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Background: The purpose of this study was to investigate the clinical differences between open reduction and plate fixation via a deltopec-
toral approach with allogenous fibular bone graft and a minimally invasive plate osteosynthesis (MIPO), in Neer’s classification two-, three-
part proximal humeral fractures.

Methods: In this retrospective study, 77 patients with two-, three-part proximal humeral fractures were treated at two different institutions.
Clinical and radiological evaluations were performed in 39 patients, who underwent MIPO at one institution (group A), and 38 patients,
who underwent a deltopectoral approach with allo-fibular bone graft (group B) at another institution. The results between the groups were
compared.

Results: The MIPO technique was significantly less time consuming and caused less bleeding than the deltopectoral approach with allo-fib-
ular bone graft (P<0.05). The duration of the fracture union was significantly reduced in group A (14.5+3.4; range, 10-22 weeks) compared
to group B (16.4%4.3; range, 12-28) weeks (P<0.05). There were no statistically significant differences between the two groups when evalu-
ating the visual analog scale and Constant scores between the two groups, 1 year postoperatively. In radiological evaluation, there was no
difference in radiological outcomes between the two groups. There were no statistically significant differences in malunion between the two
groups.

Conclusions: The MIPO technique and deltopectoral approach with allo-fibular bone graft for two-, three-part proximal humeral frac-
tures, show similar clinical and radiological results. However, allogenous fibular grafts require longer surgery, cause more bleeding, and re-
sult in longer fracture healing time than MIPO technique.

Keywords: Proximal humeral fractures; MIPO; Delto-pectoral approach; Fibular allograft

INTRODUCTION counting for about 5% of all fractures and are more frequent in

older osteoporosis patients [1]. In most cases without severe dis-
Proximal humeral fractures are relatively common fractures, ac-  placement, good outcomes can be achieved through non-surgical
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treatment [2]. However, in cases in which bone fragments have
large displacement or angulation, surgical treatment is required
to restore normal shoulder function [3]. Surgical treatment
methods include plate fixation, intramedullary nailing, and re-
placement arthroplasty; however, internal fixation with a locking
plate is the most commonly used treatment method [4]. Patients
with severe comminuted fractures or osteoporosis are more likely
to develop complications such as fixation failure, interposition,
and angulation during normal plate fixation. These complica-
tions often lead to poor clinical outcomes. Recently, allogenous
fibular bone graft with relatively high bone strength and similar
size to the inner diameter of the proximal humerus has been
used to prevent these problems. Furthermore, recent studies have
shown that in cases of severe comminuted fractures, superior
clinical results were achieved using the graft method [5-7].

The deltopectoral approach was previously used for plate fixa-
tion in proximal humeral fractures. However, this approach re-
quires a large incision range and considerable dissection of the
soft tissue to secure the field of view of the lateral part of the hu-
merus [8]. In order to address these drawbacks, plate fixation
with minimally invasive plate osteosynthesis (MIPO) can shorten
the surgery time and minimize bleeding and soft tissue injury,
leading to superior fracture healing compared to the convention-
al deltopectoral approach [8,9]. In some studies, fixation with
MIPO has demonstrated superior clinical outcomes compared to
open reduction [8,10]. However, due to the limited visibility
during surgery, especially in Neer classification three-, four-part
with severe displacement, skillful operation is required for proper
reduction. Due to the limited approach, performance of bone
grafts including allogenous fibular bone grafts is difficult, espe-
cially when there is no greater tuberosity fracture or the extent of
displacement is not severe [11].

Both allogenous fibular bone graft and MIPO have been intro-
duced to minimize the problems of fixation failure, displacement,
angulation, and nonunion after plate fixation of proximal humer-
al fractures. However, there have been no studies investigating
the differences between the clinical results of these two treatment
methods. The aim of this study was to investigate the clinical dif-
ferences between plate fixation via the deltopectoral approach
with allogenous fibular bone graft and MIPO without bone graft

in proximal humeral fractures.

