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tubercle malposition. We found no signs of scapular notch-
ing, implant failure or loosening.
Conclusions Results after reverse arthroplasty for com-
plex proximal humeral fractures yield good clinical, func-
tional, and radiological outcomes after mean follow-up 
time of 45 months. Results are comparable to other studies 
published in the recent literature.
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Introduction

Proximal humeral fracture is one of the most common 
traumas caused by direct impact or falling [1]. Usually, 
nondisplaced fractures are treated conservatively, and the 
treatment yields good and predictable outcomes [2, 3]. On 
the other hand, complicated, three- and four-fragment frac-
tures usually are treated surgically. In terms of functional 
outcomes, ORIF with plate gives satisfactory results; how-
ever, the complication rates are higher in comparison with 
arthroplasty [4, 5]. That leaves hemiarthroplasty or total 
shoulder arthroplasty as a preferable choice for the treat-
ment of complex proximal humeral fractures for elderly 
patients. While hemiarthroplasty remains questionable 
method, because of high rate of tuberosity malposition and 
unpredictable clinical results, popularity of reverse shoul-
der arthroplasty (RSA) has increased in recent times [6].

The main disadvantage of RSA is scapular notching 
(SN) [7]. More than 40% of patients treated with Delta  III® 
prosthesis suffer from SN [8]. Reduced medialization can 
improve range of motion and increase satisfactory results in 
terms of SN, when using less medialized type reverse pros-
thesis [9].

Abstract 
Introduction The purpose of this study was to evalu-
ate outcomes after reverse shoulder arthroplasty for the 
treatment of complex three- and four-fragment proximal 
humeral fractures after mean follow-up time of 45 months 
and to compare our results with the results published by 
other authors.
Materials and methods Retrospectively we have analyzed 
27 consecutive patients after total arthroplasty with less 
medialized reverse shoulder prosthesis used for the treat-
ment of complex proximal humeral fracture. The median 
age and standard deviation was 67.5  ±  7.3  years (range 
55–85). The average follow-up time was 45 months. Shoul-
der function was evaluated using Simple Shoulder Test 
and Constant scale. Patient satisfaction about the treatment 
was evaluated using Likert-type questionnaire. All patients 
were investigated radiologically for possible complications 
using standard lateral and anterior views.
Results All patients were satisfied (74%) or highly satis-
fied (26%). The mean total Constant–Murley score was 
57.6 pts. (range 37.4–80.2). Mean total Simple Shoulder 
Test score was 73.5 pts. (range 49.8–100). There were two 
cases with heterotopic ossification and one with greater 
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The purpose of this retrospective study was to evaluate 
outcomes after RSA for the treatment of proximal humeral 
fracture and to compare our results with the results pub-
lished by other authors.

Materials and methods

Thirty-nine consecutive patients with complex three- and 
four-part proximal humeral fractures were treated in our 
institution between 2011 and 2012 by four experienced 
shoulder surgeons. Thirty-two patients were selected for 
retrospective study who had surgery less than 2  weeks 
after trauma. Four patients were not included in this study 
because the operation was performed as a revision sur-
gery after failed osteosynthesis or another trauma seque-
lae (pseudoarthrosis, posttraumatic arthrosis). Three more 
patients died during the time of follow-up because of rea-
sons not related to their surgery. The final patient group 
consisted of 27 patients (84% of selected patient group) 
who came back for radiological and clinical evaluation. The 
mean follow-up time was 45 months (range 39–48 months). 
There were 7 males (26%) and 20 (74%) female patients. 
The median age and standard deviation of the patients was 
67.5  ±  7.3  years (range 55–85  years). Reverse shoulder 
prosthesis with less medialized center of rotation (CoR) 
 (Arrow®, Fh Orthopaedics, France) was used during all 
surgeries. Indications for RSA were: displaced and irrepa-
rable three- and four-fragment proximal humeral fractures. 
We used surgical technique described in previous publica-
tion [2].

Postoperatively, during the final follow-up, all patients 
were examined by an independent surgeon. All subscales 
of Constant–Murley score (CS) (pain, activities and move-
ment, active flexion, external/internal rotation, and shoulder 
muscle strength) were evaluated and documented. Forward 
flexion and abduction were measured using goniometer 
[10, 11]. The shoulder muscle strength was measured in 
scapular plane with arm abducted 90° while elbow was 
extended using digital dynamometer (Kern & Sohn GmbH, 
Balingen, Germany. Weighing range Max. 15  kg, readout 
d = 20 g, reproducibility 20 g, and linearity 0.5%) follow-
ing a reliable technique [12]. Five repetitive measurements 
of strength of both shoulders were made during examina-
tion. For statistical analysis of the shoulder strength, we 
used the mean values of five repetitive measurements.

