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INTRODUCTION 
 
Proximal humeral fractures represent the third most common type of osteoporotic fracture [1,2]. 

Proximal humeral fractures are common injuries, accounting for 5%-6% of all fractures [3]. Most 

proximal humeral fractures have minimal or no displacement6 and are treated nonoperatively with 

acceptable outcomes[4]. Hemiarthroplasty (HA) and Reverse Total Shoulder Arthroplasty (RTSA) 

are both reliable treatment options for complex proximal humerus fractures; the former is largely 

influenced by tuberosities healing [5], whereas the latter is less dependent on the rotator cuff to 

achieve good functional results [6].  

Reverse total shoulder arthroplasty (RTSA) offers a biomechanical advantage to anatomic total 

shoulder arthroplasty (TSA) in patients with rotator cuff arthropathy. Since its introduction in 1987 

by Grammont et al [7]and approval by the Food and Drug Administration (FDA) in 2004 [8], the 

number of RTSA operations performed annually has increased dramatically [9].  Currently, the rates 

at which RTSA is performed in the United States rivals those of the traditional TSA[10]. While patient 

reported outcomes of RTSA have proven excellent, there remains tremendous variability in range of 

motion (ROM) outcomes, particularly with respect to internal (IR) and external rotation (ER) [11]. 

While subscapular tendon repair is essential for shoulder stability and function in HA [12-14], its role 

in RTSA is debated. Some studies suggest a role of the subscapularis repair in improving the stability 

of the implant and range of motion (ROM) [15,16]; whereas others associate subscapularis repair 

with impaired glenohumeral external rotation (ER) and increased demand on the deltoid muscle 

during arm elevation. [17, 18]. Several previous studies have examined the importance of subscapular 

repair in both HA and RTSA.  

In the context of anatomic total shoulder arthroplasty, the subscapularis tendon serves a critical role 

in stabilizing the implant, which necessitates its repair during TSA[12, 14]. However, the role and 

relative importance of subscapularis repair during RTSA remains a topic of intense debate. Advocates 

of subscapularis repair sustain that doing so enhances stability of the implant, decreases dead space 
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in the joint (subsequently reducing related complications) and improves internal rotation[19-21]. 

Conversely, detractors believe that repairing the subscapularis impairs glenohumeral ER, thus 

limiting patients’ ability to perform activities daily life (ADLs), and places increased demand on the 

deltoid muscle to perform arm elevation[17,18,21].  

De Carli et al. [22] demonstrated that, in patients treated with RTSA and subscapularis repair for 

eccentric osteoarthritis, the size of subscapularis muscle was significantly reduced in the majority of 

patients.  

Dedy et al. [23] sonographically evaluated the subscapularis tendon in patients who underwent repair 

and found it to be absent in 23% of patients after a mean follow up of 19 months. Similarly, De Boer 

et al. [5] demonstrated 40% of repaired tendons maintained sufficient integrity at a mean follow-up 

of 36 months.  

We believe that utilizing high-accuracy imaging techniques a more accurate evaluation of 

subscapularis condition after RTSA or HA in patient with proximal humeral fracture and concomitant 

subscapularis repair could be achieved.  

However, no studies to date have examined the importance of subscapularis condition on functional 

outcomes when comparing hemiarthroplasty and reverse shoulder replacement in patients with 

complex proximal humerus fractures. 

The primary aim of this study is to evaluate subscapularis muscle condition in both HA and RTSA 

with pre- and post-operative CT scans. The secondary aim is to analyse the clinical outcome of both 

types of prostheses with analysis of the results with the post-operative subscapularis condition. 
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MATERIAL AND METHODS 
 
Study population  
 
This study underwent University Ethics Committee approval. Between June 2015 and May 2020 178 

patients were assessed in the emergency department of our hospital with proximal humeral fractures. 

