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Abstract
BACKGROUND
Proximal humeral fractures represent the third most common observed osteoporotic fracture; the treatment in three and four-part proximal humeral fractures in patients over 65 years is still controversial. Among the treatments described in literature, open reduction and internal fixation (O.R.I.F) and reverse shoulder arthroplasty (RSA) are gaining an increasing popularity. 

AIM
To investigate the correct treatment for three and four-part proximal humeral fractures according to psychological aspects. 

METHODS
It was conducted a prospective study with a series of 63 patients treated with O.R.I.F. (group A) and with RSA (group B) for three and four-part proximal humeral fractures according to Neer classification system. A conservative treatment group, as control, was finally introduced. One independent observer performed clinical and a psychological evaluation at one (T0), six (T1) and twelve months (T2) postoperatively. The Constant’s score and The Disabilities of the Arm, Shoulder and Hand (DASH score) were used for clinical evaluation, while General Anxiety Disorder-7 (GAD-7) and Caregiver Strain Scale (CSS) were used for psychological evaluation.

RESULTS
At one month follow up in group A the mean values were DASH score 50.8, Constant score 36.1, GAD-7 score 5.4, CSS 5.0. For the group B, the average values at T0 were: DASH score 54.6, Constant score 32.0; GAD-7 score 6.4, CSS 6.2. At six months in group A the average values were DASH score 42.1, Constant score 47.3, GAD-7 score 4.3, CSS 3.9. For the group B, the average values at T1 were: DASH score 39.1, Constant score 43.2, GAD-7 score 5.7, CSS 5.5. At twelve months in the group A, the mean values were DASH score 32.8, Constant score 60.0, GAD-7 score 3.2, CSS 3.1. For the group B shown these mean values: DASH score 33.6, Constant score 52.9, GAD-7 score 4.3, CSS 4.5. We demonstrated a better clinical and psychological outcome at T2 in the group treated with osteosynthesis compared to the group treated with arthroplasty (Constant P = 0.049, GAD-7 P = 0.012 and CSS P = 0.005). A better clinical and psychological outcome emerged in control group at T2 comparing with surgical group (DASH score P = 0.014, Constant score P < 0.001, GAD-7 P = 0.002 and CSS P = 0.001).

CONCLUSION
Both open osteosynthesis and reverse shoulder arthroplasty are valid treatments for proximal humeral fractures. According to the best osteosynthesis results the authors suggested to perform a psychological analysis for each patient in order to choose the appropriate treatment.
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Core Tip: This was a prospective study with 63 patients seeking to evaluate how psychological factors can influence the choice of device for proximal humeral fractures.


INTRODUCTION
Proximal humeral fractures account for 6%-8% of all fractures and around 85% occurs in patients over 50 years old[1]. Most patients sustaining these fractures are women above the age of 60. These fractures represent the third most common observed osteoporotic fracture in elderly patients, after wrist and hip fractures[2-4], with an incidence of 82 per 100000 person-years. It has been suggested that the overall fracture rate is increasing along with the increase in the elderly population[5,6]. Furthermore, a Finnish study estimated the incidence of fall-related proximal humerus fractures has tripled since 1970[7]. The Neer classification, based on the number of bone fragments, is used for the therapeutic decision[8]. This remains the most commonly used classification, but additional systems have been described more recently, giving other useful indications to surgeon for type of surgery to adopt. About 80% of the proximal humeral fractures is nondisplaced or minimally displaced, therefore in these cases the treatment is conservative. In the remaining 20% of cases, the surgical strategy probably is the first option, although conservative treatment is chosen by some surgeons[9]. In relation to different factors, such as age, daily activity, and fracture pattern, operative treatment options include: synthesis and joint replacement[10-13]. Many studies compared the clinical and radiological outcomes of three and four-part proximal humeral fractures in patients over 65 years old treated with open reduction and internal fixation (O.R.I.F.) and joint replacement. Giardella et al[14], in their retrospective study enrolling patients over 65 years old, reported better clinical and functional results in patients treated with reverse shoulder arthroplasty (R.S.A.) respect to O.R.I.F, confirming that R.S.A. is the best treatment in proximal humeral fractures in elderly patients, especially in case of a rotator cuff tear or degeneration.
The aim of our study was to compare O.R.I.F. with R.S.A. in terms of clinical and psychological outcomes of three- and four-part proximal humeral fractures in patients older than 65 years evaluating whether post-operative psychological symptoms may influence the clinical results after surgery.

