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Abstract

Background: Proximal humeral fractures (PHFs) account for 4–5% of all fractures in the elderly. There is still a
controversy among the treatments in the displaced PHFs. Our aim was to explore the clinical outcome of PHFs with the
treatment of MultiLoc nail or Philos plate in the elderly patients. Methods: A total of 82 sustained elderly patients with
PHFs were finally recruited between Dec 2016 and Dec 2017. 34 patients were treated with MultiLoc nail and 48 patients
were treated with Philos plate. The demographics, fracture types, blood loss, operation time, union time, postoperative
complications, visual analog scores (VASs), Constant scores, American Shoulder and Elbow Scores (ASESs), and neck-
shaft-angle (NSA) between the two groups were compared. Results: No differences were observed in the demo-
graphics, fracture types, VAS, Constant scores, and ASES scores between the two groups at final follow-up. Compared
with the plate group, the blood loss, operation time, and union time were significantly lower in the nail group (all P < .05).
The rate of general complications was 54.17% in the plate group, which was higher than that in the nail group (26.47%, P =
.01). Three patients experienced reoperation in the plate group (3/48; 6.25%), but none in the nail group. Although there
were no significant differences in intraoperative NSA between the two groups, the NSA at final follow-up in the nail
group was much higher than the plate group (137.55 ± 5.53°vs 134.47 ± 5.92°, P = .02). Conclusions: Multiloc in-
tramedullary nail showed the similar effectiveness of final VAS, final Constant scores, and ASES scores in PHFs treatment
with Philos plate. However, MultiLoc nail is superior to Philos plate in blood loss, operation time, complications,
reoperation rate, and the change of NSA.
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Introduction

Proximal humeral fractures (PHFs) account for 4-5% of all
fractures in the elderly.1 With the elderly osteoporotic
population continuing rising in this aging society, the
megatrend of PHFs incidence remains increasing in the
recent years.2-4 Non-operative treatments might be bene-
ficial to undisplaced or minimally displaced PHFs,
showing good clinical outcomes.5 However, there is still a
controversy among the treatments between nonoperation
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and operation in the displaced PHFs. Surgical patients
showed not only a trend of better social participation, but
higher re-intervention rates.6,7 Surgical techniques include
intramedullary nails, plates, intramedullary cage, hemi-
arthroplasty, and reverse total shoulder arthroplasty.8

Locking plate and intramedullary nail are the most
commonly used implants in the operation of PHFs and
locking plate osteosynthesis is considered as the gold
standard treatment.9 Whereas, placement of locking plate
requires dissection of the extensive soft tissues, which
might disrupt the blood supply to fracture and cause ne-
crosis.10 In addition, the position of plate depends on the
fracture and the local anatomy would have effects on the
peri-implant strain and the calcar screw construct in
proximal or distal position respectively.11 However, per-
cutaneous proximal humeral plate fixation could put the
axillary nerve at the risk of injury.12 Locking antegrade
intramedullary nail can preserve the periosteal blood
supply and retain surrounding soft tissue attachments.13

Biomechanical studies have showed that the locking nail
implant provided a more significantly stiffer construct than
the locking plate.14,15 Although some previous studies
compared the first and second generations of intra-
medullary nails with locking plates, it is still controversial
on whether implant osteosynthesis is superior to another in
the clinical outcomes and complications.16-18

With the deepening of PHFs’ understanding, the third
generation straight intramedullary nails have avoided the
defects of the first or second generation of intramedullary
nails. The straight intramedullary MultiLoc® nail (Depuy
Synthes, Oberdorf, Switzerland) is the representative of the
third generation of intramedullary nails. Though previous
studies have reported the clinical outcomes of Multiloc nail
vs Philos plate, influences on fracture healing and com-
plications by comorbidities (such as hypertension, diabetes,
frozen shoulder, subacromial impingement syndrome, and
so on) have been neglected. The purpose of this study is to
compare clinical outcomes between MultiLoc nail and
Philos® plate (Depuy plate Synthes, Oberdorf, Switzerland)
on relatively homogenous PHFs patients. We also believe
that our use of MultiLoc may provide better outcomes in
PHFs patients. Our hypothesis is outcomes with using the
MultiLoc nail will be superior to the Philos plate.