Of these, fifteen patients declined to participate. Thus, 163 patients provided their informed consent 

to participate and were enrolled in this prospective non-randomized study. Patients were included if 

they met the following criteria: 1) age greater than 60; 2) proximal humeral fracture with displaced 

three- or four-part (according to Neer’s classification [24]) confirmed by shoulder X-Ray and pre-

operative CT scan. Whereas the exclusion criteria encompassed any patient with: 1) fracture-

dislocation; 2) history of rheumatic diseases; 3) presence of neurological disease or cognitive 

dysfunction; 4) pathologic or open fractures; 5) associated neurovascular injury or 6) degenerated or 

irreparable subscapularis tendon. 

Pre-operative rotator cuff tendons were classified according to Goutallier and Zanetti using CT [25, 

26]. RTSA was the treatment of choice in patients with compromised rotator cuff tendons (high 

degree of atrophy (Zanetti 3) and adipose infiltration (Goutallier 3-4)), comminution of the great 

tuberosity or in patients with limited ROM and symptomatic nocturnal shoulder pain prior to the 

fracture. 

 
Surgical technique 
 
RTSA and HA were performed using the SMR reverse shoulder system (LIMA Corporate, Italy) with 

patients in the beach chair position. No cement was used, and the senior authors performed all 

operations.  

In RTSA, the deltopectoral approach was utilized in all cases to better view the baseplate inclination 

and to minimize the risk of axillary nerve injury. Tenotomy of the subscapularis was performed at 

the level of the anatomical neck. The tendon was considered reparable if it could be reattached to its 
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original insertion with transosseous suture with mild force at 20° of ER and neutral abduction. All 

RTSA procedures used a 40-mm or 44-mm glenosphere implanted with the humerus at 10° of 

retroversion. Prostheses were secured by press-fit fixation. The greater tuberosity was repaired in 

every patient. 

In HA, deltopectoral approach was utilized in all cases. The subscapularis and supraspinatus were 

secured with sutures to provide temporary fixation of the tuberosities. An osteotomy was performed 

in cases without lesser tuberosity fracture. Tenotomy of the long head of the biceps tendon (LHBT) 

was performed and the glenoid fossa was inspected to rule out any injury after retrieving the humeral 

head. Following securing of the infraspinatus tendon, the prosthesis was positioned and secured by 

press-fit fixation after the humeral head was measured. The tuberosities were fixed by non-absorbable 

suture through the bone and the corresponding holes in the prosthesis.  

 

Clinical evaluation  
 
Patients of both groups were evaluated at the final follow-up (minimum two years) by a standardized 

examiner uninvolved in the arthroplasty procedure.  

Active shoulder range of motion (ROM) was evaluated with external (ER) and internal (IR) rotation 

with the arm in abduction, adduction, and forward flexion. Posterior IR was recorded on a 6-point 

vertebral segments related scale [27]: 1) dorsum of hand positioned at lateral thigh; 2) buttock; 3) 

lumbosacral junction; 4) waist (3rd lumbar vertebra); 5) 12th dorsal vertebra; 6) interscapular region. 

All patients completed Constant score, Quick Dash, Simple Shoulder Test, and Visual Analog Scale 

(VAS) pain questionnaires at the end of the follow up.  

 
CT evaluation 
 
Shoulder CT scan was performed at the time of the diagnosis and at the end of the follow up in both 

groups by the same radiologist. Toshiba Aquilion 16-slice CT scanner (Tokyo, Japan) was used to 

obtain images for all patients with the same protocol, calibration method and scanning settings (120 
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kVp, 125 mAs, 250 mm field of view, and a detector pitch of 15). A 512 matrix of 1-mm-thick slices 

was created using a soft-tissue filter and raster artifact suppression tool (slice overlap: 0.5 mm). The 

Y view [28] was created through reconstruction of the sagittal-oblique CT slice from the original CT 

scan. The rendered images were evaluated for the cross-sectional areas of the subscapularis muscle 

(SMCSA) and supraspinatus fossa (SFCSA) at the lateral most point of continuity of the scapular 

spine with the scapular body. Both cross-sectional areas were measured in square millimetres. The 

SMCSA/SFCSA ratio was employed as a standardized value to account for anatomical differences 

between patients [6] (Fig. 1). 