After clinical examination, patients completed a self-
assessment questionnaire [Simple Shoulder Test (SST)] 
without any assistance [13]. SST contains 12 questions 
which require ‘‘yes’’ or ‘‘no’’ responses and each question 
equally weighted at 8.3 points in a 0–100-point scale [14].

During follow-up, patients were also asked to define 
their satisfaction about shoulder surgery using Likert-type 

questionnaire with five possible choices: highly satisfied, 
satisfied, neither satisfied nor dissatisfied, dissatisfied, and 
highly dissatisfied.

Anteroposterior and mediolateral X-ray views were 
taken to evaluate the position of all components of the 
prosthesis and possible complications: implant loos-
ening, scapular notching, implant failure, and ectopic 
ossification.

SPSS 21 statistical analysis software was used to evalu-
ate obtained results. For additional calculations Microsoft 
Excel 2016 was used. We chose the level of significance (p) 
to be 0.05 when comparing two or more groups. Two-tailed 
t test was used when two groups were compared.

Results

All patients were satisfied with the performed surgery. 20 
(74%) of them were satisfied and 7 (26%) were highly satis-
fied. Two patients felt moderate pain during night time. All 
twenty-seven patients were able to get back to their usual 
work and leisure time routines after the completed surgery. 
The mean scores of subscales of CS are shown in Table 1. 
All patients were able to raise their arm more than 90°. 
Average anterior flexion of shoulder joint was 117°. The 
mean CS for shoulder muscle strength was 5.8 pts. In com-
parison, CS for opposite shoulder which was not affected 
by trauma was 9.5 pts.

When patients were assessing themselves using SST 
questionnaire, mean score for pain was 14.2 pts. The mean 
SST scores for movement and strength were 29.6 and 
17.8 pts., respectively. Mean total SST score was 73.5 pts. 
(ranged from 49.8 to 100 pts.).

One patient was found with tubercle malposition dur-
ing X-ray analysis (Fig. 1a). There was no visible SN in our 
final patient group. There were two cases with heterotopic 

Table 1  CS for each subscale

Range of deviation are shown in brackets

Subscale Mean con-
stant score 
(pts.)

Pain 10.8 (5–15)
Activities and movement 14.0 (8–20)
Flexion 6.8 (4–10)
Abduction 6.0 (4–10)
Rotation
 External 7.3 (4–10)
 Internal 6.9 (4–10)

Muscle strength 5.8 (3.7–7.4)
Total 57.6
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ossification (HO) (Fig. 1b, c). In addition, no signs of infec-
tion, loosening or break of prosthesis were recorded.

Discussion

Reverse shoulder arthroplasty has become more and more 
popular in recent years. Several systematic reviews showed 
that reverse shoulder arthroplasty has better short-term 
results in comparison with hemiarthroplasty [15, 16]. 
Grammont type reverse shoulder prostheses usually have 
medialized center of rotation. Such design usually ends up 
with contact between the polyethylene insert of the humeral 
component and scapular neck. This impingement results in 
SN which may lead to a mechanical failure of prosthesis on 
the long term [17, 18]. Moreover, SN may have negative 
impact on clinical and functional results [19]. However, 
there is evidence of SN manifestation during first few years 
after surgery, but it had no clinical significance [20]. The 
incidence rate of inferior SN was reported to range from 
20% to more than 60% when prosthesis with medialized 
COR was used [21, 22]. Scapular notching is also related to 
glenoid component loosening which can manifest later than 
7  years after operation [23]. Sirveaux et  al. investigated 
outcomes after Delta reverse arthroplasty and reported 5 
cases (out of 80) of glenoid component loosening. Twenty 
cases demonstrated radiolucency without malposition of 
prosthesis during mean follow-up of 44.5 months [17]. Lat-
eralization of the center of rotation may solve the problem 
of scapular notching. In Arrow prosthesis, lateralization 
is achieved by two major design changes in comparison 
with Delta prosthesis: (1) fixing glenosphere on the metal 
baseplate gives 8.5-mm lateralization, (2) the metaphysis 
is angled at 135° and lateralized by extra 4 mm [24]. On 

the other hand, excessive lateralization of the glenosphere 
increases the shearing forces on the implant, which eventu-
ally may lead to early glenoid component loosening [25]. 
The most important finding of this study was that we found 
no scapular notching or glenoid component loosening dur-
ing the final follow-up. We think that it can be related with 
less medialized CoR design which is implemented in arrow 
prosthesis. Such design increases gap between the scapu-
lar neck and humeral component and should minimize 
the impingement between the scapula and the humeral 
component.