Patients and Methods

Patients

A total of 82 sustained patients who met the following
criteria were finally recruited from the initial 232 patients
with PHFs admitted in our department for surgery between
Jan 2016 and Dec 2017. 34 patients were treated with the
MultiLoc nail and the remaining of 48 patients were treated
with the Philos plate. The inclusion criteria were as

follows: (1) Unilateral displaced OTA11A-2.1 to 11-C/
Neer 2-, 3-, 4-part of PHFs without fractures in the ipsi-
lateral limb; (2) Low-energy injury caused by falls; (3) Age
≥55 years old with normal shoulder range of motion before
injury; (4) Physiologically active patients; and (5) Patients
treated with plates or nails. The exclusion criteria were as
follows: (1) Head-splitting fractures; (2) Open fractures or
pathological fractures; (3) Fractures and dislocation of
shoulder; (4) Fractures accompanied by neurovascular
injury; (5) A history of chronic shoulder pain or shoulder
surgery; (6) A history of fracture union and chronic in-
fection at other sites; (7) Comorbidities of hypertension
and diabetes controlling poorly or comorbidities requiring
hormone therapy; (8) Valgus fractures; and (9) Mental
illness. This retrospective study was approved by the ethics
committee of our institution. Informed consents were
obtained from the patients or their relatives.

Routinely, radiographs of standardized ante-
roposterior, scapular lateral, and axillary view were used
to evaluate the fracture type according to the Neer/OTA
classification and more information of fractures was
obtained from 3D computer tomography (3D-CT) re-
constructions preoperatively.

Surgical Techniques

Under the general or brachial plexus anesthesia, the pa-
tients were placed in a supine position on the radiolucent
operating table with a soft pad under the shoulder so that
the shoulder joint could be extended backward by 30°
(Figure 1). The C-arm was placed on the opposite side of
the injured shoulder in horizontal plane and the humeral
head was examined in an anteroposterior view (Figure 1).

For patients in the nail group, the deltoid-splitting
approach was utilized. A 4 cm incision was made at the
anterior edge of the acromion directed toward the distal
and lateral part. After revealing of the deltoid muscle, the
anterior and middle bundles were split bluntly along the
fibers direction to expose the subacromial bursa and
fracture site. As for the 3- and/or 4-part fractures, the
footprints of supraspinatus, infraspinatus, and sub-
scapularis tendons were passed through by non-absorbable
suture (Ethibond®, MB66) to allow for retracting and
manipulating the greater and lesser tuberosities to the
humeral head for reduction, then 2.0 or 2.5 mm K-wires
were used to anchor the tuberosities to humeral head as an
“en-block” temporarily. The wires were used as “joy-
sticks” to manipulate the head in a neutral and external
rotation position according the glenoid (without adduction
and abduction) to determine reduction quality. If the re-
duction was acceptable, the guide rod was inserted into the
entry point at the apex of the head which was confirmed
under fluoroscopy in the anteroposterior and lateral view
by rotating the K-wires internally, and then the rod was
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driven into the medullary cavity. At the bottom of rod, a
2 cm longitudinal incision was made in the direction of
supraspinatus fibers to expose the humeral head. The
medullary cavity was opened with a hollow drill. When the
MultiLoc nail was inserted into the head and advanced
across the fracture distally with twisting motion under
fluoroscopy, the alignment of the head and shaft would be
reduced automatically, and the distal humerus was slightly
rotated to decrease the fracture line gap. The endpoint of
nail was 3-4 mm below the cartilage level according to the
ascending screw position device. Three proximal screws,
two distal screws and an ascending calcar screw were
inserted, and the screw fixation is applied when there was
unstable fracture and poor bone quality. The sutures passing
through the tendon footprint were attached to the proximal
screws tightly. After the endcap was placed, the rotator cuff
was repaired with non-absorbable suture. The incision was
closed. Figure 2 shows the surgical process.

