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ABSTRACT

Aims: To examine the clinical outcomes of the minimally invasive plate osteosynthesis technique
for comminuted diaphyseal humeral fractures based on clinical and radiologic records.

Study Design: Prospective study.

Place and Duration of Study: This study was carried on twenty-one adult patients with
comminuted humeral shaft fracture treated with MIPO between February 2020 to February 2021
were included in this study.

Methods: Patients with pathological fracture, Gustilo and Anderson type 2 or 3, intra-articular
fracture and preoperative radial nerve palsy were excluded. The surgery time, blood loss and time
of union were noted. Clinical outcome was assessed by Q-DASH score.

Results: We had thirteen cases of 12-B type and eight cases of 12-C type of fracture. According to
Q-DASH score, eighteen cases had satisfactory results. The mean radiological fracture union time
was 13.85 weeks. Mean elbow flexion was 125°, mean extension range was -2.14° out of all
cases, two cases had superficial wound infection. One patient had iatrogenic radial nerve palsy.
One patient had non-union.

Conclusion: Although technically demanding, MIPO technically should be considered one of the
management options in the treatment of complex humeral diaphyseal fractures as it adheres to
biological fixation principles with minimal soft tissue dissection, preserving fracture hematoma and
periosteal blood supply.
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ABBREVIATIONS

ORIF : Open reduction and internal fixation

ROM : Range of motion

MIPO : Minimally invasive plate
osteosynthesis

Q-DASH : Quick Disabilities of the Arm,

Shoulder and Hand score.
1. INTRODUCTION

Humeral Shaft fractures account for roughly 3%
of all long-bone fractures [1]. The treatment of
humeral shaft fractures ranged from closed
methods, external fixation, antegrade and
retrograde intramedullary nailing and plating, to
minimally invasive osteosynthesis [2].

The use of a functional brace as a non-surgical
treatment results in a high rate of union and good
function. The unavoidable long immobilization
time, malunion, elbow stiffness, and possible
radial nerve injury during closed reduction
appear to be the disadvantages [2,3].

The surgical treatment of these fractures with
open reduction and internal fixation (ORIF)
provides stable fixation for early elbow range of
motion (ROM) [4,5].

Even though posterior and lateral surgical
approaches are more commonly used, nerve
manipulation, extensive soft tissue stripping, and
a long incision scar pose a risk of iatrogenic
radial nerve injury. MIPO (minimally invasive
plate osteosynthesis) has grown in popularity in
recent years as a result of positive clinical
outcomes in the treatment of middle diaphyseal
humerus fractures [6,7].

Compared to open surgical procedures, MIPO
has fewer soft tissue dissections, lower nonunion
rates, and a lower risk of iatrogenic radial nerve
palsy. It also allows for earlier functional
treatment and increased postoperative ROM in
neighboring joints [8].

2. MATERIALS AND METHODS

The study included twenty-one patients with
comminuted humeral shaft fractures during the
period from February 2020 to February 2021.

There is no risk to the participants of the study at
all and ethical committee approval number
33760/3/20 from Tanta University was obtained.
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The study was conducted under the tenets of the
Declaration of Helsinki and the guidelines of
good clinical practice. Full counseling of the
participants in this research about the nature of
the study was obtained and informed consent
was taken. The patients had provided informed
consent for the <case details and any
accompanying images to be published.

Patients aged greater than 18 years old with
comminuted closed and first-degree open
fractures were included in this study. The
exclusion criteria were humeral shaft fractures
with primary radial nerve palsy, second and third-
degree open fracture, Intra-articular fracture, and
Pathological fracture. Sociodemographic data of
the patients are presented in Table (1). The
preoperative neurologic status was documented
for all patients.

2.1 Operative Technique

The patient was placed in a supine position with
his arm resting on a radiolucent table, the elbow
was slightly flexed with a supinated forearm
during the operation. An image intensifier (C-
Arm) coming from the side of the injured limb.

The proximal incision is the lower portion of the
deltopectoral approach, it exposes the proximal
diaphysis just lateral to the bicipital tendon, using
the biceps groove and pectoralis tendon as
landmarks. The distal incision begins one to two
cm proximal to the antecubital crease and
extends few centimeters proximally in the midline
Fig. (1-A). The biceps and brachialis are
identified, and the biceps is retracted medially.
Also, the lateral antebrachial cutaneous nerve is
identified and protected. Through the distal
incision, the radial nerve is exposed between the
brachialis and brachioradialis muscles Fig. (1-B).

