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Abstract

Objective To describe the surgical application of anterior minimally invasive plating osteosynthesis (MIPO) using reversed
proximal humerus internal locking system (PHILOS) plate for multifragmentary distal humeral shaft fractures.

Methods Twelve patients with distal humeral shaft fractures (type 12B, n=6 and type 12C, n=6) were operated on by
anterior MIPO and reversed PHILOS plate fixation. The amount of intact bone in the distal fragment was measured by
fracture-to-coronoid distance (FCD). Data of the postoperative alignment, complications, union time, and clinical outcomes
were collected.

Results The mean time for fractures to unite in all patients was 14.8 weeks (range 12-22). There was no perioperative
complication. The mean FCD was 4.8 cm (range 2.1-8.1). The mean coronal angulation was 3.4° (range 0-9), and the mean
sagittal angulation was 1° (range 0-5). All patients had excellent UCLA shoulder score and MEP score results, and the mean
range of elbow motion was 140° (range 130-145).

Conclusion Anterior MIPO using reversed PHILOS plate is safe and effective for multifragmentary fractures of the distal

humeral shaft even in a fracture with a length of intact bone above the coronoid fossa of only 2 cm.
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Introduction

The incidence of humeral shaft fracture is 3-5% of all
fractures [1]. Optimal management of fractures located in
the distal part is technically challenging and controversial.
Despite nonoperative treatment providing high union rates
and excellent functional outcomes, difficulty in controlling
alignment by functional brace and a late angular deformity
are still problems in distal humeral shaft fractures [2, 3].

In the literature, there are several options of surgical treat-
ment. One option is conventional open reduction and plate
fixation when operative treatment is indicated. Disadvan-
tages of this method are devascularization of the fracture
zone and complications, such as nonunion and radial nerve
injury [4, 5]. Another option is closed intramedullary nailing
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that provides biological preservation and has a load-sharing
property. There are two techniques of nailing: antegrade
nailing and retrograde nailing. The disadvantages of ante-
grade nailing are shoulder problems from the approach to the
nail entry point and its unsuitability for a small medullary
canal and a short distal fragment [6, 7]. The drawback of
retrograde nailing is higher risk of an iatrogenic supracon-
dylar fracture [8, 9].

Minimally invasive plating osteosynthesis (MIPO) is an
innovative alternative to these techniques. MIPO preserves
the blood supply of the fracture zone and avoids complica-
tions from nailing. MIPO of the humeral shaft can be used
via anterior [10—16], posterior [17-19], or lateral approaches
[20]. Anterior MIPO has been reported to be safe and has
provided excellent clinical outcomes. However, a limitation
of this approach is when there is only a small amount of
bone for fixation in a distal humeral shaft fracture. At least
6 cm of intact bone above coronoid fossa in distal fragment
has been suggested to be a prerequisite for MIPO via the
anterior approach [10, 13].
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Proximal humerus internal locking system (PHILOS)
plate is a commonly used implant for proximal humerus
fixation (Fig. la, b). It has been used for other purposes,
including fixation of the distal humeral metaphysis [21], the
distal tibia [22], the proximal femur in children [23], and
arthrodesis of the ankle and hindfoot [24]. Application of
this implant could be alternative choice for fixing a humeral
shaft fracture with a short distal fragment due to the matched
contour of the plate to the metaphyseal flare of the distal
humerus (Fig. 1¢) and its multiple multi-directional locking
screws (Fig. 1d).

Anterior MIPO using reversed PHILOS plate may be a
safe and effective management for humeral shaft fractures
with a short distal fragment. Thus, we describe a modifica-
tion of the technique applied in 12 patients who underwent
fixation of distal humeral shaft fractures. We report the out-
comes focusing on the length of intact bone in distal frag-
ment that is feasible for the applied implant, perioperative
complications, as well as radiologic and clinical outcomes.

