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ABSTRACT

Background: Shaft fractures account for 20% and 1-3% of all humerus fractures, respectively. Open dynamic
compression plate fixation (Open fixation with DCP) with absolute stability is the current gold standard for
treating shaft humerus fractures. The goal of MIPO was to provide a more stable fixation, which would increase
the union rate and decrease open plating side effects including infection and radial nerve palsy.

Aim: The purpose of this study was to assess the clinical and radiological outcomes of the MIPPO technique in
the treatment of humeral shaft fractures.

Patients and methods: thirty cases of shaft humerus fractures were examined during the period from August
2022 to March 2023. The history, clinical examination, and radiographic (X-ray) examination were used to select
cases. According to UCLA score, the result was noted and filled up.

Results: Union was achieved in 17 to 22 weeks with the mean 19.4+4.1. Only 5% nonunion was seen in our
cases. It was observed that the median UCLA score was excellent (34).

Conclusion: In shaft humerus fractures, results from minimally invasive plate osteosynthesis with anterior bridge
plating were favorable. They offer the fracture site some support, and the fracture hematoma is not disturbed.
MIPO keeps the blood vessels healthy, which lowers the danger of infection and wound disintegration.
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INTRODUCTION

Humeral shaft fractures account for 20% of
all humeral fractures, which make up about 3% of all
fractures. Traffic accidents, falls, or severe traumas
are the main causes of humeral shaft fractures.
Pathological fracture and stress fracture are further
causes. Although conservative therapy is regarded is
the benchmark, the top surgical fixation technique is
still up for debate®. There are several conservative
treatment options, each with benefits and drawbacks,
such as hanging arm casts, velpeau dressing, and
abduction casting and splinting®. Due to its ease of
use, flexibility in application, ability to allow
movement of the elbow and shoulder, relative
affordability, and history of positive outcomes,
bracing has largely surpassed other conservative
treatment options and has established itself as the gold
standard for non-operative treatment®),

Only open fractures, patients with multiple
traumas, flail elbow fractures, failures of conservative
treatment, and fractures that are not joined or are not
united well are candidates for surgery®.
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In terms of surgical treatment, Plate and
screw constructions, intramedullary nails, and
external fixing all produce consistently high union
rates. Despite the wide variety of surgical procedures,
plate fixation is still the go-to method for treating
humeral shaft fractures ®.

Open plating permits  morphological
reduction of fractures without compromising elbow
and shoulder function, although it does require
significant soft tissue stripping and increases the risk
of nonunion and radial nerve palsy © .

The benefits of intramedullary nailing for
humeral shaft fractures include smaller incisions,
preserved biology at the fracture site, and the ability to
share the load. These implants haven't been utilized
very frequently, though, due to concerns about
nonunion, reoperation, stiffness, fracture at the start
site, and pain in the adjacent joints (7) .

Because to its benefits and positive clinical
results, Minimal Invasive Percutaneous Plate
Osteosynthesis (MIPPO) is now frequently utilized to
treat lengthy bone shaft fractures. Compared to open
plating, the MIPPO method has lower complication
rates and can successfully repair humeral shaft
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fractures. With little disruption to soft tissue, this
method keeps the fracture hematoma and blood supply
to the individual bone fragments ®

PATIENTS AND METHODS

The study included 30 patients undergoing surgical
MIPPO treatment for humeral shaft fractures. In 21
patients, the fracture shaft was on the right side, while
in 9 individuals, it was on the left side.

Although they were included, patients with closed
humeral diaphyseal fractures. Exclusion criteria
included open fractures, pathological fractures,
untreated older fractures, and revision cases.

All patients had a thorough medical history review,
clinical examination, and radiological evaluation. AP,
lateral views of the afflicted upper limb, showing the
shoulder and elbow, and laboratory tests: Plain x-ray
standard preoperative tests like the CBC, PT, INR,
AST, ALT, RBS, BUN, and creatinine. For the
American Shoulder and Elbow Society (ASES) and
the University of California, Los Angeles, all patients
submit their evaluations (UCLA) ©.

Surgical Technigue:

The patient wasn't wearing a tourniquet and was lying
on his back. Using a hand table, maintain the arm in a
neutral position with the forearm fully supinated
(radiolucent table). The visibility of the shoulder and
the whole humerus was tested using image control.
Mobilization of the arm on hand table can be made to
take AP and lateral views for reduction. First image
was taken to check the fracture site, for marking the
proximal and distal incisions sites and plate position.
We started with the distal incision, palpated the lateral
borders of biceps muscle where the landmark for the
distal incision site is. Skin incision and subcutaneous
tissue dissection were done along the lower half of the
arm's lateral border of the biceps muscle.

