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Abstract

Background The Delta III semi-constrained reverse-
ball-and-socket total shoulder prosthesis works only with
an intact deltoid muscle. Our purpose is to evaluate the
results in a consecutive series of acute complex fractures of
the proximal humerus in elderly population with a poor
bone quality when the main problem is to obtain a reliable
and efficient re-fixation of the tubercles with classical
orthopaedic devices.

Methods From 1993 to 2005, 36 Delta III were implanted,
27 three-part, and four-part displacements and nine frac-
ture-dislocations, in 3 males for 33 females, for 16 domi-
nant sides, with an average age of 75 years. The surgery
was realized under general anaesthesia, in semi-sitting posi-
tion, by an antero-lateral approach with retroversion of the
humeral-cemented stem of 20° to 0°. Post-operative phys-
iotherapy was not always realizable.

Results  The results were estimated with the clinical Con-
stant scoring system, AP and lateral view X-rays. Twenty-
five cases were reviewed because nine were deceased and
two moved out. At a mean follow-up of 71 months, the
Constant score was 59 points for a contra-lateral shoulder
evaluated at 81. The results were good in respect of pain
(14.1), activity (14.3), strength (14.1), anterior elevation
(7.5), abduction (6.5), but very poor for external (1.1), and
internal (1.4) rotations. The radiographs showed: one asep-
tic glenoid loosening at 12-year follow-up with surgical
revision, 14 inferior scapular notching (seven stages 1, five
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stages 2, one stage 3, one stage 4), 14 inferior spurs stable
after emergence without clinical repercussion, four medial
and two lateral proximal humeral bone loose, and two
medial humeral lucent lines.

Conclusions For acute complex fractures of the proximal
humerus, in elderly population with poor bone quality,
when an efficient and reliable re-fixation of the tubercles is
difficult or impossible, the Delta III prosthesis is a possible
alternative with good functional outcome except rotations
but with a lot of worrying inferior scapular notching.

Keywords Traumatic - Humerus proximal - Reverse
shoulder prosthesis

Arthroplastie inversée Delta III en traumatologie aigué
et complexe de I’humérus proximal chez la personne
Agée avec un recul de deux a treize ans

Résumé

Introduction Le but de ce travail est d’évaluer les résul-
tats clinique et radiographique de la prothése inversée Delta
IIT en traumatologie fraiche quand les conditions anatomi-
ques ne permettent pas la ré-insertion efficace des tub-
érosités sur les moyens classiques de prise en charge.
Méthodes De 1993 a 2005, trente six Delta III étaient
implantées pour vingt-sept fractures et neuf fracture-lux-
ations, chez trois hommes et trente trois femmes d’age
moyen soixante quinze ans. L’acte opératoire, toujours
réalisé sous anesthésie générale en position demi-assise par
un abord antero-latéral, permettait I’implantation d’une tige
humérale cimentée avec une rétroversion de 20° a 0° et
d’une méta-gléne avec bonne tenue mécanique primaire
sans difficulté technique majeure. La rééducation post-
opératoire n’était pas toujours réalisable.
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Résultats Les résultats étaient estimés au moyen du
score clinique de Constant et de radiographies de face et
de profil selon Lamy. Vingt-cing cas étaient exploitables
en raison de neuf déceés et de deux déménagements. Le
score de la série était de 59 pour I’épaule opérée et de 81
pour I’épaule opposée. Si les résultats étaient bons pour la
douleur (14.1), ’activité (14.3), et la force (14.1), I’éléva-
tion active (7.5), I’abduction (6.5), ils étaient trés médio-
cres pour la rotation externe (1.1) et la rotation interne
(1.4). Les radiographies montraient un descellement asep-
tique de la glene a douze ans, quatorze encoches du pilier
(sept stades 1, cinq stades 2, un stade 3 et un stade 4),
quatorze ostéophytes polaires inférieurs stables dans le
temps et sans retentissement clinique, quatre résorptions
humérales proximales et deux latérales, et deux liserés
huméraux médiaux os-ciment. Il n’y a pas eu de ré-inter-
vention pour cause humérale.

Conclusion En cas de ré-insertion difficile voire impossi-
ble des tubérosités, la prothese Delta III peut donc étre une
alternative possible avec de bons résultats cliniques
exceptés pour les rotations mais au prix d’images anor-
males et inquiétantes dans 60% des cas. Néanmoins, un
seul patient a été réopéré pour cause de faillite mécanique a
douze ans de recul.

