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Minimally Invasive Plate Osteosynthesis (MIPO) for Treat-
ment of Comminuted Mid-Distal Third Humeral Shaft Frac-
tures through the Anterior Approach
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This study was conducted to evaluate the results of management of comminuted fractures of the mid-distal third shaft of
the humerus with indirect reduction and internal fixation with plate and screws through minimally invasive technique
using the anterior approach. Twenty-three comminuted fractures of the mid-distal third humeral shaft in 23 adult
patients were managed using the minimally invasive plate osteosynthesis. Fractures were classified according to the AO
classification system, healing was assessed by plain radiographs. Functional outcomes were assessed using the American
Shoulder and Elbow Surgeons score. All fractures united within 15 weeks (mean 12.8 weeks). One case had an iatrogenic
radial nerve palsy that was regained 2 months later. No limitation of the shoulders and elbows movement on the injured
side when compared to the uninjured one. No complications related to the implant; no implant failure, screw loosening or
screw breakage. The alignment was restored to that of the contralateral non-affected side in all but 3 cases; these cases had
varus deformities not more than 10 degrees without affecting shoulder or elbow function. No infection was reported in
this series. Minimally invasive plate osteosynthesis is a safe and effective way for management of comminuted mid-distal
third humeral shaft fractures, with early fracture healing, rapid recovery of shoulder and elbow function and cosmetically
acceptable scar.

Mini invasive, Fracture shaft humerus, Biological techniques, MIPO

Humeral shaft fracture is a common entity encoun-
tered in orthopedic surgery, it represents about 1-3% of
all fractures, 5-10% of all long bone fractures and 20% of
all humeral fractures [1,”].

Although conservative treatment of these fractures
results in satisfactory clinical and functional outcomes, it
may result in varus deformity and limitation of shoulder
and elbow motion in some patients [*].

The indications for operative treatment of these frac-
tures increased widely with time in order to achieve healing
with adequate function in the shortest possible time [].

In spite of the presence of several techniques for op-
erative management of humeral shaft fractures, yet, there
is no agreement over the optimal method. However,
plating remains the standard technique for management
of this fracture [4].

Management of comminuted fractures of the shaft of
the humerus is a challenge due to the high morbidity as-
sociated with plating by the traditional anterolateral or
posterior approach while interlocking nails cannot con-
trol rotation sufficiently in unstable and distal humeral
shaft fractures [5-7].

The concept currently known as Minimally Invasive
Plate Osteosynthesis (MIPO) is based on the relative sta-
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bility of the fracture with minimal damage to the sur-
rounding soft tissues [].

Minimally invasive treatment modalities with low
morbidity, rapid patient recovery and earlier return to
work and activities of daily living are favored to other
modalities [9].

Anterior approach to the surface of the humerus is
recommended to avoid injury of the nearby neurovascu-
lar structures [2].

The aim of this study was to report the results of appli-
cation of the minimally invasive technique with bridging
plates in the treatment of comminuted mid-distal third hu-
meral shaft fractures through the anterior approach assess-
ing the time of fracture union and the nearby joint function.

This prospective study was approved by institution-
al review board of University and consent was obtained
from all patients. Between May 2010 and October 2013,
twenty-three comminuted fractures of the mid-distal
third humeral shaft in twenty-three adult patients were
managed in University hospitals using the MIPO tech-
nique with indirect reduction method through the ante-
rior approach. Fractures were classified according to the
AOQ classification system, there were 16 cases type 12B
and 7 cases type 12C [10].

Adult patients with comminuted mid-distal third hu-
meral shaft fractures were included in the study, all frac-
tures in the study were comminuted and required fixa-
tion to restore alignment. Patients with proximal third
fractures, open fractures; associated radial nerve palsy
and children were excluded from the study.