We developed the plane between the biceps and
brachialis muscle. We identified the
musculocutaneous nerve where it presents on the
anterior surface of the brachialis muscle. In some
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adherent on the undersurface of biceps muscle. Great
care to identify the nerve was done to avoid injury to
it. In order to expose the bone and to protect the radial
nerve on the lateral side and the musculocutaneous
nerve on the medial side, the brachialis muscle is split
in the middle. The delto-bicipital interval is used as a
landmark for the proximal incision in order to expose
the proximal shaft of the humerus and locate the
anterior section of the deltoid insertion.

To reveal the bone along the lateral and medial edges
of the proximal humerus, retractors are used. A
tunneling device is inserted from distally to proximally
in order to create an anterior extraperiosteal tunnel
between the humerus and brachialis muscle. Plate can
be used to create the tunnel if the tunneling device not
present. Application of the narrow locked plate along
the anterior surface of the shaft of the humerus and
reduction is done under the image control. K-wires are
used for temporary fixation for reduction adjustment;
to position the plate, as a handle, a threaded drill guide
is used. The distal screw was applied through the plate
under image control then the proximal screw to get
better reduction. Each primary fracture fragment
received a minimum of three screws.

After plate and screws insertion, irrigation of the
wounds was done and skin and subcutaneous tissue
closed. Arm sling was applied and radial nerve
functions were tested after complete recovery of the
patient. X-ray was taken postoperatively for
documentation and follow up of the patient.

ETHICS APPROVAL.:

The Institutional Review Board [IRB] and the local
ethics committee of the Faculty of Medicine, Zagazig
University, both gave their approval to the study's
protocol.

STATISTICAL ANALYSIS
The information was analyzed using SPSS software
(USA). The mean, standard deviation, or percentage

cases, the musculocutaneous nerve was found are used to represent the parametric data.
Results:
Table (1): Baseline data of the studied group.
Variables | |
Age (Years)
39.4+5.4 22-65
Sex
Male 17 55%
Female 13 45%
Side
Right 21 70%
Left 9 30%
Mechanism of injury
Road traffic 26 87%
Fall from height 4 13%

Eur. Chem. Bull. 2023,12( issue 9),788-797

789



Evaluation Of Minimal Invasive Plate Osteosynthesis In Humeral Shaft Fractures

Section A -Research Paper

Associated fractures

Fracture both bones forearm 2 5%
Intra-articular fracture distal radius right side 1 3%
Fracture medial malleolus and neck talus on the right | 1 3%
side

Fracture styloid process left radius 1 3%
No associated fractures 25 86%

The present study included 30 patients their age
ranged from 22 to 65 years with the mean 39.4+5.4,
55% of patients were male. Fracture shaft humerus
on right side in 70% of patients. Mainly road traffic
accidents were present in 87% of patients except
13% of cases with history of fall from height.86%

of the cases had no associated fractures , 5% had
fracture both bones forearm, 3% of cases had intra-
articular fracture distal radius right side, 3% had
fracture styloid process left radius, and 3% had
fracture medial malleolus and neck talus on the right
side (Table 1).

® female

B male

Sex

Figure (1): Pie chart showing sex distribution among the study population.

Table (2): A/O Classification system.

A/O Classification system Number Percentage
Al 7 35%

A2 8 15%

A3 6 20%

B1 5 15%

B2 2 10%

C1 2 5%

Total 30 100%

Fractures classified according to A/O classification system, 35% had A1l classification,
20% had A3, 15% had A2, 15% had B1, 10% had B2 and 5% had C1 (Table 2).
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Figure (2): pie chart showing A/O Classification system.
Table (3): Operative and post operative data

Variables Mean Range

Operation time/minutes 155.2+10.9 | 115-190

Intraoperative bleeding/ml 194.6+15.7 | 170-220

Radiation time/seconds 160.1+20.4 | 105-250

Union time/weeks 19.4+4.1 17-22

The operative time ranged from: 115-190 160.1+20.4 seconds. Union time: ranged from 17-22

minutes with an average: 155.2+10.9 minutes. weeks with an average: 19.4+4.1 weeks. The young
Intraoperative bleeding ranged from 170-220 ml, age and male patients had better union than old age
with an average: 194.6+15.7 ml. Radiation time and female patients. (table 3).

ranged from: 105-250 seconds with an average:

Table (4): UCLA and MEPS Score.

Variables Median Range
UCLA Score 34 30-35
MEPS Score 79 57 to 96

UCLA score ranged from 30 to 36 with median score 34. MEPS score ranged from 57 to 96 with median score
79 (Table 4).