Mots clés Fracture - Humérus proximal - Prothese
inversée
Introduction

The surgical treatment of acute complex fractures of the
proximal humerus is still debated and leads to different
solutions: extra and intra-medullary osteosynthesis
[1-4], the “Bilboquet” device [5], hemi-prosthesis [6-8].
The mechanical viability of these solutions is only
achieved if the tubercles consolidate in anatomic position
[9]. In elderly population with osteoporosis and rotator
cuff diseases, the re-fixation of the tubercles, which is
always difficult and sometimes impossible, leads to bone
loose, migrations, non-union, and mal-union and there-
fore, significantly jeopardizes the functional result and
consequently places the patient into a situation of depen-
dency.

The inversion of surfaces [10], the fixity and medializa-
tion of the centre of rotation, the lowering of the humerus
shaft, as proposed by Grammont [11, 12], enable increasing
the lever arm and the force of the deltoid muscle—the only
muscle necessary for the implant function.

The purpose of this retrospective study was to evaluate
the clinical and radiographic outcomes of the Delta III
prosthesis (DePuy France) in traumatic indications with
2-13 years follow-up.
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Materials and methods
Patient population

Between 1993 and 2005, 36 reversed prosthesis were per-
formed by the same surgeon to treat 27 three-part and four-
part displacements and nine fractures—dislocations of the
proximal humerus according the Neer [13] classification in
3 males and 33 females, mean age 75 years (range 58-92)
for 17 right and 19 left sides, in 50% of dominant arm.
Medical antecedents comprised six severe rotator cuff dis-
eases, three type-1 diabetes, two complicated alcoholics,
three senile dementias, three social distresses, and three
morbid obesities. The pre-operative iconography comprised
on the one hand, AP and lateral view X-rays in order to
classify the fracture, to look for indirect signs of sub-acro-
mial impingement, to understand the osteoporosis degrada-
tion level, and on the other hand a scanner examination to
show the exact anatomy of the backbone neck of the scap-
ula in order to implant the glenoid element and to assess the
degree of fatty degeneration based on the criteria set by
Goutallier [14].

Surgical technique

The surgical procedure was always performed under gen-
eral anaesthesia in a semi-seated position, using an antero-
lateral approach without osteotomy of the acromion, thus
creating a trapezo—deltoidian digastric muscle. Following
the identification of the remaining tubercles, the humeral
head was removed for measurement and pathology analy-
sis. No fracture in a sarcoma context has been evidenced by
the pathologist. The results showed major osteoporosis
associated arthritis in five cases. The anterior, inferior, and
posterior capsules were cut out to position the Trouilloud
forceps that pushed the humeral shaft distally, thus provid-
ing a perfect view on the glenoid. The glenoid was reamed
in a circular manner until the sub-chondral bleeding bone
was reached. Primary fixation after impaction of the metag-
lene was always correct and the four-screw fixation was
performed in a converging way, with two equatorial screws
and one apex screw targeting the foot of the coracoid pro-
cess. For the lower screw, the drilling was performed at low
speed in order to feel permanently the bone contact in the
pillar, and with a low downward tilting. The humeral prepa-
ration caused no specific problem: the shaft being directly
accessible through a movement of adduction-flexion. The
trial implants made it possible to adjust the height and the
muscle tension. The ideal adjustment consisted in being
able to slide effortlessly the pulp of the fifth finger between
the trial sphere and polyethylene in a patient who exhibited
an optimum anaesthesia with curare. The retroversion of
the humeral implant was comprised between 20° and 10°,
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leading to a neutral position implantation in order to try
increasing the mobility in rotation with one 10° ante-ver-
sion case. Except for the first case, all stems were cemented
with low viscosity antibiotic-loaded cement after insertion
of a diaphyseal plug. The lateral fin of the prosthetic epiph-
ysis made it possible to perform a suture of the long portion
of the biceps tendon. It was impossible to obtain an efficient
re-fixation of the tubercles in each case. Closure of the
wound was always associated with a deep suction drainage.
The elbow was immobilized with a sling for 21 days.

Post-operative rehabilitation

Post-operative rehabilitation was not possible in the cases
of social distress, senile dementia, and morbid obesity. For
the other patients, rehabilitation was started after removal
of the drainage and was active in all cases. It was always
associated with a slight pain and it was rapidly effective. It
never lasted more than 3 months.

