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Abstract

Introduction: Fractures of the humeral shaft are common, accounting for approximately 3% of all
orthopaedic injuries. With improved and newer implants design and surgical techniques, surgical
management of humeral shaft fractures has increasingly become accepted.

The purpose of this study is to compare the functional and clinical outcomes of conventional
open reduction and internal fixation (ORIF) by posterior plating with minimally invasive plate
osteosynthesis (MIPO) done by anterior approach in patients with fractures in humeral shaft.

Patients and Methods: In the current prospective-retrospective study, 30 patients with humeral
shaft fractures were treated using ORIF (15 patients) or MIPO (15 patients) in our institute & followed
up for 12 months.

Comparison made between surgical duration, mean blood loss, time of union and complications
in these two groups. Also, Mayo Elbow performance indexes (MEPI) and simple shoulder test (SST)
questionnaire were used to compare the functional outcomes between the two groups.

Results: In our study, for MIPO group, the mean blood loss was 118.67 + 34.98 ml, while in the ORIF
group it was 357.33 + 51.61 ml. For MIPO group, the mean duration of surgery was 79.33 + 10.15 min,
while in the ORIF group it was 111.00 + 13.91 min. The mean union time in MIPO was 12.73 £+ 1.75
weeks, while in ORIF group it was 15.87 + 1.88 weeks. The difference was found to be statistically
significant (p<0.05), showing a higher mean duration of surgery in the ORIF with posterior plating
group.

The mean Mayo Elbow Performance Index at the end of 12 month follow up for the

MIPO group was 94.67 = 7.19, while in the ORIF group was 92.33 + 6.51. The difference was found
to be statistically not significant (p>0.05). The mean points for the SST (max 12) for MIPO group and
ORIF group were 11.73 * 0.46 and 11.73 £ 0.59.

Conclusions: The MIPO technique provides early union time, to some extent fewer complication
rate than open plating and similar functional and clinical outcomes, the authors recommend to use the
MIPO technique in treating the humeral shaft fracture.
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standard for surgical treatment*Generally; the
anteromedial approach is avoided due to the
vulnerable positioning of the brachial artery and
median nerve with respect to the humeral shaft.
Comparing to anterolateral and posterior approach,
posterior approach is more preferred due to plate
application on tensile surface.

The main advantage of compression plate
fixation for humeral shaft fractures is that it is a
very rigid stabilization technique. The rotation,
length and angulation of the fracture site can all be
strictly controlled using this method, and numerous
studies have documented the effectiveness of this
method in treating humeral shaft fractures5,6,7,8.

One problem associated with this technique is
that it requires a fairly wide surgical incision and
thus increases the risk of infection and longer
scar. Pre-operative prophylactic antibiotics help in
reducing this risk.

The humeral shaft fractures can be successfully
treated with minimally invasive plating
osteosynthesis (MIPO)9-13. This technique has
benefits of less soft tissue damage and avoids
exposure of the radial nerve; thus, there is also
minimum risk of intra operative radial nerve
palsies10. The purpose of our study is to compare the
functional and clinical outcomes of open reduction
and internal fixation (ORIF) by posterior approach
with minimally invasive plate osteosynthesis
(MIPO) in patients with humeral shaft fractures.

Patients and method: Present study consists of
30 patients, undergoing fracture shaft humerus
surgery, were included in the study and after
prior informed written consent in tertiary centre.
Patients operated from January 2013 to June 2017
were included. The criteria used for selection were:
1.Closed Fracture shafts humerus in Adult and
2.Transverse, oblique and spiral fracture of shaft
humerus. The exclusion criteria were: 1.

Patients with brachial plexus injury, who were not
able to do the active flexion extension of the elbow,.
2. Proximal humeral shaft fractures extending to
the humeral head and fracture extending to distal
humerus. 3. Pathological fractures. 4. Compound
fractures. 5. Comminuted fractures.

AO/OTA classification was used, which is
based on increasing severity according to the
complexities of the fracture (type A-simple, type
B-wedge, type C-comminuted). The patients were
treated either by the MIPO technique (group A)
and or by open reduction and plating internal
fixation (ORIF)(group B).There were 15 cases in
group A (9 males, 6 females) with average age of
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38.80 + 12.98 years (25-70 years). The left arm was
involved in eight cases and the right arm in seven.
Causes of injuries were road traffic accidents in 11
patients, and falls in four. According to AO-OTA
classification, 11 patients had 12-A and 4 patients
had 12-B classification.