Each group (HA and RTSA) was classified into three further groups according to their 

SMCSA/SFCSA ratio: <1.5, 1.5-2 or >2.0. Postoperative reduction in subscapularis size was 

evaluated at final follow-up according to the SMCSA/SFCSA ratio groups, the absolute value of 

subscapularis cross sectional area (mm2), and the absolute SMCSA reduction (i.e., <25%, 25-35% 

and >35% reduction) compared to their pre-operative values. 

 

Statistical analysis 
 
Parametric variables were expressed as medians. Frequencies and percentages were used to assess 

the distribution of nonparametric variables. Wilcoxon-Mann-Whitney test was used to analyse 

differences in ROM, clinical scores, and absolute reduction in SMCSA between the two groups. Chi-

square test and Fisher’s exact test were used to analyse differences in non-parametric variables. 

Statistical analysis was performed using IBM SPSS Statistics 24 (Armonk, NY, USA) and JMP Pro 

12 (Cary, NC, USA). Statistical significance was defined as p < .05. 
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RESULTS 
 

Demographics  
 
Of the 163 patients initially enrolled into the study, 49 met at least one exclusion criteria and were 

subsequently excluded. Of the 49 excluded patients, 9 had a fracture-dislocation of the humeral head, 

14 reported histories of rheumatic disease, 18 suffered neurological disease or cognitive disfunction, 

5 had a pathological fracture, and 3 had a neurovascular injury. Furthermore 11 patients were treated 

conservatively due to a high risk of anaesthesiologic complications. Of the 103 remaining patients, 

52 patients and 51 patients were scheduled to undergo RTSA and HA, respectively. 15 patients were 

excluded post-operatively due to intra-operative findings of severe subscapularis tendon degeneration 

rendering them nonviable for suture (seven in RTSA group and eight in HA group). Additionally, 20 

patients were lost to clinical or radiological follow up (nine in RTSA group and 11 in HA group). 

Consequently, a total of 68 patients completed the study. Of these, 36 patients underwent RTSA (aged 

71.3 ± 4.4, range 66-88 years) and 32 patients underwent HA (aged 69.5 ± 5.1, range 64-81 years). 

At the time of surgery, the mean age among all patients was 70.9 ± 6.3 years (range 64-88 years).  

Fracture classification for each group is shown in Table 1.  

In the HA-group, all patients were right-hand dominant (100%), and in the RTSA-group 34 (94.44%) 

were right-hand dominant and two (5.56%) were left-hand dominant. In the HA group, the operative 

shoulder was the right side in 14 patients (43.75%) and the left side in 18 patients (56.25%0. In the 

RTSA group, the operative shoulder was the right side in 20 patients (55.56%) and the left side in 16 

patients (44.44%). There were no statistically significant differences in hand-dominance (p=0.4943) 

or operative side (p=0.3311) between groups.  

There were no statistically significant differences found between groups in pre-existing risk factors: 

hypertension was found in 22 (61.11%) patients in the RTSA group vs 20 (62.50%) in the HA group 

(p=0.90), diabetes mellitus in four (11.11%) patients in the RTSA group vs six (18.75%) in the HA 
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group (p=0.49), and smoking habits in four (11.11%) patients in the RTSA group vs two (6.25%) in 

the HA group (p=0.67). 

 

Clinical assessment 
 
Patients in the RTSA group reported better results in all PROs except for the VAS score which was 

slightly higher in the HA group. Statistically significant differences were illustrated in the Constant 

Score, Quick Dash, simple shoulder test, and VAS score (Table 2). 

 
Range of Motion 
 
RTSA patients achieved greater degrees of ER and IR (both in adduction and abduction), forward 

flexion, and abduction. They also demonstrated statistically significant higher results on the 6-point 

vertebral segments scale compared to the HA patient cohort (p= .0046) (Table 3). 

 

Radiographic results.  
 
Pre- and post-operative assessment comparisons of the SMCSA/SFCSA ratio in both groups are 

shown in Fig. 2. No statistically significant differences were found between the two groups. 

