oe' "¢ THE EUROPEAN SOCIETY OF MEDICINE

X * Medical Research Archives, Volume 13 Issue 3

Minimally invasive osteosynthesis of distal humerus fracture with

commercially available pre-contoured plate using an anterolateral

fixation: mid to long-term results

Oscar Alejandro Mejia, MD.', Jaime Valencia, MD.?, Carlos Eduardo Afanador, MD.?, Sebastian Calle Diaz, MD.3,
German Alejandro Jaramillo, MD.*, Ana Milena Herrera, MD. Ph.D®

1Orthopedic surgeon. Shoulder and elbow
orthopedics. Clinica del Campestre and
Clinica Universitaria Bolivariana. Medellin.
Colombia

2Orthopedic surgeon. Shoulder and elbow
orthopedics. Hospital Pablo Tobdn Uribe,
Clinica Universitaria Bolivariana and Clinica
del Campestre. Medellin. Colombia
30rthopedic surgery resident. Facultad de
Medicina, Universidad de Antioquia. Medellin.
Colombia

“Orthopedic surgeon. Shoulder and elbow
orthopedics. Clinica del Campestre and
Clinica del Norte. Medellin. Colombia
Epidemiology Unit, Clinica del Campestre.
Medellin, Colombia

a OPEN ACCESS

PUBLISHED
31 March 2025

CITATION

Mejia, OA., et al., 2025. Minimally
invasive osteosynthesis of distal humerus
fracture with commercially available pre-
contoured plate using an anterolateral
fixation: mid to long-term results. Medical
Research Archives, [online] 13(3).
https://doi.org/10.18103/mra.v13i3.6
425

COPYRIGHT

© 2025 European Society of Medicine.
This is an open- access article distributed
under the terms of the Creative
Commons Attribution License, which
permits unrestricted use, distribution,
and reproduction in any medium,
provided the original author and source

are credited.

DOI
https://doi.org/10.18103/mra.v13i3.6
425

ISSN

2375-1924

ABSTRACT
Background:

Surgical treatment of distal diaphyseal humerus fractures (DDHF) minimally invasive
plate osteosynthesis (MIPO) has gained popularity among orthopedic surgeons
as it causes less soft-tissue disruption associated with other open approaches;
however, the iatrogenic radial nerve injury is still a concern. Recently, a novel
technique for a MIPO through anterior approach and anterolateral fixation was
proposed as an alternative to reduce the risk of radial nerve damage.

Aims:
To determine the mid-to-long-term functional results and safety of a MIPO through
an anterior approach and anterolateral fixation using a pre-contoured locking plate

modified to adjust to the anatomical surface of the lateral column of the humerus.

Methods:

A prospective longitudinal follow-up of patients treated for a DDHF with MIPO
through an anterior approach and anterolateral fixation using a pre-contoured
locking plate modified to adjust to the anatomical surface of the lateral column
of the humerus. Clinical evaluations included the active range of movement (AROM),
functional assessment through the Mayo Elbow Performance Score (MEPS), and
pain and complications. Radiographic evaluation included assessment of

consolidation, residual angulations, and the optimal plate’s position.

Results:

This series included ten patients with 12A,12B, and 12C fractures. Patients were
followed for a median of 36.9 months (2.5 — 62.5 months). At the last evaluation, the
median pain level was 1.5, the median elbow flexion was 125 degrees, and the median
MEPS was 85. Two patients presented radial nerve praxia, which resolved with
physical therapy. Residual angulations were minimal and within the range of acceptable
alignment in the osteosynthesis of a distal diaphyseal fracture of the humerus.

Conclusion:

This MIPO technique with an anterior approach and anterolateral fixation for meta-
diaphyseal and distal diaphyseal extra-articular humerus fractures produced a
stable reduction and fixation with satisfactory mid-to-long-term clinical and

functional outcomes and low complication rates.
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Introduction

Treatment of distal diaphyseal humerus fractures
(DDHF) represents a challenge in orthopedic surgery
owing to the complex elbow anatomy and proximity
of neurovascular structures'. These fractures have
a bimodal distribution, mainly caused by high-energy
traumas in the young population and by low-energy
traumas or falls in older people??~.

