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Evaluation of Functional Outcome of AO Type C Distal Humerus
Fractures Treated Through Triceps-Splitting Approach
Anand S R1, Ravi D Narahatti1
Abstract
Background: The treatment of intra-articular distal humerus fractures is a subject of continuous debate in the orthopedic
literature. They are uncommon, the anatomy is complex, and the bone is frequently comminuted. The treatment of distal humerus
fractures has traditionally been performed through a posterior approach and an olecranon osteotomy. This study is aimed to
prospectively evaluate the clinical and functional outcomes of the triceps-split approach for treating AO type C distal humerus
fractures.
Methods: Twenty-two patients with distal humeral fracture AO/Orthopaedic Trauma Association type C were treated in our
institution. They were treated with a triceps-splitting approach. All the fractures were managed with two-column fixation and were
evaluated for functional outcome using Mayo Elbow Performance Score (MEPS).
Results: A total of 22 patients were evaluated postoperatively thoroughly for functional outcome using MEPS which showed 11
patients (50%) had excellent, 8 patients (36.36%) had good, and 3 patients (13.64%) had fair outcome. Range of motion was 113.8°
(range from 85° to 135°); the elbow flexion averaged 124.5° (range from 112° to 135°); and the deficit of elbow extension 12.6°
(range from 0° to 30°).
Conclusion: The use of a triceps-splitting approach as an alternative to olecranon osteotomy to gain access to the distal humerus
provided adequate exposure to perform open reduction and internal fixation with fewer complications, avoiding the complications
of reconstruction of osteotomy in the osteotomy technique when used judiciously, especially in simple intra-articular fractures (C1
and C2 type fractures) and the outcomes have been satisfactory.
Keywords: Distal humerus fracture; AO/Orthopaedic Trauma Association type C; Triceps-split approach; Mayo Elbow
performance score.
Introduction
The distal humerus fractures are
relatively uncommon comprising about
2% of all adult fractures and about onethird of humerus fractures [1, 2, 3, 4, 5].
The majority of the distal humerus
fractures (96%) have a complex pattern
involving both the columns and the
articular surface (AO type C injuries)
[6]. The treatment of intra-articular
distal humerus fractures is subject to
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continuous debate in the orthopedic
literature [7, 8, 9, 10, 11, 12, 13, 14]. They
are uncommon, the anatomy is complex,
and the bone is frequently comminuted.
It explains why these fractures pose a
significant challenge for the orthopedic
surgeon. The nowadays debate is related
to the type of treatment (open reduction
and plate osteosynthesis vs.
arthroplasty), to the type of plating in
case of osteosynthesis (parallel vs.
perpendicular), and the surgical
approach [9].
Although the posterior approach using
the olecranon chevron osteotomy is
considered the gold standard [9, 10, 15,
16, 17], the reconstruction of the
osteotomy may lead to complications.