Table (5): Complication.

Complication Number Percentage
Radial nerve injury 1 5%
Malunion 3 15%
Nonunion 1 5%
Infection 1 5%

There were some complications happened during the study :15% had malunion and 5% had radial nerve
injury, 5% had nonunion and 5% had infection. The patient who had infection was old age, diabetic and the
operation took long time (table 5).
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Figure (3): pie chart showing postoperative Complications.

Table (6) Correlation of demographic data with functional outcome

Parameter Standard error OR (95% CI) P value
Age 0.082 0.664 (0.596-0.768) 0.0001
Sex(males) 0.49 3.023 (1.029-8/88) 0.044

This table shows that there is negative
correlation between the patients age and functional
outcome that mean that young age were better
outcome than older patients. Also, we found a direct
relation between males sex and better outcome.

DISCUSSION

MIPPO technique for humeral shaft fractures has
many advantages over the other methods used for
fixation of the fractures. MIPPO usage reduces the
need for significant surgery, soft tissue removal,
periosteal blood supply interruption and iatrogenic
radial nerve injury. With quick restoration of shoulder
and elbow function and a scar that is acceptable in
terms of appearance, MIPPO decreased the duration
of recovery and the time for union®®

Most experts agree that using this technique
keeps the blood supply to the fracture hematoma and
bone fragments is unhampered. It stands for a more
recent, beneficial, aesthetically superior (minimum
surgical site scar), and acceptable mode of treatment.
The outcomes are good and repeatable despite the
technique's complexity and lengthy learning curve®d,

The age range in the current study was 22-65
years, having a 39.4-5.4 year age range. Patients made
up 55% men. With a mean age of 35.3 years, Adriano
et al®?, studied 31 patients (24 men and 7 women). 48
individuals, 36 male and 12 female, who were 33
years old on average, studied by Mahajan et al @3 |
Shetty et al. @ studied 32 a group of people having a
median age of 39 years (19 males and 13 females).
Elgohary et al 9 study included 23 patients, with a
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mean age of 36.2 years and 16 male and 7 female
patients. The study by Kulkarni et al.®® consisted of
33 participants, with a mean age of 40.5 years. Ibrahim
et al. evaluated 10 patients with a mean age of 38 years
(7 men and 3 women).

According to the A/O classification system,
fractures were categorized in the current study: 70%
of patients are type A patients, 25% are type B
patients, and 5% are type C patients. 15 patients with
type A, 12 patients with type B, and 4 patients with
type C, according to Adriano et al®?. 20 patients with
type A, 16 patients with type B, and 12 patients with
type C, according to Mahajan et al. @3 patients with
type A, 6 patients with type B, and 13 patients with
type C, according to Shetty et al.!¥), Elgohary et al.
(19): 16 type B patients and 7 type C individuals.

In the current study, operative time ranged from
115-190 minutes with the mean operative time:
155.2+10.9 minutes. When compared with other
studies, it is found that longer time was taken in this
study. Sharma et al.®® mean operative time: 97.5
minutes. Adriano et al. @@ mean operative time: 89
minutes. Mahajan et al.*® mean operative time: 95.5
minutes. Shetty et al. 4 mean operative time: 91.5
minutes. Kulkarni et al. ®® mean operative time: 116
minutes. Ibrahim et al. Y mean operative time: 80
minutes.

Long operative time during MIPPO technique
was taken during the reduction of the fracture which
is the most difficult step in the operation especially in
the reduction of transverse or short oblique fractures,
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also during application of the plate and trial of
reduction under C-arm.

In this study, union time ranged from: 17-22
weeks with mean time: 19.4+4.1 weeks that was
higher than previous studies because our patients were
older, percentage of DM was higher with longer time
of operation. Keeping the soft tissue envelope intact,
fracture hematoma and vascularity of the fragments
are essentials for bone healing. Apivatthakakul et al.
@7 union time ranged from 12-28 weeks with mean
time: 14.6 weeks. Zhiguan et al. ®® union time
ranged from 8-24 weeks with mean time: 15.29 weeks.
Esmailiejah et al. ®® union time ranged from 12-24
weeks with mean time: 16 weeks. Shetty et al. 4%
union time ranged from 10-20 weeks with mean time:
12.9 weeks. Adriano et al. 2 union time ranged from
8-28 weeks with mean time:16.5 weeks. Elgohary et
al. 9 union time ranged from 12-16 weeks with mean
time: 12.8 weeks. Kulkarni et al. ®® union time
ranged from 12-30 weeks with mean time: 18.3 weeks.
Ibrahim et al. @Y union time ranged from 10-18
weeks with mean time: 11.6 weeks.