Restoration of elbow function amid a stable fixation
of all bone fragments is critical in managing DDHF.
Although there is no consensus on the best
alternative for surgical treatment, for a while, open
reduction and internal fixation (ORIF) with dual
plates has been the treatment of choice, especially
for more distal meta-diaphyseal fractures®>®. However,
sometimes, to have sufficient articular exposure for
dual plating, a posterior approach with extensive soft
tissue trauma is usually performed, carrying a high
risk of iatrogenic neurovascular injury. Additionally,
revision surgery is frequently needed secondary to
olecranon osteotomy, leading to non-union, malunion,

and hardware irritation>%1,

On the other hand, ORIF with medial or lateral
approaches facilitates exposure of the joint’s anterior
surface, radial nerve visualization and exploration,
and rigid fixation of the more distal fracture fragments,
allowing prompt rehabilitation and functional
recovery'™™ Still, the soft tissue trauma and scar are
extensive with these methods.

To minimize soft tissue disruption while achieving
a stable fixation of DDHF, minimally invasive plate
osteosynthesis (MIPO) through different approaches
has been proposed by several authors™?. However,
the complex anatomy of the elbow makes plating
and fixation extremely difficult, often leading to
complications such as permanent neurovascular

damages and joint stiffness?’.

Cafada-Oyaetal.’, and Yang et al."”, have proposed
a MIPO through an anteromedial approach, a
technically difficult method as the neurovascular
structures are at risk; it requires a vast knowledge

of the anatomical structures and high expertise of

the trauma surgeon'®'. Nevertheless, Yang et al."’
reported satisfactory results in fracture healing and
functional recovery with no complications in twelve
patients using this technique. More recently, Mejia
et al.? published an anatomical study proposing a
MIPO technique with an anterior approach with
two incisions and fixation using a modified locking
plate on the lateral column of the humerus. In this
technique, a small distal incision permits accessing
the fracture site by medially retracting the biceps
brachii muscle and dissecting the brachialis muscle.
A second proximal incision allows submuscular
communication for retrograde plate slipping from
distal to proximal. The extra-articular distal humerus
plate is manually molded to fit the bone surface on
the lateral column and distally fixated with 5 five
locking screws conferring maximum stability to the
distal segment?. In the distal region, the radial nerve
runs lateral to the lateral edge of the plate at about
10 to 11 mm. With this anatomical study, the authors
showed that this technique permits better exposure
of the fracture focus and radial nerve observation
and protection while minimizing soft tissue damage?.
However, whether the molding of the plate could
lead to fatigue of the material and consequentially
loosening or failure, and whether the stability of
fixation would persist through time is still unknown.

This study presents the mid-to-long-term clinical
and functional outcomes of a series of patients with
DDHF treated with the MIPO with anterior approach
and anterolateral fixation technique described by

Mejia et al.?2.

Methods

PATIENTS

The study was approved by our Institutional Review
Board (IRB); all methods were carried out following
local and international guidelines and regulations.
Between March 2019 and May 2023, ten consecutive
patients were treated for a DDHF with MIPO through
an anterior approach and anterolateral fixation using
a pre-contoured locking plate modified to adjust to
the anatomical surface of the lateral column of the

humerus. Data concerning the procedures and
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follow-ups were gathered from March 2019 to June
2024. All procedures were carried out in Clinica del
Campestre and Clinica Universitaria Bolivariana in
Colombia.

Adult patients (=18 years) were eligible for the
procedure if presented with an extraarticular type
12A to 12C DDHF. Patients with less than 12 months
of follow-up after the surgery were excluded from
the study.

After the procedure, all patients were scheduled
for routine follow-ups of 15 days and 3 and 6
months, according to our clinical protocol. Clinical
evaluations during follow-ups consisted of the
active range of movement (AROM) and functional
assessment through the Mayo Elbow Performance
Score (MEPS)®, and the presence of pain and
complications. Data was extracted from clinical

records. Due to restrictions from the paying insurers,

radiographic evaluations were not performed during
all follow-ups unless clinical evaluation indicated
the need for it.

