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Abstract Objective To choose an appropriate posterior approach for distal humerus fractures
in adults.
Methods Fifty patients with distal humerus fractures were analyzed prospectively.
The fractures were classified using the Arbeitsgemeinschaft für
Osteosynthesefragen/Orthopaedic Trauma Association (AO, Working Group for Bone
Fusion Issues, in German/OTA) classification. The patients were divided into group A
and group B. Olecranon osteotomy (the transolecranon approach) was performed in 30
patients, and the triceps-reflecting approach was used in 20 patients. The functional
results were evaluated using the Mayo Elbow Performance Score (MEPS) and the
Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire.
Results The average operative time was of 92.62�8.73minutes for group A, and of
78.63�7.02minutes for group B, (p< 0.01), and the average blood loss was of
222.78� 34.93mL for group A, and of 121.61�19.85mL for group B, (p<0.01),
which were statistically significant. The mean scores on the MEPS and DASH of both
groups were found to be insignificant. Complications like infection, neurapraxia and
soft tissue irritation where observed more in group A.
Conclusion The triceps-reflecting approach results in a shorter operative time, a
lower levels of blood loss, and a low rate of complications, and olecranon osteotomy
provides better accuracy in terms of articular reduction. But there were no significant
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Introduction

Distal humerus fractures comprise approximately 2% of all
fractures.1 They have a bimodal age distribution, with peak
incidences occurring in individuals between the ages of 12
and 19 years, usually inmales, and in those aged 80 years and
older, characteristically more among females. In young
adults, the fractures are typically caused by high-energy
injuries such as motor vehicule collisions, fall from heights,
sports activities, industrial accidents, and firearm injuries.2

In elderly individuals, the fractures are usually caused by
low-energy injuries like falls to ground.

Distal humerus fractures remain some of the most chal-
lenging injuries to treat. They are commonly multi-frag-
mented and have a complex anatomy, with limited options
for internal fixation.2,3 The treatment outcomes are often
associated with elbow stiffness, instability, and pain. A
painless, stable, and mobile elbow joint is desired, as it
enables the hand to perform the activities of daily living,
most notably personal hygiene and feeding. Therefore, start-
ing with a highly-traumatized distal humerus and finishing
with a stable, mobile, and pain-free joint required an intelli-

gent approach. Olecranon osteotomy (also known as the
transolecranon approach) is the preferred surgical approach
in the literature, and it provides excellent exposure. Howev-
er, olecranon osteotomy has its own disadvantages, such as
delayed union, nonunion, heterotopic ossification, extensor
weakness, and prominent hardware. To avoid such compli-
cations, an extensor mechanism-sparing, triceps-reflecting,
posterior approach to the distal humerus through a midline
posterior incision has been suggested by many surgeons.4

We conducted the present study to evaluate the outcomes of
adult patients with distal humerus fractures treatedwith the
triceps-reflecting and olecranon osteotomy approaches in
terms of: accuracy of articular the reduction, operative time,
blood loss, functional results, and immediate, early and late
complications.

Methods

The present prospective study was hospital-based and con-
ducted after obtaining clearance from the ethical committee
(S-1/2019/9159). From December 2017 to March 2021, the
records of 50 patients aged between 20 and 70 years were

differences between the two groups regarding the functional outcome. Therefore, we
have proposed a new classification that is a modification of the AO/OTA classification:
type 1 includes AO grades 13A to C2 (B3 excluded); and type 2, AO 13C3. For type-1
fractures, the triceps-reflecting approach may be considered, and, for type-2 fractures,
olecranon osteotomy.