In the current study, UCLA score ranged from
30-35 points with median range: 34 points. According
to UCLA scoring system that the maximum score is
35 points, excellent score ranged from 34 to 35 points
that mean our results outcome were excellent.
Zhiguan et al. “® UCLA score ranged from 33-35
points with mean range: 34.76 points. Esmailiejah et
al. @9 UCLA score ranged from 29-35 points with
mean range: 33.1 points. Sharma et al. “® UCLA
score ranged from 27-35 points with mean range: 31
points. Shetty et al. @ UCLA score ranged from 31-
35 points with mean range: 33 points. Ibrahim et al.
(1) UCLA scored exceptional to good in 9 cases, and
fair in 1 case.

During MIPPO technique, when the decision is
applying the plate anteriorly, usually radial nerve is
out of the field and not seen or explored during the
procedure, so caution during application of the
retractors and during insertion of the distal screws. In
this study, 5% of patients had radial nerve palsy after
the operation that treated with cock-up splint and
followed up with rehabilitation programmes. This
patient was fully recovered within 2 months. Fang et
al.? in a study of 22 patients, radial nerve palsy
found in 1 patient. Sanjjeevaiah et al.?? in a study of
42 patients, radial nerve palsy found in 1 patient.
Adriano et al.  in a study of 31 patients, radial
nerve palsy found in 2 patients. Elgohary et al. @ in
a study of 23 patients, radial palsy injury found in 1
patient. Kulkarni et al.®® in a study of 33 patients,
radial nerve palsy found in 4 patients.

In the present study, malunion in cases of
fracture shaft humerus treated with MIPPO technique
usually is not a big problem if it lies within the
acceptable ranges of fracture reduction alignment. In
this study, malunion occurred in 3 cases (15%), 2
cases with varus malunion of about 5° (10%), 1 case
with valgus malunion of about 5° (5%). Sanjjeevaiah
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et al. @ in a study of 42 patients, malunion of 4°
varus in 2 patients. Adriano et al. @ in a study of 31
patients, malunion of 5° valgus in 2 patients. Sharma
et al. ®® in a study of 11 patients, malunion of 5°
varus in 1patient and 5° valgus in 1 patient. Shetty et
al, 2016. @ in a study of 32 patients, malunion of 3°
varus in 4 patients, 5° varus in 1 patient and 3° valgus
in 2 patients. Elgohary et al."® in a study of 23
patients, malunion of 10° varus in 3 patients.
Kulkarni et al. ®® in a study of 33 patients, malunion
of 5° varus in 4 patients. Ibrahim et al. @V in a study
of 10 patients, malunion of 10° varus in 1 patient.

In a study of Mahmoud et al.?? who assess the
shoulder function and rate of complications among
two different options of fixation, intramedullary
nailing, and minimal invasive plate osteosynthesis
(MIPO) in young adults .They assessed the shoulder
function between the nail and MIPO groups using
ASES and UCLA scores and found superior
functional outcomes in the MIPO than the nail group,
and the difference was significant.

In this study, nonunion developed in one patient
(5%) who was old age, diabetic, had highly
comminuted fracture and the operation took long
time.

Concha et al. ® in a study of 35 patients,
nonunion with revision and bone grafting done in 3
patients. Esmailiejah et al. @ in a study of 32
patients, nonunion in 1 patient. Mahajan et al. 3 in
a study of 48 patients, nonunion with revision and
bone grafting done in 2 patients.

Most cases of postoperative infection after
MIPPO technique in the literature was superficial
infection with short course of antibiotics and wound
care. In this study, only one patient (5%) had
postoperative infection. Concha et al. ?® in a study of
35 patients, superficial infection in 2 patients. Huri et
al. @ in a study of 14 patients, superficial infection in
2 patients. Sharma et al. 9 in a study of 11 patients,
superficial infection in 1 patient. Mahajan et al. ¥ in
a study of 48 patients, superficial infection in 2
patients.
CONCLUSION:
In shaft humerus fractures, using plate osteosynthesis
with minimally invasive anterior bridge plating
produced encouraging results. They offer the fracture
site some support, and the fracture hematoma is not
disturbed. MIPO keeps the blood vessels healthy,
which lowers the danger of infection and wound
disintegration.
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particular grant for this research.
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interest, according to the authors.
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Case presentation

Figure (5): one month post operative X-Ray
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Figure (6): three months post operative X-Ray

Figure (7): six months post operative X-Ray
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Figure (8): eight months post operative X-Ray
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