The brachialis is then bluntly dissected
longitudinally to the bone, with retractors or
dissection limited laterally to avoid the radial
nerve at this level. The forearm must be kept
supinated throughout the procedure to protect
the radial nerve Fig. (1-C).

The lateral antebrachial nerve was retracted
together with the medial half of the brachialis,
while the lateral half served as a cushion to
protect the radial nerve. Then an extra periosteal
sub brachialis tunnel is then created touching
and passed along the anterior or slightly
anteromedial aspect of the humerus. Fig. (1-D).
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Table 1. Characteristics of the studied cases as regards age, sex, hand dominance, smoking, mechanism of injury, AO classification and medical

condition
Age Sex Dominant hand Smoking Mechanism of AO Medical
injury classification condition
18-40 >40- >60 Male Female Non Dominant  Non Smoker Indirect Direct 12-B 12-C Null  Present
60 dominant smoker trauma trauma
No. 12 7 2 17 4 12 9 12 9 15 6 13 8 14 7
% 57.14 33.33 9.52 81.0 19.0 57.1 42.9 57.1 42.9 71.4 28.6 61.9 38.1 66.7 33.3

L muscle

Fig. 1. A) proximal and distal incisions were made; B) Distal incision showing radial nerve between biceps and brachialis muscles; C) Splitting of
brachialis muscle; D) Extra periosteal sub brachialis tunnel; E) closure of skin without suction deain
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Manual traction is used to restore length and
correct varus or valgus angulation and rotation,
this was done gently to avoid radial nerve
stretch. Reduction and plate position is checked
under image intensification, Kirschner wires were
used to temporarily secure the plate to the bone,
followed by locking screw fixation. Finally, skin
closure without a suction drain Fig. (1-E).

2.2 Postoperative Management

A pouch arm sling was used to support the arm.
As soon as the patient's comfort allowed, gentle
passive motions were started. Forceful arm use
was discouraged, but gently assisted active ROM
for the shoulder and elbow was quickly added.

All follow-up visits include clinical evaluations to
determine the recovery of elbow and shoulder
movements, as well as radiographic evaluations.

2.3 Evaluation and Follow-up

The surgery time, blood loss, complications,
shoulder and elbow functions were recorded.
Control radiographs were done immediately after
the operation and in 4 weeks intervals to
evaluate fixation and signs of radiological
healing, which is by a callus bridging at least
three cortices of the fracture fragments.

The functional outcome was evaluated by Quick
Disabilities of the Arm, Shoulder and Hand (Q-
DASH) score.

2.4 Statistical Analysis

Data were fed to the computer and analyzed
using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp) Qualitative data were
described using numbers and percentages. The
Kolmogorov-Smirnov test was used to verify the
normality of distribution Quantitative data were
described using range (minimum and maximum),

mean, standard deviation, median and
interquartile range (IQR). The significance of the
obtained results was judged at the 5% level.

3. RESULTS

In this study, we had treated 21 cases of closed
humeral shaft fractures by minimally invasive
plate osteosynthesis technique. Table (1)
illustrates the sociodemographic pattern of
patients with humeral shaft fractures who had
been admitted during the period of the study and
treated with MIPO. The average operative time
was 60 (range 40-95) min, and the average
intraoperative blood loss was 160 (range 80—
250) ml. At the end of the follow-up, twenty
patients were healed completely, one case had
non-union. Thirteen patients had a solid union
less than 14 weeks, seven patients in more than
14 weeks and one case had non-union 24 weeks
post-operatively. Table (2) and Fig. (2).

Table 2. Distribution of the studied cases
according to union (n=21)

No. %
Non Union 1 4.8
Union 20 95.2
Time of Union
<14 weeks 13 61.9
>14 weeks 7 33.3
Min. — Max. 12.0-20.0
Mean + SD. 13.85+2.25
Median (IQR) 13.0(12.0 — 16.0)

IQR: Interquartile range; SD: Standard deviation

According to Q-DASH score for the studied
cases, eighteen cases had satisfactory results.
On the other hand, three patients had

unsatisfactory results. Table (3). And according
to elbow ROM, flexion ranged from (100 - 1300)
with a mean of 1250, extension ranged from (-10
— 00) with a mean of -2.140 Fig. (3).