There were 15 cases in group B (nine males and
six females) with mean age of 37.47 £ 11.91 years

(23-64 years).The left and right arms were
involved in 11 & four cases respectively. Five cases
were caused by injury from a fall and ten by road
traffic accident. Nine fractures were involving the
middle third humeral shaft and six were at the
distal third. One case in this group was associated
with traumatic radial nerve palsy; intra-operatively
complete nerve transaction was found and
repaired.According to AO classification, 9 patients
had 12-A and 6 patients had 12-B classification in
this group. Demographic and injury characteristics
were similar in two groups of treatment (P > 0.05).

Surgical approaches: Minimally Invasive Plate
Osteosynthesis (MIPO): Closed reduction was the
crucial step in the whole procedure, which was
done under image intensifier guidance.Two small
incisions, a 3 to 4 cms longitudinal incision starting
just below the coracoid process of scapula, running
down in the line of the deltopectoral groove and
another 3 to 4 cms longitudinal incision, overlying
the lateral border of the biceps brachii muscle in the
lower third of the arm, were made on the anterior
side of the arm. A sub-muscular plane was prepared
between the brachialis muscle and periosteum
with help of periosteum elevator inserted from the
proximal incision distally and then from the distal
incision proximally. A 4.5mm narrow dynamic
compression plate (DCP, 10-12 holes) was inserted
from the distal incision, passing the fracture site
while maintaining the reduction, and up to the

Proximal incision: At least three screws and six
cortices were inserted in either side of fracture
fragments. The radial nerve was not exposed during
the whole procedure. Wound closure was done in
the standard way, no drain tube is required.

Posterior Approach (ORIF): The patient is
positioned in the lateral decubitus position with
the arm abducted 45-60 degrees on a radiolucent
arm support. A longitudinal incision is given in the
midline of the posterior aspect of the arm. There is
no true inter-nervous plane; dissection involved
separating the two heads of the triceps brachii
muscle, all are supplied by the radial nerve.Incision
is given on the deep fascia of the arm in line with
the skin incision. To identify the gap between the
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lateral and long heads of triceps muscle, begin
proximally, above the point where the two heads
fuse to form a common tendon. At the proximal
part of incision the space between the two heads of
triceps is developed by blunt dissection of muscle,
retracting the lateral head laterally and the long
head to the medial side.

Distally, the muscle is divided by sharp
dissection along the line of the skin incision.As
medial head of the triceps muscle lies below the
other two heads of muscle; the radial nerve lies
proximal to it in the spiral groove. The radial
nerve, which runs just proximal to the origin of
the muscle in the spiral groove, is taken care of by
feeding tube separating it from the zone of surgery
and hence preserved. The medial head is incised in
the midline, continuing the dissection deep up to
the periosteum of the humerus.The fracture site is
exposed and hematomais removed. The fractures
are reduced and plate is applied to fix the fractures.
The stability of the bone-plate construct is checked
by doing passive motion at the shoulder and elbow.
The wound is closed after placing a drainage tube
sub-muscularly (if required).

Post-operatively, patients treated by either ORIF
or MIPO were kept their arm placed in an arm
pouch. Those with stable internal fixation started
their physiotherapy 2 to 3 days after the operation
with shoulder and elbow movements, as tolerated.

Patients operated with MIPO technique, flexion
and extension of the elbow and pendulum exercises
of the shoulder allowed, but rotation of the arm
should be started after 4-6 weeks. Routine follow-
up radiographs were taken at 1 month, 3 months,
and 6 months and 12 months postoperatively.

For data collection, surgical duration was defined
as time between skin incision and skin suturing.

Other parameters used for the comparison were
union time, complications, blood loss during the
procedure and functional assessment. Union at
fracture is defined as the absence of pain and the
presence of bridging callus in at least three out
of four cortices seen on the antero-posterior and
lateral radiographic views of the humerus.

Functions were assessed using the Mayo elbow
performance index (MEPI), which evaluates
patients on a 100-point scale regarding pain (45
points), range of motion (20 points), stability (10
points) and function (25 points). Function of the
joint is classified as excellent (>90 points), good
(75 to 89 points), fair (60 to 74 points) or poor (<59
points).