Other drawback of RSA is heterotopic ossification 
[26]. Development of this pathological process depends 
on several factors such as gender, soft tissue damage dur-
ing trauma or surgery, and the type of implant used [27]. 
Usually, low-grade HO (grade 1) does not have negative 
effect on long-term clinical results [28]. Authors report that 
HO around scapular neck was observed in nearly 25% of 
patients treated with Grammont type prostheses [21]. In the 
present study, we found two cases of HO. Our results are 
consistent with the results in other reports where prostheses 
with lateralized CoR were analyzed [2, 9]. Reduced contact 
between scapular neck and humerus seems to be beneficial 
for the shoulder joint after endoprosthetic replacement as it 
produces less irritation to the soft tissue and bone.

Reduced medialization of CoR should increase the range 
of motion of external and internal rotation by more empow-
ering anterior and posterior fibers of deltoid and rotator 
cuff muscles. That is in agreement with our results when 
Arrow prosthesis with less medialized CoR was used and 
the results published by other authors [22, 29, 30]. While 
forward flexion and abduction were comparable in our and 
previously mentioned papers, results of CS of external and 
internal rotation were better in this study.

Fig. 1  a Case (female, 77  years) with tubercle malposition (white 
arrow). Patient is highly satisfied and gets highest CS (80.2 pts.) and 
SST (99.6 pts) score. Follow-up time of this patient was 47 months. 
b, c Cases (b female, 68  years, c male, 64  years) with heterotopic 

ossification (white arrow). CS scores of these patients were 47.9 and 
50.8; SST scores were 49.8 and 58.1, respectively. Follow-up time of 
these patients was 43 and 48 months, respectively
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It is worth noting that greater tubercle is in great risk of 
migration, because of force applied from supraspinatus and 
infraspinatus muscles. This migration has great impact on 
functional outcome for hemiarthroplasty [31]. In case of 
RSA, importance of greater tubercle and muscles attached 
to it is diminished, because of lowered and medialized CoR 
[32]. This matches with the results from our study. There 
was one case with displacement of greater tubercle in 
this study (Fig. 1a). CS and SST score of this patient did 
not significantly differ from other cases and were highest 
among them. Patient was able to flex his arm forward up to 
140°.

Limitations of this study were that we investigated out-
comes in relatively small patient group and that this study 
was retrospective.

Conclusions

Results after reverse arthroplasty for complex three- and 
four-fragment proximal humeral fractures using less medi-
alized shoulder prosthesis yield good clinical and radio-
logical outcomes after mean follow-up time of 3.5  years. 
Results are predictable and comparable with the results 
published in the recent literature. Nevertheless, further fol-
low-up study is warranted to compare mid- and long-term 
results of prostheses with less medialized center of rotation 
with other prostheses used in reverse shoulder arthroplasty.

Compliance with ethical standards 

Conflict of interest The authors of this study declare that they have 
no conflict of interest.

Ethical approval For this type of study formal consent is not 
required.

Informed consent Informed consent was obtained from all individ-
ual participants included in the study.

Source of funding None.

References

 1. Court-Brown CM, Clement ND, Duckworth AD et al (2017) The 
changing epidemiology of fall-related fractures in adults. Injury. 
doi:10.1016/j.injury.2017.02.021

 2. Valenti P, Katz D, Kilinc A et  al (2012) Mid-term outcome of 
reverse shoulder prostheses in complex proximal humeral frac-
tures. Acta Orthop Belg 78:442–449

 3. Ong Crispin, Bechtel Christopher, Walsh Michael et  al (2011) 
Three- and four-part fractures have poorer function than one-part 
proximal humerus fractures. Clin Orthop 469:3292–3299

 4. Chen L, Xing F, Xiang Z (2016) Effectiveness and safety of 
interventions for treating adults with displaced proximal humeral 

fracture: a network meta-analysis and systematic review. PLoS 
One 11:e0166801. doi:10.1371/journal.pone.0166801

 5. Duparc F (2013) Malunion of the proximal humerus. Orthop 
Traumatol Surg Res OTSR 99:S1–S11. doi:10.1016/j.
otsr.2012.11.006

 6. Schairer WW, Nwachukwu BU, Lyman S, Gulotta LV (2017) 
Arthroplasty treatment of proximal humerus fractures: 14-year 
trends in the United States. Phys Sportsmed. doi:10.1080/009138
47.2017.1311199