For one last follow-up, additional efforts were made
to reach all patients and update their clinical and
radiological assessments. At the last radiographic
evaluation, consolidation, varus or valgus deformity,
recurvatum or antecurvatum, and the optimal plate’s

position were assessed.

SURGICAL TECHNIQUE

The surgical technique follows the steps described
by Mejia et al.??. In brief, the patient’s arm is placed
in a supine position. An anterior 3 cm incision is
performed at the midpoint of the distal third of the
arm, 2 cm proximal to the antecubital fold. Then,
the biceps muscle is rejected, medially exposing

the brachialis muscle and the lateral antebrachial

cutaneous nerve (Figure 1).

Figure 1. Distal incision and dissection. The images show the position of the initial distal incision (A) and

the exposure of the brachialis muscle and the lateral antebrachial cutaneous nerve (B).

The brachialis muscle is dissected to expose the distal
third of the humeral shaft; the coronoid fossa and
distal lateral column are observed here. A second
and proximal 4 to 5 cm skin incision is performed on
the proximal third of the arm, exposing the humeral
shaft (Figure 2).

The fracture is reduced with elbow traction
movements, at 60-degree shoulder abduction and

90-degree elbow flexion with forearm supination.
Then, the distal and proximal approaches are
communicated sub-muscularly sliding the previously
molded contralateral, LCP® Extra-articular Distal
Humerus Plate (DePuy Synthes, Johnson & Johnson)
from distal to proximal. The plate should be
positioned 1 cm proximal to the most proximal part
of the capitellum (Figure 3).
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Figure 2. Humeral shaft exposure and second incision. The images display the exposure of the lateral column
of the distal humerus (A) and the location of the second and proximal incisions (B).

Figure 3. Plate sliding and positioning. The pictures depict the molded plate sliding in from distal to proximal
over the humeral lateral surface (A) and the position of the distal end 1 cm proximal to the most proximal edge

of the capitellum (B).

A temporary proximal fixation is performed (Figure
4), followed by plate fixation with five locked screws
distally and three screws proximally. The correct
reduction and the plate’s position and fixation are
confirmed with the image intensifier. The anatomical

relations of the plate are depicted in Figure 5%.
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Figure 4. Plate fixation. The image shows the temporary proximal fixation.

Figure 5. Anatomical relations. The illustrations depict the optimal position of the plate and the relationship

of the plate with the capitellum and the radial nerve (Extracted with permission from Mejia et al. 2024%).

The rehabilitation protocol involved passively assisted
elbow movements for the first 30 days, followed by
active movements. Gradual strengthening begins
after 6 to 8 weeks. Non-competitive physical activities

were allowed in the fifth month.

STATISTICAL ANALYSIS
Unless otherwise specified, data are expressed as
medians and ranges (minimum and maximum) for

continuous variables and absolute frequencies

(number) for categorical variables. The elbow flexion
of the operated arm was expressed as a percentage
of the non-affected arm. Nonparametric statistics
were used for the bivariate analysis of the relation
of the distal segment length. AROM and MEPS were
obtained at the latest follow-up using the chi-square,
Kruskal-Wallis, and Spearman correlation tests. The
two-sided statistical tests were considered statistically
significant with a p-value <0.05. The analysis was
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conducted using SPSS statistical software (version
25.0; IBM Corp, Armonk, NY, USA).

Results

The cohort included six males and four females with
a median age of 28,5 years (range 19 - 61 years) at
the time of the procedure. Seven right and three
left arms underwent the procedure, and in seven of

the ten patients, the arm on the dominant side was

intervened. The most frequent mechanism of the
fracture was a motorcycle accident in nine patients
(Table 1).

Three patients had fractures type 12A, five type
12B, and two 12C. The median distal segment length
was 85,5 mm (49 — 103 mm) (Table 1). None of the

patients presented a neurovascular compromise.