The Simple Shoulder Test (SST) contains a
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series of 12 “yes” or “no” questions, the patient
answers about the function of the involved
shoulder. The answers to these questions provide
a standardized way of recording the function of
a shoulder after treatment. The Simple Shoulder
Test is standardized, simple, short and practical.
The success of a treatment method is determined
largely by its ability to restore function.The SST
provides a practical method for evaluating results.
Independent sample t test and One-way ANOVA
test were used to compare the result of patients’
age, surgery duration, bone healing time and score
of SST and MEPI. p value < 0.05 was considered
statistically significant.

Results

There was no significant difference in mean age
(t=0.293, P=0.772).The mean duration of injury
to surgery interval for group A was 3.00+1.19
days (range 1-7 days), while for group B it was
3.27¢1.62 days (range 1-5 days). There was no
statistical significance between the two groups
(t=0.512, P=0.613). The mean operation time was
79.33+10.15 minutes (range 70-100) in group A
and 111.00£13.19 minutes (range 95-150) in group
B (t=-7.121, P=0.000). The difference was found
to be statistically significant (p<0.05), showing a
higher mean duration of surgery in the ORIF by
posterior plating group. The mean blood loss was
118.67+£34.98 ml (range 140-250) in group A and
357.33+51.61 ml (range 300-450) in group B (t=-
10.601, P=0.000). The difference was found to be
statistically significant (p<0.05), showing a higher
mean blood loss in the ORIF with posterior plating
group. The mean union time in group A was 12.73
+ 1.75 weeks, while in group B it was 15.87 + 1.88
weeks (t=-3.211, P=0.003). The difference was found
to be statistically significant (p<0.05), showing a
longer union time in the ORIF with posterior plating
group. The mean SST in group A was 11.73 + 0.46,
while in group B was 11.73 + 0.59.The difference
was found to be statistically not significant (p>0.05),
showing a comparable mean SST between the
two groups. The mean Mayo Elbow Performance
Index in group A was 94.67 + 7.19, while in group
B was 92.33 + 6.51. The difference was found to
be statistically not significant (p>0.05), showing a
comparable mean Mayo Elbow Performance Index
between the two groups. Also, the comparison
of mean union time in relation to age group was
found to be statistically not significant (p>0.05),
showing that the mean union time was comparable
between the age groups. Two patients from each
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group developed superficial infection and all the Discussion

atients had recovered. Lo .
p There are several methods of surgical intervention

for humerus shaft fractures fixation, the internal

Fig.1: A 29-year-old female, trauma due to road traffic accident was treated with the MIPO technique. a Preoperative
radiograph shows a mid-third humeral shaft fracture (OTA 12-A2). bpost operative, ¢ 3 months follow up, d 12 months
follow up radiographs. e& f clinical images performing function at elbow joint.

Fig. 2: A 23-year-old male, trauma due to road traffic accident was treated with the ORIF technique. a Preoperative
radiograph shows a humeral shaft fracture (OTA 12-B2). bpost operative, ¢ 1 month follow up, d 3 months follow up, e
12 months follow up radiographs. f, g & h clinical images performing function at shoulder and elbow joint.
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fixation methods can be broadly grouped as plating
or intra-medullary techniques.

Interlocking nailing is preferred in comminuted,
segmental and pathological fractures, while plating
may be the preferred option where exploration of
radial nerve is contemplated.’*>'® Conventional
plating techniques involve an extensive surgical
exposure for open reduction of fracture, but
good results from minimally invasive plating
methods have been reported recently.'*"®
Infection, nonunion and radial nerve palsy are
general concerns found in the plating group %
But in a published meta-analysis, results of plate
fixation from pooled data did not show higher
risks of nonunion, infection, or radial nerve
palsy.*Restriction of shoulder movements and risk
of delayed union have been suggested as concerns
with  the intramedullary techniques.>*!*'%2
Restriction of shoulder function with the ante-
grade interlocking nails could be because of
impingement due to proximal migration of nail,
rotator cuff injuries, adhesive capsulitis or due to
an unexplained cause.’®?*% This problem can be
minimized by using a retrograde nailing technique
but there isalso a risk of elbow movementrestriction
and fracture at the insertion point.’®'%* Few articles
says increased incidence of elbow stiffness with
the plating group.”? Hunter (1728-1793) supported
Albrecht Haller’s (1708- 1777) theory that bone was
deposited in response to injury from the vascularity
around the reparative zone.*

Minimally invasive methods for fracture
treatment are evolving and becoming increasingly
popular. Krettek and Tscherne first published
report of MIPO for supracondylar femoral fractures
in 1996.” Long plates were bridging large zone of
comminution, with only short fixation on either
side of the bone, will withstand considerable
deformation forces.As bending stresses are
distributed over a long segment of the plate, the
stress per unit area is correspondingly low, leading
to reduction of the risk of plate failure.** MIPO
for humeraldiaphyseal fractures has been reported
earlier?!%''® with fair results.

