
Benefit of an anatomical prosthesis designed specifically
for cephalotuberosity fractures. 

Presentation of technical solutions to improve humerus
consolidation and radiological and clinical analyses of

the results.

Benefit of an anatomical prosthesis designed specifically for 
cephalotuberosity fractures.

Tristan Lascar (a), Sylvain Rocher (b), Anne Vidil(C), Jean-Yves Hery(D), 
Marc Juvanspan(e), Yves Bellumore(f), Marc Peyroux(g), Fisher Jean-François(h),
Laurent Obert (b)

a : Princesse Grace Hospital, Principality of Monaco.
b : Besançon University Hospital.
c : Saint Joseph Hospital, Paris.
d : Manosque Hospital
e : Montagne Clinic,  Courbevoie
f : Occitanie Clinic, Muret
g : Dunkerque Hospital
h : Yverdon Hospital. Switzerland.
Contact Author: Tristan Lascar
tristan.lascar@me.com
Tel : 00 33 (0)6 60 59 84 31

Introduction: In the treatment of complex cephalotuberosity fractures, hemiarthroplasty has an important role together
with osteosynthesis and reversed prosthesis.                                        . 
We sought to evaluate a new implant designed specifically for the treatment of cephalotuberosity fractures 
(Humelock®, FX Solutions).                                                                                                 .
Firstly we put together a working group in order to analyse the causes of failures in different types, and to propose
technical solutions to enable the implant to be adjusted in height, and to improve the position and setting of the 
tuberosities. Once the anatomical study data had been validated, we then tried to test the hypothesis that these results
were applicable and could be repeated using this implant in current clinical practice.                                                          .

.

Equipment and method:An anatomical study was carried out on 11 cadavers so as to confirm the placement of the
stem at a height, and the screw fastening of the stem. Next a multi-centred prospective non-randomized clinical study
enabled us to analyse clinical and x-ray results for the implant in 30 subjects, this being 31 shoulders.
Three groups were established in order to compare the different options offered by the implant. 

Results: The anatomical and clinical data allowed us to confirm Murachowsky's data. All but one (undersized) of the
stems, were fastened with screws in a perfectly stable way. In the hemiarthroplasty version, healing of the tuberosities
in a good position was very clearly improved by the use of the Offset Modular System (OMS®) and specialized loop
sutures, both being technical points found to be useful and effective by all clinicians.                                                          .
.

Discussion: This prosthesis now forms an integral part of implants specifically for cephalotuberosity fractures. Two
options allow for the top of the patient's humerus to be preserved if the vascularisation criteria permit, or to perform
a hemiarthroplasty which would present a good outcome for fixing the tuberosities in a good position, for 
optimal shoulder function.                                             .
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Introduction
Treatment of complex cephalotuberosity fractures in subjects under 70 years remains 
problematic. In fact, when the use of reversed prosthesis is contra-indicated, osteosynthesis may
not always be a workable solution; either because of unfavourable cephalic vascularisation 
criteria*, or due to the complex shape of the fracture where a comminuted fracture does not allow
a mechanically reliable traditional implant.                                                 .
In 1970, Sir Charles Neer presented a series* of fractures treated with an anatomical prosthesis,
with a rate of tuberosity fixation around the prosthesis of 95%. Since then, all teams, using 
increasingly sophisticated implants, have struggled to attain this level.                                                   . 
This study will present the technical solutions which we chose to simply optimize the height 
adjustment of the implant. We will also show the options chosen to stabilize the tuberosities, and
the solutions introduced with the implant to improve their consolidation in an anatomical position.
Depending on the type of fracture, this original implant allows a choice of either a hybrid version
such as "Bilboquet" according to the original concept designed by Doursounian* in 1990 and 
validated since then by numerous teams**, or a specific hemiathroplasty for fractures, with or 
without a tuberosity positioning support system (Offset Modular System®) as required by the case
in hand.                                                                                        .
We will be presenting a serie of clinical and x-ray results for the options chosen, with their 
respective rates of tuberosity consolidation in order to evaluate the benefit of innovative 
development in this very demanding area of surgery.