METHODS

Patient Selection
This study is a retrospective analysis of the medical records of

patients diagnosed with proximal humeral fractures who under-
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went internal fixation with locking plates by the same shoulder
surgeon with similar clinical experiences in two different medical
institutions from January 2014 to December 2016. Patients over
19 years old with two-, three-part proximal humeral fracture
who underwent surgical treatment were included. Patients under
19 years of age, with associated clavicle or scapula fractures, neu-
rological injuries such as brachial plexus injury, periprosthetic
fracture, and those without at least 1 year of follow-up were ex-
cluded from the study. One surgeon performed locking plate fix-
ation using MIPO in all patients with Neer classification two-,
three-part fractures except for cases of greater tuberosity frac-
tures alone. The other surgeon at another institution performed
locking plate fixation and allogenous fibular bone graft via the
deltopectoral approach in all two-, three-part fracture patients.
Cases of four-part fractures were excluded from the analysis be-
cause MIPO was not performed in any. A total of 77 patients met
the inclusion criteria. Clinical and radiological results were ana-
lyzed and compared for 39 patients who underwent MIPO
(group A) and 38 patients who underwent allogenous fibular

bone graft (group B).

Operative Technique

All patients underwent surgery in the beach chair position and
the surgery was performed using image amplification equipment
(C-arm) monitoring the status of reduction. Surgeries for both
groups utilized the same locking plate type (PHILOS; Synthes,
Paoli, PA, USA).

For MIPO, a 3-cm skin incision was made from the anterolat-
eral side of the acromion to the distal part. The anterior raphe of
the deltoid was detached and a finger was placed to feel the axil-
lary nerve under the deltoid of the distal incision line. This was
lifted to protect the nerve. Under the deltoid on the lateral side of
the periosteum, blunt dissection was performed to create space
to insert the plate. Greater tuberosity fracture with displacement
cases were reduced while monitoring with image amplification
equipment and fixed with two Kirschner wires. Upon securing
enough space to place the plate under the deltoid and along the
humeral surface, the axillary nerve was lifted and protected using
a finger and the plate was inserted into the space. While moni-
toring using image amplification equipment, the plate was placed
at an estimated height of 5 mm distal to the greater tuberosity.
With an oblong-shaped hole in the distal plate as a reference, an
approximate 3-cm incision was made in the distal part. Intra-
muscular dissection was performed to expose the distal plate. For
indirect reduction, a pin was inserted into the anterior humeral
head, and the reduction was performed using the joystick meth-

od. Alternatively, a conventional screw was inserted in the ob-

137



Joon Yub Kim, et al. MIPO in proximal humerus fractures

long-shaped hole in the distal plate for indirect humeral head re-
duction. After investigating the state of reduction with the image
amplification equipment, the humeral head was fixed by six
locking screws from the proximal plate to the third row. The arm
was used to secure adequate visualization of the distal plate, and
the remaining locking screws were inserted to complete the pro-
cedure. Since the medial inferior screws of the fourth row of the
plate were placed near the axillary nerve, these were not inserted
in all patients (Fig. 1).

In the allogenous fibular bone graft group, the deltopectoral
approach was performed in all patients. Commencing at the
coracoid process end, an ~10 cm incision was made in the lateral
inferior direction toward the deltoid attachment. The subcutane-
ous tissue was dissected with the cephalic vein placed to the lat-
eral side, and a blunt dissection was performed between the del-
toid and the pectoralis major muscle. The fractured proximal hu-
merus was exposed by dissection of the attachment site under
the deltoid and removal of the bursa tissue. After the allogenous
fibula bone was trimmed to enter the humerus inner diameter,
the fracture site was opened to secure a space. The allogenous
fibula bone was inserted while monitoring with the image ampli-
fication equipment, resulting in indirect reduction of the humer-
us fracture site by allogenous fibula bone. In cases with greater
tuberosity fractures, a few threads were passed through the su-

praspinatus tendon and infraspinatus tendon, applying traction
to the fragments for reduction; temporary fixation was per-
formed using K-wires. Complete reduction state of the fracture
site was confirmed with the image amplification equipment, and
the plate was secured by fixing the screw to complete the surgery
(Fig. 2).

All patients were immobilized for 3 to 6 weeks using a sling af-
ter surgery. After pain was mitigated, the patients began passive
exercise and assisted active exercise on a set schedule. Muscle

strength exercise was performed after fracture union.