The pre-operative median surface area of the subscapularis was greater in absolute value in the RTSA 

patient group (RTSA 1643±638,22mm² vs HA 1294±683,21mm²) (p= 0.031); however, the 

difference between pre and post-operative subscapularis surface was greater in the patients who 

underwent RTSA (RTSA -682,5±561,32mm² vs HA -338,5±416,25mm²) (P=0.0186), indicating a 

larger loss in the subscapularis surface following surgery. All patients presented with a post-operative 

SMCSA reduction (p=0.0115). Specifically, within the HA group, 37.5% (12) of patients showed a 

SMCSA reduction of <25%, 37.5% (12) of patients experienced a reduction between 25% and 35%, 

and 25% (8) of patients had a greater than 35% reduction. On the other hand, within the RTSA cohort, 

33.3% (12) of patients had a SMCSA reduction of <25%, 11.1% (4) of patients experienced a 

reduction of 25%-35%, and 55.6% (20) of patients had >35% reduction (Fig. 3).  
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DISCUSSION 
 
The main finding of the study was the increased reduction in the subscapularis cross-sectional area 

after surgery identified in the RTSA cohort when compared to the HA cohort. Patients treated with 

RTSA had a larger median surface area of the subscapularis pre-operatively; whereas, after surgery, 

the subscapularis area decreased more than in the HA group. Additionally, more RTSA patients 

showed reductions >35% in SMCSA than HA patients. Furthermore, our study demonstrated 

significantly better results in the RTSA group with respect to patient-reported outcome metrics 

(Constant Score, Quick Dash, and Simple Shoulder Test results), and physical exam findings (IR, 

ER, forward flexion, and abduction) when compared to the HA group.  

Our results are in line with other papers in which they analyzed displaced 3- or 4-part fractures of the 

proximal humerus and found that rTSA led to better shoulder function than HA using the Constant 

score as the primary outcome parameter [29].  

In 2014, Sebastia - Forcada et al [30]   published the only previous RCT (randomize, controlled trial) 

comparing rTSA and HA in 61 patients aged 70 years, with a minimum follow-up period of 2 years. 

In their single-center trial, rTSA gave a significantly higher mean Constant score compared with HA 

(56.1 points vs. 40.0 points), as well as significantly higher flexion (120 vs. 80) and abduction (113 

vs. 79).  

In the paper by Jonsson et al [29], patients treated with rTSA had higher functional scores overall, 

but in particular the difference from the Constant score was 11.1 points, which is very different from 

the difference of 19.5 recorded in our study. 

The mean difference in the Constant score between the treatment groups (19.5 points) is likely to be 

not only statistically significant (P < .001) but also clinically significant. 

Van de Water et al [31]   reported an minimal clinically important difference (MCID) of 11.6 points 

in the only previous study specifically addressing proximal humeral fractures and Simovitch et al [32] 
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found an MCID of 5.7 points. Moreover, Simovitch et al found that the MCID was lower in women 

than in men and in patients aged > 70 years than in patients aged < 70 years. 

The implementation of HA and RTSA as treatment options for proximal comminuted humeral 

fractures have been extensively studied in prior literature. A meta-analysis from Wang et al. [33] 

identified that patients who underwent RTSA had a lower rate of complications, better tuberosity 

healing, larger active forward elevation, and higher ASES score when compared with HA patients. 

Similarly, Cuff DJ et al. [34] demonstrated that positive final clinical outcomes and ROM values for 

elderly patients treated with HA for acute comminuted proximal humeral fractures depended on 

greater tuberosity healing, which was not always likely in this patient population due to poor bone 

quality. Conversely, positive outcomes in the RTSA-treated patients were less contingent upon the 

patient bone quality and thus these patients had more consistent and superior results 

There is one recent paper on proximal humeral fractures comparing rTSA with treatments other than 

HA[35]. In this study, Lanzetti et al found that rTSA was superior to plate osteosynthesis. They 

analyzed 162 older than 70 and found a mean difference in the Constant score of 32 points in favor 

of rTSA at minimum 2 years follow up. In addition, the mean difference of ASES score and Dash 

Score was 16 and 10, respectively, in both cases statistically significant. This is roughly in line with 

our study where, although comparing two different surgical techniques, the Dash score difference 

was 12.5 points.  