For patients in the plate group, a classical deltopectoral
approach was used. After the PHFs were exposed, non-
absorbable sutures (Ethibond, MB66) were placed in the
supraspinatus, infraspinatus, and subscapularis tendons to

allow for traction. The humeral head was reduced to the shaft
withK-wire or elevator and fixed temporallywithK-wire, and
the reduction quality of the medial portion of the calcar and
neck-shaft-angle were confirmed under fluoroscopy. The
greater and/or lesser tuberosities were pulled for reduction,
which could be neglected in the 2 pars fractures. The plate
was placed on 5–8 mm distally to the upper end of the greater
tuberosity at least and 2–4mm laterally to the bicipital groove,
then at least 5 locking screws were inserted proximally and 2
screws distally. The sutures threaded through the holes in the
plate and were knotted to increase the stability further.

Rehabilitation

The duration of immobilization with a sling was 6 weeks.
Passive movement of shoulder started on the second day
postoperatively. The shoulder was performed passive
movements which included of forward flexion, backward
extension, adduction, and abduction, but the latter two
movements were not in the plate group. These movements
were instructed by a physical therapist. Active movements
started at the 7th week postoperatively.

Figure 1. A and B shows the patient in a supine position with the injured arm backward 30°and C-arm on the opposite side. C and D
shows the fracture was examined in an anteroposterior and lateral view under fluoroscopy.
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Data Collection

The general data included age, gender, and type of frac-
tures. Outcomes were measured by range of motion,
American Shoulder and Elbow Surgeon scores (ASESs),
Constant-Murley scores, and visual analog scores (VASs)
at 6th month, 12th month, and the last follow-up. Radio-
graphs were used to evaluate the process of union, neck-
shaft-angle (NSA), and complications.

Statistical Analysis

Data analysis was performed with the statistical package
SPSS 17.0 (SPSS Inc, Chicago, IL). Continuous variables
were presented as mean ± standard deviation. Chi-square

test or Fisher exact test was used to analyze categorical
variables. Student t test was used to analyze continuous
variables. Statistical difference is set as P value <.05.

Results

The duration of follow-up averaged 15.6 month (range 12–
24 month). The baseline information was showed in Table
1. The general complications were 9 (26.47%) and 26
(54.17%) in the nail and plate group, respectively (P = .01,
Table 2). The average surgical duration was less in the nail
group than the plate group (87.31 ± 23.32 mins vs 101.52 ±
24.62 mins, P = .01). The volumes of blood loss were
189.34 ± 62.03 mL in the nail group, which was lower than
that in the plate group (222.87 ± 76.42 mL, P = .03).

Figure 2. A–G shows the plain and 3D-CT reconstruction views of a 64 years old woman with 3-part fracture. G–N shows the
fracture reduction with “joy-stick” techniques, identification of entry point, and the insertion of nail. O–Q shows the intraoperative
film.
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Compared with the plate group, the duration of bone union
was also significantly shorter in the nail group (11.64 ±
1.81 weeks vs 12.53 ± 1.75 weeks, P = .03). The differ-
ences in VASs, ASESs, and Constant scores at final follow-

up were not observed between the two groups. There was
no difference in NSA intraoperatively but NAS at final
follow-up was higher in the nail group (137.55 ± 5.53°vs.
134.47 ± 5.92°, P = .02). Detailed data were showed in

Table 1. The baseline information in the two groups.

Nail group (n = 34) Plate group (n = 48) P Value

Age (years) 67.2 ± 6.31 66.3 ± 7.05 .56
Male (%) 11 (32.35) 17 (35.42) .81
Injured left side (%) 13 (38.24) 15 (31.25) .50
Fracture types (%) — — .97
II 19 (55.88) 28 (58.33) —

III 10 (29.41) 13 (27.09) —

IV 5 (14.71) 7 (14.58) —

Incision problem (%) 2 (5.88) 6 (12.50) .46
Shoulder pain (%) 7 (20.59) 16 (33.33) .23

Table 2. Clinical and radiological outcomes in the two groups.

Nail group (n = 34) Plate group (n = 48) P Value

General complications (%) 9 (26.47) 26 (54.17) .01
Final VAS .38 ± .55 (0 � 2) .52 ± .51 (0 � 1) .26
Surgical duration (mins) 87.31 ± 23.32 (60 � 150) 101.52 ± 24.62 (60 � 150) .01
Volumes of blood loss (mL) 189.34 ± 62.03 (100 � 300) 222.87 ± 76.42 (100 � 400) .03
Intraoperative NSA (°) 139.42 ± 5.52 (125 � 155) 138.08 ± 5.54 (125 � 150) .26
Final NSA (°) 137.55 ± 5.53 (120 � 150) 134.47 ± 5.92 (110 � 150) .02
Union time (weeks) 11.64 ± 1.81 (8 � 15) 12.53 ± 1.75 (8 � 15) .03
Final constant scores 81.92 ± 9.68 (40�91) 78.69 ± 8.09 (49 � 92) .10
Final ASES scores 85.38 ± 9.17 (45 � 96) 82.83 ± 7.14 (60 � 95) .17

ASES, American Shoulder and Elbow Score; NSA, Neck-shaft-angle; VAS, Visual analog score.