Post-operative assessment

The shoulder operated was compared with the contra-lateral
shoulder. The results were estimated with the clinical Con-
stant scoring system [15] and AP and lateral view X-rays.

The assessments were carried out monthly during the
first quarter, then quarterly during the first year, and then
once a year.

Results
Losses to follow-up

Only 25 cases were reviewed with a follow-up from 2 to
13 years because nine were deceased and two moved out.

Complications

Four complications were reported: two complex sympa-
thetic dystrophies solved in 6 and 9 months with a medical
treatment, one early (3 weeks) post-operative Acinetobac-
ter infection in a type-1 diabetes patient with cleanse and
drainage revision permitting prosthesis preservation and
one anterior dislocation at one month caused by a voluntary
ante-version of 10° of the humeral implant leading to re-
orientation of the stem. The results of these four cases were
included in the series.

Clinical outcome

With the mean follow-up of 6 years, the raw Constant’s
score was 59 points, with a score of 81 points for the contra-

lateral shoulder. Although the results were good for pain with
quasi-painlessness (14.1/15 points possible = total absence
of pain), and for the activity with a preservation of the
autonomy (14.3/20), they were mediocre for the strength
(14.1/25), and disappointing for the mobility (16.5/40).
Active anterior elevation (7.5/10) and abduction (6.5/10)
were always between 120° and 170°, except for the two
cases reviewed for infection and dislocation, which only
allowed motions below 90°. The internal rotation (1.4/10)
rarely allowed the hand to be moved to the sacrum and thus
the lumbar level could not be reached. The very limited
external rotation (1.1/10) did not allow the hand to be placed
behind the head, elbow forward. In the nine cases with a 10°
retroversion, the internal rotation scored 5/10 with the hand
capable to reach the twelfth thoracic vertebra. The voluntary
ante-version intended to increase the external rotation was a
mistake because it induced our only dislocation case.

Radiographic outcome

One aseptic glenoid loosening with a surgical revision: a
2-mm thick border appeared at 8§ years, aggravated by a
notching of the pillar at 11 years, and a broken distal screw
with mobilisation of the base plate at 12 years (Fig. 1). This
concerned our first case, a type-1 diabetic male patient with
a 42-mm diameter sphere on whom we replaced the stan-
dard base plate in June 2005 without special operative diffi-
culties thanks to a well preserved bone stock. After 1 year,
his Constant’s score was 43 points.

According to the Nérot classification [16, 17], 14 inferior
scapular notching were observed (56%) with a mean occur-
rence time of 4.7 years. The mean occurrence time of the
seven type-1 notches (50%) was 2 and 4.3 years for the five
type-2 notches (35%). In 15% of the cases, we observed a
type-3 notch reaching the lower polar screw and a type-4
notch reaching beyond the screw, respectively, at 5 and
7-year follow-up (Fig. 2).

Fig. 1 Aseptic loosening at 12-year follow-up with broken screw and
mobilisation of the base plate
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Fig. 2 Scapular notching grade 4

Fourteen inferior spurs stable after emergence without
functional impact or radiographic evolution were reported
with a mean occurrence time of 2.5 years, range 1-6 (Fig. 3).

Two heterotopic ossifications occurred at 6 months and
were stable at 6 years follow up.

The humeral radiographic results comprised four medial
(5, 6, 7 and 10 years) and two lateral proximal bones looses
at 10 years. Two bone—cement interface medial and proxi-
mal borders on the two-thirds of the height of the prosthetic
stem were present at 5-year follow-up (Fig. 4).

Fig. 3 Inferior spur at 10-year follow-up stable from its apparition and
without clinically expression
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Fig. 4 Medial proximal humeral resorption with radiolucent line
between bone and cement

We did not report a case of humeral loosening.

At the mean follow-up of 6 years, except for the two
cases re-operated for early infection and dislocation,
despite the high number of abnormal radiographic images,
only one patient exhibited a mechanical failure at 12 years
follow up calling for revision surgery.

Discussion

The treatment of acute complex fractures of the proximal
humerus in elderly patients is not univocal. We did not find
any publication dealing with the utilization of a reversed
prosthesis for these indications.

