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ABSTRACT

Bifocal humeral fractures are infrequent injuries, and fractures involving the proximal and diaphyseal humerus are even rarer. We
present four patients with bifocal humeral fractures of the Maresca type A2 classification. We detail the surgical plan, technical
pearls, and functional outcomes.
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Tratamiento quirurgico para fracturas bifocales de humero tipo Maresca A2

RESUMEN

Las fracturas bifocales de humero son lesiones infrecuentes, mas aun las que ocurren asociadas con fracturas en el hiumero
proximal y diafisario. Presentamos a cuatro pacientes con fracturas bifocales de humero proximal y diafisario (Maresca A2), la
planificacion quirdrgica, los detalles técnicos y sus resultados funcionales.
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INTRODUCTION

Humerus fractures are injuries that any orthopedist treats frequently. Experience and indications are extensive
for fractures of either the proximal end, diaphysis or distal end.' However, bifocal or multifocal fractures of the
upper limb are very rare, accounting for 4.8% of humerus fractures. Fractures specifically involving the proxi-
mal humerus and diaphysis are even less frequent (0.4%).>

There is no consensus on the ideal method of stabilization of bifocal humerus fractures and, as they are infre-
quent, only isolated case series have been published.'?

The aim of this article is to describe the surgical planning, technical details and functional outcomes in four
adult patients operated on for bifocal humerus fractures type A2 of the Maresca classification, with the goal
of optimizing healing in a functional position with early rehabilitation; a literature review on the injury is also
provided.

MATERIALS AND METHODS

A retrospective series of four consecutive adult patients with bifocal fractures of the humerus, operated on at
two highly complex medical centers by surgeons with experience® in the surgical treatment of upper limb pa-
thology, was evaluated. The descriptive AO* classification was used for each fracture pattern, and the Maresca'
classification was used for bifocal humerus fractures (Table).

Surgery was the treatment of choice due to marked instability in all cases, with open reduction and internal
fixation with plates and screws (3 cases) or intramedullary nail (1 case).
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Table. Classification of bifocal fractures of the humerus (Maresca)

A Proximal humerus + diaphysis Subtypes
1 Nondisplaced proximal fracture + displaced diaphysis
2 Displaced proximal fracture + displaced diaphysis
3 Proximal fracture with extension to diaphysis

B Diaphysis

C Diaphysis + distal humerus

Surgical technique
Plates with screws

Patient in beach chair position and under regional anesthesia; in three of the four cases, open reduction and in-
ternal fixation with an anatomic extra-long proximal humerus plate and screws, with a screw diameter of 3.5 mm,
was planned.

A double approach was performed. The first was an anterolateral shoulder mini-approach in the intramuscular
plane between the anterior and middle deltoid, always stopping proximal to the axillary nerve safe zone 6 cm
from the anterolateral edge of the acromion.> The second was a distal lateral approach between the triceps muscle
bellies and the brachialis muscle with careful management of the radial nerve. This is followed by radial nerve
neurolysis and reduction of the diaphyseal fracture site using a distal approach with forceps. According to the pat-
tern, absolute stability is provided to the distal focus (Case 3). The length of the implant is selected according to
the radiographic planning. The extra-long proximal humerus plate is introduced from the proximal mini-approach
in the submuscular plane, through the deltoid, respecting the safe zone. The plate is slid across both fractures.
Provisional proximal and distal pins are placed to corroborate correct implant placement and provide temporary
stability. This is followed by the indirect reduction and screw placement in the holes proximal and distal from the
plate to the proximal fracture. Finally, the distal focus is fixed with the plate providing a mixed fracture stability
system (Figure 1).

Figure 1. Surgical details.
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Intramedullary nail

Under radioscopic control, a 2.5 mm diameter pin was placed at the level of the humeral head and transverse
to the shaft of the diaphysis, to control the axes as a joystick. An anterolateral mini-approach is performed on the
shoulder. This is followed by dissection of the deltoid and supraspinatus or remnants. The anterograde nail is in-
serted according to the traditional technique. It can be used in association with the pin described above as a joystick
for reduction and stabilization of the proximal focus. The distal focus is reduced and stabilized with traction and
external maneuvers according to the usual technique.