MIPO gives benefit over openreduction and plate
fixation of humerus fractures by decreasing trauma
to the soft tissue during surgery and maintaining
the periosteal circulation.

Plate application on the bone by an open
technique interferes with the local vascularization,
leading to osteonecrosis beneath the implant,
which can lead to delayed healing or non-healing
(the reported rate of non-union being 5.8%).* The
primary bone healing without callus formation is
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not very strong and there exists a real risk for re-
fracture after removal of the implant®*®! in the open
technique.

In the present study, we compared the functional
and clinical result between MIPO and ORIF with
plating. Surgery was performed primarily on
patient selected based on our inclusion criteria and
patient were regularly followed up. As indicated
by our outcomes, in both groups, fracture healing
occurred in all the patients, and the functional
outcomes were also excellent based on the Mayo
scoring system. Therefore, we trust that MIPO is
a safe and very effective method for humeral shaft
fractures.

In our study, we observed significant difference
in the union rate and no difference in radial nerve
safety between the ORIF and MIPO groups. An
et al” reported that compared with conventional
plating techniques, MIPO offers advantages in
terms of the reduced incidence of iatrogenic radial
nerve palsies and accelerated fracture union.Even
in simple fractures, MIPO showed an excellent
union rate, which may have potentially resulted
from the biologic superiority with less stripping
and the preservation of vascularity. However, An
et al32’s study shows higher incidence of iatrogenic
radial nerve palsy (31.3%) in the conventional
plating group, whereas the incidence in the MIPO
group was 0%.

In our study, we observed no cases of iatrogenic
radial nerve palsy in either group. Minimal invasive
plate osteosynthesis have small incisions and it is
relatively safer with no extensive soft tissue and
fracture site opening compared to open reduction
with plate fixation. In study by Sanjeevaiahet al®,
mean blood loss was 85 ml for MIPO group. In
study by Lu S et al*, mean blood loss for ORIF
group was 278.33 ml. In our study, for MIPO group,
the mean blood loss was 118.67 + 34.98 ml, while in
the ORIF group it was 357.33 + 51.61 ml.

The range of mean surgery duration of 92.3
to 125.2 mins for MIPO group and 103.1 to 116
mins for ORIF group in other studies®®*>*%%7%, In
our study, for MIPO group, the mean duration of
surgery was 79.33 + 10.15 min, while in the ORIF
group it was 111.00 + 13.91 min. The difference
was found to be statistically significant (p<0.05),
showing a higher mean duration of surgery in the
ORIF with posterior plating group.

This parameter mainly depends on the technique
used and skill of surgeon to that specific technique
performed. We have compared the functional
outcome with Mayo Elbow Performance Index
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(MEPI) and Simple Shoulder Test questionnaire
(SST). The MEPI has the excellent results in 12/15
patient in MIPO group and 10/15 patient in ORIF
group.

The mean Mayo Elbow Performance Index at the
end of 12 month follow up for the MIPO group was
94.67 + 7.19, while in the ORIF group was 92.33 +
6.51. The difference was found to be statistically
not significant (p>0.05), showing a comparable
mean Mayo Elbow Performance Index between
the two groups and is consistent with the other
studies.32,35,36,37,38 The mean points for the SST
(max 12) for MIPO group and ORIF group were
11.73 £0.46 and 11.73 £ 0.59.

Conclusion

We compared the functional and clinical result
between MIPO and ORIF with plating. Surgery was
performed primarily on patients, selected based on
our inclusion criteria and patient were regularly
followed up. As indicated by our outcomes, in
both groups, fracture healing occurred in all of
the patients, and the functional outcomes were
also excellent based on the Mayo scoring system.
Therefore, we trust that MIPO is a safe and very
effective method for humeral shaft fractures.
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