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Abstract

Background Experience treating proximal humerus frac-
ture sequelae with reverse total shoulder arthroplasty is
limited. We report our results.

Patients Forty-four patients with sequelae of a proximal
humeral fracture were treated with a reverse total shoulder
prosthesis. There were 26 women and 18 men, with a mean
age of 77 years (range, 74-84 years). The mean follow-up
after reverse arthroplasty was 48 months (range, 40-84
months).

Results The mean Constant score increased from 28
preoperatively to 58 postoperatively (p < 0.0001). The
average anterior elevation increased from 40° to 100°
(p < 0.0001), abduction from 41° to 95° (p < 0.0001),
external rotation from 15° to 35° (p < 0.0001) and internal
rotation from 25° to 60° (p < 0.0001). The average sub-
jective shoulder score increased from 13% preoperatively
to 56% postoperatively (p < 0.0001). All but six patients
would undergo the same procedure again if faced with the
same problem. Twenty-four patients were very satisfied,
14 satisfied and 6 unhappy with the operation. Six pros-
thetic dislocations occurred (13.6%). Two of them were
successfully treated by adding an extension to the humeral
neck component to increase the offset and tension. In the
other four dislocations this procedure failed, and the
prosthesis was revised and converted to a hemiarthroplasty.
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There was one case of glenoid component loosening that
was converted to a hemiarthroplasty.

Conclusions The reverse total shoulder arthroplasty
improves function and motion in patients with proximal
humeral fracture sequelae. However, the dislocation rate is
high.

Introduction

Fractures of the proximal humerus may result in pain and
disability of the shoulder. Malunions of the tuberosities
with preserved humeral heads can be successfully treated
by osteotomy of the tuberosity and fixation in the correct
position [1, 2], but some cases of avascular necrosis, locked
dislocations, nonunions of the surgical neck in osteoporotic
patients and malunions of the tuberosities with incongruity
of the humeral articular surface may be indications for a
shoulder prosthesis [1-7].

Several studies have analyzed the results of late non-
constrained arthroplasty for failed primary treatment of
proximal humerus fractures. The results have been good in
terms of pain, but some problems have been reported, such
as instability, loosening, glenoid erosion, heterotopic
ossifications, impingement syndrome and rotator cuff
tear [8].

Poor results have been reported in 33—-50% of patients
with sequelae of the proximal humerus treated by hemi-
arthroplasty or total shoulder arthroplasty [3-7]. Greater
tuberosity osteotomy was the most important reason for
poor and unpredictable results because of the high inci-
dence of tuberosity nonunion or resorption.

Reverse total shoulder arthroplasty has been used to
treat cuff tear arthritis [9-13], fracture sequelae [11, 12],
acute proximal humeral fractures [14, 15] and failed
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hemiarthroplasty [16, 17]. However, experience with
treating proximal humerus fracture sequelae with reverse
total shoulder arthroplasty is limited [11, 12] and its benefit
has not yet been clearly established.

The purpose of this study is to evaluate the results
achieved using the Lima reverse total shoulder arthroplasty
for treating the sequelae of proximal humerus fractures.

Materials and methods
Patients

Between 2003 and February 2007, 44 patients with sequelae
of a proximal humeral fracture were treated with the Lima
reverse shoulder prosthesis. We obtained Institutional
Review Board authorization agreement for the study design
and publication of the study. All patients gave written
consent to undergo the surgical procedure and have their
data published. There were 26 women and 18 men, with a
mean age of 77 years (range, 74—84 years). The failed ini-
tial treatment was percutaneous pinning in 6 cases, fixation
with the Philos plate in 14 cases and conservative treatment
in 24 cases.

The mean time interval from the initial fracture treatment
to surgery for sequelae was 12 months (range, 10-14
months). The mean follow-up after the reverse arthroplasty
was 48 months (range, 40-84 months). According to the
classification of proximal humeral fracture sequelae
described by Boileau et al. [4, 18], there were 16 type 1
sequelae (valgus impacted malunion), 8 type 2 (locked
dislocation or fracture dislocation with cephalic collapse or
necrosis), 14 type 3 (surgical neck nonunion) and 6 type 4
(severe tuberosity malunion).