Postoperative controls were performed 7, 15 and 30 days after surgery. Except for one patient who was lost to
follow-up at the fifth month, patients were examined once a month until consolidation and then once a year for
remote clinical follow-up.

Clinical and radiological parameters® were used to verify fracture healing, as well as the Constant-Murley score’
to assess function. The usual complications related to the surgical procedure (infection, radial palsy, omalgia) were
investigated.

RESULTS

Four bifocal humerus fractures were documented in adult patients from 2018 to 2021 at two high-complexity
medical centers. These were type A2 fractures of the Maresca classification, with involvement of the proximal
humerus and diaphysis. All four patients underwent surgery and the clinical and radiological outcomes were favor-
able.

CLINICAL CASE 1

A 70-year-old woman with bifocal fracture of the left humerus, Maresca type A2, 11B2 and 12A1 of the AO*
classification (Figure 2); trauma of three days of evolution. Based on the clinical-radiological picture, open reduc-
tion and internal fixation were indicated. The technique previously described was performed.

Figure 2. Fracture 11B2 and 12A1 of the AO classification.
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At the control two years after surgery, both fractures were found to have healed, with complete restoration of
range of motion, without pain or weakness of the limb. The functional score on the Constant-Murley scale was 91.
The described complications were not observed (Figure 3).

Figure 3. Radiographs and clinical outcomes two years after surgery.

CLINICAL CASE 2

A 68-year-old woman with bifocal fracture of the right humerus Maresca type A2, 11A1 and 12A2 of the AO*
classification (Figure 4); trauma of six days of evolution. Surgery was indicated with the same detailed surgical
tactics.

Figure 4. Fracture 11A1 and 12A2 of the AO classification.
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Clinical-radiological consolidation was reached at five weeks. At the 1-year distant control, functional restora-
tion of the limb was verified with a functional score on the Constant-Murley scale of 85. No complications were
observed (Figure 5).

Figure 5. Radiographs and clinical outcomes two years after surgery.

CLINICAL CASE 3
A 71-year-old woman, with bifocal fracture of the right humerus Maresca type A2, 11A2 and 12A1 of the AO*
classification (Figure 6); trauma with one month of evolution. The surgical tactics described above were followed.

Figure 6. Fracture 11A2 and 12A1 of the AO classification.
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As a valuable technical detail, the provisional reduction and stabilization of the distal trace was performed with
extra-strength wires (Fiberwire®) using the Nice point® for blocking (Figure 7), definitively synthesizing the focus
with two transfracture screws and with the extra-long plate of the proximal humerus as a bridge as in the previous
cases.

b

Figure 7. Surgical details.

The result four months postoperatively was satisfactory with fracture healing, no pain and a Constant-Murley
functional (provisional) score of 50 (Figure 8). It was not possible to locate the patient at the controls after the fifth
month for a final functional evaluation.

N
—

Figure 8. Radiographs four months after surgery.
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CLINICAL CASE 4

A 96-year-old man, active and independent. Radiographs showed a bifocal fracture of the right humerus Maresca
type A2, 11A3 and 12B1 of the AO* classification (Figure 9).

Figure 9. Fracture 11A3 and 12B1 of the AO classification.

Given the functional demands of the patient, which were unrelated to his chronological age, mini-invasive sur-
gery with intramedullary nailing was chosen to relieve pain and improve the functionality of the limb.

Surgical details: With the patient in the beach chair position and under regional anesthesia, an anterograde
anchored intramedullary nail (Polarus Acumed®) was placed using an anterolateral mini-approach, joining both
fractures. The restoration of the axis, the contact between fragments and the relative stability of the traces was
achieved.