Resumo Objetivo Escolher uma abordagem posterior adequada para fraturas distais do úmero
em adultos.
Métodos Cinquenta pacientes com fraturas distais do úmero foram analisados
prospectivamente. As fraturas foram classificadas por meio da classificação Arbeitsge-
meinschaft für Osteosynthesefragen/Orthopaedic Trauma Association (AO/OTA). Os
pacientes foram divididos em grupo A e grupo B. A osteotomia olecraniana (aborda-
gem transolecraniana) foi realizada em 30 pacientes, e a abordagem por reflexão do
tríceps foi usada em 20 pacientes. Os resultados funcionais foram avaliados por meio
do Mayo Elbow Performance Score (MEPS) e do questionário Disabilities of the Arm,
Shoulder and Hand (DASH).
Resultados O tempo médio da cirurgia foi de 92,62� 8,73 minutos para o grupo A, e
de 78,63�7,02 minutos para o grupo B (p< 0,01) e a média da perda sanguínea foi de
222,78�34,93mL no grupo A, e de 121,61�19,85mL no grupo B (p<0,01), os quais
foram estatisticamente significativos. As pontuações médias no MEPS e no DASH de
ambos os grupos foram consideradas insignificantes. Complicações como infecção,
neurapraxia e irritação de tecidos moles foram mais observadas no grupo A.
Conclusão A abordagem por reflexão do tríceps resulta em menor tempo de
operação, menor perda de sangue, e baixas taxas de complicações, e a osteotomia
olecraniana proporciona uma melhor precisão da redução articular. Mas não houve
diferença significativa entre os dois grupos em termos do resultado funcional. Por isso,
propusemos uma nova classificação, que é umamodificação da classificação AO/OTA: o
tipo 1 inclui os graus AO 13A a C2 (excluído o B3); e o tipo 2, AO 13C3. Para fraturas do
tipo 1, a abordagem por reflexão do tríceps pode ser considerada, e , para as fraturas do
tipo 2, a osteotomia olecraniana.

Palavras-chave

► fraturas do úmero
► processo olecraniano
► osteotomia
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assessed, and they were divided into two groups: group A
was composed of patients submitted to olecranon osteot-
omy, and group B, of patients submitted to the triceps-
reflecting approach. Randomization was performed based
on the patient’s inpatient number (an even number under-
went olecranon osteotomy, and an odd number underwent
the triceps-reflecting procedure). All closed fracture and
type-1 open fractures of the distal humerus on the Gustillo
and Anderson classification were included. Cases of type-II
and -III open fractures of the distal humerus, patients aged
<20 years or>70 years, fractures with associated vascular
injuries, uncooperative patients, injuries older than 3 weeks,
all pathological distal humeral fractures due to neoplastic or
infective pathologies (active or sequelae), and polytrauma
patients were excluded.

Following immediate emergency care, hemodynamic sta-
bilization of the patient and proper splinting of the affected
limbs was performed. All demographic data of the patients
along with contact numbers and addresses was recorded.
After thorough history-taking, the patients were first evalu-
ated clinically, to assess whether the injury was closed or
open, and the Gustilo- Anderson classificationwas applied to
cases of open fractures. Radiographs of the affected elbow
(on the anteroposterior and lateral views) were taken, and
the fractureswere classified according to the Arbeitsgemein-
schaft für Osteosynthesefragen/Orthopaedic Trauma Associ-
ation (AO, Working Group for Bone Fusion Issues, in
German/OTA) classification system. However, in case of
doubt regarding the intra-articular extension or the classifi-
cation of the fracture, a computed tomography (CT) scan of
the affected elbow was performed and this assessment was
mainly performed for AO/OTA type-C2 fractures.

Operative Procedure
The patient was positioned on lateral decubitus with the
affected limb hanging over a bolster, and a tourniquet was
applied on the upper arm on both procedures.

Olecranon Osteotomy
A longitudinal midline incision was made on the posterior
aspect of the elbow, beginning approximately 7.5 cm to
10 cm above the olecranon and extending 5 cm to 7 cm
distally from the tip of the olecranon process. Just above
the tip of the olecranon, the incision was curved laterally so
that it did not cause necrosis over the weight-bearing tip of
the olecranon and moved it away from the devices that are
used to fix the osteotomy. The incision was curved medially
again so that it overlay the middle of the subcutaneous
surface of the ulna. The deep fascia was incised in the
midline. The ulnar nerve was palpated in the bony groove
behind the medial epicondyle, and the overlying fascia was
incised to expose the nerve. The ulnar nerve was fully
dissected and protected with an infant feeding tube passed
around it. A V-shaped osteotomy with the apex directed
distally was performed at the olecranon about 2 cm from its
tip by multiple drilling with a guide wire or Kirschner wire
(K-wire) followed by osteotome. The bone was divided until
it was cut through almost entirely. The soft-tissue attach-

ments of the medial and lateral faces of the olecranon that
had been subjected to osteotomy and retracted proximally
were released and the triceps from the back of the humerus
was elevated and stitched to the skin of the upper arm. A
subperiosteal dissection around the medial and lateral bor-
ders of the bone enabled the exposure of all surfaces of the
distal humerus, except the anterior surface. All of the soft-
tissue attachments to bone that could be preserved were
retained, particularly during fracture reduction. The ulnar
nerve was kept clear off from the operative field during all
stages of the dissection. The articular surface of the distal
humerus and both pillars were restored, fixation was per-
formed by plates and screws, and the range of motion (ROM)
was checked on the operating table. The ulnar nerve was
removed from its bed and transposed anteriorly to avoid
implant impingement. Repair of the osteotomy was per-
formed with tension band wires (TBWs), with two K-wires
and a stainless steel wire (SS-wire) (►Figures 1-4).