Radiological preoperative assessment included antero-
posterior, scapular lateral and axillary radiographs, and a
magnetic resonance scan to evaluate the preoperative cuff
status, bone morphology of the fracture and bone loss of
the glenoid or proximal humerus.

The subscapularis was intact in 40 cases and partially
torn in 4. The supraspinatus was intact in 31 cases, partially
torn in 10 and completely torn in 3. The infraspinatus was
intact in all patients. Fatty infiltration was greater than 50%
in 10 cases of the subscapularis and in 28 cases of the
supraspinatus.

Erosion of the glenoid was graded as central, peripheral
or combined, and its severity was classified as mild,
moderate or severe. There was one case of moderate
anterior erosion, three cases of mild posterior erosion and
four cases of mild central erosion. A proximal humeral
bone loss was found intraoperatively in eight cases. This
bone loss was always moderate, not extensive, and located
in the greater tuberosity area.
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Operative technique

All patients were operated on in a beach-chair position. A
deltopectoral approach was used. We released the adher-
ences between the proximal humerus and the deltoid. The
subscapularis was released from the lesser tuberosity. The
axillary nerve was exposed and protected. The plate was
removed if present. The rotator cuff was resected if present,
trying to partially preserve the infraspinatus. The tuberos-
ities were removed if there were a nonunion, but we tried to
preserve the area of bone that was not included in the cut if
the tuberosities were united. We resected the areas of
severely malunited bone that could produce an impinge-
ment with the glenoid or acromion. The humeral resection
guide was placed to achieve 20° humeral retroversion.
With the arm flexed at 90°, we inserted an alignment rod
into the prosthesis introducer, and the desired retroversion
was calculated placing the rod parallel to the reference to
the forearm axis.

After exposure of the glenoid, the soft tissues and cap-
sule were released. The axis of the glenoid was determined,
and the insertion point for the guide pin was chosen
approximately 2 mm inferior to the middle of the glenoid
and approximately centered anteroposterioly. To obtain
good bone seating, the metaglene has to be positioned on
the lower circular area of the glenoid. The metaglene
central peg should to be positioned in the center of the
inferior circle of the glenoid. The guide pin was inserted
perpendicularly with respect to the glenoid face. The
direction was also chosen by palpating the anterior and
posterior aspects of the scapula as well as examining the
X-rays and magnetic resonance preoperative images. The
glenoid was reamed until a flat uniform surface was
achieved. The glenoid was replaced with a small unce-
mented glenoid component placed anatomically and fixed
with two 6.5-mm screws. The superior screw was directed
toward the scapular spine to obtain strong fixation. The
inferior screw was directed towards the inferior cortical
area of the glenoid. In the eight cases where proximal bone
loss was found, an allograft and a long humeral stem were
used. A femoral head was used for allograft. An oscillating
saw was used to create a cut of the femoral head that fit into
the defect of the proximal humerus, which was always
located in the greater tuberosity area. The allograft was
placed around the proximal body of the prosthesis in the
greater tuberosity area and fixed with cable wires around
the graft and the inner humerus.

The humeral component was implanted with gentami-
cin-impregnated bone cement in 20 cases and without
cement in 24. A concentrical glenosphere was used in the
first 23 cases and an eccentric glenosphere in the following
21. We changed our indication and started to use an
eccentric glenosphere in order to avoid scapular notching.
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The subscapularis tendon was reinserted with transosseous
sutures. A biceps tenodesis was performed. Postopera-
tively, the patient was allowed to perform pendulum
exercises. After 3 weeks, rehabilitation was started, and
passive and active mobilization was allowed.

Clinical analysis

Range of motion, Constant score and subjective shoulder
value (the estimated value as a percentage of an entirely
normal shoulder) were recorded pre- and postoperatively.
In addition, we asked the patients their subjective satis-
faction and willingness to undergo the operation again.

