Furey A. Rate of avascular necrosis and time to surgery in proximal humerus fractures. Musculoskelet Surg. 2016;100(3):213-216. doi:10.1007/s12306-016-0425-0
24. 	Esen E, Doǧramaci Y, Gültekin S, et al. Factors affecting results of patients with humeral proximal end fractures undergoing primary hemiarthroplasty: A retrospective study in 42 patients. Injury. 2009;40(12):1336-1341. doi:10.1016/j.injury.2009.06.019
25. 	Blonna D, Barbasetti Di Prun N, Bellato E, et al. Effect of surgical delay on bacterial colonization in proximal humeral fractures. J Orthop Res. 2016;34(6):942-948. doi:10.1002/jor.23107
26. 	Handoll HH, Keding A, Corbacho B, et al. Five-year follow-up results of the PROFHER trial comparing operative and non-operative treatment of adults with a displaced fracture of the proximal humerus. Bone Jt J. 2017;9999(3):383-392. doi:10.1302/0301-620X.99B3
27. 	Kontakis G, Koutras C, Tosounidis T, Giannoudis P. Early management of proximal humeral fractures with hemiarthroplasty. J Bone Jt Surg [Br]. 2008;90(11):1407-1413. doi:10.1302/0301-620X.90B11
28. 	Hanson B, Neidenbach P, de Boer P, Stengel D. Functional outcomes after nonoperative management of fractures of the proximal humerus. J Shoulder Elb Surg. 2009;18(4):612-621. doi:10.1016/j.jse.2009.03.024
29. 	Olsson C, Nordquist A, Petersson CJ. Long-term outcome of a proximal humerus fracture predicted after 1 year: A 13-year prospective population-based follow-up study of 47 patients. Acta Orthop. 2005;76(3):397-402. doi:10.1080/17453670510041295
30. 	Qvist AH, Væsel MT, Jensen CM, Jensen SL. Plate fixation compared with nonoperative treatment of displaced midshaft clavicular fractures: a randomized clinical trial. Bone Jt Journal. 2018;100(10):1385-1391. doi:10.1302/0301-620X.100B10.BJJ-2017-1137.R3.
31. 	Muhm M, Bott J, Lahr C, Winkler H, Ruffing T. Outcome after operative treatment of proximal humeral fractures in elderly patients. Z Gerontol Geriatr. 2016;49(6):505-511. doi:10.1007/s00391-015-0954-4
32. 	Torrens C, Sanchez JF, Isart A, Santana F. Does fracture of the dominant shoulder have any effect on functional and quality of life outcome compared with the nondominant shoulder? J Shoulder Elb Surg. 2015;24(5). doi:10.1016/j.jse.2014.10.006
33. 	Siegmeth AW, Gurusamy K, Parker MJ. Delay to surgery prolongs hospital stay in patients with fractures of the proximal femur. J Bone Jt Surg - Br Vol. 2005;87B(8):1123-1126. doi:10.1302/0301-620X.87B8.16357
34. 	Lisk R, Yeong K. Reducing mortality from hip fractures: a systematic quality improvement programme. BMJ Qual Improv Reports. 2014. doi:10.1136/bmjquality.u205006.w2103
35. 	Handoll H, Brealey S, Rangan A, et al. Protocol for the ProFHER (PROximal fracture of the humerus: Evaluation by randomisation) trial: A pragmatic multi-centre randomised controlled trial of surgical versus non-surgical treatment for proximal fracture of the humerus in adults. BMC Musculoskelet Disord. 2009;10. doi:10.1186/1471-2474-10-140
36. 	Baker P, Nanda R, Goodchild L, Finn P, Rangan A. A comparison of the Constant and Oxford shoulder scores in patients with conservatively treated proximal humeral fractures. J Shoulder Elb Surg. 2008. doi:10.1016/j.jse.2007.04.019





















Figure Legends and Tables
Table 1: Baseline characteristics of participants randomised to surgery, stratified by time to surgery and follow-up  
Figure 1: Scheme of analysis
Figure 2: Oxford Shoulder Scores throughout follow-up with indications of international variations in average time to surgery
Figure 3: Oxford Shoulder Scores throughout follow-up stratified by participant age and fracture severity
Figure 4: Exploration of relationship between Oxford Shoulder Score at 6 months and 5 years follow-up 
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