Materials and methods

A retrospective case series of anterior MIPO with reversed
PHILOS plate fixation was performed on distal humeral
shaft fractures in consecutively recruited 12 patients by one
surgeon at trauma unit in a tertiary center between April
2016 and December 2018. No eligible patients declined to
participate. The inclusion criteria were closed multifrag-
mentary distal humeral shaft fracture and age > 18 years.
The exclusion criteria were an open fracture, pathological
fracture, and age < 18 years. The demographic data, cause of

injury, associated injury, fracture configuration by AO/OTA
classification, and time-to-operate were recorded. The radio-
graphs were reviewed, and the distance from fracture site to
upper edge of coronoid fossa was measured and labeled as
fracture-to-coronoid distance (FCD). This study has been
approved by the ethical committees of Buddhachinaraj Hos-
pital in accordance with the Declaration of Helsinki.

Surgical technique

All of the patients were performed operations under general
anesthesia. For each patient, the affected arm was placed on
a radiolucent table, and the surgeon positioned next to the
lateral side of the arm. During the operation, the forearm
was maintained in supination position to move the radial
nerve away from the humeral shaft [10]. The operation
started with a 4—-6 cm distal skin incision that was 2.5 cm
above the antecubital crease. After the lateral border of
biceps muscle was identified (Fig. 2a), the biceps muscle
was retracted medially to expose the brachialis muscle. The
musculocutaneous nerve, which is located on the antero-
medial surface of brachialis muscle, was identified. After
that, the muscle was longitudinally divided 1.5-2 cm lateral
to this nerve to expose the distal fragment of the humerus
(Fig. 2b). A proximal skin incision between the medial bor-
der of the deltoid muscle and the lateral border of biceps
muscle was made (Fig. 2c), and dissection was done directly
to the anterior crest of the proximal fragment of humerus. A
submuscular tunnel under the brachialis muscle connecting
the proximal and the distal windows was created. A proper-
length PHILOS plate (Synthes, Oberdorf, Switzerland)
was chosen and was applied in a reversed position, namely

Fig. 1 a, b PHILOS was originally designed for fixation of proximal humerus. ¢, d PHILOS can be applied in a reversed manner for distal

humeral shaft fixation
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Medial side

Lateral side

Fig.2 a In the distal window, the lateral border of biceps muscle
was identified before it was retracted medially to expose brachialis
muscle. The medial border of deltoid muscle was identified in the
proximal window. b After retracting the biceps muscle medially, the
brachialis muscle was then divided longitudinally to expose distal
fragment. ¢ In proximal window, dissection was carried out between
the medial border of the deltoid muscle and the lateral border of the
biceps muscle to expose the anterior crest of humerus

proximal to distal, through the tunnel. The end of the plate
was placed just above the coronoid fossa and parallel to the
humeral shaft, and then a fluoroscope was used to check
plate position. Two locking screws were inserted into the
distal fragment. Shortening was corrected by longitudinal
traction in elbow-flexion position, and then a plate reduction
technique was performed by reducing the proximal portion
of the plate to the proximal fragment. After alignment of
the plate and the proximal fragment parallel, one screw was
inserted in the proximal fragment. The plate position and
fracture alignment were checked again by fluoroscopy, and
then the remaining screws were applied. The length of the
screws in the proximal fragment was carefully chosen so that
the tip of the each screw just passed the posterior cortex to
avoid injury to the radial nerve. At the final fixation, 3—4
screws were inserted in proximal fragment and at least 6
screws in distal fragment (Fig. 3). The wounds were closed
over a vacuum drain.

The drain was removed at 2 days after surgery, and then
physical therapy was started for restoring motion of elbow and
shoulder joints. No sling or any external immobilizers were
required after the surgery. Weight bearing activities of the
affected arms were allowed at 12 weeks after surgery or pres-
entation of bridging callus. Radiographic assessment including

Fig.3 Fluoroscopic images of distal humeral shaft fracture fixa-
tion using PHILOS in a reversed manner. a At least, 6 screws were
inserted in the distal fragment and b 3 to 4 screws were inserted in
the proximal fragment

fracture alignment and fracture union was recorded during
immediate postoperative period and at every 6—8 weeks.
After fracture union, the patients were counseled for implant
removal only in particular circumstances, such as implant
irritation and infection. Clinical assessment including post-
operative complications, range of motion (ROM) of affected
elbow, University of California at Los Angeles (UCLA) shoul-
der score and Mayo Elbow Performance (MEP) score was
assessed and record.