Clinical and Radiological Assessments

For clinical evaluation, the amount of bleeding during surgery
was measured by referring to the medical record prepared by the
anesthesiologist, and the surgery time was defined as the time
from the first skin incision to completed suture. The visual ana-
log scale (VAS) and Constant score were measured 1 year after
surgery for functional evaluation. After the surgery, all patients
were treated as outpatients, visiting the hospital on a regular ba-
sis. The anteroposterior (AP) X-ray and axillary X-ray images
were examined to determine the reduction and maintenance sta-
tus of the fracture site, the extent of fracture healing, and the oc-
currence of complications such as the avascular necrosis of the

humeral head. Fracture union was defined as the presence of at

Fig. 1. A 50-year old man with comminuted proximal humeral fracture who was treated with minimally invasive plate osteosynthesis tech-
nique. (A) Preoperative anteroposterior radiography. (B) Preoperative three-dimensional computed tomography scan. (C) Intraoperative gross
photo. (D) Postoperative anteroposterior radiography. (E) Final scar from surgery.
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Fig. 2. A 64-year-old man with Neer classification two-part proximal
humeral fracture who was treated with open plating with allogenous
fibular bone graft. (A) Preoperative anteroposterior radiography. (B)
Preoperative three-dimensional computed tomography scan. (C)
Postoperative anteroposterior radiography.

least three bridging calluses observed in the AP and axillary
X-ray images. For radiological evaluation, neck-shaft angle was
measured on the final follow-up AP images (Fig. 3A) [12]. Mal-
union was defined as a neck-shaft angle less than 120° on post-
operative radiographs during the follow-up period [11]. Plate
height was measured as the distance from the lateral end of the
humeral greater tuberosity to the upper end of the plate in the fi-
nal follow-up AP image (Fig. 3B).

RESULTS

The group that underwent plate fixation using MIPO (group A)
consisted of 39 patients; and 38 patients were in group B, the
group that underwent plate fixation using the deltopectoral ap-
proach with allogenous fibular bone graft. Group A had 20 cases
of Neer classification two-part fractures (51.3%) and 19 cases of
three-part fractures (48.7%); group B had 24 cases of two-part
fractures (63.2%) and 14 cases of three-part fractures (36.8%).
There were no statistical differences in the basic characteristics
between the two groups prior to surgery (Table 1).

The surgery time was significantly shorter in group A (73.4+17.9
minutes) than in group B (146.2 + 53.7 minutes) patients (P <0.001).

https://doi.org/10.5397/cise.2020.00199

Fig. 3. Radiographic evaluation at last follow-up. (A) Neck-shaft an-
gle: angle between a line drawn on the central axis of the humeral
shaft and a line drawn perpendicular to the humeral anatomical
neck. (B) Plate height: a distance between the lateral edge of greater
tuberosity of the humerus and upper margin of the plate.

Table 1. Patient demographics

Variable C(};o:ug 93“ C(;Ifiu%) 81)3 P-value
Age (yr) 68.1x12.7 69.8+14.5 0.582
Sex (male:female) 7:32 5:33 0.562
Preoperative BMD, T score  -2.92+0.83 -2.86%0.91 0.754
Neer classification* (2:3) 20:19 24:14 0.292
Follow-up period (mo) 15956 172164 0.348

Values are presented as meanzstandard deviation. Group A: minimally
invasive plate osteosynthesis, Group B: deltopectoral approach with al-

logenous fibular bone graft.

BMD: bone mineral density.

*Neer classification: proximal humeral fractures classification based on
the number of displaced parts, two-part and three-part fractures.

Intraoperative bleeding was also significantly lower in group A
(86.2+65.4 mL) than in group B (279.6+189.2 mL; P <0.001).
There was no statistically significant difference between the two
groups in the evaluation of clinical function by VAS score and Con-
stant score at the 1-year postoperative follow-up (Table 2).
Postoperative radiological evaluation showed fracture union in
both groups, and no nonunion was observed. The mean time for
fracture union after surgery was 14.5+ 3.4 weeks (range, 10-22
weeks) in group A patients and 16.4+4.3 weeks (range, 12-28
weeks) in group B patients. Fracture union time was statistically
significantly shorter for the group A patients (P=0.032). The
neck-shaft angle measured on the AP X-ray images after surgery
was 130.4°+6.5° (range, 117.8°-141.1°) in group A and 132.9°+8.7°
(range, 112.7°-155.1°) in group B, indicating no difference be-
tween the two groups. The plate height was 8.1+2.1 mm (range,
3.6-13.4 mm) in group A and 8.8 +3.3 mm (range, 3.0-15.1 mm)
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Table 2. Clinical outcomes

Variable Group A Group B P-value
VAS 13%1.1 14£1.0 0.636
Constant score’ 81.8%9.1 783%75 0.067
Operation time (min) 7341179 1462%53.7  <0.001*

86.2+654 279.6+189.2 <0.001*

Values are presented as meantstandard deviation. Group A: minimally
invasive plate osteosynthesis, Group B: deltopectoral approach with al-
logenous fibular bone graft.