MATERIALS AND METHODS
The Authors conducted a prospective observational study with a sequential recruitment of subjects affected by proximal humeral fractures, which was approved by the local Ethics Committee (No. 6809). The study was also registered on ClinicalTrials.gov, Protocol Registration and Result System (NCT04821180).
At the University Hospital of Bari, 63 patients who had undergone shoulder surgery between January 2016 and January 2019 were enrolled.
The inclusion criterion for enrollment was: (1) three and four-part proximal humeral fractures according to Neer classification system; (2) patients seventy years or older; and (3) shoulder surgery within one week after trauma.
The exclusion criteria were: (1) exposed fractures; (2) pathological fractures; (3) proximal humerus fractures with metaphyseal or diaphyseal extension; (4) contraindications to surgery associated with organ dysfunctions or with coagulopathy, allergy or hypersensitivity to the orthopedic implants; (5) patients who were unable to attend the different follow-ups; and (6) patients with psychiatric disorders.
We assumed that all enrolled patients suffered cuff tear arthropathy based on biological and anagraphic age.
All patients were properly informed of the nature of the study and they signed an informed consent document according to the Declaration of Helsinki.
The study group was stratified according to age class (class 1: 70-74 years; class 2: 75-79 years; class 3: 80-85 years) and gender differences (Table 1).
All patients were then divided into two groups according to the choice of surgery treatment: Group A: O.R.I.F. by angle-stable plate PHILOS (PHLPSYNTHES®, Oberdorf, Switzerland) (Figure 1A); and Group B: reverse total shoulder arthroplasty by Modular Shoulder Replacement SMR (LIMA® Corporate, San Benedetto del Friuli, Italy) (Figure 1B).
All patients were treated by the same surgical team with more than five years of experience in upper limb surgery.
The type of treatment was due to rotator cuff status, and shoulder clinical history.
We introduced a control group (Group C), made up of patients with the same characteristics of the study groups, but treated conservatively.
One independent observer performed clinical [Constant score and Disabilities of the Arm, Shoulder and Hand (DASH) score[15,16]] evaluation at one-month (T0), six months (T1) and at one year (T2) post operatively for each groups.
Furthermore the Clinical Psychology Service of our University Hospital performed a psychological evaluation (General Anxiety Disorder-7 scale and Caregiver Strain scale[17,18]) at the same follow-ups for each groups. 
The Constant score determines the shoulder functionality and a higher score is indicative of high functional outcomes. The DASH score analyzes individual ability to perform certain activities and a higher score is indicative of worse functional outcomes.
The General Anxiety disorder 7 scale and the Caregiver Strain scale are two screening psychological tools used to define the level of stress. A higher score is indicative of poor outcomes.
In each case we evaluated the antero-posterior, lateral and transthoracic humerus X-rays at the T0, T1 and T2.

Statistical analysis
All data were collected electronically and were analyzed using R version 3.5.2 (released on 2018-12-20). In order to account for non-normality (Shapiro-Wilk test), continuous variables were reported as median and interquartile range (IQR) and compared (univariable analysis) through Wilcoxon rank sum test. Categorical variables were reported as absolute and relative frequencies. A multivariable linear regression model was then fitted for each score and time in order to evaluate the effect of PI intervention compared to O.R.I.F. intervention (“beta” coefficients) adjusted for age and sex. Linearity of dependent variable and normality and homoscedasticity of residuals were checked for each model through a test of significance. Statistical significance “alpha” was fixed to 0.05. The primary endpoint examined was psychological outcomes of proximal humeral fractures using General Anxiety disorder 7 scale. The secondary endpoint was clinical and shoulder functionality using Constant score. In addition, the Caregiver Strain scale and DASH score were used to complete psychological and clinical outcomes.

