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Abstract

Introduction: The two methods of treatment of
humeral shaft fractures, namely minimally invasive
plate  osteosynthesis (MIPO), and antegrade
intramedullary nailing (IMN) are reported as

satisfactory procedures.

Objective: To compare the clinical and radiological
results of MIPO and IMN techniques in surgical

treatment of mid humeral shaft fractures.

Patients and methods: From March 2017 to July
2018, a prospective study on 60 patients with closed

Journal of Orthopaedics and Sports Medicine

unilateral mid- humeral shaft fractures were surgically
treated with MIPO or IMN. The intraoperative
outcomes including operation time, bleeding volume,
and the postoperative outcomes (clinically and
radiologically) were recorded. The Constant-Murley
scores were used for assessment of function of
shoulder joint and Mayo score was used for
measurement of elbow joint function. Complications
in both groups have been reported. The follow-up
duration ranged from 6 to 12 months with a mean

duration of 6.7 months.
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Results: For group 1 having MIPO technique, the
average operative time was 90.3 min (range 50-110),
while mean blood loss was 167 ml (range 120-200).
In group Il patients (interlocking humeral nail), the
average time of operation was 100.1 min (range 65—
120), and mean blood loss was 118 ml (range 90—
150). The mean Constant-Murley shoulder score was
86.95+15.7 in MIPO group and 88.75%13.7in IMN
group. The mean Mayo Elbow Performance score in
MIPO and IMN groups was 96.5 + 5.87 and 95.8
+ 6.77, respectively.  Radiologic bony union was
achieved in 29 out of 30 patients in MIPO group and
in 28 out of 30 in IMN group. All the wounds in both
groups healed primarily. There was no iatrogenic
radial nerve palsies in both groups. Shoulder
impingement was found in 2 patients in IMN group.
There was no statistically significant difference

between two groups in all indexes mentioned above.

Conclusion: Both the two methods were effective;
however, MIPO method might be better for recovery
of shoulder function and might reduce the nonunion

rate.

Keywords: Fracture humerus; MIPO; IMN;

Complications

1. Introduction

Fractures of the humeral shaft are relatively common
injuries [1]. Best estimates from the literature suggest
that humeral shaft fractures represent approximately 3
percent of all fractures and 14% of all fractures of the
humerus [1]. Humeral shaft fractures led to significant
burden on society due to its bimodal distribution with

a peak in young working males due to high energy

Journal of Orthopaedics and Sports Medicine

DOI: 10.26502/josm.511500036

trauma (road traffic accidents, falling from a height,
blow to the arm and gunshot wounds), and a larger

peak in older females usually by simple falls [2].

Most humeral shaft fractures can be successfully
treated by nonoperative methods with acceptable
healing in more than 90% of patients [2]. These
conservative methods include U-shaped slab, hanging
plaster cast, body bandage, prefabricated functional
braces, and a simple sling [1, 2]. The indications for
operative treatment include unacceptable alignment
after closed reduction, multiple injuries, and radial
nerve palsy after manipulation, bilateral humeral
fractures, segmental fractures, and open fractures [3-
6]. There are several methods of fixation available,
namely, plate fixation, intramedullary nailing with
Rush rods or Ender nails, locked intramedullary
nailing, and external fixation [7-9]. The choice of
method is based on the condition of the soft tissues,
fracture location and configuration, bone quality,
canal diameter, facilities and resources available, and

the skills and experience of the surgical team [10, 11].

While external fixation is reserved mainly for open
fractures or closed injuries with severe soft tissue
compromise, plating and intramedullary nailing can
both be used for most humeral shaft fractures [10].
Locked intramedullary nailing can be done through
relatively small incisions and so incurs less soft-tissue
trauma. However, Antegrade Locked intramedullary
nailing has some disadvantages like shoulder joint and
elbow joint pain and impingement due to insertion
site morbidity, nonunion, iatrogenic comminution and
neurovascular injury during distal locking screws'

insertion [7, 8].
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Plate fixation on the other hand, can provide stable
fixation with excellent control of rotation, length, and
angulation [12]. On the other hand, it is technically
demanding, requiring extensive exposure and soft-
tissue dissection, risk of infection, blood loss, and
iatrogenic radial nerve or other nerve injuries.
Elective removal of the plate after union also carries a

great risk of nerve insult [13, 14].