Radiographic analysis

Anteroposterior, axillary lateral and scapular lateral
radiographs with a minimum 28-month follow-up were
available in all patients. The radiographs were examined to
assess component position, radiolucent lines, osteolysis,
heterotopic ossification and infrascapular notching. Inferior
scapular notching was classified according to Nérot's sys-
tem [19].

Statistical analysis

Statistical analysis of the results was performed with a
paired ¢ test for comparison of specific preoperative and
postoperative values.

Results
Clinical results

e Constant score: the mean Constant score increased
from 28 preoperatively to 58 postoperatively (p <
0.0001) (Table 1; Fig. 1a, b).

e Range of motion (Table 2): the average anterior
elevation increased from 40° preoperatively to 100°
postoperatively (p < 0.0001). The average abduction
increased from 41° preoperatively to 95° postopera-
tively (p < 0.0001). The average external rotation

Table 1 Constant score

Preoperatively Postoperatively
Pain 4.5/15 10.2/15
Mobility 10.6/40 20.8/40
Activity 6/20 14/20
Strength 6.9/25 13/25
Total 28 58

increased from 15° preoperatively to 35° postop-
eratively (p < 0.0001). The average internal rotation
increased from 25° preoperatively to 60° postopera-
tively (p < 0.0001).

e Subjective shoulder value: the average subjective
shoulder score increased from 13% preoperatively to
56% postoperatively (p < 0.0001).

e Patient satisfaction: all but six patients (the patients
that had a dislocation of the prosthesis) would undergo
the same procedure again if faced with the same
problem. Twenty-four patients were very satisfied, 14
satisfied and 6 unhappy with the operation (the patients
that had a dislocation of the prosthesis).

Radiological results

There was one case of glenoid loosening, five cases of
humeral radiolucency without signs of loosening and 18
cases of glenoid notching (15 grade 1 and 3 grade 2).
Scapular notching was observed in ten cases of concentric
glenosphere and in eight cases of eccentric glenosphere.
This difference was not statistically significant. The allo-
graft incorporated around the prosthesis in four cases
(Fig. 2d), and a graft reabsorption was observed in other
four.

Complications

A complication occurred in 12 patients (27%). The com-
plication had an effect on the final outcome in five patients,
as it led to removal of the prosthesis and to conversion to a
hemiarthroplasty with a head with a larger cover (CTA
head).

We had one case of superficial infection treated by
antibiotics and one case of transitory axillary nerve palsy.

Six prosthetic dislocations occurred (13.6%), all of them
within 6 weeks after the operation. Two of them were
successfully treated by adding an extension to the humeral
neck component to increase the offset and tension. In the
other four dislocations this procedure failed, and the
prosthesis was revised and converted to a hemiarthroplasty.
The glenoid was removed, a reverse body adaptor screwed
to the humeral body of the prosthesis and a head with a
larger cover (CTA head) placed on the adaptor (Fig. 2a—c).
The six dislocations occurred in one case of moderate
anterior glenoid erosion, in three cases of proximal humeral
bone loss that had needed an allograft and in two cases
without bone loss. The cases without bone loss were the
ones solved by adding an extension to the humeral
component.

There was one case of glenoid component loosening that
was converted to a hemiarthroplasty with a CTA head.
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Fig. 1 A locked fracture
dislocation (a) treated
successfully by reverse
arthroplasty (b)

Table 2 Range of motion

Preoperatively Postoperatively
Anterior elevation (°) 40 100
Abduction (°) 41 95
External rotation (°) 15 35
Internal rotation (°) 25 60

The five cases treated by a CTA head had poor func-
tional results. The average anterior elevation was 60°, the
average abduction 60°, the average external rotation 25°
and the average internal rotation 50°. All of the patients
had pain during activities of daily living.

There were two cases of intraoperative minor split of the
proximal humerus resulting from final implantation of the
stem that were treated by cerclage wire around the proxi-
mal humerus. There was one case of periprosthetic humeral
fracture type C 12 months after the operation. It was
treated by open reduction and internal fixation with a
compression plate fixed with wires and screws.