RESULTS
The study group was made up of sixty-three patients, 5 males (7.9%) and 58 females (92.1%). The average age was 76.0 (4.0) years, range 70-82. Median (IQR) age was 76.0 (4.0) years.
In 70% of cases the right limb was involved and in 65.1% of cases (41 of 63 cases) were three-part proximal humeral fractures (Table 2).
The analysis showed a prevalence of the four-part proximal humeral fracture in the class 3 age group whilst the three-part proximal humeral fracture in the class 2 (Table 3).
Domestic accident was responsible for 70% of cases whilst road traffic accident was the commonest mechanism in 30% of cases.
The 48.2% (31) of patients were treated by angle stable plate PHILOS (PHLP-SYNTHES®, Oberdorf, Switzerland) with O.R.I.F. (group A) while the 50.8% (32) of patients were treated by reverse total shoulder arthroplasty SMR (LIMA® Corporate, San Benedetto del Friuli, Italy) (group B). The Control group, 32 patients, was treated conservatively.
For the group A, the average values at T0 were: DASH score 50.8 (range 44-62), Constant score 36.1 (range 22-49) (Table 4); as regards the psychological test, the average values at T0 were: General Anxiety Disorder-7 scale 5.4 (range 2-9), Caregiver Strain Scale 5.0 (range 2-9) (Table 4).
For the group B, the average values at T0 were: DASH score 54.6 (range 28-65), Constant score 32.0 (range 23-53) (Table 4); as regards the psychological test, the average values at T0 were: General Anxiety Disorder-7 scale 6.4 (range 3-9), Caregiver Strain Scale 6.2 (range 2-9) (Table 4).
For the group A, the average values at T1 were: DASH score 42.1 (range 32-58), Constant score 47.3 (range 25-63) (Table 5); as regards the psychological test, the average values at T1 were: General Anxiety Disorder-7 scale 4.3 (range 1-8), Caregiver Strain Scale 3.9 (range 1-8) (Table 5).
For the group B, the average values at T1 were: DASH score 39.1 (range 21-60), Constant score 43.2 (range 28-65) (Table 5); as regards the psychological test, the average values at T1 were: General Anxiety Disorder-7 scale 5.7 (range 3-9), Caregiver Strain Scale 5.5 (range 2-9) (Table 5).
At T2 in the group A, the mean values were: DASH score 32.8 (range 16-60), Constant score 60.0 (range 30-80) (Table 6); as regards the psychological test, the average values at T2 were: General Anxiety Disorder-7 scale 3.2 (range 1-7), Caregiver Strain Scale 3.1 (range 1-7) (Table 6).
At T2 the group B shown these mean values: DASH score 33.6 (range 17-55), Constant score 52.9 (range 35-79) (Table 6); as regards the psychological test, the average values at T2 were General Anxiety Disorder-7 scale 4.3 (range 1-7), Caregiver Strain Scale 4.5 (range 1-8) (Table 6).
At T0 median (IQR) DASH score was 53.0 (11.0), Constant score was 34.0 (10.5), General Anxiety Disorder-7 scale was 6.0 (2.0) and Caregiver Strain Scale was 6.0 (3.0).
At T1 median (IQR) DASH score was 38.0 (12.0), Constant score was 44.0 (11.5), General Anxiety Disorder-7 scale was 5.0 (2.5) and Caregiver Strain Scale was 5.0 (3.0).
At T2 median (IQR) DASH score was 32.0 (13.5), Constant score was 55.0 (20.0), General Anxiety Disorder-7 scale was 4.0 (2.5) and Caregiver Strain Scale was 4.0 (3.0).
For the group C, the mean values are reported separately (Table 7).
The univariable analysis (Table 8) showed a significant difference between the two treatment groups for Dash score at T0 (O.R.I.F. vs PI, median 50.0 vs 57.5, P = 0.002), Constant at T0 (O.R.I.F. vs PI, median 38.0 vs 31.5, P = 0.008), GAD-7 at T0 (O.R.I.F. vs PI, median 5.0 vs 6.0, P = 0.015), CSS at T0 (O.R.I.F. vs PI, median 5.0 vs 6.5, P = 0.008), GAD-7 at T1 (O.R.I.F. vs PI, median 4.0 vs 6.0, P = 0.002), CSS at T1 (O.R.I.F. vs PI, median 4.0 vs 6.0, P = 0.001), Constant at T2 (O.R.I.F. vs PI, median 60.0 vs 51.0, P = 0.049), GAD-7 at T2 (O.R.I.F. vs PI, median 3.0 vs 4.0, P = 0.012) and CSS at T2 (O.R.I.F. vs PI, median 3.0 vs 4.0, P = 0.005).
A second univariable analysis (Table 9) between conservative and surgical treatment (using values of the two treatments) was made to enhance the relevance of the study. We reported no statistical difference at T0 regarding clinical and psychological outcomes. On the contrary, conservative treatment has shown to have better clinical and psychological outcomes, although not statistically significant at T1 and statistically significant at T2.
We did not observe complications in the study and control group.