Figure 3. The excellent functional results of shoulder of the aboved patient and the plain film at 1 year.
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Table 2. Figure 3 shows shoulder function of a patient and
the plain film at 1 year follow-up.

Two plates (2/48, 4.17%) were removed due to screw
cut out of articular surface, but articular surface intrusion
was not found in the nail group. One patient with humeral
head necrosis (1/48, 2.08%) was found in the plate group.
Moreover, neurovascular injury, nonunion, and fracture
displacement were not found in the two groups.

Discussion

Patients with displaced PHFs can be treated with surgical
management, though no clear evidence shows 1 treatment
is superior to others. Brouwe et al7 reported similar results
after operative or non-operative treatment in patients
(≥65 years) with the displaced 3- or 4-part humeral
fractures and a better trend toward social participation in
operative patients in a 10-year retrospective study. How-
ever, it was recommended to treat physiologically older or
inactive PHFs patients (excluding dislocations) non-
operatively and treat physiologically younger or active
patients with surgery.19

In this study, the patients who required high shoulder
function were selected. The strict inclusion and exclusion
criteria minimized the impact of other factors on patients’
surgical outcomes, which were stated rarely in previous
studies.20,21 Operative effects were susceptible to the
comorbidities such as severe hypertension or diabetes, and
these comorbidities might cause microvascular lesion and
influence fracture union. All fractures were caused by low-
energy falls, and thus the soft tissue damage was mini-
mized. The diameter of intramedullary cavity might be
narrower than that of nails in patients aged <55 years,
which created some difficulty of nail insertion, and violent
insertion could increase the risk of soft tissue damage. Our
criteria guaranteed the homogeneity of patients as much as
possible, reducing the impacts of other factors on the
outcomes in the patients with PHFs.

During the surgery, the traditional beach chair position
could be replaced by the supine position. It was possible to
achieve the fluoroscopy of proximal humerus with C-arm
placed on the opposite side before draping by the rotating
the humerus, which facilitated the operation of the surgeon
and reduced the chance of contamination due to moving
the C-arm. Differing from the fracture reduction which
used K-wires to maintain by other studies,9,22,23 the
fracture reduction was unnecessary before the nail inser-
tion in our experience because the fracture would be re-
duced automatically and correctly in the 2-part fracture
type if the entry point was precise. When the greater and/or
lesser tuberosities were reduced and maintained to the
humeral head, the 3- and 4-part fracture type would change
into the 2-part fracture type.

Although no secondary displacement was found in the
two groups at final follow-up, the NSA in the plate group
decreased more than the nail group, which reflected the
biomechanical advantages of nails. Zhao et al compared
the effects of Philos plate alone and Philos combined with
fibular allograft in the treatment of PHFs, and the latter was
superior to the former in supporting humeral head and
maintaining the reduction.24 Several studies have shown
similar clinical outcomes between the plate and nail on
treating PHFs.9,16,17,21 However, intramedullary nails have
overwhelming biomechanical advantages over plates due
to the central fixation and short lever of the nail. Clavert
et al tested angle-stable plate and nail in 4-part fracture, and
the nail demonstrated higher values than locking plate in
both stiffness and loading to failure without increasing
neurological risks.25 Fuchtmeier et al reported that the
intramedullary load carriers were biomechanically supe-
rior when compared to the plating systems in the 2-part
fracture. Similarly, the straight design of MultiLoc nail has
biomechanical advantages over curved nail.15 Gunther
et al analyzed the quantitative CT of straight and bent nail
bearing regions of cadaveric proximal humerus, a rapid
decrease of bone density in cranio-caudal direction but
more bone stock surrounding the straight nail region were
observed, so they recommended the nail should be an-
chored in the subcortical area as close as possible.26 The
subcortical area also named as the fifth anchoring point,
which should be planed precisely before operation.27