Results

The present case series included 9 males and 3 females with
a mean age of 34.2 years (range 19-58). Eleven patients were
injured from motor vehicle accidents, and one from a simple
fall. Floating knee was present in one patient and cerebral con-
cussion in two patients. AO/OTA classification included 12B
(n=6) and 12C (n=6). The mean of FCD was 4.8 cm (range
2.1-8.1). The mean time-to-surgery was 26.5 h (range 9-48)
(Table 1).

There were no postoperative radial nerve palsies or
any other complications. The mean follow-up time was
19.3 months (range 12-28). All fractures were united in
a mean duration of 14.8 weeks (range 12-22). By physical
examination, no apparent angular deformities were observed
in any patients. By radiographic images, they had a mean
coronal angulation of 3.4° (range 0-9) and a mean sagittal
angulation of 1° (range 0-5). The mean ROM of the elbow was
140° (range 130-145). The mean MEP score was 98 (range
94-100), and the mean UCLA score was 34.4 (range 32-35).
These were all considered to be excellent values (Table 2).

Discussion
The suitable technique and suitable implant for fixation of

multifragmentary humeral shaft fracture with short distal
fragment are currently still controversial. In the present
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Fig.4 A 58-year-old male with a history of motorcycle accident was
diagnosed with a closed distal humeral shaft fracture. a, b The initial
plain radiograph showed a comminuted fracture (AO/OTA 12-C3)
with an FCD of 3.7 cm. ¢, d At 1 year after anterior MIPO using

Fig.5 A 51-year-old female with a history of simple fall was diag-
nosed with a closed distal humeral shaft fracture. a The initial plain
radiograph showed a wedge fracture (AO/ATO 12-B1) with an FCD

study, fracture union and excellent clinical outcomes were
achieved in all 12 cases of anterior MIPO using reversed
PHILOS for distal humeral shaft fractures with short FCD.

MIPO of the distal humeral shaft can be used via anterior
[10-16], posterior [17-19], or lateral approaches [20]. The
posterior approach has advantage of more area for fixation
because the implant can be placed distally to the end of pos-
terior aspect of lateral column. However, drawbacks of this
approach include technical difficulty to apply the implant

@ Springer

reversed PHILOS, the fracture was united. e The surgical wounds

were completely healed without any consequences. f, g The injured
limb was fully functional

of 2.1 cm. b—e At 1 year after anterior MIPO using reversed PHILOS,
the fracture was united and the injured limb regained normal ROM

under the radial nerve and to apply reduction devices for
controlling proximal fragment. Gallucci et al. reported 21
cases of posterior MIPO for distal humeral shaft fractures,
of which 16 cases had apparent varus deformities, and two
cases had implant irritation needing to be removed [19]. The
lateral approach is another choice for distal humeral fracture
[20]. With this approach, the implant can be placed distally
on the lateral humeral condyle, and this placement facilitates
more screws for fixation in the distal fragment. However, the
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Fig.6 A 27-year-old male with a history of motorcycle accident was FCD of 2.8 cm. b, ¢ Solid union was achieved with anterior MIPO
diagnosed with a closed distal humeral shaft fracture. a The initial using reversed PHILOS. d-g At 1 year postoperatively, the injured
plain radiograph showed a segmental fracture (AO/OTA 12-C3) with limb regained its normal ROM and strength