 7. Cvetanovich GL, Frank RM, Chalmers PN et al (2016) Surgical 
management of proximal humeral fractures: the emerging role of 
reverse total shoulder arthroplasty. Orthopedics 39:e465–e473. 
doi:10.3928/01477447-20160324-02

 8. Simovitch RW, Zumstein MA, Lohri E et al (2007) Predictors of 
scapular notching in patients managed with the Delta III reverse 
total shoulder replacement. J Bone Joint Surg Am 89:588–600. 
doi:10.2106/JBJS.F.00226

 9. Katz D, Valenti P, Kany J et al (2016) Does lateralisation of the 
centre of rotation in reverse shoulder arthroplasty avoid scapu-
lar notching? Clinical and radiological review of one hundred 
and forty cases with forty five months of follow-up. Int Orthop 
40:99–108. doi:10.1007/s00264-015-2976-3

 10. Constant CR, Murley AH (1987) A clinical method of functional 
assessment of the shoulder. Clin Orthop 214:160–164

 11. Constant CR, Gerber C, Emery RJH et al (2008) A review of the 
Constant score: modifications and guidelines for its use. J Shoul-
der Elbow Surg 17:355–361. doi:10.1016/j.jse.2007.06.022

 12. Johansson KM, Adolfsson LE (2005) Intraobserver and inter-
observer reliability for the strength test in the Constant–Mur-
ley shoulder assessment. J Shoulder Elbow Surg 14:273–278. 
doi:10.1016/j.jse.2004.08.001

 13. Lippitt SB, Harryman DT, Matsen FA et  al (1993) A practical 
tool for evaluating function: the simple shoulder test. Shoul-
der Balance Mobil Stab Rosemt IL Am Acad Orthop Surg 
1993(501–18):501

 14. Romeo AA, Mazzocca A, Hang DW et al (2004) Shoulder scor-
ing scales for the evaluation of rotator cuff repair. Clin Orthop 
427:107–114

 15. Mata-Fink A, Meinke M, Jones C et al (2013) Reverse shoulder 
arthroplasty for treatment of proximal humeral fractures in older 
adults: a systematic review. J Shoulder Elbow Surg 22:1737–
1748. doi:10.1016/j.jse.2013.08.021

 16. Longo UG, Petrillo S, Berton A, Denaro V (2016) Reverse total 
shoulder arthroplasty for the management of fractures of the 
proximal humerus: a systematic review. Musculoskelet Surg 
100:83–91. doi:10.1007/s12306-016-0409-0

 17. Sirveaux F, Favard L, Oudet D et al (2004) Grammont inverted 
total shoulder arthroplasty in the treatment of glenohumeral oste-
oarthritis with massive rupture of the cuff. Results of a multicen-
tre study of 80 shoulders. J Bone Joint Surg Br 86:388–395

 18. Cheung E, Willis M, Walker M et  al (2011) Complications 
in reverse total shoulder arthroplasty. J Am Acad Orthop Surg 
19:439–449

 19. Mollon B, Mahure SA, Roche CP, Zuckerman JD (2017) Impact 
of scapular notching on clinical outcomes after reverse total 
shoulder arthroplasty: an analysis of 476 shoulders. J Shoulder 
Elbow Surg. doi:10.1016/j.jse.2016.11.043

 20. Bogle A, Budge M, Richman A et al (2013) Radiographic results 
of fully uncemented trabecular metal reverse shoulder system at 
1 and 2  years’ follow-up. J Shoulder Elbow Surg 22:e20–e25. 
doi:10.1016/j.jse.2012.08.019

 21. Russo R, Della Rotonda G, Cautiero F, Ciccarelli M (2015) 
Reverse shoulder prosthesis to treat complex proximal humeral 
fractures in the elderly patients: results after 10-year experi-
ence. Musculoskelet Surg 99(Suppl 1):S17–S23. doi:10.1007/
s12306-015-0367-y

http://dx.doi.org/10.1016/j.injury.2017.02.021
http://dx.doi.org/10.1371/journal.pone.0166801
http://dx.doi.org/10.1016/j.otsr.2012.11.006
http://dx.doi.org/10.1016/j.otsr.2012.11.006
http://dx.doi.org/10.1080/00913847.2017.1311199
http://dx.doi.org/10.1080/00913847.2017.1311199
http://dx.doi.org/10.3928/01477447-20160324-02
http://dx.doi.org/10.2106/JBJS.F.00226
http://dx.doi.org/10.1007/s00264-015-2976-3
http://dx.doi.org/10.1016/j.jse.2007.06.022
http://dx.doi.org/10.1016/j.jse.2004.08.001
http://dx.doi.org/10.1016/j.jse.2013.08.021
http://dx.doi.org/10.1007/s12306-016-0409-0
http://dx.doi.org/10.1016/j.jse.2016.11.043
http://dx.doi.org/10.1016/j.jse.2012.08.019
http://dx.doi.org/10.1007/s12306-015-0367-y
http://dx.doi.org/10.1007/s12306-015-0367-y