Surgery is performed with the patient in a supine po-
sition on a radiolucent operating table, and the injured
arm is abducted 60° under image intensifier control. The
approach includes 2 skin incisions: The proximal one is a
part of the deltopectoral approach, and the distal one is a
4-5 cm long incision on the anterior side proximal to the
elbow crease over the biceps tendon taking care to pre-
serve the sensory branch of the musculocutaneous nerve
( and ). The biceps muscle is then re-
tracted, and the brachialis muscle is split by blunt dissec-
tion. Tunneling of the ventral side of the humeral shaft
using a nine to twelve holes Locking Compression Plate
(LCP) pushed gently from proximal to distal while being
in close contact to the bone. Tunneling is done smoothly
with only slight resistance by the deltoid insertion.

The technical tips and tricks should be followed to
obtain the best reduction with this indirect reduction
technique and to avoid iatrogenic radial nerve palsy:
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Figure 1.1: The mini invasive approach through 2 small
incisions.

Figure 2.1: The cosmetic scar of the mini invasive approach.

The forearm should be in a supine position to bring
the radial nerve away from bone, arm abduction 60°. The
Locking Compression Plate (LCP) is fixed provisional-
ly on the anterior surface of the humerus to the distal
main fragment with the most distal screw is the first to
be inserted without tightening as this allows better ma-
nipulation, and the fracture is reduced by manipulation
under image control for proper adjustment of length,
alignment and rotation, then plate is fixed to the prox-
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Figure 1.2: Pre-operative X-ray of a female patient showing
comminuted fracture shaft humerus.

% Citation: Elgohary HSA, Mawla TA (2017) Minimally Invasive Plate Osteosynthesis (MIPO) for Treatment of Com-
i minuted Mid-Distal Third Humeral Shaft Fractures through the Anterior Approach. J Orthop Surg Tech 1(2):33-41

imal main fragment and the screws are tightened and

another two or more additional screws are inserted in

each fragment [5-15] ( , , ,
and ).

The authors used the AO guides for obtaining control
on alignment and rotation depending on the difference
of cortical thickness and diameter difference of proximal
and distal main fragments that appears on x rays in cases
of rotation.

The incisions are then sutured with simple separat-
ed stitches without drains; postoperative immobilization
with humeral brace till union is achieved radiologically
by callus formation in 3 of 4 cortices in anteroposterior
and lateral views.

Early rehabilitation in the form of shoulder pendu-
lum exercises and active and passive wrist and elbow
movements were started by the first week post-surgery.

Fracture healing was assessed by plain radiograph.
Functional outcomes were assessed using the American
Shoulder and Elbow Surgeons score [1+].

Patients were followed up weekly for two weeks and
monthly thereafter till union then every 3 months till
one year and yearly after that till the last follow up. Ra-
diographs and clinical examinations were done in each
visit to evaluate fracture healing and shoulder and elbow
function.

Figure 1.3 and Figure 1.4: X rays for the same patient after fixation of the fracture through mini invasive approach.
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Figure 1.7 and Figure 1.8: X rays for the same patient 6 years post-operative showing complete union.

Radiological assessment to measure alignment through
drawing the anatomical axis of the proximal and distal
fragments and measuring the angle in between them and
compare it to that of the contralateral side. Range of Mo-
tion (ROM) was measured by goniometer on the frac-
tured and healthy sides during follow up visits.

The data of patients were statistically assessed using
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the Statistical Package for Social Sciences (SPSS) version
19 for windows. Independent sample t-test and paired
sample test were used to define relations between func-
tional outcomes at 3 months, at 6 months and at the last
follow up, the relation between varus complication and
the final follow up score and the effect of AO classifica-
tion on the final results. Probability values of less than
0.05 were considered significant.
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All fractures were isolated fracture humerus except

. ) for 2 cases with associated forearm fractures.
Twenty-three patients with 23 humeral fractures were

included in the study, there were sixteen males (69.6%) and All cases were followed to a mean period of 34.2
seven females (30.4%), with the age of patients ranged from  months (range 14-73 months). All fractures united with-
19 to 61 years (mean 36.2 years). Thirteen patients were af-  in 15 weeks (mean 12.6 weeks) ( , )
fected on the right side and 10 on the left side. , , and )-

Figure 2.2 and Figure 2.3: Pre-operative X-rays of a male patient showing comminuted fracture distal shaft humerus.