Fig. 2. A) X-ray of a patient with humeral shaft fractures immediate preoperatively. B) X-ray of a
patient with humeral shaft fractures immediate postoperatively. C) X-ray films showed
fractures united four months postoperatively
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Table 3. Distribution of the studied cases according to Q-DASH score (n=21)

Q-DASH score No. %
Satisfactory 18 85.7
Excellent 14 66.7
Good 4 19.0
Unsatisfactory 3 14.3
Fair 2 9.5
Poor 1 4.8
Min. — Max. 3.0-35.0

Mean + SD. 10.81 + 8.69

Median (IQR) 9.0 (4.0 — 15.0)

IQR: Inter quartile range; SD: Standard deviation

Fig. 3. The post-operative functional outcomes

Healing time was found to have a statistically
significant effect on the end results with the
highest incidence of satisfactory results was
found in patients with healing time less than 14
weeks (P = 0.025). Table (4).

Complications were encountered in four patients,
two cases had superficial wound infection that
was managed by a continuation of oral antibiotics
and frequent dressing, one patient had iatrogenic
radial nerve palsy due to tractional injury at the
distal incision and one patient had non-union
after 8 months from surgery. The presence of
complications had a significant effect on the
clinical outcomes (P <0.001) Table (5).

4. DISCUSSION

Although non-operative treatment of humeral
shaft fracture results in satisfactory clinical and
functional outcomes in the majority of cases, it
causes varus deformity and limits shoulder and
elbow motion in some patients [9]. This option is
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not ideal for young active people (athletes and
manual workers) who need to start their activities
as soon as possible [10].

IMN has produced positive results due to its
strength and load-sharing characteristics,
minimal soft tissue dissection, and lower risk of
radial nerve damage [11]. However, this
treatment also has its limitations [2].
Furthermore, nail insertion from the humeral
head or olecranon fossa can result in shoulder
impingement or elbow fracture [12,13].

Humeral plating has been accepted as the
standard technique for humeral shaft fracture
fixation. The technique has several benefits,
including a lower reoperation rate, a high union
rate, anatomical reduction, and fewer shoulder
and elbow morbidities [9].

MIPO is a new procedure for treating humeral
shaft fractures that require close attention to the
periosteum, muscles, and nerves. This technique
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Table 4. Relation between union and Q-DASH score (n=21)

Q-DASH score Union (weeks) Non-Union” Total

<14 week >14 week

No. % No. % No. % No. %
Excellent 11 84.6 3 42.9 0 0.0 14 66.7
Good 1 7.7 3 42.9 0 0.0 4 19.0
Fair 1 7.7 1 14.3 0 0.0 2 9.5
Poor 0 0.0 0 0.0 1 100.0 1 4.8
Total 13 100.0 7 100.0 1 100.0 21 100.0
x° ("“p) 5.640 (0.056)
Min. — Max. 3.0-25.0 3.0-25.0 3.0-35.0
Mean + SD. 7.54 +6.25 13.43 £ 6.68 35.0 10.81 £ 8.69
Median 5.0 15.0 9.0
Total 13 7 1 21
U (p) 21.0 (0.025)

x2: Chi square test; MC: Monte Carlo; U: Mann Whitney test; p: p value for comparing between the union
groups; *: Statistically significant at p < 0.05; #: considered >14 week in the comparison

Table 5. Relation between Q-DASH score and post-operative complication (n=21)

Post-operative Q-DASH score Total
complication Excellent Good Fair Poor

No. % No. % No. % No. % No. %
Null 14 100.0 3 75.0 O 0.0 0 0.0 17 81.0
Nonunion 0 0.0 0 0.0 0 0.0 1 100.0 1 4.8
Radial nerve palsy 0 0.0 1 250 O 0.0 0 0.0 1 4.8
Superfiscial wound infection 0 0.0 0 0.0 2 100.0 O 0.0 2 9.5
Total 14 100.0 4 100.0 2 100.0 1 100.0 21 100.0
c” ("p) 23.984(<0.001)

x2: Chi square test; MC: Monte Carlo; p: p value for comparing between the DASH score groups; *: Statistically
significant at p < 0.05

is commonly used for shaft fractures and
metaphyseal fractures associated with
osteoporosis that can be treated with indirect
reduction as anatomical reduction is not required,
as well as comminuted fractures that can be
treated with bridging plate fixation and achieve
good results [12,14].

This technique has the advantage of requiring
less soft tissue dissection and avoiding the need
to expose the radial nerve, resulting in a lower
risk of iatrogenic radial nerve palsies and deep
infection [15]. Risks of nerve injury are much
greater in conventional plating [16]. Furthermore,
the rotator cuff is not damaged, preventing major
shoulder pathology later on, as is the case with
humeral nailing [10].