Table 1. Patients’ characteristics and their preoperative assessment details

Patient # Sex Age Affected  Dominantside  Trauma mechanism  Type of Distal segment
(years) side affected fracture length (mm)
1 Male 61 Right Yes Motorcycle accident 12-A3 92
2 Male 25 Right Yes Motorcycle accident 12-B3 99
3 Male 23 Right Yes Motorcycle accident 12-B2 103
4 Female 32 Right Yes Motorcycle accident 12-C3 74
5 Male 19 Left No Motorcycle accident 12-B2 98
6 Female 24 Right Yes Motorcycle accident 12-B2 58
7 Male 40 Right Yes Motorcycle accident 12-A7 62
8 Male 32 Left No Motorcycle accident 12-C3 88
9 Female 25 Left No Motorcycle accident 12-B2 49
10 Female 37 Right Si Car accident 12-A2 83

The surgical procedure was performed at a median
of 11.5 days (range, 3 - 17 days) after the trauma. The
procedure went without complications in all cases.
Only two patients presented radial nerve praxia,

which quickly resolved with physical therapy.
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changed through follow-ups (p = 0.000) (Figure 6).
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Figure 6. AROM and MEPS changes. The figures show steady changes in the median flexion and extension

(A) and the MEPS (B) through follow-ups.
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The last follow-up was carried out in a median of 36.9
months (9.5 — 62.5 months). During the last follow-

up, the median pain level (VAS) was 1.5 (range, 0 —

3), median elbow flexion was 125 degrees (range,

Table 2. Patients’ follow-ups, complications, and their most recent assessment details

110-130 degrees), and median MEPS was 85 (range,

70 - 100) (Table 2).

3 months 6 months Last follow-up
Patient Complications AROM % MEPS | AROM % MEPS | POP AROM % MEPS VAS Residual

# time angulations

1 10-95° 731 55 0-120° 923 70 40.3  0-125° 96.1 85 1

2 Radial n. praxia  10-110° 88 70 0-125° 100 85 40 0-125° 100 100 0] 7°antecurvatum

3 0-100° 80 70 0-120° 96 85 39.4 0-125° 100 100 0 4° varus

4 Radial n. praxia ~ 20-100° 80 55 0-110° 91.7 70 12 0-110°  91.7 85 2 6° antecurvatum

5 0-95° 79.2 40 0-100° 80 85 62.5 0-110° 91.7 100 0 4° varus/ 3°
recurvatum

6 0-130° 84.6 55 0-130° 100 85 34.4 0-130° 100 100 2 5° valgus/ 6°
recurvatum

7 0-100° 76.9 40 0-120° 92.3 60 25.3 0-125° 96.1 70 2 4° recurvatum

8 0-130° 100 50 0-130° 100 70 145 0-130° 100 85 2 2° varus

9 0-125° 100 55 0-125° 100 70 22.9 0-125° 100 85 1 7°antecurvatum

10 0-120° 96 55 0-125° 100 70 62.2 0-125° 100 85 3 3° recurvatum

AROM*: Active range of movement expressed in degrees

%: indicated the percentage of operated arms concerning the contralateral

POP time: Postoperative time is expressed in months

The bivariate analysis showed no relation between
the distal segment length and the AROM and MEPS
assessed during the last follow-up (p = 0.934 and

0.521, respectively) (Figure 7).
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Three patients had a varus deformity, and one had a One patient required removal of the osteosynthesis

valgus deformity of less than 5 degrees. Three patients material due to pain with elbow flexion. All patients
presented antecurvatum and four recurvatum with reported being satisfied with the functional outcome
less than 7 degrees. All patients demonstrated of the surgery.

evidence of consolidation during the last assessment

fth i h in Fi 9.
and radiographic follow-up (Table 2). Two cases of the series are shown in Figures 8 and

Figure 8. Case 1. A. Female 32 years old, with a right 12-C3 fracture. B. Three months’ follow-up. C. Six- and
ten-month radiographic follow-up. D. AROM at ten months after surgery.