Figure 2.4 and Figure 2.5: X rays for the same patient 6 years after fixation of the fracture through mini invasive approach
showing complete union.

Elgohary and Mawla. J Orthop Surg Tech 2017, 1(2):33-41 ISSN: | e Page 37 e



ke

SCHOLARLY PAGES

One case had an iatrogenic radial nerve concussion
that was regained 2 months later. 2 cases with associated
forearm fractures in which the forearm bones were fixed
with plates and screws without effect on elbow mobility.

No limitations of the shoulders and elbows movements
were observed on the operated when compared to the un-
injured side. No complications related to the implant; no
implant failure, screw loosening or screw breakage. The
alignment as measured on radiographs was restored to that
of the contralateral non-affected side in all cases except for 3
cases with varus deformity not more than 10 degrees which
has no statistical effect on the results P = 0.243. No infection
was reported in this series.

American Shoulder and Elbow Surgeons Score (ASES)
were done at 3 months, 6 months, and 12 months and at
the last follow up. At 3 months the mean ASES was 94.3
(range 90-100), at 6 months it was 97.5 (range 95-100),
at 12 months it was 97.8 (range 96-100), after one year
there were no further improvement in the outcome, the
mean ASES was 97.8 (range 96-100), by the last follow
up. There was a significant improve in the in the score at
6 months (p < 0.001), and at 12 months (P < 0.001). The
fracture type according to AO doesn’t significantly affect
the final outcome as measured by the ASES p = 0.726 or
the union time (P > 0.05) ( ).

Absolute stability of fixation offers solid union of
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fractures. However, direct precise reduction and abso-
lute stability are achieved on the expense of extensive
soft tissue stripping and disruption of periosteal blood

supply [15].

The concept of biological osteosynthesis preserves the
regional blood supply enhancing fracture union. Mini-
mally Invasive Plate Osteosynthesis (MIPO) follows the
rules of biological osteosynthesis and has become a wide-
ly accepted method of fixation [!2]. The use of MIPO
prevents large surgical approach, extensive soft tissue
stripping, and disruption of periosteal blood supply and
iatrogenic nerve injuries. MIPO shortened the time for
union and the period of rehabilitation [ 16].

An, et al. in their comparative study for treating
mid-distal humeral shaft fractures with ORIF and MIPO,
they found 31.3% Iatrogenic radial nerve injury with the
ORIF while no case had this complication in the MIPO
group; the mean union time was shorter in the MIPO
group with similar satisfactory functional outcomes in
both groups [ 7].

Both IMN and minimally invasive plating osteo-
synthesis are valid treatment options with nearly simi-
lar good results for mid-distal humeral shaft fractures.
IMN required a longer rehabilitation time for shoulder
and elbow functions as compared to minimally invasive
plating osteosynthesis. Exploration for the radial nerves
is not required with minimally invasive plating osteosyn-

Table 1: Summary of the results of the study.

Age Sex Side Mechanism of Union time Follow up Associated Complications AO ASES Score at
injury (weeks) (months) |injuries last follow up