Triceps-Reflecting Approach
A 15-cm long lazy S-shaped incision was made on the
posterior aspect of the elbow, beginning approximately
7.5 cm to 10 cm above the tip of olecranon, superomedially,
and ending about 5 cm inferolaterally to dissect ulnar nerve
easily and avoid skin necrosis. After dissecting the ulnar
nerve, a gap was made between the triceps and the medial
intermuscular septum, and the triceps was elevated to the
posterior aspect of the humerus. Laterally, the triceps was
separated from the lateral intermuscular septum and poste-
rior humerus in conjunction with the anconeus muscle. By

Fig. 1 Case 1: transolecranon approach; preoperative X-ray.

Fig. 2 Case 1: transolecranon approach; postoperative X-ray.
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lifting the triceps tendon, the entire distal humerus can be
observed, and fixation was performed just as in the olecra-
non osteotomy procedure (►Figures 5-7).

Postoperative Management
The postoperative protocols were the same for both the
approaches. Wound inspection was performed on the third

postoperative day, and then the drain was removed. Active
extension of the elbow joint was allowed on third postoper-
ative day in both procedures. Postoperative X-rays of the
operated elbow (on the anteroposterior and lateral views)
were performed. Active-assisted flexion and passive exten-
sion exercises of the elbow were started on fifth postopera-
tive day, and free mobilization was allowed. The stitches
were removed on twelfth postoperative, day and the patients
were discharged with proper instructions and called after
one week. Subsequently, the patients were followed up at
monthly intervals for three months, then three times a
month for twelvemonths. During the follow-up, the patients
were examined for pain, late infection, wound dehiscence,
paresthesia, fracture union status, and any late complication,
such as implant failure, stiffness, and non-union. The ROMs
were recorded and the scores on the Disabilities of the Arm,
Shoulder andHand (DASH) and theMayo ElbowPerformance
Score (MEPS) were assessed accordingly.

Statistical Analysis
Data on both groups of patientswere collected, transferred to
a spreadsheet using the Microsoft Excel (Microsoft Corp.,
Redmond,WA, US) software and studied. The analysis of data
was subsequently perfomed using the Statistical Package for

Fig. 3 Case1: transolecranon approach; X-Ray at the last follow-up.

Fig. 4 Case 1: transolecranon approach; range of motion at the last
follow-up.

Fig. 5 Case 2: triceps-reflecting approach; preoperative X-ray.

Fig. 6 Case 2: triceps-reflecting approach; X-ray at the last follow-up.

Fig. 7 Case 2: triceps-reflecting approach; range of motion at the last
follow-up.
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the Social Sciences (SPSS Statistics for Windows, SPSS Inc.,
Chicago, IL, US) software, version 17.0. Appropriate statisti-
cal tests were applied: the Chi-squared test was used for the
categorical data, and the Student t-test and Mann Whitney
testwere used for the non-categorical data. Values of p�0.05
were considered statistically significant.

Results

A total of 58 patients were operated on, 8 of whomwere lost
to follow-up. Therefore, the present study included 50
patients (33 [66%] male and 17 [34%] female patients) with
ages ranging from 20 to 70 years. Most of the patients (33;
66%) were young adult, and there was a predominance of
cases of closed fractures (46 patients; 92%), with only 4 cases
(8%) of open fractures. Themost common cause of injurywas
road traffic accident (RTA, in 57.57%), and most fractures
were AO/OTA type C2 (n¼21; 42%) (►Table 1).

For group B, the average operative time was of
78.63minutes, and, forgroup A, it was of 92.62minutes,
which was statistically significant (p<0.01). Among the
patients in group B, the average blood loss was of
121.61mL, and, among those in group A, it was of
222.78mL which was also statistically significant (p<0.01).
In the assessment according to theMEPS, the outcomes were
slightly better for group B when compared to group A, but
without statistically significant differences (►Table 2). In the
assessment according to the DASH, the outcomes were
slightly better for group A when compared to group B,
without statistically significant differences either. The rate
of complications was higher among group A compared to
group B.