Equipment and Method

A preliminary anatomical study was made on 11 cadavers as well as a prospective multi-centred
clinical study of the 31 cases.                                                            .
The aims of the anatomical cadaver study were several: to control the mechanical reliability of the
diaphyseal fixation, its safety with regard to neurovascular elements, and to check Murachowsky's
data on the distance of the upper side of the pectoralis major - top of the humeral head.                     . 
The option chosen for pinning the height of the stem has been to fix directly onto the actual stem,
in order to save time on what we considered to be the essential part, namely the synthesis of the
tuberosities. The upper side of the clavicular fascicle of the pectoralis major is located and a test
screw is placed to position the humeral head 5.5 centimetres from the pectoral marker. The primary
fixing is carried out by means of a pin on the distal part of the stem, so as to be able to produce a
primary tuberosity reduction on the test site, and to monitor the result with an x-ray image intensifier
in neutral, internal and external rotation positions.                                                                . 

. 
The prospective clinical study, carried out between 2009 and 2011, allowed us to clinically evaluate
30 patients, this being 31 cases, by measuring the range of articulation, scoring them as Constant
and/or quick Dash, and by X-ray exam with an analysis of the position and consolidation of 
tuberosities around the implant, and whether or not loop sutures or OMS were used.  All subjects
had been treated with a fracture-specific stem, with diaphyseal fixation.                                                  .
We also evaluated a tuberosity reinsertion technique using specific loop sutures in order to obtain
a reliable attachment which could be repeated on any type of fracture. In addition we evaluated
the mechanical benefit of an optional stem implant, the Offset Modular System® (OMS). 
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This is actually a focussed option which both facilitates positioning and fixing of tuberosities 
according to the amount of tuberosity remaining, and equally allows supply of cancellous graft
from the humeral head to be in contact with the prosthesis. 

Figure 1 : Offset Modular System 

A: Presentation

B: Tuberosity with OMS                                       C: Tuberosity without OMS

D: OMS with graft 
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E: Anatomical consolidation of  tuberosities 

Three groups of patients were identified.                                        .  
Group 1 consisted of patients initially presenting with a CT2 cephalotuberosity fracture 
according to Duparc classification* (4 fragments, valgus impacted humeral head) with favourable
cephalic perfusion criteria, permitting preservation of the humeral head. These patients were given
an anchor for the stem on the humeral head, with an anchoring plate, in line with the Bilboquet
procedure described by Doursounian in 1990*.

Figure 2: Humelock with anchoring plate

Group 2 consisted of patients presenting with a CT3 or CT4 fracture according to Duparc 
classification, for whom we carried out a hemiarthroplasty, without OMS or use of loop sutures.   .
.
Group 3 consisted of the same type of patients as group 2 (CT3, CT4) but for whom the 
hemiarthroplasty was combined with OMS and loop sutures for positioning and anchoring 
the tuberosities.
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Results:

The anatomical and clinical study allowed us to find a measurement top of the humeral 
head / pectoralis major of 5.5 cm +/- 5mm according to data in published literature, confirming the
height adjustment tool perfected for this implant. The ancilliary of the double distal fixation allowed
all the stems to be fixed securely except 1/32 cases, because of a manifest under-sizing of the
stem compared with the diaphysis of the patient.                                      .
The anatomical study allowed us to show the mechanical benefit of the OMS in facilitating 
tuberosity positioning.  (figure 2). This study has lead us to further refine the cage walls, to enable
biological exchange around the prosthesis (figure 3).                                                               .

The global series comprises 30 patients (31 shoulders) with an average age of 71 years (33-90)
7 of whom are men. According to Duparc classification, there are 8 CT2 fractures, 12 CT3 fractures
and 11 CT4 fractures. The average follow-up is 17.6 months. 12patients had a follow-up over 2
years. The functional results of the global trials are shown in table 1. In this series there was 1 
immediate post-traumatic plexus damage, due to the occurrence of a complex regional pain 
syndrome, which explains the worst result of the series. No infection or dislocation was 
observed afterwards. In one case, the tuberosities did not consolidate and in two others they 
disappeared over time although they were previously in the correct position. (secondary avascular
necrosis).                            . 

