B-Tricalcium Phosphate in the Surgical Treatment of
Proximal Humeral Fractures

Fosfato B-Tricalcico Monobloco no Tratamento de Fraturas
Proximais do Umero Cirurgicas
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ABSTRACT
Introduction: The proximal humeral fractures are becoming more frequent, with a greater tendency for its surgical treatment by
osteosynthesis with plate and locked screws. The mechanical and biological failure in these fractures and devices, despite the evolution
of this type of implants, highlighted the synthetic bone grafts became an option.
Material and Methods: Over a period of 96 months, patients considered were those with proximal humeral fractures treated surgically
with a plate and locked screws, and in which B-tricalcium phosphate bone graft had been used. Functional results were evaluated by
the shoulder range of motion as the radiological results.
Results: In 19 patients, with a medial follow up of 53 months, we obtained an average shoulder range of motion of 140° in abduction,
142° in forward flexion, 37° in external rotation and L3 hand position in internal rotation for a cefalo-diaphyseal angle of 136°.
Discussion: The B-tricalcium phosphate synthetic bone graft allows the maintenance of reduction after fixation of proximal humeral
fractures stabilized with plate and locked screws. This reduction which means the maintenance of cefalo-diaphyseal angle is in close
relationship with functional results as shown by shoulder range of motion in all planes.
Conclusion: The B-tricalcium phosphate synthetic bone graft should be seen as an adjuvant therapy in extramedullary fixation of
proximal humeral fractures, especially those with greater comminution of the medial calcar.
Keywords: Bone Substitutes Beta-Tricalcium Phosphate; Fracture Fixation, Internal; Shoulder Fractures.

RESUMO
Introdugao: As fraturas proximais do Umero sdo cada vez mais frequentes, com maior tendéncia para o seu tratamento cirurgico,
predominado a utilizagdo da osteossintese com placa e parafusos bloqueados. Pela faléncia mecanica e bioldgica, apesar da evolugdo
deste tipo de implantes, a utilizagdo de enxertos 6sseos sintéticos passaram a ser uma opgao.
Material e Métodos: Num periodo de 96 meses, avaliamos os doentes com fraturas proximais do Umero, tratados cirurgicamente
com placa e parafusos bloqueados e nos quais foi usado enxerto dsseo sintético de fosfato B-tricalcico. Avaliaram-se os resultados
funcionais pelo arco de mobilidade e pelos exames radiograficos.
Resultados: Nos 19 doentes avaliados, para um follow-up médio de 53 meses, obteve-se um arco de mobilidade com valores médio
de abdugao de 140°, flexdo anterior de 142°, rotagdo externa de 37° e rotagéo interna com méo a L3, para um angulo cefalo-diafisario
de 136°.
Discussao: A utilizagdo de enxerto 6sseo sintético de fosfato B-tricalcico permite a estabilizacdo da redugéo apos fixagéo das fraturas
proximais do Umero estabilizadas com placa e parafusos bloqueados. Esta redugao que se traduz na manutencéo do angulo cefalo-
diafisario, permite a obtengéo de bons resultados funcionais como o demonstra o arco de mobilidade nos varios planos.
Conclusao: O enxerto 6sseo sintético de fosfato B-tricalcico devera ser encarado como uma terapéutica auxiliar na osteossintese
extramedular das fraturas proximais do Umero, principalmente naquelas com maior dificuldade de manutengéo da redugéo pela maior
cominugéao do calcar medial.
Palavras-chave: Beta-Fosfato Tricalcico; Fixagdo Interna de Fraturas; Fraturas do Ombro; Substitutos Osseos.

INTRODUCTION

Increase in average life expectancy is related to an
increased incidence of proximal humeral fractures.'?
Surgical approach is becoming the most selected option,
ranging from transosseous suture fixation to prosthetic
replacement.®>® However, fracture reduction and locking
plate osteosynthesis is probably the most frequently used
procedure.

Despite a significant improvement in this type of implant,
with higher anatomical suitability and the use of low-profile
prosthesis, reduction loss and subsequent worst functional
outcome is still a reality.*"

Several additional measures have been adopted in

order to overcome this failure, which is mainly related to
the lack of medial calcar support,'>'® ranging from the
use of an additional plate around the calcar region® to
the use of autologous or homologous, vascularized or
non-vascularized bone grafting,®* synthetic bone graft
substitute' or bone cement.®

Our case series aimed to assess the authors’ experience
in using B-tricalcium phosphate bone graft substitute
associated to a locking plate and screw system for the
surgical approach to proximal humeral fractures as well as
to assess radiological, clinical and functional outcomes.
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MATERIAL AND METHODS

All patients presenting with proximal humeral fractures
and undergoing osteosynthesis with Philos® (Depuy/
Synthes) locking plate and screw system over a 96-month
period and requiring the use of a B-tricalcium phosphate
Chronos® (Fig. 1) (Depuy/Synthes) cylinder of synthetic
bone graft substitute were enrolled.