The immediate evolution was good; fracture consolidation was verified at three months. The patient was per-
forming activities of daily living three years after the intervention, with a Constant-Murley score of 65, and no
early or distant complications (Figure 10).
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Figure 10. Radiographic and clinical control three years after surgery.

DISCUSSION

Bifocal fractures of the humerus are very rare. Broadbent et al. found only seven cases of bifocal humerus
fractures in 13,560 fractures recorded over eight years in patients >13 years of age. Four of them corresponded to
the association of the proximal humerus and diaphysis; two, to the proximal and distal humerus, and one, to the
diaphysis and distal humerus.>

In 2014, Maresca found 35 bifocal humerus fractures out of 717 which had been surgically treated (4.8%). In a
case series, the author developed a descriptive classification for bifocal or multifocal fractures of the humerus that
is still the only one available. Thus, he divided them into three types: A, fractures involving the proximal humerus
and diaphysis; B, fractures in the humeral diaphysis; and C, fractures of the diaphysis associated with the distal
humerus.' Type A was further divided into three subgroups: 1, nondisplaced fractures of the proximal humerus
associated with displaced fractures of the diaphysis; 2, displaced fractures of the proximal humerus and diaphysis;
and 3, multifragmentary fractures of the proximal humerus with extension to the diaphysis. In his series of 35
patients, all fractures were type A, and the most frequent group was subgroup 1 (20 cases), and group 2 was very
infrequent (3 cases).!

The four cases in our study belonged to type A, subgroup 2.

When planning the treatment of this type and group of fractures, we are faced with the controversy that some-
times some fractures are associated with indications for surgical and non-surgical treatment, and secondly, it is
possible that the method of surgical stabilization of one of the fractures does not resolve the other.

Regarding the first situation, we consider it advisable to be guided by the treatment of the more complex fracture,
stabilizing both fractures to allow early mobilization of the limb. In the case of the second, the ideal stabilization
should include both fractures avoiding a zone of mechanical stress between the implants with a risk of refracture.

Published surgical options generally include the use of the anterograde intramedullary nail or plate with screws
for isolated proximal humerus or diaphyseal humerus fractures.’!°

However, the method of choice for bifocal fractures of this type and group is still debated. The advantage of the
intramedullary nail is that its placement requires less soft tissue dissection when compared to plate osteosynthe-
sis, and it allows both fractures to be joined with very little dissection. However, omalgia related to nail insertion
through the supraspinatus is a known complication. The benefits of the use of plates and screws or nails on the rate
of consolidation have been discussed.'! !¢

Plates with screws allow stabilization of both fractures with an anatomical reduction and use of bone graft, if
necessary. In addition, through the same approach, the radial nerve can be explored if a neural lesion is suspected.
However, it leads to opening of the fracture hematoma, deperiostization and a theoretical increase in the infection
rate due to exposure. The introduction of the MIPO (minimally invasive plate osteosynthesis) technique conceptu-
ally decreases these complications.'’

In 2008, Levy et al. published the results of treatment of a long segmental (bifocal) humerus fracture stabilized
with a 4.5 mm straight plate using two approaches and submuscular gliding, with excellent outcomes.'®
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Meanwhile, in 2018, Toulopakis et al. published a series of 11 patients with multifocal fractures of the proximal
humerus with diaphyseal extension treated with extra-long anatomic proximal humerus plates and MIPO tech-
nique. It should be clarified that, in this series, there were no type A2 fractures (published in our series), and their
cases represent diaphyseal extensions of fractures of the proximal humerus. Consolidation was achieved in all
patients and the complications were four radial nerve neuropraxias.'®

In 2010, Garnavos and Lasanianos reported the outcomes of 18 patients with fractures of the proximal humerus
extended or combined to the humeral diaphysis, treated with locking intramedullary nails. In this series, eight
corresponded to Maresca type A2 and consolidation was achieved in all of them with good functional outcomes.*

In our series of Maresca type A2 fractures, due to the lack of consensus guidelines and the scarce published
literature, we customized surgical tactics according to the clinical characteristics and functional demand of each
patient.