Osteosynthesis with rigid screwed plates ensure high
quality stabilization and reduction [18-20]. However, they
are difficult to perform when the bone fragments are small
and the risk of severe devascularization increases the poten-
tial for secondary necrosis [21]. The solution could be the
use of the new locked screw plates [22, 23] in order to
improve the stability of the reconstruction to promote the
revascularization phase [24] and to authorize early rehabilita-
tion, even in patients who are affected by acute osteoporosis.

In the case of complex dislocated and displaced frac-
tures, a light anterograde nailing with auto-stable screws
seems to be a proper alternative to prosthesis in order to
ensure a correct fixation of the various bone fragments in
the three anatomical planes, which again promotes the vas-
cularization of the humeral head with very few cases of sec-
ondary necrosis [25]. These remarkable and reproducible
results—assuming the surgical technique is strictly respected
without sub-acromial impingement by a nail insufficiently
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introduced—are confirmed at 4 year follow-up and thus
make it possible to widen the indications for a conserva-
tive treatment [26, 27]. In the case of a severe osteoporo-
sis, however, this type of osteosynthesis seems to reach its
limits and the prosthesis is still the treatment of choice
[28].

“Bilboquet” implant belongs to warden techniques. It
authorizes the consolidation of the tubercles in anatomic
position through the preservation of the bone stock of the
metaphysis and an early rehabilitation. Very few cases of
secondary necrosis are reported [5]. It seems to be better
indicated for three-part than for four-part fractures. A
longer follow-up is necessary to validate this surgical possi-
bility because of the problem of late necroses. Moreover,
this operative technique is complex and difficult to learn
[29].

The first publications concerning the utilization of the
prosthesis implanted for four-part displacements and frac-
ture—dislocations report good results in terms of pain and
autonomy recovery if the operative technique is perfect
[4, 5, 30, 31]. In case of rotator cuff disease, the results for
pain remains acceptable [32] but the functional gain
becomes disappointing [33]. Limited functional results are
also observed [34-37]. Becker et al. [38] report a limited
gleno—humeral mobility except in young patients [39]. For
others, the results achievable in mobility are doubtful [40,
41] because of a non-efficient reconstruction of the tuber-
cles [9, 42]. The functional score would be directly linked
to their consolidation in anatomic position [43]; hence, the
realization of a specific implant for fractures that would
restore the lateral offset and the humeral length with a win-
dow inside the epiphysis in order to provide cancellous
bone that would promote the consolidation of the tubercles
in the anatomic position and more specifically the greater
tubercle [44, 45]. Although the experience of the surgeon
remains essential, this implant improves the anatomical and
clinical outcomes [46]. However, in the case of severe oste-
oporosis and rotator cuff disease—which make the fixation
of the tubercles difficult or impossible—this type of implant
finds its limits and the reversed concept could be an alterna-
tive as demonstrated by our series with a mean follow-up of
6 years.

This reversed concept used in the case of gleno-humeral
arthritis associated with severe rotator cuff deficiency is not
free of specific complications. Humeral cortical perfora-
tions, humeral shaft fracture, intra-operative glenoid frac-
ture, post-operative haematomas, infection, dislocation,
fracture of the acromion, neurological injuries, unscrewing
of the sphere, and loosening of the glenoid component sec-
ondary to trauma or insecurely anchored or glenoid bone
deficiency or sub optimal positioning may occur [47]. Nev-
ertheless, the main problem is the scapular notching
because of a mechanical impingement between the scapular

neck and the epiphysis of the humeral component aggra-
vated when the arm is placed alongside the body and during
adduction movements. The epiphysis can reach the lower
fixation screw of the metaglene causing its rupture and the
loosening of the implant [48, 49]. To prevent this phenome-
non, that affects the intermediate term clinical outcome, a
preoperative planning, and proper selection of glenoid
implants as well as very precise surgical positioning of the
glenoid component may assist in preventing inferior scapu-
lar notching [50].

In summary, for acute complex fractures of the proximal
humerus in elderly population with poor bone quality and
severe rotator cuff deficiency, when an efficient and reliable
re-fixation of the tubercles is difficult or impossible with
classical orthopaedic devices, the Delta III prosthesis is a
possible alternative with good functional outcome except
rotations, but with a lot of worrying inferior scapular notch-
ing. New developments in design and bearing surfaces and
more long-term results will probably provide more durable
utilization of the reverse concept in this indication.
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