Causal mechanisms and concomitant traumatic injuries
were considered; fractures were classified using the Neer
system."”

The final radiological evaluation allowed for the
determination of the cephalo-diaphyseal angle in the antero-
posterior plane, the presence of humeral head necrosis and
collapse, as well as the presence of screw perforation of
the humeral head. The biological behaviour of the synthetic
graft was determined through radiological evaluation.
Functional evaluation was obtained by the range-of-motion
measurement in the coronal, sagittal and transverse planes.

Pain evaluation was quantified according to a visual
analogue scale (ranging from 0 to 10).

The presence of infection, foreign body reaction to
implanted body materials and any failure in osteosynthesis
was determined throughout follow-up, as well as the
incidence and reasons for re-operation.

Our study complied with the Helsinki declaration.

RESULTS

In total, 19 patients (10 female; average age 60.1; 22-84
range; female patients average age 70; 60-84 range and
male 49.1; 22-72 range) presenting with proximal humeral
fractures underwent osteosynthesis with a locking plate and
screw system associated to the application of B-tricalcium
phosphate synthetic bone graft substitute, between July

Figure 1 - Fracture treated with bone graft
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2005 and July 2013.

Three-part fracture was the most common fracture
found (13 patients); 4 patients presented with Neer type 4
fractures, 1 patient with a four-part fracture dislocation and
1 with a Neer type 2 fracture.

Most traumatic events were low-energy simple falls (16
patients) and three patients suffered high-energy injuries
related to traffic accidents (two patients) and to falls from
heights (one patient). Most patients presented with unifocal
injuries; one female patient was admitted with concomitant
traumatic brain injury and subarachnoid haemorrhage.

Patients were followed up for an average of 53 months
(10 months minimum). An average 136° cephalo-diaphyseal
angle was obtained in patient’s final evaluation, with 110°
maximum varus deformity and 153° maximum valgus
deformity.

No osteonecrosis was found in any patient, although
three patients presented with intraoperative screw
perforation of the humeral head. Osseointegration of
synthetic grafts was obtained in all patients.

On average, a score of 1 (0-4) was obtained as regards
pain assessment. A 140° (60°-180°) average shoulder range
of motion was obtained in abduction, 142° in forward flexion
(50-180°), 37° in external rotation with the arm at the side
(0°-90°) and dorsum of hand reaching L3 in internal rotation
(T7-sacroiliac joint) (Table 1).

Four patients were reoperated; one patient underwent
arthroscopic subacromial decompression due to a
displaced lesser tuberosity fracture leading to impingement
upon its medialization, associated to reduction loss. One
patient underwent the same procedure and for the same
reason, although using an open technique and associated
to osteosynthetic material removal. One patient developed
postoperative/post-traumatic ~ stiffness, in need for
capsulotomy associated to osteosynthetic material removal.
The last patient in this group had the osteosynthetic material
removed within the occupational accident insurance with no
clinical indication.

No infection or foreign-body reaction related to the
implant or graft material were found.

DISCUSSION

The approach to proximal humeral fractures has greatly
improved with the use of locking plate and screw systems.
However, long-term follow-up of these patients has shown
that the complications related with these fractures remained,
although less common: humeral head collapse associated
to changes in the cephalo-diaphyseal angle (namely with
a varus deformity); screw perforation of the humeral head;
necrosis of the humeral head; subsequent limited range of
motion, mainly above the scapular plane and a potential
implant-related subacromial mechanical impingement.