Complications
Infection was the most common complication (9 cases)
oberved in the present study, mostly among group A, fol-
lowed by ulnar nerve neurapraxia (2 cases), heterotopic

ossification (1 case), and implant prominence (1 case)
(►Table 3) .

Discussion

The functional outcomemay vary in distal humerus fractures
due to the variable pattern of fractures. Because of the low
incidence of this type of fracture, only a few series, with a
considerable number of cases, nevertheless, have been
reported. Most cases are of intra-articular fractures, and it
is generally accepted that open reduction and internal fixa-
tion (ORIF) is the standard treatment, to achieve soft tissue
healing without infection, restoration of the metaphyseal
bone stock, and a stable, painless, and mobile joint.5

Poor long-term functional outcomes are the most com-
monly associated with decreased ROM, because of the stiff-
ness caused by prolonged immobilization. Therefore, the key
is the stable fixation to enable earlymovements of the elbow
joint postoperatively.6 Many surgical approaches have been
described for thefixation of distal humerus fractures, such as
olecranon osteotomy, the triceps-reflecting anconeus pedi-
cle (TRAP) approach, triceps splitting, and the triceps-
reflecting or paratricipital approaches.7 The quality of the
evidence in the literature is either level III or level IV. The
experience reported with the use of the triceps-reflecting
approach to treat distal humerus fracture in adult patients is
little. To our knowledge, only a few studies8,9 have compared
the functional outcomes of the triceps-reflecting approach
with olecranon osteotomy for the ORIFmanagement of distal
humerus fractures. Hence, the present study was conducted
to compare these two approaches in terms of optimal expo-
sure and functional outcome.

Table 1 Comparison between the two study groups

Group A Group B p-value

Age (years) 38.12�15.06 34� 14.11 > 0.05

Blood loss (mL) 222.78� 34.93 121.61� 19.85 < 0.01

Operative time (minutes) 92.67�8.73 78.63� 7.07 < 0.01

Range of motion (degrees) 91.04�13.55 92.65� 19.07 > 0.05

Mayo Elbow Performance Score 82.91�11.60 86.38� 10.45 > 0.05

Score on the Disabilities of the Arm, Shoulder and Hand questionnaire 36.00�8.26 34.57� 9.50 > 0.05

Table 2 Outcomes according to the Mayo Elbow Performance
Score

Excellent
(� 90)

Good
(75-89)

Fair
(60-75)

Poor
(< 60)

Group A 24 (80%) 5 (16%) 1 (4%) 0

Group B 15 (75%) 5 (25%) 0 0

Table 3 Complications observed in the sample

Group A Group B

Soft-tissue infection 8 1

Ulnar nerve neurapraxia 2 0

Heterotopic ossification 0 1

Implant prominence 1 0

Delayed union of the
olecranon process

0 0

Radial nerve neurapraxia 0 0
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The present study included 50 patients with AO/OTA
types A, B, and C fractures of the distal humerus: 30 were
treated by olecranon osteotomy (group A), and 20, by the
triceps-reflecting approach (group B).

The average age of the sample was 43.03�12.05 years.
The mean ages of groups A and B was of 43.23�15.09 and
35.83�14.01 respectively, which were similar, Most
patients weremale: 33 (66%). There wasmale predominance
in other studies too, such as the one conducted by Bhandary
et al.10 Thehighermale incidencemay reflect the tendencyof
men to perform more outdoor activities, making them more
prone to injury.

In the present study, the incidence of open fractures was
of 8% (n¼4), and all of these patients underwent definitive
fixation within a week, 3 by olecranon osteotomy and 1 by
the triceps-reflecting approach. The incidence of open frac-
tures observed was comparable to that of previous studies
conducted by Ek et al.11 and Ali et al.12

In the present study, 21 (42%) patients had type-C2
fractures, 13 (26%), type-C1, and 10 (20%), type-C3. The 6
(12%) remaining cases were of type-A and -B fractures. In
total, 5 patients with type-C1, 9 patients with type-C2 and 7
patients with type-C3 fractures were included in group A,
and 8 patients with type-C1, 12 patients with type-C2, and 3
patients with type-C3 fractures were included in group B. Ek
et al.11 reported 5 out of 9 (55.55%) cases in his series as
AO/OTA type-C2 fractures. Ali et al.12 and Zhang et al.,13 also
reported a high incidence of AO/OTA type-C2 fractures of the
distal humerus: 11 out of 22 (50%) and 25 out of 67 (37.3%)
respectively.