VAS: visual analog scale.

*Statistically significant difference between the two groups (P<0.05);
'Constant score evaluated on 1-year follow up.

Intraoperative bleeding (mL)

Table 3. Radiographic outcomes in both groups

Variable Group A Group B P-value
Time to union (wk) 145134 164%43 0.032*
Neck-Shaft angle’\ ©) 130.4£6.5 1329%8.7 0.163
Plate height (mm)i 8.1%f2.1 8.8£33 0.250
Malunion® 3 4 0.665

Values are presented as meantstandard deviation. Group A: minimally
invasive plate osteosynthesis, Group B: deltopectoral approach with al-
logenous fibular bone graft.

*Statistically significant difference between the two groups (P<0.05);
"Angle between a line drawn on the central axis of the humeral shaft
and a line drawn perpendicular to the humeral anatomical neck; *A
distance between the lateral edge of greater tuberosity of the humerus
and upper margin of the plate; "Defined as an angle of <120° or >145°
at final follow-up anteroposterior view.

in group B, indicating no difference between the two groups. At
the radiological evaluation of the final follow-up, the occurrence
of malunion (3 cases [7.7%] in group A and 4 cases [10.5%] in
group B) (Table 3) did not show a statistically significant differ-

ence between the two groups.

DISCUSSION

There have been a number of comparative studies on the clinical
and radiological outcomes of different approaches in the surgical
treatment of proximal humeral fractures [8,13-18]. Convention-
ally, the deltopectoral approach is the most commonly used ap-
proach for the proximal humerus. This approach is performed in
the anterior direction but has the disadvantage of difficulty in
maneuvering the fragments in the greater tuberosity area. Also,
since the plate is positioned on the lateral side of the humerus,
visibility is limited [11]. An extended anterolateral deltoid-split-
ting approach can be performed; however, there is a possibility of
axillary nerve injury with this approach [19]. Hepp et al. [13] re-
ported that this approach had better clinical outcomes compared
to the deltopectoral approach due to the deltoid injury occurring

in the operation process. In comparison to the deltopectoral ap-
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proach, MIPO has been introduced and widely used because this
method minimizes deltoid injury [20] and facilitates the place-
ment of the plate. This method also ensures biological healing
without compromising the blood flow at the periosteum [21].
There have been various reports on differences in clinical and ra-
diological results between the MIPO and deltopectoral approach-
es. In particular, the recent meta-analysis by Li et al. [17] showed
that MIPO had better outcomes than open reduction in terms of
bleeding during surgery, operation time, postoperative pain, time
taken for bone union, and functional score. However, this meth-
od required a longer radiation exposure time during the surgery
and had a higher incidence of axillary nerve injury. Sohn et al.
[15] reported no significant differences in the clinical and radio-
logical evaluation of the two approaches in prospective studies,
but MIPO was significantly less time-consuming. This can be
advantageous in the treatment of polytrauma patients. In this
study, allogenous fibular bone graft, which is not a simple open
reduction, was performed in all patients; as a result, similar to
previous findings, MIPO involved less bleeding during surgery
and less surgical time. This was significantly different compared
to the allogenous fibular bone graft group. Additionally, the time
required for the fracture healing was less in the MIPO because,
in order to perform allogenous fibular bone graft, spreading the
fracture site for space is necessary. With MIPO, however, perios-
teum is kept intact. This is advantageous in terms of fracture
healing. In this study, no axillary nerve injury was found among
the patients who underwent MIPO. Axillary nerve injury can be
prevented during the surgery by prior palpation of the area in
which the axillary nerve passes under the deltoid and protecting
the nerve using a finger. The nerve is also protected by perform-
ing blunt dissection using Cobb retractor, by use of the opposite
finger when inserting a plate, and by inserting the plate with del-
toid lifted.

Attempts have been made in order to prevent problems such as
cutout or loosening of the screw or varus malalignment that may
occur after the plate fixation procedure in patients with severe
osteoporosis or comminuted fracture. One method used has
been the intramedullary allogenic bone graft [22-24]. In addi-
tion, several studies compared clinical and radiological results
with and without allogenous bone graft in patients who under-
went open reduction using the same locking plate. Cha et al. [25]
reported that, in radiological evaluation in the postoperative fol-
low-up, allogenous bone graft maintained the reduction better.
Furthermore, Cui et al. [26] also recently reported that in terms
of clinical results, the allogenous bone graft group had better out-
comes. In this study, however, there was no difference in clinical

and radiological results between the patients who underwent
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plate fixation through MIPO and those who underwent alloge-
nous fibular bone graft in open reduction in the final postopera-
tive follow-up. There was also no difference in the number of
malunion occurrences.