These complications include delayed
union, wound dehiscence, non-union,
malunion, hardware failure, and pain
secondary to prominent hardware.
Alternative approaches to avoid these
complications have been reported during
the last years, such as the triceps-splitting
[18, 19], triceps-reflecting anconeus
pedicle [20, 21], the anconeus flap
transolecranon approach [22], and the
triceps-sparing approach [23].
The triceps split has been used as a
standard approach for distal diaphyseal
fractures but its use for periarticular
fractures has not been well described. To
the best of our knowledge, there are very
few recent studies evaluating its
systematic use for the treatment of distal
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Fi g u r e 1 : P r e - o p e r a t i v e X - r a y
anteroposterior and lateral v iew
showing distal humerus fracture AO
Type C1.
humerus fractures AO type C in adult
patients [24, 25].
Two main questions arise at this point:
(1) Does the triceps-splitting approach
allow adequate exposure for treating
these fractures? and (2) What are the
results and associated complications
related to this approach for the treatment
of distal humerus fractures? Therefore,
we conducted this prospective study
using the triceps-splitting approach to
treat AO type C fractures to study the
outcome and complications associated
with it.
Methods
All the patients with distal humerus
fractures who presented to the
Department of Orthopaedics, in our
institute between January 2018 and June
2019, were considered for the study.
They were subjected to the inclusion and
exclusion criteria of the study and a total
of 22 patients qualified to be included in
the study.
Inclusion criteria
The following criteria were included in
the study:
1. AO/Orthopaedic Trauma Association
(OTA) Type C fracture.
2. Age above 18 years of age.
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Figure 2: Splitting the triceps tendon in
midline, bluntly dissecting the muscle Figure 3: Dissecting out ulnar nerve and
fibers to expose the distal humerus.
securing it.
Exclusion criteria
flexion and the elbow at 90° flexion. The
The following criteria were excluded entire arm and axilla are prepped, and a
from the study:
sterile tourniquet is used. Intraoperative
1. AO/OTA Type A and B fracture.
fluoroscopy traction and oblique views
2. Radiological or clinical signs of any were taken apart from AP and lateral
arthritis.
views.
3. Open fractures.
A longitudinal midline incision over the
4. Pathological fractures.
posterior aspect with a slight radial
5. Associated other fractures of the same deviation over the olecranon was used.
limb.
The triceps is divided in its midline. In
A f t e r c l i n i c a l a s s e s s m e n t a n d case of tears in the extensor mechanism,
hemodynamic stabilization, the patients they are incorporated into the surgical
underwent routine blood investigations incision. If the tears are distant from the
and radiographs of the elbow taken in midline, they are simply repaired, and the
anteroposterior (AP) and lateral view midline approach is used.
(Fig. 1). Apar t from these v iews After splitting the tendon in line with its
routinely, traction view and oblique fibers, the underlying muscle fibers were
v iews were taken. Fractures were bluntly dissected exposing the capsule
c l a s s i f i ed ba s ed o n p l a i n i n j u r y and the fat pad in the olecranon fossa.
radiographs, AO/OTA classification. The capsule was released from the
After complete workup, patients were olecranon underneath the tendon
operated within 3 days. All fractures were insertion and the deep soft tissues
treated using a triceps-splitting approach ref lected medial ly to ex pose the
and two-column fixation.
olecranon fossa and proximal part of the
trochlea (Fig. 2). Palpate the ulnar nerve
as it lies in the bony groove on the back of
Surgical technique
For the triceps-splitting approach, the medial epicondyle and incise the fascia
patient is placed in a prone or lateral overlying it to expose it. Dissect out the
decubitus position. In a prone position, ulnar nerve and pass tapes around it so
abduct arm to 90°, allowing the elbow to that it can be identified at all times (Fig.
flex and forearm to hang over the side of 3).
the table. In the lateral decubitus If a more distal exposure was necessary,
position, the shoulder was placed at 90° the lateral part of the triceps tendon was
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Figure 4: Orthogonal plate fixation
(lateral plate placed posteriorly and
Figure 5: K-wires used to manipulate
medial plate placed medially).
Figure 6: Triceps closed as a single layer.
and temporarily fix the fragments.
elbow was studied in AP and lateral
released from the olecranon in continuity 6). A drain is used infrequently.
views.
A final radiograph was taken at the
with the anconeus muscle and reflected Postoperatively, the patients were
last
clinical
visit when the follow-up was
laterally while carefully protecting the splinted for 2 weeks. After this time, they
lateral collateral ligament complex. After were allowed to begin passive range of at least 12 months (Fig. 7). The
adequate exposure, and reduction of the motion exercises. After 12 weeks, radiographs were evaluated to determine
fracture, the plates were placed on the strengthening exercises and therapy were union, maintenance of the reduction, and
implant failure. Apart from these,
respective column by mobilization of the advanced, as indicated by healing.
radiological parameters such as trochlear
triceps muscle. In general, the lateral plate
axis
in AP view and distal humeral angle
is placed posteriorly and the medial plate Clinical evaluation
in
lateral
view were assessed.
is placed medially (orthogonal fixation) The patients were evaluated at 2, 6, 12,
(Fig. 4). W hen needed, additional 24, and 48 weeks. At 48 weeks (1 year)
manipulating systems and K-wires were follow-up, patients elbow pain, motion, Statistical methods
used (Fig. 5). Supplemental bone stability, and function were assessed Statistical analysis of this study was done
grafting was done based on the degree of a c c o r d i n g t o t h e M a y o E l b o w using SPSS version 20 (trial version).
comminution, quality of bone, bone loss, Performance Score (MEPS). The MEPS Functional outcome was considered as
and soft-tissue integrity.
ranges from 5 to 100. A score over 90 is t h e p r i m a r y o u t c o m e v a r i a b l e .
If the fracture extends into the humeral considered excellent, between 75 and 89 Descriptive analysis was carried out by
shaft, or if the fracture is segmental, the is good, and between 60 and 74 is fair, and mean and standard dev iation for
quantitative variables, frequency, and
posterior approach is easily extended a score under 60 is poor.
proportion for categorical variables. The
proximally with care taken to identify the
Chi-square
test was used to calculate
radial nerve and accompanying vessels. Radiographic evaluation
Closure is accomplished in layers. The Radiographs of the elbow were taken at statistical significance. Asymp. sig (P
triceps is closed as a single layer after the 2nd week and at the 2nd, 6th, and v a l u e) P < 0 . 0 5 w a s co n s i d ered
tourniquet release and hemostasis (Fig. 12th month of follow-up. In all cases, the statistically significant.
Table 1: Age distribution.
Age group (in years)
18–30
31–45
46–60
>60