Global study Age Fractures
Active ABD
6 months

Active AE
6 months

Int Rot active
6 months

Active RE1
6 months

Consolidation
tuberosities

Position
tuberosities

30 patients
31 shoulders
8 clinicians

71 years
[33-90]

8CT2
12CT3
11CT4

96° 
[40-140]

117° 
[60-160]

20° 38°
[20-55]

28/31 +
2/31

2nd weakening
1/31 pseudart

4/31
malpositioned

Table 1: Global study

We felt it was important to split into three groups in order to justify the technical choices for the
placement of the most successful implant. Group 1: CT2 + anchoring plate 
Group 2: CT3 or CT4 + hemiarthroplasty, no OMS or loop sutures
Group 3: CT3 or CT4 + hemiarthoplasty with OMS and loop sutures

The details of the 3 groups are shown in table 2. 

Table 2: The 3 groups of patients

Group Age Fractures Active ABD
6 months

Active AE
6 months

Int Rot active
6 months

Active RE1
6 months

Consolidation
tuberosities

Position
tuberosities

Group 1
N=7

Follow-up
20 months

72 years
[33-90]

7/7 CT2 92°
[50-140]

114°
[60-160]

20° 42°
[30-50]

7/7+ 1/7
malpositioned

Group 2
N=12

Follow-up
21 months

75 years
[45-85]

1/12 CT2
5/12 CT3
6/12 CT4

87.5°
[50-130]

112.5°
[90-140]

20° 43°
[40-55]

9/12 +
2/12 : 

2nd weakening

5/12
low or 

malpositioned

Group 3
N=12

Follow-up
8 months

68.6 years
[59-80]

7/12 CT3
5/12 CT4

110°
[90-140]

126°
[110-140]

30°
[15-40]

27°
[20-45]

all strong all good 
position
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Discussion:
These results firstly confirm the benefit of using a hybrid implant which allows the humeral head
to be preserved where possible, depending on the type of fracture. While in these few cases of
preserving the humeral head, one finds excellent published results in terms of consolidation of the
tuberosities *, the very low rate of necrosis in the cephalic extremity is doubtless due to the very
strict selection of indications for preserving the head. If a question remains over a vascularisation
risk, it was preferable to proceed with the hemiarthroplasty option, that is to say, using the same
stem, but with a prosthetic head.                                                             .
These results have also allowed us to compare the use of a traditional hemiarthroplasty with a
modern hemiarthroplasty system, whose main objective is to encourage tuberosity consolidation.
The series of Sofcot*, made by Boileau*, and more recently, Reuther*, showed results of 40 to
66% for tuberosity mal-position or pseudarthrosis. One cannot question the quality of the osteo-
sutures here, for all that, these figures show that the implant has a great significance in the conso-
lidation and good positioning of tuberosities. More recently, Krishnan*, and subsequently Boileau* 
published a series of trials with results showing rates of 21% and 13% respectively for 
pseudoarthrosis in tuberosities with a fracture-specific stem, which reassured us in our research
into a performance implant to treat cephalotuberosity fractures.                                          . 
As far as the implant studied in this work is concerned, the objective improvement in rates of
consolidation of tuberosities and patient function has strengthened the technical choices which
were used for this cementless implant, whether this be for the use of loop sutures for 
osteo-suturing, or in facilitating consolidation in the anatomical position of tuberosities using 
the OMS system.                                                                                                   .

.

In group 1, (CT2 + preservation  of humeral head) a case of necrosis in the humeral head was 
observed in a patient of 90 years, but on account of correct function and more importantly complete
benignancy, the patient was not returned to surgery. Finally a premature return to surgery was 
observed, due to a secondary mobilization of the cephalic synthesis. (post-operative episode).     .

In group 2 (prosthesis without OMS or use of loop sutures) we observed 5 mal-positions with low
tuberosities.     . 