1205Arch Orthop Trauma Surg (2017) 137:1201–1205 

1 3

 22. Grubhofer F, Wieser K, Meyer DC et  al (2016) Reverse total 
shoulder arthroplasty for acute head-splitting, 3- and 4-part frac-
tures of the proximal humerus in the elderly. J Shoulder Elbow 
Surg 25:1690–1698. doi:10.1016/j.jse.2016.02.024

 23. Guery J, Favard L, Sirveaux F et al (2006) Reverse total shoulder 
arthroplasty. Survivorship analysis of eighty replacements fol-
lowed for five to ten years. J Bone Joint Surg Am 88:1742–1747. 
doi:10.2106/JBJS.E.00851

 24. Valenti P, Sauzières P, Katz D et  al (2011) Do less medi-
alized reverse shoulder prostheses increase motion and 
reduce notching? Clin Orthop 469:2550–2557. doi:10.1007/
s11999-011-1844-8

 25. Harman M, Frankle M, Vasey M, Banks S (2005) Initial gle-
noid component fixation in “reverse” total shoulder arthro-
plasty: a biomechanical evaluation. J Shoulder Elbow Surg 
14:162S–167S. doi:10.1016/j.jse.2004.09.030

 26. Wierks C, Skolasky RL, Ji JH, McFarland EG (2009) Reverse 
total shoulder replacement: intraoperative and early postop-
erative complications. Clin Orthop 467:225–234. doi:10.1007/
s11999-008-0406-1

 27. Zeckey C, Hildebrand F, Frink M, Krettek C (2011) Hetero-
topic ossifications following implant surgery—epidemiology, 

therapeutical approaches and current concepts. Semin Immuno-
pathol 33:273–286. doi:10.1007/s00281-011-0240-5

 28. Verhofste B, Decock T, Van Tongel A, De Wilde L (2016) Heter-
otopic ossification after reverse total shoulder arthroplasty. Bone 
Jt J 98-B:1215–1221. doi:10.1302/0301-620X.98B9.37761

 29. Raiss P, Edwards TB, Collin P et  al (2016) Reverse shoulder 
arthroplasty for malunions of the proximal part of the humerus 
(type-4 fracture sequelae). J Bone Jt Surg Am 98:893–899. 
doi:10.2106/JBJS.15.00506

 30. Raiss P, Edwards TB, da Silva MR et al (2014) Reverse shoulder 
arthroplasty for the treatment of nonunions of the surgical neck 
of the proximal part of the humerus (type-3 fracture sequelae). J 
Bone Jt Surg Am 96:2070–2076. doi:10.2106/JBJS.N.00405

 31. Boileau P, Krishnan SG, Tinsi L et al (2002) Tuberosity malposi-
tion and migration: reasons for poor outcomes after hemiarthro-
plasty for displaced fractures of the proximal humerus. J Shoul-
der Elbow Surg 11:401–412

 32. Jazayeri R, Kwon YW (2011) Evolution of the reverse total 
shoulder prosthesis. Bull NYU Hosp Jt Dis 69:50–55

http://dx.doi.org/10.1016/j.jse.2016.02.024
http://dx.doi.org/10.2106/JBJS.E.00851
http://dx.doi.org/10.1007/s11999-011-1844-8
http://dx.doi.org/10.1007/s11999-011-1844-8
http://dx.doi.org/10.1016/j.jse.2004.09.030
http://dx.doi.org/10.1007/s11999-008-0406-1
http://dx.doi.org/10.1007/s11999-008-0406-1
http://dx.doi.org/10.1007/s00281-011-0240-5
http://dx.doi.org/10.1302/0301-620X.98B9.37761
http://dx.doi.org/10.2106/JBJS.15.00506
http://dx.doi.org/10.2106/JBJS.N.00405

	Clinical and radiological outcomes after reverse shoulder arthroplasty with less medialized endoprosthesis after mean follow-up time of 45 months
	Abstract 
	Introduction 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	References