22 M Rt Motor cycle 12 16 - - 12B 100
26 M Rt  Motor cycle 14 36 - Varus 12B 100
19 M Lt Motor cycle 12 22 - - 12C 100
48 M Rt Motor cycle 13 14 Forearm fracture - 12B 100
51 F Lt Motor cycle 12 18 - - 12B 100
54 M Lt Motor cycle 14 30 Forearm fracture | Radial nerve injury 12B 98
23 F Lt MCA 14 33 - - 12C 97
38 M Rt |MCA 13 26 - - 12B 100
22 M Lt Motor cycle 13 29 - Varus 12C 99
19 M Rt Motor cycle 10 27 - - 12B 100
25 F Rt |MCA 15 35 - - 12B 99
26 M Rt Motor cycle 13 24 - - 12C 97
34 F Lt Fall 12 37 - Varus 12C 98
51 F Lt Fall 10 30 - - 12B 100
38 M Lt MCA 13 27 - - 12B 100
36 M Rt  Motor cycle 12 72 - - 12B 100
39 M Rt Motor cycle 11 28 - - 12B 96
44 F Rt MCA 13 31 - - 12B 100
27 M Rt  Motor cycle 14 15 - - 12C 100
61 M Lt MCA 12 28 - - 12B 96
4 M Lt MCA 13 30 - - 12B 98
50 M Rt |MCA 14 33 - - 12B 99
30 F Rt MCA 13 73 - - 12C 100
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thesis using an anteriorly placed plate to treat humeral
shaft fractures, which is not the case with IMN as the
nerve may be entrapped at the fracture site and put in
danger while the nail is being inserted [11].

Many humeral shaft fractures are managed success-
fully by conservative means, there is a wide range of
acceptance as the large range of shoulder motion can
compensate for malunion with little or no functional im-
pairment. When surgery is indicated Minimally Invasive
Plate Osteosynthesis (MIPO) and intramedullary nailing
are considered the treatments of choice as biologic fixa-
tion procedures [#, 1,1].

Many authors agree that humeral plating is the meth-
od of choice for fixation of humeral shaft fractures, plat-
ing has a high union rate, and doesn’t interfere with
nearby joint function. MIPO unlike traditional plating
offers an approach that limits surgical soft tissue trauma
at the fracture site. The minimal disruption of the perios-
teum associated with MIPO enhances bone healing and
limits nonunion [4,17,19,20].

The MIPO is a relatively flexible fixation as full reduc-
tion and compression of the fractured fragments is not ac-
complished, in flexible fixation Healing occurs indirectly by
formation of callus which is faster and more effective than
direct healings in absolute hard fixations [ 1].

Approaching the humerus through its anterior sur-
face does not interfere with nerves or major blood vessels
and allows safe percutaneous plating to bridge commi-
nuted fractures [5,17].

Two points of concern about the MIPO technique;
varus malunion and the potential risk of iatrogenic neu-
rovascular injury, however, considerable varus deformi-
ty did not occur in many studies with MIPO. Further-
more, with mild varus angulation shoulder and elbow
functions are preserved due to wide range of motion [*].

The neurovascular injury can be avoided by adhering
strictly to operative technique; the forearm must be po-
sitioned in supination; Pronation brings the radial nerve
closer to plate. Taking in mind the danger zone for mus-
culocutaneous and radial nerves; Apivatthakakul, et al.
in their cadaveric study found a danger zone for radial
nerve to be located between 42% and 59% of the humeral
length from the lateral epicondyle, hence the safe zone
for application of the screws in MIPO is roughly in the
distal and proximal 40% of humeral shaft [12,21,22].

Take care to be in the proper intermuscular plain and
the plate advanced gently in close contact to bone over
the anterior surface in a proximal to distal direction to
protect deltoid insertion [ 1].

In this study all fractures united within 15 weeks
(mean 12.6 weeks). One case had an iatrogenic radi-
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al nerve palsy that was regained within 3 months. No
limitation of the shoulders and elbows movement was
observed on the operated when compared to the unin-
jured side. No complications related to the implant; no
implant failure, screw loosening or screw breakage. The
alignment as measured on radiographs was restored to
that of the contralateral non-affected side in all cases ex-
cept for 3 cases with varus deformity not more than 10
degrees. No infection was reported in this series.

The functional outcomes assessed by the American
Shoulder and Elbow Surgeons score. Functional Scores
are equivalent in the affected side to that of the contra-
lateral non-affected one which is consistent with the
findings previously reported [!7,70]. Many studies were
done to assess the validity of the ASES score and con-
cluded it is a repeatable, a reliable and a valid outcome
tool [13,23].