As a result, there has been a strong need for a new
method of fixation that avoids excessive soft-tissue
stripping and devascularization of open techniques
while taking the advantage of plate fixation. So the
minimally invasive plate osteosynthesis (MIPO) has
gained popularity in recent years with satisfactory
clinical outcomes. The plate is inserted by a
percutaneous approach with separate proximal and
distal incisions. This method requires less soft tissue
disruption and preserves the fracture hematoma and

blood supply to the bone fragments [15, 16].

The aim of this work was to compare the clinical and
radiological results of minimally invasive plate
osteosynthesis versus intramedullary nailing for
fixation of humeral shaft fractures in adults.

2. Patients and Methods

Between March 2017 to July 2018, a prospective
study on 60 patients, suffering from closed humeral
diaphyseal fractures, presented to El-Hadra University
Hospital, Faculty of Medicine, and Alexandria
University. The exclusion criteria were intra-articular
fractures, non-united fractures, and fractures with
radial nerve palsy requiring exploration. These

patients were divided into two groups; group 1 (30
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patients) was treated with MIPO, and group 2 (30
patients) was treated by locked IMN. The patients
were assigned to each group randomly and
alternatively as they presented. Approval of our
university hospitals institutional review board, and
written informed patient consents had been obtained.
For group 1; age range was from 19 to 58 years old
with a mean of 34.7. There were 18 males and 12
females. Right side was affected in 19 patients; and
left in 11.The mechanism of injury was motor vehicle
accidents in 25 cases and a fall in five. According to
the AO classification: there were 15 type A (simple)
fracture, 9 type B (wedge) fracture, and 6 type C
(complex) fracture.

For the second group, the average age of patients was
36 years (range: 18 — 55). There were 20 males and
10 females. Right side was injured in 22 patients; and
left in 8. The mechanism of injury was motor vehicle
accidents in 24 cases and a fall in six. There were 17
type a (simple) fracture, 8 type B (wedge) fracture,
and 5 type C (complex) fracture.

All procedures were carried out while the patients
were under general anesthesia in supine position with
the injured arm on a radiolucent arm board. For the
patients having MIPO technique, two incisions were
used. A 3 cm proximal incision was made
approximately 6 cm distal to the anterior part of the
acromion process, and a 3 cm incision was made
along the lateral border of the biceps approximately 5
cm proximal to the flexion crease of the elbow. A
sub-brachialis, extra-periosteal tunnel was created by
passing the plate deep to the brachialis from the distal

to the proximal incision with the help of the locked
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sleeve. To avoid injury to the radial nerve at the
lateral aspect of the distal humerus, the plate was
passed along the anterior or slightly antero-medial
aspect of the humerus. The plate was then fixed to the
proximal humerus with one screw or a K-wire.
Reduction of the fracture was usually achieved by
manipulation under image intensifier.  After
positioning the plate over the center of the anterior
surface of the distal humerus, one screw was inserted
distally. The alignment was reassessed with the image
intensifier and, if satisfactory, the fixation was
completed with at least three screws in each fragment.
For the patients having locked IMN technique, deltoid
splitting incision was made with exposure of
Supraspinatus tendon. Point of entry was identified
and Medullary Canal finder was inserted. Under
image intensifier, reduction of fracture and guide wire
insertion was done. After reaming, interlocking nail
humerus with distal threads was used. The distal
threads engaged into the distal bone and the proximal

locking screw was inserted.

Postoperatively, the arm was put in a functional arm
brace till union and the patient was encouraged to
perform exercises of the shoulder and the elbow as
tolerated. Follow up were carried out clinically and
radiologically till union occur at 1.5, 3, 6 and 12
months. Clinically, Constant-Murley Shoulder Score
[17] and Mayo Elbow Performance Score [18] were
used. Serial Radiographs were used to assess
reduction immediately post-operatively and to assess

union.

Fracture union was defined as the presence of

bridging callus radio graphically visible on at least
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three cortices. Statistical analysis was done using
Statistical Package for Social Sciences (SPSS/version
15) software the mean follow up period was 6.7

months (range 6 — 12 months).

3. Results
For group 1 having MIPO technique, the average
operative time was 90.3 min (range 50-110), mean
blood loss was 167 ml (range 120-200). Pain and/or
tenderness around the fracture site improved at an
average of 4.1 months (range: 3-6) after the
operation. The mean Constant-Murley shoulder score
was 86.95+15.7 (range 58 to 100), and the mean
Mayo Elbow Performance score was 96.5 + 5.87
(range 80 to 100).

achieved in 29 out of 30 patients in 6.1 months post-

Radiologic bony union was

operatively (range: 3-8) (Figure 1). Nonunion
persisted in one patient 12 months post-operatively.
He had the fracture united 3 to 4 months after a

second operation of bone grafting.