Considering that the bone densities measured in the two
groups were similar and that the fracture patterns of the two
groups evaluated by Neer classification were also similar, the
findings indicate that the neck-shaft angle is maintained after
surgery to the same extent as providing sufficient medial support
with a bone graft although there was no medial calcar screw in-
sertion in the MIPO. In the case of MIPO with accompanying
medial comminution, the immobilization period was longer than
that of other patients and rehabilitation was performed slowly.
The results indicate that with the open reduction, excess inter-
vention on the fracture site is inevitable during the allogenous
fibula bone graft process through open reduction, which certain-
ly causes injury to the periosteum and in the soft tissue. Such in-
tervention of the fracture site can be minimized in the simple
MIPO, and, barring the presence of a severe comminuted frac-
ture, sufficient support of the fracture site can be provided.

Neer classification four-part fractures were not included in this
study. In the case of four-part fractures, difficulty arises in precise
reduction of the fracture site through MIPO. In particular, there
are cases when allogenous fibular bone graft is needed, such as
severe comminuted fracture of the medial cortical bone, but
treatment by MIPO has limitations. Recently, Noh et al. [27] re-
ported that allogenous fibular bone grafts with MIPO for three-,
four-part fractures showed good clinical results. Sohn and Shin
[11] examined the difference in clinical and radiological results
according to the type of fracture in the group of patients with
proximal humeral fractures who underwent MIPO. This group
reported that difficult arises in achieving good outcomes with
MIPO in four-part fractures. Although not included in this study,
the authors attempted MIPO in the case of a four-part fracture;
but sufficient reduction was not possible, so the surgery proceed-
ed with an extended anterolateral deltoid-splitting approach. The
most important aspect in the internal fixation of fractures is the
sufficient anatomical reduction of the fracture site rather than
the surgical approach. Therefore, the flexibility is required in
choosing MIPO or open reduction for sufficient reduction of the
fracture site.

In this study, the two surgeons performed surgical treatment
on the same group of patients only with their respective preferred
surgical method. One surgeon performed the surgery with a be-
lief that MIPO alone could provide sufficient fixation for two-
and three-part fractures. Another surgeon preferred open reduc-

tion using allogenous fibular bone graft in all patients with two-
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or three-part fracture to facilitate reduction. This allowed for
support of the medial cortex of inserted bone by use of an intra-
medullary nail. Furthermore, the two medical institutions are ad-
jacent to each other, and the patient groups are similar. The two
surgeons have similar clinical and surgical experiences, and the
general characteristics of the two patient groups did not differ.
Under these conditions, we believe that this study was suitable to
compare between the two surgical methods.

Based on the results of this study, performing allogenous fibu-
lar bone graft in two- or three-part fractures does not seem to
have a significant advantage over performing MIPO alone. Rath-
er, allogenous fibular bone grafting caused longer surgery times,
increased bleeding, and prolonged fracture healing. In particular,
considering the additional cost from the use of allogeneic bone
and risk of complications such as infection, we believe that the
concurrent allogenous fibular bone graft does not have advantag-
es for general use. Kim et al. [28] also reported that the perfor-
mance of allogenous fibular bone graft did not significantly affect
the clinical outcomes in three-part fractures.

This study had some limitations. First, the population size was
relatively small. Also, this was a retrospective study, and different
surgeries were performed by two different surgeons in two medi-
cal institutions. Although both practitioners are shoulder sur-
geons with similar clinical experience, ruling out the possibility
of subjective intervention by the practitioner in terms of classify-
ing fractures and determining the need for surgical method is
difficult. However, considering that the surgery was performed
using the same instrument and there were no complications such
as malunion after surgery, we believe that the difference between
the surgeons did not have a significant impact on the results. The
importance of this study is that this is the first study to compare
the differences between plate fixation through MIPO and alloge-
nous fibular bone graft through open reduction.

The MIPO and allogenous fibular bone graft through open re-
duction showed similar clinical and radiological results in the
fixation using locking plate in Neer classification two- or three-
part proximal humeral fractures. However, allogenous fibular
bone grafts required longer surgical time, caused more bleeding,
and required a longer time for fracture healing compared to
MIPO. Hence, careful consideration is required when selecting

the fixation method according to fracture comminution.
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