In this study there was a significant improve in the in
the score at 6 months (P < 0.001), and at 12 months (P
< 0.001). After one year there were no further improve-
ment in the outcome, by the last follow up the mean
ASES was 97.8 (range 96-100).

MIPO technique for the treatment of diaphyseal frac-
tures of the humerus resulted in satisfactory results in
many series [5,17,16,21].

Malhan, et al. studied the results of MIPO using a
locking compression plate and found that all fractures
united after 14 weeks except for 2 cases with delayed
union, and only one patient had iatrogenic radial nerve
palsy [24].

Esmailiejah, et al. found better results with MIPO
when compared to open reduction and plating as regard
to the time of surgery and iatrogenic radial nerve inju-
ry (3% versus 12%) and the rate of infection (0% versus
6%), patients managed with the MIPO technique had
also shorter time for union and earlier return to their
previous level of activities [].

MIPO is preferred to conventional plating due to
limited incision which offers better cosmotic appearance
and less risk of infection, limited possibility of iatrogenic
radial nerve injury due to anterior approach and inser-
tion of the plate away from the radial nerve, biological
character of the technique preserving the periosteum
and fracture hematoma which increase the potential for
and accelerates fracture healing [*]. Conventional plat-
ing technique has increased risk of radial nerve injury,
non-union and infection [5,12].

An, et al. compared the results of managing humer-
al shaft fractures with conventional plating and MIPO
and found high incidence of iatrogenic radial nerve in-
jury in the ORIF group while none were found in the
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MIPO group. They also found accelerated union time in
the MIPO with similar satisfactory Functional outcomes

[17].

Shin, et al. reported satisfactory results without iatro-
genic radial nerve injury with the MIPO technique. Oh,
et al. in their comparative study found that the primary
union rate is higher in their patients treated with MIPO
than those treated with open reduction and internal fix-
ation whereas; the functional outcomes were the same

[25,26].

In 2004, Livani and Belangero found that MIPO is an
applicable and safe method and had better results when
compared to the traditional plating in providing a short-
er recovery time, more rapid fracture healing and early
return of function in shoulder and elbow [5].

Although both Intramedullary Nailing (IMN) and
MIPO have similar good results; IMN delay shoulder and
elbow functional recovery when compared with MIPO,
and the operative time for MIPO is shorter. Antegrade
nailing may be problematic for the shoulder function;
retrograde nail introduced to avoid shoulder dysfunction
increases the risk of iatrogenic humeral fractures [5,11].

The radial nerve is not dissected when performing
MIPO. The radial nerve along the spiral groove is away
from sites of screws insertion; hence it is away from dan-
ger whereas, during IMN, the danger zone for the radial
nerve is wide [26].

With MIPO the mean distance of the closest part of
the radial nerve from the plate is 3.2 mm. The plate is
placed at the anterior surface of the humerus under the
brachial muscle which protects the radial nerve from in-
jury [12].

Ji, et al. reported one case of iatrogenic radial nerve
palsy out of 23 cases with MIPO although they used
the less safe lateral approach. Livani, et al. had no ra-
dial nerve palsy in their study on 35 cases of mid-distal
humeral shaft fractures managed with MIPO. Which is
consistent with the results of Zhiquan, et al. and Pospula,
et al. in their series [5,13,27,28].

The authors and others advocate this technique for
distal third humeral fractures with radial nerve palsy
after exploration of the radial nerve through a separate
incision at the junction of the middle and distal thirds of
the arm. The radial nerve is exposed between the brachi-
alis and brachioradialis muscles till its exit through the
lateral intramuscular septum [29].

Although the aim of the study was achieved but this
study was limited by the small number of cases, a study
including a larger number will give more convenient
results. This study addressed only the results of MIPO
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and not a comparative study to assess the results of other
methods of fixation.

Minimally invasive plate osteosynthesis is a safe and
effective way for management of comminuted mid-distal
third humeral shaft fractures, with early fracture healing,
rapid recovery of shoulder and elbow function and cos-
metically acceptable scar.
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