Discussion

The reported that the short-term functional results of
reverse total shoulder arthroplasty in the treatment of gle-
nohumeral osteoarthritis with massive rupture of the cuff
have been good [9-11, 13, 19-24], but the reported sur-
vival rate at 10 years is 58%. Scapular notching is a main
concern for the long-term survival of the implant. This is
why this arthroplasty has been recommended for patients
over 70 years old [25]. Future studies will be necessary to
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determine the longevity of the implant and whether it will
provide continued improvement in function.

The reported results of reverse total shoulder arthro-
plasty for the treatment of posttraumatic arthritis have been
worse than for cuff tear arthropathy [11, 12], mainly
because of the high rate of complications, reoperations or
revisions. However, the experience of the use of reverse
total shoulder arthroplasty for the treatment of fracture
sequelae is limited. In the study of Boileau et al. [11], only
5 cases of posttraumatic arthritis were included, and in the
study of Wall et al. [12], 33 cases of this etiology were
included. In those studies, patients with primary rotator
cuff arthropathy had better clinical results and fewer
complications than patients with posttraumatic arthritis and
revision arthroplasty. The most common complications
were dislocation and infection. Patients who received
reverse total shoulder arthroplasty at the time of a revision
had the highest complication rates.

We think that in cases of cuff tear arthroplasty, the bone
anatomy of the proximal humerus and glenoid used to be
preserved, but it is technically easier to calculate the height
and position of the humeral component.

The reverse total shoulder arthroplasty has been used in
the revision of failed shoulder hemiarthroplasty for gle-
nohumeral arthritis associated with rotator cuff deficiency
and for proximal humeral fracture. The prothesis provided
improvement in pain and function. However, high rates of
complications were associated with glenoid and proximal
humeral bone loss [16, 17]. In cases of severe proximal
humeral bone loss, augmentation of the reverse total
shoulder arthroplasty with a proximal humeral allograft
improved patient satisfaction.
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Fig. 2 A four-part fracture of
the proximal humerus was
treated initially by plate
fixation. The reduction was
incorrect, and a severe
tuberosity and humeral head
malunion occurred (a). It was
treated by reverse arthroplasty,
and as a proximal humeral bone
loss was found intraoperatively,
an allograft and a long humeral
stem were used. The allograft
was placed around the proximal
body of the prosthesis in the
greater tuberosity area and fixed
with a cable wire around the
graft and the inner humerus.
The prosthesis dislocated and
was not stable upon adding an
extension to the humeral neck
component (b). Therefore, it
had to be revised and converted
to a hemiarthroplasty with a
larger head cover (c¢). We could
observe the allograft
incorporated into the prosthesis
2 years later (d)

Several studies have reported the results of anatomical
prosthesis for the treatment of proximal humeral fractures
sequelae. Boileau et al. [4] obtained poor or fair results in
58% of cases. The most significant factor affecting func-
tional outcome was greater tuberosity osteotomy. Dines
et al. [5] reported fair and poor results in 30% of patients.
One patient had nonunion of a tuberosity repair with
superior instability and secondary impingement, and
another patient had a postoperative posterior subluxation.
These authors advised to avoid tuberosity osteotomy if
possible. Antufia et al. [3] had unsatisfactory results in 50%
of patients because of lack of postoperative motion or pain.
Of the 24 shoulders that underwent tuberosity osteotomy,

10 had nonunion or resorption. All of them had an unsat-
isfactory result. Norris et al. [7] reported that prosthetic
arthroplasty reduced the shoulder pain in 95% of cases, but
activities at or above shoulder level were possible only in
53% of the patients. Mansat et al. [6] found satisfactory
results in only 64% of patients.