DISCUSSION
Three- and four-part fractures account for 21% to 23% of proximal humerus fractures[19,20], are usually treated surgically by O.R.I.F. in younger patients and by arthroplasty in the elderly[21,22].
Many risk factors patient-related such as osteoporosis, degenerative joint disease of the shoulder, rotator cuff dysfunctions, comorbidities and non-modified risk factors such as gender and age class may influence the choice of treatment[23,24].
In accordance with the literature, we reported a gender differences and age class stratification in favor of female and first class which was most represented (Table 1, Table 3)[25,26].
Due to the poor outcomes associated with conventional anatomic replacement of the humeral head, an extended use of the reverse shoulder arthroplasty has emerged in the literature, linked to good results as both a primary procedure and as a secondary procedure for failed open reductions[27-29].
Until now all the studies described in the literature comparing open reduction and osteosynthesis with reverse shoulder arthroplasty as surgical options of treatment for three and four-part proximal humeral fractures in patients over 65 years old, used clinical and radiological methods of evaluation[30-33].
Our study is the first in literature that compares the psychological and functional results in order to underline the importance of each one or both for the pre-operative planning.
In our study, the Authors reported a tendency to the improvement of functional outcomes for the two groups. As regards the DASH and the Constant score, the Authors reported good results in both groups from T0 to T2 by analyzing the average value of Table 4, Table 5, and Table 6. 
The univariable analysis (Table 8) showed a significant difference between the two treatment groups in favor of Group A as regards DASH score at T0 (O.R.I.F. vs PI, median 50.0 vs 57.5, P = 0.002) and Constant at T0 (O.R.I.F. vs PI, median 38.0 vs 31.5, P = 0.008). 
The Authors linked these results to reach more confidence with the plate respect to the prosthesis. Furthermore, we did not report any statistically significance difference between the two groups at T1 (P = 0.256; P = 0.110).
The univariable analysis (Table 8) did not show a statistically significant difference between the two treatment groups for DASH score at T2 (O.R.I.F. vs PI, median 30.0 vs 32.0, P = 0.587); as regard the Constant score at T2 (O.R.I.F. vs PI, median 60.0 vs 51.0, P = 0.049), there emerged a statistically significant difference in favor of group A who obtained better results but these were very near to the significance limit.
According to the literature, the functional results of the two surgical options (O.R.I.F. vs reverse prosthesis) overlapped at 1 year post operatively[34].
As regards the psychological evaluation, the Authors observed a tendency to the improvement for both groups from T0 to T2 according to Table 4, Table 5, and Table 6.
By better analysis, the Authors highlighted an improvement of psychological evaluation for the group A at T0.
Analyzing GAD-7 at T0 (O.R.I.F. vs PI, median 5.0 vs 6.0, P = 0.015) and CSS at T0 (O.R.I.F. vs PI, median 5.0 vs 6.5, P = 0.008), the Authors reported the superiority in terms of results for the group A respect to the group B according to Table 8.
The statistical evaluation was significant for both tests in the group A and also at T1 and at T2 as reported in the Table 8 analyzing GAD-7 at T1 (O.R.I.F. vs PI, median 4.0 vs 6.0, P = 0.002), CSS at T1 (O.R.I.F. vs PI, median 4.0 vs 6.0, P = 0.001), GAD-7 at T2 (O.R.I.F. vs PI, median 3.0 vs 4.0, P = 0.012) and CSS at T2 (O.R.I.F. vs PI, median 3.0 vs 4.0, P = 0.005).
Patients underwent primary reverse shoulder arthroplasty (group B) showed in each postoperative follow-ups a generalized anxiety disorder and a greater irritability then patients underwent osteosynthesis (group A).
We revealed a residual fear during shoulder movement in patients underwent primary reverse shoulder arthroplasty, unlike the group of patients which have done osteosynthesis, who seemed more confident and secure in shoulder movements. 
The authors linked these results for group B to the anxiety about loosening of humeral head. In fact, the patients underwent osteosynthesis, showed better results in terms of anxiety due to the idea to preserve their humeral head. The perception of own humeral head could play a role in the genesis of anxiety.
Moreover, the comparison between the surgical (group A and B) and the conservative group (group C) revealed better clinical and functional results at 12 mo for the group C. In fact, with mean values of 3.1 and 3.0 for the GAD-7 and CSS scales respectively, the group C showed less anxiety and fear at T2 notwithstanding at 12 mo no statistically differences were found. These results are consistent with a previous study that underlined the importance of conservative treatment which remains a valid option mainly in the three-part proximal humeral fractures in selected cases with good functional results and low complications[9].
This study has some limitations: the number of participants is limited to 63; the maximum follow-up achieved was 12 mo; the device for open reduction and internal fixation used was a single type of angle stable plate with specific surgical technique.