However, as a guideline, we rely on opening the distal fracture site prioritizing absolute reduction and stabiliza-
tion of the main fracture line, adding an anterolateral mini shoulder approach to allow an anterograde submuscular
sliding of an anatomic extra-long proximal humerus screw plate. In this way, we achieve firm stabilization of the
distal line with a more elastic stabilization of the proximal line. We only modified the technique in one case due to
the advanced age of the patient, and with the objective of reducing the surgical and anesthetic risk.

When deciding on open reduction and stabilization with plate and screws, it is essential to recognize and care-
fully repair the radial nerve in the distal approach and to recognize the axillary nerve passing through the deep
epimysium of the deltoid 6 cm from the acromion for its protection.

In the four cases presented, the fracture healed, on average, within eight weeks. Patients returned to their activi-
ties without functional limitations and limb range of motion was restored at the time of the remote control (Con-
stant-Murley >65 in all cases). One of the patients did not continue with the follow-up, which prevented evaluation
of the final functional outcome.

CONCLUSIONS

We do not have a sufficient number of cases to reach relevant conclusions. However, we have observed that, for
bifocal humerus fractures with involvement of the proximal humerus and diaphysis (Maresca type A2), surgery
with extra-long proximal humerus plates and screws using a double approach, as well as the use of the anterograde
intramedullary nail for an elderly patient or with a higher surgical risk, achieved fracture healing in all cases. The
patients had a good overall functional outcome and returned to their usual pre-trauma activities.

Conflicts of interest: The authors declare no conflicts of interest.

A. Tedeschi ORCID ID: https://orcid.org/0000-0001-5704-3122 R. Duréan ORCID ID: https://orcid.org/0000-0002-8789-3221
L. Calo ORCID ID: https://orcid.org/0000-0002-8702-4819 G. Teruya ORCID ID: hitps://orcid.org/0000-0001-7342-1859
A. J. Muratore ORCID ID: htips://orcid.org/0000-0001-7540-7137 D. Gémez ORCID ID: https://orcid.org/0000-0003-0258-6802

1. Maresca A, Pascarella R, Bettuzzi C, Amendola L, Politano R, Fantasia R, et al. Multifocal humeral fractures. Injury
2014;45(2):444-7. https://doi.org/10.1016/j.injury.2013.10.010

2. Broadbent MR, Quaba O, Hadjucka C, McQueen MM. The epidemiology of multifocal upper limb fractures. Scand
J Surg 2003; 92(3):220-3. https://doi.org/10.1177/145749690309200310

3. Tang JB, Giddins G. Why and how to report surgeons’ levels of expertise. J Hand Surg Eur Vol 2016;41(4):365-6.
https://doi.org/10.1177/1753193416641590

Rev Asoc Argent Ortop Traumatol 2023; 88 (4): 409-418 « ISSN 1852-7434 (online)

417



G. M. Viollaz et al.

11.

18.

19.

20.

. Meinberg E, Agel J, Roberts C, Karam MD, Kellam JF. Fracture and Dislocation Classification Compendium 2018.

J Orthop Trauma 2018;32(1):S1-S170. https://doi.org/10.1097/bot.0000000000001063

. Gardner MJ, Boraiah S, Helfet DL, Lorich DG. The anterolateral acromial approach for fractures of the proximal

humerus. J Orthop Trauma 2008; 22(2):132-7. https://doi.org/10.1097/BOT.0b013e3181589f8c

. Eastaugh-Waring SJ, Joslin CC, Hardy JRW, Cunningham JL. Quantification of fracture healing from radiographs

using the maximum callus index. Clin Orthop Relat Res 2009;(467):1986-91.
https://doi.org/10.1007/s11999-009-0775-0

. Constant CR, Murley AH. A clinical method of functional assessment of the shoulder. Clin Orthop Relat