No. of
Maximum Minimum
Percentage Mean age
cases
age
age
2
9
10
45.4
44.04±10.43
68
20
8
36.36
2
9

Results
A total of 22 patients (14 males and 8
females) were evaluated postoperatively
thoroughly for functional outcome.
Their mean age was 44.04 ± 10.43 years
(minimum age was 20 years and the
maximum age was 68 years) (Table 1). In
most of the cases, the mechanism of
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Table 2: Mode of injury.
No. of
cases
Fall
8
Road traffic accident
14
Table 3: Fracture type.
No. of
Fracture type
cases
C1
4
C2
14
C3
4

Percentage
36.36
63.63

Percentage
18.18
63.63
18.18

Figure 7: Twelve months post-surgery
follow-up X-ray anteroposterior and
lateral view.

Figure 8: Pie chart showing final
functional outcome based on the Mayo
Elbow Performance Score.

injury was due to a road traffic accident
(63.3%) (Table 2). The most common
side of injury was right-sided. The
fractures were classified using the AO
classification scheme for distal humerus
fractures. In our study, most of the cases
belong to AO/OTA classification Type C
2(63.3%) (Table 3). The mean time for
fracture union was 14.6 ± 3.55 weeks. All
cases were operated within 1 week of
trauma. The operating time was 1.30–2
hr.
The total range of motion was 113.8°
(range from 85° to 135°); the elbow
flexion averaged 124.5° (range from 112°
to 135°); and the deficit of elbow
extension 12.6° (range from 0° to 30°).
Overall, 80% of the patients had an arc of
motion >100°, and 35% had an arc >120°.
By 12 weeks, 8 fractures (36.36%) were
considered healed, and by 18 weeks, 20
fractures had healed (91%). And by 24
weeks, all fractures (100%) were healed
(Table 4). Functional outcome evaluated
using MEPS with a mean score of 82.95 ±
10.74, which showed 11 patients (50%)
had excellent, 8 patients (36.36%) had
good, and 3 patients (13.64%) had fair
outcome (Fig. 8) and it was significant
(p<0.05). Excellent and good outcomes
were consistent with C1 and C2 type
fractures and the fair outcome was
consistent with C3 type fractures. Out of
four cases of C3 type fractures, one case
had malreduction of the trochlea and one
case had angulation at the fracture site,
but the functional outcome was fair in all
these cases. Triceps strength, measured
with manual clinical testing, was at least
four-fifths for all the patients. This was
not compared w ith contralateral
extremity strength. There were no
extensor mechanism failures, and there