In group 3 (use of OMS system and loop sutures to complete tuberosity suturing) the results 
were better.                                                                     .

The tuberosity suturing technique with loop sutures was possible to repeat and found to be 
efficient by all clinicians.                                                                          .  

7



Seggl W., Weiglein A. Die arterielle blutversorgung des oberarmkopfes und ihre prognostische bedeutung bei
luxationen, frakturen und luxationsfrakturen des oberarmkopfes. Acta chir Austriaca, suppl, 1991, 92, 3-19.

C Gerber, AG Schneeberger and TS Vinh : The arterial vascularization of the humeral head. An anatomical study
J Bone Joint Surg Am. 1990;72:1486-1494.

Chales Neer II : Indications for replacement of the proximal humeral articulation
(1955) The American Journal of Surgery, 89 (4), pp. 901-907.

L. Doursounian, J. Grimberg, RC Touzard : A new fixation device for displaced proximal humeral fractures
(PHF)—Review of 17 cases  Journal of Shoulder and Elbow Surgery, Volume 5, Issue 2, Part 2, March-April 1996,
Page S50.

C. Ledu, L. Favard : 112 fractures complexes de l’extrémité supérieure de l’humérus traitées par l’implant « Bilbo-
quet ». Résultats cliniques et radiologiques.
Revue de Chirurgie Ortthopédique et Réparatrice de l’Appareil Moteur, Volume 90, issue 6, Suppément 1, Octobre
2004, Page 81.

G. Griffet, J. Brehouet, CH. Le Du, Luc. Favard, Le traitement des fractures complexes de l’extrémité supérieure
de l’humérus traitées par l’implant « Bilboquet ». Maîtrise Orthopédique 181, Décembre 2009.

Murachovsky J, Ikemoto RY, Nascimento LGP, Fujiki EN, Milani C, Warner : Pectoralis major tendon reference
(PMT) JJP. a new method for accurate restoration of humeral length with hemiarthroplasty for fracture. J Shoulder
Elbow Surg 2006;15:675-8.

Torrens C, Corrales M, Melendo E, Solano A, Rodriguez-Baeza A,
Caceres E. The pectoralis major tendon as a reference for restoring
humeral length and retroversion with hemiarthroplasty for fracture.
J Shoulder Elbow Surg 2008;17:947-50

Duparc J : Classification des fractures articulaires de l’extrémité supérieure de l’humérus. Maitrise orthopédique
N°39, Décembre 1994

Jacquot N., Kempf J-F., Favard L., Le Huec J-C., Molé D., Walch G., Boileau P., Résultats d’une prothèse
d’épaule spécifiquement dessinée pour les fractures de l’extrémité supérieure de l’humérus. Revue de Chirurgie
Orthopédique et Réparatrice de l'Appareil Moteur, Volume 90, Issue 6, Supplement 1, October 2004, Page 145

Boileau P, Walch G, Krisnan S. Tuberosity osteosynthesis and hemiarthroplasty for four-part fractures of the proxi-
mal humerus. Tech Shoulder Elbow Surg 2000;1:96—109.

Reuther F, Muller S, Wahl D. Management of humeral head frac- tures with a trauma shoulder prosthesis: correla-
tion between joint function and healing of the tuberosities. Acta Orthop Belg 2007;73:179—87

Sumant G. Krishnan & al. : Shoulder Arthroplasty for Fracture  Does a Fracture-specific Stem Make a Difference?
Clinical Orthopaedics and Related Reseach 2011 Volume 469 

Boileau P, Pennington SD, Alami G. Proximal humeral fractures in younger patients: fixation techniques and ar-
throplasty. J Shoulder Elbow Surg. 2011;20 (2 Suppl):S47–S60.

1663, rue de Majornas - 01440 Viriat - France
Tél. : (33) Ø4 74 55 35 55 - Fax : (33) Ø4 74 52 44 01

E-mail: info@fxsolutions.fr - www.fxsolutions.fr

Bibliography