Res1987;(214):160-4. PMID: 3791738

. Boileau P, Alami G, Rumian A, Schwartz DG, Trojani C, Seidl AJ. The doubled-suture nice knot. Orthopedics

2017;40(2):e382-e386. https://doi.org/10.3928/01477447-20161202-05

. Mauch J, Renner N, Rikli D. Intramedullary nailing of humeral shaft fractures— Initial experiences with an

unreamed humerus nail. Swiss Surg 2000;6(6):299-303. https://doi.org/10.1024/1023-9332.6.6.299

. Matsunaga FT, Tamaoki MJ, Matsumoto MH, Netto NA, Faloppa F, Belloti JC. Minimally invasive osteosynthesis

with a bridge plate versus a functional brace for humeral shaft fractures: a randomized controlled trial. J Bone Joint
Surg Am 2017;99(7):583-92. https://doi.org/10.2106/JBJS.16.00628

Changulani M, Jain UK, Keswani T. Comparison of the use of the humerus intramedullary nail and dynamic
compression plate for the management of diaphyseal fractures of the humerus: a randomised controlled study. Int
Orthop 2007;31(3):391-5. https://doi.org/10.1007/s00264-006-0200-1

. Liu GD, Zhang QG, Ou S, Zhou LS, Fei J, Chen HW, et al. Meta-analysis of the outcomes of intramedullary nailing

and plate fixation of humeral shaft fractures. Int J Surg 2013;11(9):864-8. https://doi.org/10.1016/j.ijsu.2013.08.002

. Chapman JR, Henley MB, Agel J, Benca PJ. Randomized prospective study of humeral shaft fracture fixation:

intramedullary nails versus plates. J Orthop Trauma 2000;14(3):162-6.
https://doi.org/10.1097/00005131-200003000-00002

. McCormack RG, Brien D, Buckley RE, McKee MD, Powell J, Schemitsch EH. Fixation of fractures of the shaft of

the humerus by dynamic compression plate or intramedullary nail: a prospective randomized trial. J Bone Joint Surg
Br2000;82(3):336-9. https://doi.org/10.1302/0301-620x.82b3.9675

. Bhandari M, Devereaux PJ, McKee MD, Schemitsch EH. Compression plating versus intramedullary nailing of

humeral shaft fractures a metaanalysis. Acta Orthop 2006;77(2):279-84. https://doi.org/10.1080/17453670610046037

. O’Donnell T, McKenna JV, Kenny P, Keogh P, O’Flanagan SJ. Concomitant injuries to the ipsilateral shoulder in

patients with a fracture of the diaphysis of the humerus. J Bone Joint Surg Br 2008;90(1):5-61.
https://doi.org/10.1302/0301-620x.90b1.19215

. Concha JM, Sandoval A, Streubel PN. Minimally invasive plate osteosynthesis for humeral shaft fractures: are

results reproducible. Int Orthop 2010;34(8):1297-305. https://doi.org/10.1007/s00264-009-0893-z

Levy B, Herrera D, Templeman D, Cole P. Segmental proximal humerus fractures: A case report of submuscular
plating. J Trauma 2008;65(6):1554-7. https://doi.org/10.1097/01.ta.0000215382.66954.54

Touloupakis G, Di Giorgi L, Bibiano L, Elena Biancardi E, Ghirardelli S, Dell’Orfano M, et al. Exploring the
difficulties to improve minimally invasive application with long PHILOS plate in multifocal metadiaphyseal
fractures of the proximal humerus: analysis of intraoperative procedure and clinical outcomes. Acta Biomed
2018;89(4):532-40. https://doi.org/10.23750/abm.v89i4.6212

Garnavos C, Lasanianos N. Intramedullary nailing of combined/extended fractures of the humeral head and shaft. J
Orthop Trauma 2010;24(4):199-206. https://doi.org/10.1097/BOT.0b013e3181b2b74d

418 Rev Asoc Argent Ortop Traumatol 2023; 88 (4): 409-418 * ISSN 1852-7434 (online)