Although the subscapularis had a greater loss in size, the clinical exam findings (ROM) and clinical 

survey scores were significantly better in the RTSA group. This potentially supports the hypothesis 

that the post-operative condition of the subscapularis does not affect the clinical outcome in patients 

treated with RTSA[29].  

Dedy et al [23] utilized sonography to evaluate the integrity of the subscapularis tendon at a mean 

follow- up of 19 months following RTSA. The authors found the tendon to be intact in only 13% of 

patients, absent in 23% patients and with various grades of attenuation in the remaining cases. No 

differences in patient reported and clinical outcomes were demonstrated between patients with intact 
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and attenuated or absent subscapularis tendons. However, a significantly higher IR ROM was found 

in patients in whom the tendon was intact or mildly attenuated rather than absent and ER ROM did 

not differ according to subscapularis tendon quality. 

In according with Dedy, De Boer et al. [5] performed an ultrasound examination of the subscapularis 

tendon following an RTSA surgery and discovered an intact subscapularis tendon in only 40% of the 

patients who had the subscapularis repaired, with no differences in ROM and strength between these 

2 patient groups. 

The increased reduction in subscapularis surface area in RTSA compared to HA noted in this study 

can be explained by changes in the biomechanics of the shoulder. In the normal shoulder, the 

subscapularis rotates the humerus differently depending on whether it is above or below the centre of 

rotation [21]. 

Following RTSA, the biomechanics of the shoulder are changed with the humerus and subscapularis 

tendon moved inferiorly to the centre of rotation, changing the muscle traction vector [36]. 

Subsequently, the subscapularis functions as an adductor for the first 70° of the arm abduction in 

post-RTSA patients [37]. Furthermore, medially translating the humerus shortens the subscapularis 

muscle and limits its ability to generate active movement [38-40]. 

The subscapularis reduction can be secondary to normal rotator cuff degeneration and fatty 

infiltration, as this is common in an elderly population [41]. However, the finding of a major loss in 

subscapularis size following RTSA, when compared to HA, may support our previous biomechanical 

hypothesis or may be a consequence of the surgical procedure. 

Prior literature delineates other advantages of subscapularis repair, with several studies reporting a 

reduced dislocation rate for non-lateralized RTSA [15, 24]. According to Routman [21], lateralization 

of the prosthesis may have a different impact on how the subscapularis repair affects stability or 

function. An increase in IR ROM [11] was also reported as a result of the subscapularis repair; 

however, in a lateralized design this may cause excessive tension on the subscapularis, leading to a 

loss in ER ROM. 
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Other studies [22] using the same pre- and postoperative measurement technique of the subscapularis 

area in patients operated on reverse shoulder prosthesis have shown that rTSA implanted for cuff tear  

arthropathy in 38 % of cases showed a SMCSA reduction greater than 35%.  

In our study, the SMCSA reduction greater than 35% was detected in 55.56% patients treated with 

rTSA and in 25% patients treated with HA.  

Surely this difference of 20 percentage points is related to the different surgical technique and 

tuberosity resorption. 

Strengths of this study first include its prospective design, along with the paucity of literature 

analysing the importance of the subscapular size on CT scans in the postoperative results for RTSA 

and HA. Second, all surgical procedures were performed by the same expert surgeon with a 

standardized implant and surgical technique. Lastly, despite lack of randomization, the RTSA and 

HA groups did not show any significant difference with respect to limb dominance, operative 

laterality, the pre-operative SMCSA/SFCSA ratio and the presence of comorbidities.  

This study also has potential limitations. First, non-randomization may have led to an associated bias 

in the selection of patients. Furthermore, the sample size is relatively small with 68 total patients. 