We used reverse total shoulder arthroplasty for the
treatment of fracture sequelae because we thought that in
the cases of incongruent glenohumeral joints of long evo-
lution in elderly people, the rotator cuff is functionally
useless. There are adherences between the rotator cuff and
the deltoid and capsule, and the fatty infiltration of the
muscles makes the cuff functionally very weak.
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Our rate of dislocation has been high. We think that in
the cases of reverse total shoulder arthroplasty for the
treatment of sequelae, there are several factors that increase
the risk for postoperative dislocation. The amount of soft
tissues release needed to implant the prosthesis is very
important. In some cases there are deficiencies of tendons
such as the subscapularis or infraspinatus, and bone loss of
the glenoid or proximal humerus. This makes the procedure
more complicated because in these cases, an allograft is
needed, and the correct position and appropriate height of
the prosthesis is difficult of calculate. This can result in
poor muscular control and instability of the prosthesis.

We started to use eccentric the glenosphere to avoid
scapular notching. We noticed a lower incidence of scap-
ular notching with this eccentric component, although the
difference was not statistically significant. It is necessary to
study a larger series of patients to reach a conclusion about
whether this eccentric component can decrease the inci-
dence of scapular notching.

Conclusions

In summary, reverse total shoulder arthroplasty improves
function and motion in patients with proximal humeral
fracture sequelae. However, the rate of dislocation is high.
Therefore, it has to be used judiciously, and, because of
concerns about the longevity of the implant, its use should
be limited to elderly patients with poor function and severe
pain.

Conflict of interest None.

References

1. Beredjiklian PK, Iannotti JP, Norris TR, Williams GR. Operative
treatment of malunion of a fracture of the proximal aspect of the
humerus. J Bone Joint Surg Am. 1998;80:1484-97.

2. Siegel JA, Dines DM. Proximal humerus malunions. Orthop Clin
North Am. 2000;31:35-50.

3. Antufia SA, Sperling JW, Sanchez-Sotelo J, Cofield RH. Shoulder
arthroplasty for proximal humeral malunions: long-term results.
J Should Elbow Surg. 2002;11:122-9.

4. Boileau P, Trojani C, Walch G, Krishnan S, Romeo A, Sinnerton
R. Shoulder arthroplasty for the treatment of the sequelae of
fractures of the proximal humerus. J Should Elbow Surg. 2001;
10:299-308.

5. Dines DM, Warren RF, Altchek DW, Moeckel B. Posttraumatic
changes of the proximal humerus: malunion, nonunion, and
osteonecrosis. Treatment with modular hemiarthroplasty or total
shoulder arthroplasty. J Should Elbow Surg. 1993;2:11-21.

6. Mansat P, Guity MR, Bellumore Y, Mansat M. Shoulder
arthroplasty for late sequelae of proximal humeral fractures.
J Should Elbow Surg. 2004;13:305-12.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Norris TR, Green A, McGuigan FX. Late prosthetic shoulder

arthroplasty for displaced proximal humerus fractures. J Should
Elbow Surg. 1995;4:271-80.

. Lervick GN, Carroll RM, Levine WN. Complications after

hemiarthroplasty for fractures of the proximal humerus. Instr
Course Lect. 2003;52:3-12.

. Boileau P, Chuinard C, Roussanne Y, Bicknell RT, Rochet N,

Trojani C. Reverse shoulder arthroplasty combined with a mod-
ified latissimus dorsi and teres major tendon transfer for shoulder
pseudoparalysis associated with dropping arm. Clin Orthop Relat
Res. 2008;466:584-93.

Boileau P, Chuinard C, Roussanne Y, Neyton L, Trojani C.
Modified latissimus dorsi and teres major transfer through a
single delto-pectoral approach for external rotation deficit of the
shoulder: as an isolated procedure or with a reverse arthroplasty.
J Should Elbow Surg. 2007;16:671-82.

Boileau P, Watkinson D, Hatzidakis AM, Hovorka I. Neer Award
2005: the Grammont reverse shoulder prosthesis: results in cuff
tear arthritis, fracture sequelae, and revision arthroplasty.
J Should Elbow Surg. 2006;15:527-40.

Wall B, Nové-Josserand L, O'Connor DP, Edwards TB, Walch G.
Reverse total shoulder arthroplasty: a review of results according
to etiology. J Bone Joint Surg Am. 2007;89:1476-85.