.\ >
Figure 9. Case 2. A. Male, 32 years old, with a right 12-C3 fracture. B. Three months’ follow-up. C. AROM at
three months after surgery.
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Discussion

The current study showed satisfactory mid-to-long-
term clinical and functional outcomes and low
complication rates in patients with DDHF treated with
a MIPO with anterior approach and anterolateral
fixation following the technique described by Mejia
et al.??2. In our series of ten patients, 80% had
recovered the AROM, and 60% functionally
recuperated after six- and twelve-months post-
surgery, respectively. Only two patients presented
radial nerve praxia, which resolved without long-
term consequences. Fifty percent of the patients had
follow-ups more than 36 months after the procedure,
showing a stable fixation and long-lasting functional

results in the mid-to-long term.

ORIF is probably the most used surgical treatment
for extra-articular DDHF'®; however, MIPO, through
different approaches, has been gaining more
acceptance among the most experienced surgeons
as an alternative for achieving a stable fixation while
minimizing soft-tissue disruption'?2*. Nonetheless,
the risk of iatrogenic injury to the neurovascular
structures while reaching the fracture site and plating
is still a significant concern, especially in MIPO

techniques where the dissection field is

reduced12,17,25—28

Despite the critical closeness of the radial nerve to
the plate when performing a MIPO shown by Livani et
al.?’in their study, performing ultrasound evaluations,
the incidence of transient radial nerve palsy is still
lower compared to ORIF as demonstrated in the meta-
analysis by Beeres et al.?®>. However, to overcome
this non-negligible risk, several surgical approaches
for performing MIPO have been proposed'¢-2024,

Jitprapaikulsarn et al.” reported results of a MIPO
with a posterior approach in 18 patients with type
B or C DDHF. Even though this approach allows
sufficient visualization and exposure of the fracture
site, it still poses a significant risk of iatrogenic injury
of the radial nerve. Yet, the authors showed that only
two of their patients presented transient radial nerve

palsy that fully recovered within three months'®.

Anterior or anteromedial approach to the humerus
could also lead to iatrogenic injury to any of the
main nerves in the forearm. However, in different
anatomical and clinical studies, it has been shown
that this injury could be prevented if the fracture-
to-coronoid distance (FCD) is >2 c¢m, keeping the
fixing plate at a tolerable distance from these neural

structures'e17:19.20,

Caflada-Oya et al."* performed an anatomical study
proposing a minimally invasive anteromedial and
distal approach with plate fixation on the medial
column of the humerus. To avoid damaging the
medial and ulnar nerves or the brachial artery, the
technique requires surgical expertise during plate
insertion, as this must be done through an incision in
the pronator teres muscle'. Although promising, to
our knowledge, no clinical data have been published
using this specific technique. Yang et al.”. described
a similar technique in a cadaveric study and the
outcomes of a series of 12 patients using the
anteromedial approach but inserting the plate
through a soft tissue tunnel under the brachialis,
fixating it on the anteromedial surface of the humerus.
The authors found a satisfactory functional recovery
at 12 months of follow-up without iatrogenic

neurovascular injuries’’.

On the other hand, using an anterolateral approach
through only one distal incision at the fracture site
in 28 patients with DDHF, Zhao et al.** showed
satisfactory results without cases of iatrogenic
neuropraxia®®. The authors proposed that the
anterolateral approach allowed clear visualization
and exposure of the radial nerve between the
brachialis and brachioradialis muscles, permitting
safe manipulation and plate insertion without

damaging the nerve?,

Recently, our group proposed an alternative MIPO
technique using an anterior approach with plate
fixation in the anterolateral column of the humerus
that, according to the cadaveric study, is anatomically
safe and allows the management of distal diaphyseal

and meta-diaphyseal humerus fractures?®. The

© 2025 European Society of Medicine 9



anatomical analysis of the technique showed that
the risk of damaging the radial nerve when performing
the lateral separation of the intermuscular septum
could be averted by performing blunt longitudinal
dissection and separation without tension of the
brachialis muscle. It was also shown that with this
technique, the average distance between the lateral
edge of the plate after fixation on the lateral column
of the humerus and the radial nerve was 10.9 + 0.6
mm. Additionally, contrary to the technique described
by Zhao et al.?*, in our method, the radial nerve is
neither explored nor neurolysed, which hypothetically
could diminish accidental nerve injury. Also, by
making two incisions, one distal and one proximal,
a better visualization and handling of the plate can

be achieved.