Our study showed no differences between the two
groups in VASs, Constant scores, and ASESs scores at
final follow-up. Similarly, a prospective randomized
controlled trial also showed there were no significant
differences of Constant scores and VASs between these
two groups at final follow-up.28 Ge et al reported the
Constant scores, ASESs, and VASs were 82.03, 81.53, and
.83 for the nail group, and 82.23, 80.06, and .81 for the
plate group at 24 months, which were similar with ours.29

Our Constant score was higher and the VAS was lower
than those reported in Gracitelli’s study9 and Boudard
et al’s study.17 It may be due to the different implants. And
our rehabilitation plan was also earlier. Prolonged im-
mobilization postoperatively was not conducive to reha-
bilitation. Passive and active activities could relieve
swelling and soft tissue adhesion, then shoulder function
recovery would be promoted. Our study showed compa-
rable intraoperative NSA, but much higher loss of NSA in
the Plate Group. On the contrary, Rotman et al30 reported
severe loss of NSA in patients treated with MultiLoc, and
no ascending calcar screw was seen in their pictures to
support the medial column and increase the axial stability
which was indispensable in fracture reconstruction and
avoiding secondary displacement.31-33 Biomechanical
evaluation showed that two screws and a calcar screw were
superior in most aspects to increase the stability.33
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Our findings also demonstrated that the surgery time,
blood loss, postoperative complications, and union time
were less in the nail group than in the plate group. A meta-
analysis which involved 2699 patients in thirty-eight
retrospective studies demonstrated the intramedullary
nails in the treatment of PHFs were superior to locking
plates in terms of intraoperative blood loss, operative time,
postoperative complications, and fracture healing time.
Intramedullary nail is a minimally invasive surgery with
small incision and intermuscular approach without ex-
tensive soft tissues being stripped.34 The malalignment of
head and shaft should reduce automatically, while the nail
passed through the fracture line. The most time-consuming
procedures were reduction of the greater and lesser tu-
berosities for the 3- and 4-part fracture and confirmation
the entry point.

MultiLoc is the 3rd intramedullary nail for PHFs. The
clinical and radiological outcomes were satisfactory in our
study. The 1st generation nails could not provide rotational
control and adequate fixation of displaced fragments,
which would lead to malunion or nonunion.35 The 2nd

generation nails was inadequate security of the proximal
interlocking screws, which was unable to fix constructs
with stable angle, and the screws were engaged only in the
cancellous bone, so fixation lost and screw backout were
common.35 The entry point of the 2nd generation nail
located at articular surface, which was medially to the
greater tuberosity, nearly the supraspinatus tendon inser-
tion, between the greater tubercle and humeral head
fragment, and insertion of the nail may push the fracture
fragments apart into the 3-part fracture.36 Nolan et al
concluded that the 2nd generation nails showed high
percentage of unsatisfactory results, violating the rotator
cuff and being unable to resist the deforming forces that
could lead to loss of fixation and varus collapse.18 The
entry point of MultiLoc nail is more medial than that of the
2nd nail. With more bone stock surrounding the nail and the
fifth anchor point to enhance the stability,26 it can prevent
the violation of critical hypovascular zone simulta-
neously.37 The screw-in-screw configuration contributed
to prevent varus collapse and it provided better stability
and the additional calcar screw, a positive effect when
regarding to the failure load reached.33,38 Due to the ap-
plication of screw-in-screw and calcar screw, the mean
decrease of NSAwas 1.9° in our nail group, which was less
than Nolan et al18 with Polaris nail (8°) and Rotman et al30

with MultiLoc nail (16.5°).

Limitations

There are several limitations in our study. First, this is a
retrospective study in the single center. Second, statistical
analysis could not be performed between the different
fracture types due to the relatively small sample size,

especially for the 4-part fractures. Lastly, the effect of
osteoporosis on treatment outcomes has not been inves-
tigated between the two groups, which might affect the
change of NSA and contribute to loosening of implants.

Conclusion

Changes in patient position and C-arm placement can
simplify the surgical procedure. MultiLoc nail is superior
to Philos plate in blood loss, operation time, complications,
union time, and the change of final NSA.
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