CONCLUSION
The aim of our study was to compare open osteosynthesis and reverse shoulder arthroplasty in the three and four-part proximal humeral fractures, in terms of functional and psychological scores at one, six months and at one year follow-ups in order to underline the importance of each one or both of them for the pre-operative planning.
Based on the results obtained, we highlighted the best results for group A in terms of psychological results respect to group B.
For this reason, we suggest to evaluate before surgical choice not only anatomical parameters but also patient psychological profile, always evaluating the possibility of a hypothetical conservative treatment.
The strong point of our study is the type of the study in fact it is a prospective observational comparative study.
Instead, the weak point is the lack of psychological evaluation for each patient enrolled before the surgery.
Due to the pain after the trauma, the Authors did not administer the psychological evaluation because it may be influenced negatively. 
According to recent data of bibliography, we confirm the efficacy at 1 year of the osteosynthesis and shoulder arthroplasty in terms of functional evaluation. 
As pointed out by the Authors, it is very important to perform a psychological analysis of each patient, in order to identify correctly the patient and to reserve the shoulder arthroplasty for a very limit case in which the bone stock is very poor. 

ARTICLE HIGHLIGHTS
Research background
Patient affected by fractures is evaluated only from a surgical point of view. Psychological aspect is very often underestimated.

Research motivation
More studies are needed in literature, to evaluate before surgical choice not only anatomical parameters but also patient psychological profile.

Research objectives
The aim of our study was to compare open reduction and internal fixation with joint replacement in terms of clinical and psychological outcomes of three- and four- part proximal humeral fractures in patients older than 65 years evaluating whether post-operative psychological symptoms may influence the clinical results after surgery.

Research methods
An observational prospective single-center study with 12 mo follow-up was performed with a sequential recruitment of subjects affected by proximal humeral fractures treated with open reduction and internal fixation and joint replacement. A conservative treatment group, as control, was introduced.

Research results
Patients underwent primary reverse shoulder arthroplasty showed in each postoperative follow-ups a generalized anxiety disorder and a greater irritability then patients underwent osteosynthesis.

Research conclusions
Patient psychological profile should be evaluated by the surgeon before surgery for the choice of surgical devices.

Research perspectives
Future investigations are needed to confirm the role of the psychological profile in the field of orthopedic surgical treatment. In addition, long- term analysis needs to clarify if differences in outcomes are really related to the patient’s mental state.
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Figure Legends
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Figure 1 X-rays images of a patient. A: Post-operative X-rays of a patient treated with open reduction and internal fixation for three-parts proximal humeral fractures; B: Post-operative X-rays of a patient treated with reverse shoulder arthroplasty for three-parts proximal humeral fractures.

Table 1 The range value of variables analyzed for the study group
	Age (yr)
	Female
	Men

	CLASS 1 (70-74)
	30
	1

	CLASS 2 (75-80)
	15
	3

	CLASS 3 (80-85)
	13
	1

	Total 
	58
	5


CLASS: Age class.


Table 2 Analysis of the fracture pattern
	
	Total
	Three-part fractures
	Four-part fractures
                                                                                                  

	Number
	63
	41
	22




Table 3 Analysis of distribution considering age class and fracture personality
	
	Age class (yr)

	Neer classification
	70-75
	75-80
	80-90

	Three-part fractures
	10
	27
	4

	Four-part fractures
	5
	7
	10




Table 4 Postoperative clinical and psychological mean values at T0 follow-up
	
	Group A
	Group B

	DASH
	50.8
	54.6

	CONSTANT
	36.1
	32.0

	GAD-7
	5.4
	6.4

	CSS
	5.0
	6.2


DASH: The Disabilities of the Arm, Shoulder and Hand score; CONSTANT: The Constant score; GAD-7: General Anxiety Disorder-7; CSS: Caregiver Strain Scale.