Werner CML, Steinmann PA, Gilbart M, Gerber C. Treatment of
painful pseudoparesis due to irreparable rotator cuff dysfunction
with the Delta III reverse-ball-and-socket total shoulder pros-
thesis. J Bone Joint Surg Am. 2005;87:1476-86.

Cazeneuve JF, Cristofari DJ. Arthroplastie inversée de Grammont
pour fracture récente de 1'humérus proximal chez la personne
agée avec un recul de 5 4 12 ans. Rev Chir Orthop. 2006;
92:543-8.

Gallinet D, Clappaz P, Garbuio P, Tropet Y, Obert L. Three or
four parts complex proximal humerus fractures: hemiarthroplasty
versus reverse prosthesis: a comparative study of 40 cases. Ort-
hop Traumatol Surg Res. 2009;95:48-55.

Levy J, Frankle M, Mighell M, Pupello D. The use of the reverse
shoulder prosthesis for the treatment of failed hemiarthroplasty
for proximal humeral fracture. J Bone Joint Surg Am.
2007;89:292-300.

Levy JC, Virani N, Pupello D, Frankle M. Use of the reverse
shoulder prosthesis for the treatment of failed hemiarthroplasty in
patients with glenohumeral arthritis and rotator cuff deficiency.
J Bone Joint Surg Br. 2007;89:189-95.

Boileau P, Chuinard C, Le Huec JC, Walch G, Trojani C.
Proximal humerus fracture sequelae. Impact of a new radio-
graphic classification on arthroplasty. Clin Orthop Relat Res.
2006;442:121-30.

Sirveaux F, Favard L, Oudet D, Huquet D, Walch G, Molé D.
Grammont inverted total shoulder arthroplasty in the treatment of
glenohumeral osteoarthritis with massive rupture of the cuff.
J Bone Joint Surg Br. 2004;86:388-95.

Frankle M, Levy JC, Pupello D, Siegal S, Saleem A, Mighell M,
et al. The reverse shoulder prosthesis for glenohumeral arthritis
associated with severe rotator cuff deficiency. A minimum two-
year follow-up study of sixty patients surgical technique. J Bone
Joint Surg Am. 2006;88:178-90.

Frankle M, Siegal S, Pupello D, Saleem A, Mighell M, Vasey M.
The reverse shoulder prosthesis for glenohumeral arthritis asso-
ciated with severe rotator cuff deficiency. A minimum two-year
follow-up study of sixty patients. J Bone Joint Surg Am.
2005;87:1697-705.

Gerber C, Pennington SD, Lingenfelter EJ, Sukthankar A.
Reverse Delta-III total shoulder replacement combined with la-
tissimus dorsi transfer. J Bone Joint Surg Am. 2007;89:940-7.



Reverse arthroplasty in sequelae

147

23.

24.

Grassi FA, Murena L, Valli F, Alberio R. Six-year experience
with the Delta III reverse shoulder prosthesis. J Orthop Surg.
2009;17:151-6.

Simovitch RW, Helmy N, Zumstein MA, Gerber C. Impact of
fatty infiltration of the teres minor muscle on the outcome of
reverse total shoulder arthroplasty. J Bone Joint Surg Am.
2007;89:934-9.

25. Guery J, Favard L, Sirveaux F, Oudet D, Mole D, Walch G.
Reverse total shoulder arthroplasty. Survivorship analysis of
eighty replacements followed for five to ten years. J] Bone Joint
Surg Am. 2006;88:1742-7.

@ Springer



	The use of the Lima reverse shoulder arthroplasty for the treatment of fracture sequelae of the proximal humerus
	Abstract
	Background
	Patients
	Results
	Conclusions

	Introduction
	Materials and methods
	Patients
	Operative technique
	Clinical analysis
	Radiographic analysis
	Statistical analysis

	Results
	Clinical results
	Radiological results
	Complications

	Discussion
	Conclusions
	Conflict of interest
	References