These complications, already found in the studies by
Hertel et al., are mainly associated to: (i) a structural factor,
due to the severity of the medial calcar comminution and
to the subsequent interference with the cephalo-diaphyseal
angle and (ii) a biological factor due to the vascular



Table 1 - Epidemiological data

Final
cephalo-
Follow-up Type of Pain  diaphyseal Forward External Internal
Patient Gender Side (months) fracture VAS angle Abduction  flexion rotation rotation
1 F D 24 3 4 142 120 120 40 L3
2 F E 24 3 0 130 120 120 30 L5
3 M D 24 3 0 135 180 160 90 T10
4 M D 15 3 0 134 160 140 30 T12
5 M D 15 4 0 110 100 100 15 L3
6 F E 14 3 0 137 90 90 30 L5
7 F D 10 3 0 150 160 150 30 T12
8 F D 10 3 1 146 180 150 30 L5
9 M E 61 4 1 132 150 170 45 L1
10 M E 103 2 0 153 180 180 45 T7
1 M D 102 4 0 132 180 180 45 L1
(Fracture dislocation)

12 M D 101 4 3 145 60 150 30 L1
13 F D 75 4 3 120 60 60 15 SI
14 M E 59 3 3 130 180 180 45 T7
15 F D 60 3 3] 124 180 180 45 L1
16 F E 66 3 0 153 120 120 0 L5
17 F D 107 3 3 133 170 170 45 T7
18 F D 65 3 2 135 120 140 30 L1
19 M E 76 3 3 135 150 140 45 T10

VAS: Visual analogue scale

impairment of the humeral head.

The anatomical reduction with rigid osteosynthesis
based on the use of locking plate and screws of proximal
humeral fractures with multiple individualized fragments or
with severe comminution occurring in young people is usually
not feasible, due either to the lack of structural support to
the humeral head as to medial calcar comminution or to its
short height. For this reason, we have considered the use
of synthetic bone graft substitute in fractures with severe
medial calcar comminution, with greater difficulty keeping
its height or short of bone structure in the humeral head.

The 10 mm height B-tricalcium phosphate synthetic bone
substitute cylinder was passed through the fracture-related
bone window, generally using the fracture line between
the greater and the lesser tuberosity upon reduction and
before fixation, lodged close to the medial calcar region and
aimed to maintain the height of the medial calcar region and
subsequently the diaphyseal axis. (Fig. 2)

We were able to maintain fracture reduction in the 19
patients in whom we used this graft, for a follow-up over
four years, with a 136° cephalo-diaphyseal angle, similar
to the normal average angle. A satisfactory range of motion
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was obtained as this angle was effectively recovered, with
140° average shoulder range of motion in abduction and
forward flexion, 35° in external rotation and dorsum of hand
reaching L3 in internal rotation.

The worst functional outcomes occurred in patients
with fracture consolidation in varus (<130°), due to the
technical inability associated to the severity of medial calcar
comminution or to the calcar region height loss. In these
two patients, with final cephalo-diaphyseal angles between
110 and 120°, shoulder ranges of 100 and 60° in abduction,
100 and 60° in forward flexion, 15° in external rotation and
dorsum of hand reaching L3 and sacroiliac region were
respectively obtained.

Screw perforation of the humeral head was associated
to the consolidation in varus of the humeral head in the
same two patients. This also occurred in the only patient
with a fracture consolidation in valgus (>150°).

Non-integration, higher risk of infection and foreign-
body reaction are the major complications associated to
the use of a synthetic graft, although these did not occur
in our group of patients (Fig. 3). At the same time, its use
seemed to favour the maintenance of vascular viability of
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Figure 2 - Consolidated fracture with osseointegrated graft

the cephalic region, as no progression to necrosis occurred
in our group of patients. Nevertheless, a 20% reoperation
rate has still been found with this pathology, even with the
use of grafting and the causes remain the same, with higher
predominance of subacromial impingement, either due
to reduction loss of the tuberosities as to implant-related
mechanical impingement. Joint stiffness is the second
major cause and correlates to the initial injury or to a more
aggressive surgical approach. No direct correlation with the
use of synthetic graft seems to exist though.

CONCLUSION

The use of tricalcium phosphate synthetic bone graft
emerged as an ancillary therapy for osteosynthesis of
proximal humeral fractures and is apparently more useful
in fractures with more severe comminution of the medial
calcar region, in which humeral head height is more difficult
to be maintained either in reduction as upon osteosynthesis.

In our group of patients, its correct use allowed
satisfactory fracture reductions to be obtained without any
humeral head collapse, shown by the maintenance of the
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Figure 3 - Beta-tricalcium phosphate synthetic graft

proximal cephalo-diaphyseal angle and obtaining good
ranges of motion on the different planes.

The introduction of this technique should be systematic
and adds value for cases when reduction and fixation is
more difficult due to higher impairment of the medial calcar
region.
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