Table 4: Time for union.
No. of
Mean time
No. of weeks
Percentage
Maximum Minimum
cases
of union
By 12 weeks
8
36.36
12–18 weeks
12
54.54
14.6±3.55
24
11
18–24 weeks
2
9

was no instance of transient ulnar nerve
palsy. One patient presented with a
superficial infection caused by
Pseudomonas aeruginosa, which was
successfully treated with intravenous
antibiotics without the need for surgical
debridement. No deep infection was
documented.
Discussion
The clinical outcome for distal humerus
fractures likely is more dependent on the
fracture pattern and ability to attain
anatomic reduction and stable fixation
than on the surgical approach used [26,
27, 28, 29, 30]. Each described surgical
approach has potential advantages and
disadvantages. The olecranon
osteotomy-related complications,
including hardware failure and irritation,
reportedly occur at a rate of 27–80% [27,
30, 31, 32]. Furthermore, the rate of
osteotomy nonunion reportedly is
0–15% [27, 29, 31].
According to a cadaver study by
Wilkinson both osteotomy, triceps
reflecting and triceps splitting
approaches provided sufficient exposure
to the medial and lateral columns to allow
plate fixation, but none of them allowed
visualization of the anterior articular
surface of the trochlea or the radial head
[33]. The dow nside of using an
osteotomy is that the plate may cause skin
irritation and the osteotomy may not
heal, causing reoperations [33].
The triceps split has been used as a
standard approach for distal diaphyseal
fractures but its use for periarticular
fractures has not been well described.
There are very few recent studies
evaluating its systematic use for the
treatment of distal humerus fractures AO
type C in adult patient.
In the present study of 22 patients, after a
1-year follow-up, all the fractures healed,
and the functional outcome using MEP
scores, with a mean score of 82.95 ±
10.74, which showed 11 patients (50%)
had excellent, 8 patients (36.36%) had
good, and 3 patients (13.64%) had fair
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outcome (Fig. 8) and it was significant (P
< 0.05). The outcome obtained in the
present study of 22 elbows is comparable
to that of many other series using the
olecranon osteotomy [9, 16] but
avoiding the complications related to the
osteotomy.
In our study, a triceps-splitting approach
was found to afford adequate exposure to
distal humerus fractures and to allow for
the proximal extension when the fracture
had a proximal extension. However,
visualization of the distal articular surface
may not be easy and simple as in
o l e c r a n o n o s t e o t o m y, b u t t h e
positioning of the patient to allow for
hyperflexion of the elbow will allow for
adequate visualization.

Our study had arcs of motion
comparable with those reported in the
literature. The expected range is between
0° and 15° of extension to between 100°
and 130° of flexion. Our study results
compare favorably. In cases w ith
restricted arcs of motion, it seems
paramount that patients begin postoperative physiotherapy early.
The limitations of our study include the
limited number of cases and the absence
of a control group treated using the
olecranon osteotomy as the coronal
plane fractures of the distal articular
surface and metaphyseal comminution
are better addressed with olecranon
osteotomy. Another limitation of the
study is the absence of objective

quantification of muscle strength both
for flexion and extension of the elbow.
Conclusion
The use of a triceps-splitting approach as
an alternative to olecranon osteotomy to
gain access to the distal humerus
provided adequate exposure to perform
open reduction and internal fixation with
fewer complications, avoiding the
complications of reconstruction of
osteotomy in the osteotomy technique
when used judiciously, especially in
simple intra-articular fractures (C1 and
C2 type fractures) and the outcomes
have been satisfactory.
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