In this series of ten patients, using the anterior
approach and anterolateral fixation, only two transient
neuropraxia of the radial nerve occurred, which
resolved adequately with physiotherapy, showing
that, if the technique is followed as described using
a blunt separator for the radial nerve, there should

not be significant nerve injuries.

.r

In the anatomical study by Mejia et al.??, it was
argued that by placing more distal blocked screws,
there would be better stability of the fixation that
would be maintained in the long-term?2. Zhao et al.*
utilized a locking compression plate of 10-14 holes
molded to fit the anterior surface of the humerus,
fixating it to the lateral or medial columns with only
2 or 3 distal screws that could cause less stability to
the distal segment. Yet, the results after follow-ups
ranging from 12 to 36 months were satisfactory
without the occurrence of nonunions or implant
failures®®. With our technique, the molded locking
plate could be distally fixated with five cortical or
blocked screws providing good stability to even
the most distal diaphyseal fractures relatively close
to the coronoid fossa. After a median of 36.9 months
follow-up (min 9.5 — max 62.5), there were no cases
of nonunions, malunions, or failures, showing that
the reductions and fixation stability were preserved
in the mid-and-long term. Additionally, the residual

radiographic angulations observed in our series are
within the range of acceptable alignment in the
osteosynthesis of a distal diaphyseal fracture of the
humerus, as has been previously reported by other

authors'819.21,

One of the possible drawbacks of fixating the locking
plate immediately proximal to the coronoid fossa
in the most distal fractures with a high density of distal
screws placing is the compromise of the elbow’s
flexion. Mejia et al.?? suggested that, for optimal
functional results, the minimum distance from the
most distal edge of the plate to the most proximal
part of the capitellum or the FCD should be close
to 1 cm?. Given the thinner profile in the distal end
of the locking plate, which would allow for closer
proximity to the capitellum without interfering with
the elbow flexion, we included patients with distal
segments ranging from 0.49 to 1.03 cm. Our results
showed that even in patients with short segments,
the active range of movement and functional score
were as satisfactory as those with longer segments.
There was only one case in which the patient required
the removal of the osteosynthesis material as the
patient complained of pain with elbow flexion.
However, the patient had complete AROM and
excellent MEPS, and after removal around 40 months
after the procedure, the patient continued with
satisfactory evolution and a stable reduction.

Another concern with the technique proposed by
Mejia et al.?? was the possibility of implant failure or
loosening secondary to material fatigue caused by
the molding needed for adapting to the anatomy
of the anterior surface of the humerus. Some of our
patients had follow-ups longer than 40 months; still,
in all our patients, the implant was intact, in place,
and without signs of failure, demonstrating that the
modification performed to the plate did not alter

its cycling.

The study has some limitations. First, it has a
limited sample size and is not powered to prove
any hypothesis regarding function improvement or
complications. Second, it lacked a control or

comparison group that could prove the superiority

© 2025 European Society of Medicine 10



or no inferiority of the technique concerning other
previously published methods. Third, most patients
were younger than 40, skewing the results towards
the younger population. However, at this time, we can
show satisfactory results in ten cases in the mid-to-
long term, indicating this technique is a promising
alternative of MIPO for patients with distal diaphyseal
and meta-diaphyseal humerus fractures.

Conclusion

For meta-diaphyseal and distal diaphyseal extra-
articular humerus fractures, a MIPO technique with an
anterior approach and anterolateral fixation produced
a stable reduction and fixation with satisfactory mid-
to-long-term clinical and functional outcomes, low
complication rates, and early return of patients to
daily life activities that did not involve weight bearing.
The technique represents a safe surgical alternative
that allows for good visualization of the fracture site
with minimal soft tissue disruption and a low risk of

radial iatrogenic injury.
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