In group Il patients (interlocking humeral nail), the
average time of operation was 100.1 min (range 65—
120), mean blood loss was 118 ml (range 90-150).
Pain and/or tenderness around the fracture site
improved at an average of 3.9 (range: 3-6) months.
The mean Constant-Murley shoulder score was
88.75+13.7 (range 59 to 100), and the mean Mayo
Elbow Performance score was 95.8 + 6.77 (range 85
to 100). Radiologic bony union was achieved in 28
out of 30 patients in 5.4 months (range: 3-7) (Figure
2). Nonunion persisted in 2 patients 12 months post-
operatively. They had the fracture united 3 to 3.5

months after a second operation of bone grafting.
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Figure 1- A

Figure 1- B

DOI: 10.26502/josm.511500036

Figure 1- C

Figure 1: 42 years man with fracture mid shaft humerus. A: pre-operative X-ray showing mid shaft fracture

humerus; B: post-operative X-ray with MIPO; C: 3 months post operatively showing complete union.

No statistically significant differences were seen
between the results of both groups in terms of
functional results and time of union. As regards the
number of united cases, no statistically significant
differences between the two groups were found.
However, there was a statistically significant
difference between the two groups in the amount of
blood loss, with a significantly smaller blood loss (P <
0.05) being seen in group Il patients.

With regard to complications, superficial infection
occurred in one patient in each group and was treated
with frequent dressing and oral antibiotics. One
patient in group 1 and 2 patients in group Il required a
second operation of bone grafting due to persistent
nonunion as mentioned above. No radial nerve palsy
was found in any group. Restriction of shoulder
abduction due to impingement of the nail was noted in

two cases, which were later managed by removal of

the nail.

Figure 2- A

Figure 2- B

Figure 2- C

Figure 2: 39 years man with fracture mid shaft humerus. A: pre-operative X-ray showing mid shaft fracture

humerus; B: post-operative X-ray with IMN; C: 4 months post operatively showing complete union.
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4. Discussion

Humeral shaft fracture is one of the most common
fractures in adults, accounting for approximately 3%
of all fracture types [1]. The choice of conservative
treatment or surgical intervention for humeral shaft
fractures remains controversial. However, for
comminuted fractures, multiple fractures, severely
displaced fractures, or fractures associated with
vascular and nerve injuries, surgical treatment is still
required [19]. With the continuous improvement of
technology and implants, recent reports suggest that
intramedullary nailing (IMN) or minimally invasive
plate osteosynthesis (MIPO) have a good clinical
effect in the treatment of humeral shaft fractures [20].
There is no consensus in the literature on which
method is better [21-23].

Ozan et al [24] concluded that inflatable
intramedullary nails seem to be applicable, safe, and
effective for humeral AO/OTA type A midshaft
fractures. Besides, Heinemann et al [25] performed a
meta-analysis in 2010; they did not find a statistically
significant difference between implants in the rate of
total complications, non-union, infection, nerve-palsy,
or the need for reoperation. On the contrary, Davies et
al [19] performed a retrospective study; and suggested
that humeral MIPO results in a significantly lower
pooled major complication rate than that of IMN.
Another prospective case-control work indicated that
the MIPO technique in treating the mid-distal humeral
shaft fracture is superior to IMN in union time,
complication rate, and functional and clinical results
[26].
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In our study, no difference was found in, while there
was significant difference in blood loss which was
grater in IMN patients. There was no difference in
our work between both groups in functional scores
(Constant-Murley shoulder score and Mayo Elbow

Performance score.

However, Restriction of shoulder abduction due to
impingement of the nail was found in two cases,
which were managed by removal of the nail with no
functional limitations. Bisaccia (2017) [27] described
the same results. Our results showed that nonunion
occurred in one patients in group 1 (MIPO) compared
to two cases in group 2 (IMN); but the difference is

not statistically significant.

However, no significant differences in union rates
have been found in most prospective studies with
plate fixation shows fewer non-unions than IM
nailing. Bhandari et al [28] carried out a meta-
analysis of prospective studies which included 155
patients but could not formulate any conclusive
preference. As regard complications, no significant
differences were found between both groups as regard

infection, radial nerve palsy, and nonunion.

5. Conclusions
Both MIPO and IMN methods were effective;
however, MIPO method might be better for shoulder

function and might reduce the nonunion rate.
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