Table 5 Description of clinical and psychological scores at T1 follow-up
	
	Group A
	Group B

	DASH
	42.1
	39.1

	CONSTANT
	47.3
	43.2

	GAD-7
	4.3
	5.7

	CSS
	3.9
	5.5


DASH: The Disabilities of the Arm, Shoulder and Hand score; CONSTANT: The Constant score; GAD-7: General Anxiety Disorder-7; CSS: Caregiver Strain Scale.


Table 6 Analysis of clinical and psychological scores at T2 follow-up
	
	Group A
	Group B

	DASH
	32.8
	33.6

	CONSTANT
	60.0
	52.9

	GAD-7
	3.2
	4.3

	CSS
	3.1
	4.5


DASH: The Disabilities of the Arm, Shoulder and Hand score; CONSTANT: The Constant score; GAD-7: General Anxiety Disorder-7; CSS: Caregiver Strain Scale.


Table 7 Group C clinical and psychological mean values at three different follow-ups
	
	DASH
	CONSTANT
	GAD-7                                                                 
	CSS

	T0
	51.1
	33.2
	5.9
	5.7

	T1
	38.8
	46.9
	4.9
	4.5

	T2
	29.9
	65.5
	3.1
	3.0


DASH: The Disabilities of the Arm, Shoulder and Hand score; CONSTANT: The Constant score, GAD-7: General Anxiety Disorder-7; CSS: Caregiver Strain Scale. 

Table 8 Score distribution between treatment open reduction and internal fixation and PI
	
	TO
	T1
	T2

	
	O.R.I.F. (n = 31)
	RSA (n = 32)
	P value
	O.R.I.F. (n = 31)
	RSA (n = 32)
	P value
	O.R.I.F. (n = 31)
	RSA (n = 32)
	P value

	DASH
	50.0 (7.5)
	57.5 (7.0)
	0.002
	45.0 (12.5)
	36.5 (12.3)
	0.256
	30.0 (24.0)
	32.0 (5.5)
	0.587

	CONSTANT
	38.0 (7.5)
	31.5 (6.0)
	0.008
	48.0 (19.0)
	42.0 (7.3)
	0.110
	60.0 (31.0)
	51.0 (5.8)
	0.049

	GAD-7
	5.0 (2.5)
	6.0 (2.3)
	0.015
	4.0 (2.5)
	6.0 (2.0)
	0.002
	3.0 (3.0)
	4.0 (1.3)
	0.012

	CSS
	5.0 (2.0)
	6.5 (2.3)
	0.008
	4.0 (2.5)
	6.0 (1.3)
	0.001
	3.0 (2.5)
	4.0 (2.3)
	0.005


Data are median (Interquartile range). P values are from Wilcoxon rank sum test. O.R.I.F: Open reduction and internal fixation; RSA: Reverse shoulder arthroplasty; DASH: The Disabilities of the Arm, Shoulder and Hand score; CONSTANT: The Constant score, GAD-7: General Anxiety Disorder-7; CSS: Caregiver Strain Scale.


Table 9 Comparison between surgical and conservative treatment
	n = 32
	T0
	P value
	T1
	P value
	T2
	P value

	DASH
	53 (44.5)
	0.344
	39 (35)
	0.421
	30 (26)
	0.014

	CONSTANT
	32 (30)
	0.223
	48.5 (42)
	0.063
	65.5 (60)
	< 0.001

	GAD-7
	6 (5)
	0.827
	5 (3.3)
	0.548
	3 (2)
	0.002

	CSS
	6 (5)
	0.481
	5 (3)
	0.090
	3 (2)
	0.001


Data are median (Interquartile range) of conservative group. P values are from Wilcoxon rank sum test. DASH: The Disabilities of the Arm, Shoulder and Hand score; CONSTANT: The Constant score, GAD-7: General Anxiety Disorder-7; CSS: Caregiver Strain Scale.
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