Next, it must be noted that pre-operative clinical scores were not obtained because all patients were 

admitted to the hospital with an acute shoulder injury. Finally, given the high mean age of the patients 

associated with increased frequency of proximal humeral fracture, the results might not be applicable 

to younger patients. 
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CONCLUSION 
 
In conclusion, postoperative subscapular size was found to be significantly reduced in patients treated 

with RTSA compared to patients treated with HA. However, better functional results in terms of 

ROM and a higher degree of patient satisfaction were reported for RTSA patients despite the 

subscapularis condition, although the SMCSA/SFCSA ratio didn’t show any significant differences 

between the two groups. While in hemi-arthroplasty subscapularis repair is mandatory to achieve 

good results, as shown by the smaller reduction in subscapularis size after surgery; in RTSA, this may 

not be correlated with better ROM, due to the biomechanical changes that occur with this type of 

prosthesis. Further studies should be conducted to confirm the controversial role of the subscapularis 

in reverse total shoulder arthroplasty. 
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FIGURES AND TABLES 
 

 

Figure 1 - (a) Pre-operative delineation of SMCSA. (b) Post-operative delineation of SMCSA. (c) 
Delineation of SFCSA 

 
 
Figure 2 - pre-and post-operative SMCSA/SFCSA ratio comparison in HA and RTSA patients. Pre-
operative assessment of the SMCSA/SFCSA ratio in the HA group revealed a ratio of 1.5-2 in two 
patients (6.25%) and a ratio of >2 in 30 patients (93.75%) while in the RTSA group two patients 
had a ratio of 1.5-2 (5.56%) and 34 patients a ratio of >2 (94.44%) with no statistically significant 
difference between the two groups. Postoperatively, in the HA group, SMCSA/SFCSA ratio was 
<1.5 in two patients (6.25%), 1.5-2 in eight patients (25%) and >2 in 22 patients (68.75%); in the 
RTSA group the SMCSA/SFCSA ratio was <1.5 in six patients (16.67%), 1.5-2.0 in six patients 
(16.67%) and >2 in 24 patients with no statistically significant differences between the two groups. 
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Figure 3 - Comparison of post-operative SMCSA reduction percentage in HA and RTSA (p=0.0115) 

 
 

Table 1 – Demographic of fracture types according to Neer’s and AO Classification 

 Neer 3 Neer 4 11-B1 11-B2 11-C1 11-C2 

HA group (n=32) 18 (56.25%) 14 

(43.75%) 

10 (31.25%) 8 (25.00%) 5 (15.62%) 9 (28.12%) 

RTSA group 

(n=36) 

21  

(58.3%) 

15 (41.7%) 11 (30.55%) 10 

(27.78%) 

7 (19.44%) 8 (22.22%) 

Tot. 39 29 21 18 12 17 

Table 1 – Demographics of fracture types according to Neer’s and AO Classification  
 

Table 2 – Comparison between median post-operative clinical scores (±SD) outcomes for patients undergoing HA and 

RTSA 

Variable HA RTSA p value 

Constant Score 38.50±11,73 58,00±16,23 .0001 

Quick Dash 27.25±23,10 14,75±9,34 .0006 

Simple Shoulder Test 4.50±14,75 8,00±15,80 .0129 

VAS (0-10) 0.00±2,12 2.00±2,04 .0311 
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Table 2 – Comparison between median post-operative clinical scores (±SD) outcomes for patients 

undergoing HA and RTSA 

 
Table 3 – Comparison of post-operative ROM degrees (±SD) between patients undergoing HA and RTSA 

 HA RTSA p value 

Forward flexion 90,00±37,64 147,50±39,74 <.0001 

Abduction 85,00±37,87 95,00±37,83 .0175 

ER 
Add 25,00±13,26 45,00±22,93 .0011 

Abd 30,00±13,18 30,00±26,12 .0258 

IR 
Add 35,00 ±10,55 42,50±19,51 .0047 

Abd 30,00±13,56 42,50±24,38 .0257 

Posterior 

IR 

Lateral side of the thigh 0 (0%) 2 (5.56%) 

.0046 

Buttock 16 (50%) 6 (16.67%) 

Lumbosacral junction 10 (31.25%) 8 (22.22%) 

Waist 2 (6.25%) 12 (33.33%) 

Lumbothoracic junction 4 (12.5%) 8 (22.22%) 

Table 3 – Comparison of post-operative ROM degrees (±SD) between patients undergoing HA and 

RTSA 
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