In our study, 21 cases of comminuted fracture
shaft humerus were surgically treated by
minimally invasive plate osteosynthesis. The
mean operative time was 101.9 minutes (range
90 - 120 minutes), which was calculated from
skin incision to wound closure. Our mean
intraoperative blood loss was 90.95 cc (range of
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70-120 cc). Our findings are similar to those
found in the literature [12,17-20]. and slightly
longer than some literature [15,21-23]. It was
possibly attributed to our learning curve and the
different surgical experiences of surgeons who
performed the operation.

In a study held by Lian et al. [20], 24 patients
with mid-distal humeral shaft fracture in the
MIPO group, the mean surgical time was 95
minutes, the mean blood loss is 147 ml, which
were significantly lower than those of IMN group.
Also, Hadhoud et al. [15], in a study of 15
patients with humeral shaft fractures treated with
MIPO, the mean operative time was 80.7
minutes (range of 70-90 minutes) and the mean
intraoperative blood loss was 92 ml (range of 70—
120 ml) which were significantly lower than that
of ORIF group with operative time 125.3 min
(range 110-140 min) and 366 ml (range 300-450
ml) intraoperative blood loss.

In this study, twenty cases achieved complete
bony union (95.2%), with an average union time
of 13.85 weeks + 2.25 SD. Only one case had
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nonunion (4.8%); which was a comminuted
fracture of middle shaft humerus, probably due to
malrotation with forearm pronation, indicating
that it may be difficult to indirectly reduce all
fractures accurately without a fracture gap and
maintain the reduction during the MIPO
procedure. These findings stand side by side to
those found in the literature [9,12, 22—-24,25—
27,15,17-20,].

In a study held by Oh et al. [12], the union was
achieved in 90.5% of the cases treated with
MIPO technique with an average union time of
17.3 weeks, which was similar to 87% of the
cases treated with ORIF with an average union
time of 16.7 weeks. In this study, there was no
significant difference in union between the two
groups although union rate was higher in MIPO
group. Nonunion after MIPO was a comminuted
fracture of the distal shaft, with inappropriate
fixation and poor stability.

In the present study, the type of the fracture had
a significant effect on the functional outcome of
the elbow according to Q-DASH score but not on
the radiological outcome, with the highest
incidence of satisfactory results (radiological and
clinical) in less comminuted fractures. our result
was consistent with that found in the literature
[12]. This is explained as displaced and
comminuted fractures frequently result in delayed
healing. The avascular fragments of splintered
bone require resorption, a more extensive
inflammatory and callus phase and more time to
remodel [28,29].

In the present study, 18 (85.7%) cases had
satisfactory Q-DASH score and 3 (14.3%) cases
had unsatisfactory Q-DASH score, 2 cases who
had superficial wound infection and medical
comorbidities had fair outcomes and one case
who had nonunion had a poor outcome. The

mean Q-DASH score was 10.81 + 8.69 SD.
Which  agrees with those in literature
[17,18,22,26]. Also, several studies reported

similar functional outcomes for MIPO and ORIF
techniques [9,12].

Randell et al. [30], reported a favorable functional
outcome score in the MIPO group with a mean
DASH score of 17.0 £ 18.0. in contrast to the
ORIF group with 24.9 + 19.5, however, that was
not significantly different from that of the MIPO

group.

In the present study, elbow ROM after 6 months
follow up ranged from (1000-1300) in flexion with
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mean (1250 + 7.250) SD, (-100 — 00) and mean
(-2.140 £ 4.050) in extension. One case had
elbow flexion 1000, this reduced ROM occurred
after nonunion. Our result agrees with Zhao et al.
[24], in which elbow function was evaluated
postoperatively at three months, and the average
ROM was 135.18° (SD £ 10.76), ranging from
110° to 150°.

In comparison with IMN, Lian et al. [20], reported
that the fractures healed with simultaneous
shoulder abduction and elbow flexion limitations
due to nail impingement. When compared to the
uninjured side, these patients had a decrease in
shoulder or elbow joint ROM of approximately
25° to 45°. Furthermore, they required more time
for functional recovery of the shoulder and elbow
than those who underwent minimally invasive
plating osteosynthesis. They underwent nail
extraction once fracture union occurred.