In the present study, we have observed that the triceps-
reflecting is a fast and easy-to-perform (if the surgeon is
experienced) aprroach thatmakes it possible to achieve good
reduction in fractureswith large fragments (AO/OTA types A,
B, C1 and C2) and olecranon osteotomy is better for the
fixation of type-C3 fractures (its provides a better visualiza-
tion of the articular surface). The duration of the surgery is
directly related to the type of fracture. Wilkinson and
Stanley14 have shown that the difference in visualization
between the triceps-reflecting and the olecranon
approaches is the lack of visualization of an 11% of the
surface in the triceps-reflecting procedure, and that even
olecranon osteotomy leaves 43% of the surface unseen.
According to Ek et al.,11 the triceps-reflecting approach
provides adequate exposure of fracture sites.

The mean operative time in group B (78.63�7.02
minutes) was shorter than in group A (92.62�8.73minutes),
and this difference was statistically significant. Similar
results were also observed in a study conducted by Zhang
et al.:13 in the olecranon osteotomy group, it was of
113.89minutes, and, in the triceps-reflecting, 89.03minutes,
which was also significant statistically.

The assessment of the outcomes of the sample of the
present studywas performed using two scoring systems: the
MEPS, which uses clinical and functional measurements and
is filled out by physicians, and the DASH, a questionnaire that
assess subjective components of the condition and is filled
out by the partients. At present, there are no control or

normal values for the DASH scores. The mean DASH score in
the present study was of 35.25. The average DASH score for
group Awas 36.00, and, for group B, it was of 34.51 Themean
DASH score was of 17.9 points in the study conducted by Ek
et al.11 The mean MEPS score for the total sample was of
84.64 (range: 75-100) in the present study. For group A, the
average MEPS score was of 82.91, and, for group B, 86.31. In
the present study, according to the MEPS, the results were
graded as excellent in 24 (80%) cases, good in 5 (16%), fair in 1
(4.00%) patient in group A, while, in group B, excellent results
were found in 15 (75%) patients, and good results, in 5 (25%)
patients. No poor results were obtained in either group. This
finding is comparable to that of the study done by Zhang
et al.,13which showsmeanMEPS scores of 85.56 and 87.71 in
the olecranon osteotomy and triceps-reflecting groups
respectively.

The average elbow ROM in the present study was of 12.81°
of extension and 104.7° of flexion (range: 90°–130°). At the
final follow-up, the mean flexion was of 104.79° (range:
30°–140°) with a mean extension of 12.81° (range: 0°–18°).
Themeanflexion in thegroupAwasof104.16°�9.16°, and, for
group B, 105.42°�12.99°; as for themean extension, it was of
12.87°�2.83° in group A, and 12.76°�5.63° in group B.Thus,
the average ROMwas of 91.84°, which is similar to the results
of other studies. Ek et al.11 and Fernandez-Valencia et al.15

reported average ROMs of 90° and 112° respectively.
Blood loss in group Bwas of 121.61�19.85mL,whichwas

lower when compared to that of group A: 222.78�34.93mL
which were statistically significant (p¼0.01) and similar to
the results of the study by Zhang et al.13

Soft-tissue infection was the most common complication
(8 cases) observed in the present study, mostly observed in
group A, followed by ulnar nerve neurapraxia (2 cases),
heterotopic ossification (1 case), and implant prominence
(1 case), results similar to those of the study by Chen et al.16

No cases of non-union and delayed union were observed in
the present study, maybe because TBWwas used as the final
fixation for olecranon osteotomy instead of using 6.5/7-mm
partially-threaded screws with SS wire or plate and screws.

Iselin et al.17 also concluded that the triceps-reflecting
approach is a valuable option for ORIF in distal intraarticular
humerus fractures, which preserves the normal joint anato-
my of the olecranon and avoids the potential complications
associated with olecranon osteotomy.

Conclusion

The triceps-reflecting approach results in shorter operating
time, lower levels of blood loss, and a low rate of complica-
tions. On the other hand, olecranon osteotomy provides
better accuracy for articular reduction. There were no signif-
icant differences between the two groups in the terms of
functional outcome. Therefore, we propose a new classifica-
tion, a modification of the AO classification, in order to
choose an appropriate posterior approache for distal humer-
us fractures. This new classification is composed of two
types: type 1 includes AO-13A, 13B1, 13B2, 13C1 and
13C2, and type 2 includes AO-13C3. For type-1 fractures,
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the triceps-reflecting approach may be considered, and for
type-2 fractures, olecranon osteotomy.
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