Table 1 Demographic and clinical characteristics

Patient no. Sex Age Side AO/OTA clas- Cause of injury Associated injury FCD (cm) Time to
sification operate
)
1 (Fig. 4) M 58 R 12-C3 Motorcycle accident None 3.7 9
2 F 28 L 12-B3 Motorcycle accident None 6 48
3 M 19 L 12-B2 Motorcycle accident None 7.8 9
4 M 52 R 12-C2 Motorcycle accident None 4.8 24
5 M 21 L 12-C2 Motorcycle accident None 3.6 12
6 M 36 R 12-B2 Motorcycle accident Closed fracture of 8.1 36
Rt.femur and Lt.tibia
7 (Fig. 5) F 51 R 12-B1 Simple fall None 2.1 48
8 M 25 L 12-B1 Motorcycle accident None 25 12
9 M 38 R 12-C1 Motorcycle accident None 4.6 48
10 M 19 L 12-B2 Motorcycle accident Cerebral concussion 7.2 12
11 (Fig. 6) M 27 L 12-C2 Motorcycle accident Cerebral concussion 2.8 24
12 F 36 L 12-C3 Motorcycle accident None 4.5 36

Table 2 Radiographic and clinical outcomes

Patient no. Time to union  Complication Coronal Sagittal ROM MERP score UCLA score Follow-

(weeks) angulation angulation up time
(months)

1 (Fig. 4) 14 None 0 0 140 100 35 28

2 12 None 4 2 130 100 35 18

3 16 None 0 0 145 100 35 22

4 22 None 5 0 140 94 32 24

5 12 None 5 0 140 100 35 24

6 14 None 0 0 140 94 33 18

7 (Fig. 5) 16 None 4 0 145 94 35 15

8 12 None 5 0 145 100 35 18

9 16 None 6 2 140 100 35 16

10 12 None 3 3 145 94 33 18

11 (Fig. 6) 16 None 9 5 140 100 35 18

12 16 None 0 0 135 100 35 12
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radial nerve could be injured because devices still need to
pass under the nerve. MIPO via the anterior approach has
been widely used and has the advantage that radial nerve is
further away from the surgical field, thereby lessening the
risk of damage. In the present study, anterior MIPO provided
good fracture union without nerve injury and any periopera-
tive complications.

For a standard 4.5-mm narrow dynamic compression
plate, 6 cm of intact bone above the coronoid fossa is
required for facilitating a 3-screw fixation in the distal frag-
ment [10, 13]. PHILOS plate has been used widely for proxi-
mal humerus fracture. Park. et al. reported nine cases with
distal metaphyseal fracture of the humerus using PHILOS
plate in reversed position via an open anterolateral approach
[21]. In the present study, at least 6 screws were inserted into
the distal fragment in all cases to ensure stable distal fixa-
tion. All fractures were united with a mean FCD of 4.8 cm
and the shortest FCD of 2.1 cm, demonstrating anterior
MIPO with reversed PHILOS to be a feasible option even
in a case with a short distal fragment.

Fracture verification is a technically demanding step in
MIPO of the humerus. Lee. et al. reported MIPO for the
humeral shaft with the assistance of an external fixator to
maintain fracture reduction [16]. Lee and Yoon reported
using flexible nails for temporary fixation before introduc-
ing the plate [25]. In the present study, because of the shorter
time-to-surgery of not more than 2 days after injury, there
was less soft tissue contracture and less fracture shortening.
Thus, acceptable fracture alignment was established simply
by manual traction and plate reduction technique.

There were some limitations to the present study. It was
an uncontrolled retrospective case series, and the number of
the enrolled patients was small. Furthermore, although the
reversed PHILOS plate is well-contoured to anatomy of the
distal humeral shaft, no biomechanical study demonstrating
the strength of the construct with the applied implant has
been reported to date.

Conclusion

Anterior MIPO using reversed PHILOS plate was safe and
effective in a case series of 12 adult patients. It may be a fea-
sible option for multifragmentary fracture of distal humeral
shaft with a short distal fragment. However, if FCD is less
than 2 cm, MIPO via other approaches and using other
implants may be more suitable.
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