To avoid plate impingement and allow the
operated limb to be used for daily activities as
soon as possible, the distance between the distal
fracture line and the upper edge of the coronoid
fossa should be greater than 6 cm to accept
three screws in the distal fragment [20]. In the
present study, only 2 screws could be used
distally in cases with distal one-third fractures,
and there was no implant failure or loss of
fixation. We believe that union occurs before the
implant can become loose because of the
preserved good vascularity of fragments [31].

When using MIPO, iatrogenic injury may harm
the blood supply of the fractured part. One of the
most frequently damaged nerves in long bone
fractures appears to be the radial nerve [21]. In
the present study, there was a lower
complication rate that was comparable to
previous literature [17,18,22,23,25,32] compared
to ORIF [12,15,30].

The danger zone for the radial nerve is located
36.35-59.2 percent of the humeral length away
from the lateral epicondyle, i.e., primarily in the
middle third of the humeral shaft [18]. When
using the anterior approach, no screws are
inserted into the part of the shaft where the radial
nerve runs along the spiral groove, which is
critical for radial nerve preservation [20].

There was only one case of postoperative radial
nerve palsy in the present study probably from
careless traction to achieve distal exposure. A
revision fixation was done after a week through
posterior approach with an exploration of the
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radial nerve which was found intact along its
course and reapplication of the plate posteriorly.
The nerve recovered completely after 6 months.
This complication may be avoided by having a
well-prepared team, with knowledge of the local
anatomy and training in the surgical technique
proposed. The division of the brachial muscle is
necessary to protect the radial nerve, allowing
the surgical technique to be performed without
viewing and dissecting this nerve. Our result
stands side to side with those in previous studies
[12,21,22,26,31,33], with a lower risk of radial
nerve injury in comparison to other techniques
[15,20,34,35].

According to the demographic data of the
patients, there was a significant correlation
between age and the healing time, the older the
age, the longer the healing time. As with
increasing age, Variations in fracture healing
have been linked to age-related dysfunction of
the bone vascular system and its ability to
regenerate during healing. In general, the
skeleton's vascular perfusion decreases with age
[36]. Whereas the patient's gender, hand
dominance, associated injuries, type and site of
fracture had an insignificant correlation to the
bone healing.

In the present study, we found that the lifestyle of
the patients clinically affects them according to
the Q-DASH score. There was a significant
correlation between smoking and healing time
and subsequently the functional outcome. Bones
are nourished by blood much like the other
organs and tissues in our body. Smoking raises
the levels of nicotine in the blood, causing blood
vessels to constrict to about 25% of their normal
diameter. Reduced nutrient levels are supplied to
the bones as a result of vessel constriction. This
is thought to be the cause of the effect on bone
healing [37]. According to Wang et al. [34], a
comparative study, 2 out of 3 cases of nonunion
(2 cases from ORIF group and a case from MIPO
group) were heavy smokers.

Also, we found that there was a significant effect
of the other comorbidities on bone healing. We
had two diabetic patients, three hypertensive
patients and two diabetic-hypertensive patients,
affected directly by the radiological and functional
follow-up.

These diseases cause systemic disturbances
that are linked to bone loss and secondary
osteoporosis, as well as increased fracture risk.
Many of the pro-inflammatory cytokines
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abundant in these diseases (interleukin-I,
interleukin-6, tumor necrosis factor) strongly
affect both osteoblasts and osteoclasts, resulting
in increased osteoclasts and decreased numbers
of osteoblasts and bone formation, disrupting the
balance between bone resorption and formation,
with higher complication rates, including non-
unions and disrupting the remodeling process
[38].

Our study has some limitations such as a small
sample size, and we did not have a control group
for comparison. A larger multicenter study with
control groups will help us to arrive at a definitive
conclusion. Secondly, the malrotation of the
humerus after union could not be accurately
calculated as no postoperative computed
tomography scans were done. So, the humeral
retroversion angle was not evaluated. However,
there was no case of severe rotational restriction
in our patients; implying that any major rotational
malalignment was unlikely.

5. CONCLUSION

In conclusion, the current study's findings show
that, despite being technically demanding, the
anterior MIPO technique appears to be a safe
and effective method for treating comminuted
humeral shaft fractures, with low risk of
postoperative complications. It adheres to
biological fixation principles with minimal soft
tissue dissection, preserving fracture hematoma
and periosteal blood supply. However, when
performing the distal incision, the radial nerve
must be carefully addressed. Radiation exposure
from the image intensifier is a source of
concern.
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