Research Article

Journal of Scientific & Technical Research

BIOMEDICAL
>

ISSN: 2574 -1241

DOI: 10.26717/BJSTR.2020.24.004115

Triceps Split: A Safe and Useful Approach for Distal

Humeral Fractures

Hanna Bjornsson Hallgren'*, Birgitta Svernlév PT?, Jens Nestorson'! and Lars Adolfsson'

nstitution of Clinical and Experimental Medicine, Linkdping University, Department of orthopaedic, Linképing University Hospital,

Linkdping, Sweden

2Department of Plastic Surgery, Hand Surgery and Burns, Linkoping University Hospital, Sweden

*Corresponding author: Hanna Bjormsson Hallgren, Institution of Clinical and Experimental Medicine, Link6ping University,
Department of orthopaedic, Linkdping University Hospital, Linképing, Sweden

ARTICLE INFO

Received: E January 06, 2020
Published: &2 January 23,2020

Citation: Hanna Bjornsson Hallgren,
Birgitta Svernlov PT, Jens Nestorson1, Lars
Adolfsson. Triceps Split: A Safe and Useful
Approach for Distal Humeral Fractures.
Biomed ] Sci & Tech Res 24(5)-2020. BJSTR.

MS.ID.00415.

Keywords: Distal Humerus Fracture;
Parallel Plating; Ulnar Nerve; Triceps Split;
Olecranon Osteotomy

Abbreviations: MEPS: Mayo Elbow
Performance Score; HHD: Hand-Held
Dynamometer; ROM: Range of Motion;
AVN: Avascular Necrosis

ABSTRACT

Background: The objective of this retrospective study was to investigate if
introduction of the triceps splitting approach rather than olecranon osteotomy for
reduction of intra-articular distal humeral fractures had had an adverse effect on
extension strength, clinical scores, union rate, and ulnar nerve affection.

Methods: Eighty-two patients with distal humeral fracture AO/OTA type C were
operated with parallel plates between 2003 and 2017. Fifty-one patients, mean age 58
years (18-89), attended follow-up after a mean 41 months (12-115). The approach was
a triceps split in 35 and an olecranon osteotomy in 16. The ulnar nerve was in all cases
decompressed in situ.

Results: Patients operated with a triceps split had 88% extension strength in
the operated compared to the non-operated elbow whereas in the osteotomy group
extension strength was 78% (p=0,014). No other differences were found. Among the 82
patients the non-union rate of the humerus was 2% and the olecranon osteotomies 6%.
Of the 51 clinically examined 22% had ulnar nerve affection.

Discussion: This demonstrates that type C fractures of the distal humerus can be
operated via a triceps split without significant loss of triceps strength, deteriorated
function or healing disturbance. Ulnar nerve symptoms and reoperations were common.

Level of Evidence: III, Retrospective Comparative Study, Treatment study.

Introduction

thirds of the distal humerus which is sufficient for most of the intra-

Most fractures of the distal humerus need operative treatment

articular fractures.

with stable internal fixation to restore skeletal anatomy and
allow early mobilization, prerequisites for satisfying outcomes
[1-4]. Dual plate fixation has been proven most beneficial and
the parallel concept biomechanically preferable even though not
clearly demonstrated in clinical practice [5-16]. Fracture surgery
of the distal humerus requires exposure of the fracture, usually by
moving the triceps out of the way at the same time protecting the
ulnar nerve, and several different methods have been described
[17-20]. The predominating approach, especially for AO/OTA
type C fractures, appears to be the olecranon osteotomy, another
approach less investigated is the triceps split [21-23]. An olecranon

osteotomy provides a wide exposure, particularly of the dorsal two

The osteotomy however adds another fracture that needs fixa-
tion and is a potential source of non-union and hardware problems,
something that has been demonstrated in several publications
[22,24,25]. To reduce these problems, we introduced the triceps
splitting approach in our department and encouraged its use to
all surgeons involved in the management of distal humeral frac-
tures. At the same time, bilateral plate positioning was advocated
to improve fixation stability and reduce the problem of non-union.
Therefore, the primary purposes of this retrospective study were
to investigate if introduction of the triceps split in our department

had had adverse effects on the outcomes and if non-union was a
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problem following internal fixation with parallel plating of distal
humeral fractures. To this end we examined if extension power
of the elbow was related to the surgical approach and also union
rate, clinical outcome and ulnar nerve symptoms following parallel
plating of distal humeral fractures type C according to the AO/OTA
classification system [26].

Material and Methods
Material

Through the hospitals internal database, 128 adult patients
with distal humeral fractures were identified as treated with
open reduction, plate and screw fixation between 2003 and 2017.
Eighty-five patients were classified as AO/OTA type C and 82 of
these had been treated with parallel plates (Figure 1). See (Table
I) for inclusion and exclusion criteria. At the time of follow-up 19
patients were dead, 9 severely ill and 3 had moved abroad leaving
51 patients available for follow-up, all of whom were contacted by
phone and regular mail and offered an examination. Seventeen men
and 34 women with a mean age of 58 years (18-89 years) attended
the clinical follow-up and signed informed consent to participate.
Two assessors (BS, HBH) reviewed each patient’s medical record.
The mean follow-up time was 41 months (12-115). The mechanism
of injury included 24 simple falls, 10 bicycle accidents, 8 falls from
a height, 7 motor vehicle accidents, 1 skiing and 1 pivot accident.
The dominant extremity was involved in 16 of the 51 cases. The
ulnar nerve function was, according to the records, preoperatively
intactin all. The study was approved by the regional committee for
medical ethics (Dnr 2010/171-31).

Initial Cohort

Distal humeral fractures fixated with
bilateral plate 2003-2017

N=128

Exclusion criteria for follow-up:
+ AQVOTA Type B fracture N=24 Type A N=19
+ Fixation with ortogonal plates N=40

Inclusion criteria for follow-up:
+  AOQIOTA Type C fractures N=85
« fixated with parallel plates N=82

Lost to follow-up:
Deceased N=19

Severe medical iliness N=9
Moved abroad N=3

Eligible for follow-up: N=51
Mean follow-up time 41 months (12-115)

Figure 1: Flowchart of the patients eligible for the study
and those included.

Table 1: Inclusion and exclusion criteria for retrospective follow-
up.

Inclusion criteria: Exclusion criteria:

AO/OTA Type C fracture AO/OTA Type A and B fracture

Surgery with parallel plates Surgery with orthogonal plates

Previous injury or surgery in any of their

Surgery within 10 days elbows

Radiological or clinical signs of any

16 years or older arthritis

Surgical Method and Rehabilitation

Four experienced surgeons operated all patients with bilateral
parallel plates, one on each column, at an angle of approximately
1600 between the plates. The fractures were exposed by a posterior
skin incision and a mid-line triceps split in 35 patients and an
olecranon osteotomy in [16]. Although the recommendation by
the department at the time was to use a triceps split whenever
possible, the decision of approach was based on the individual
surgeons’ previous training, experience and assessment of fracture
complexity. When the triceps splitting approach was used for
reduction of the intra-articular fracture component the tendon
was split in the midline from the tip of the olecranon extending
6-8cm proximally. After splitting the tendon in line with its fibres,
the underlying muscle fibres were bluntly separated exposing the
capsule and the fat pad in the olecranon fossa. The capsule was
released from the olecranon underneath the tendon insertion and
the deep soft tissues reflected medially to expose the olecranon
fossa and proximal part of the trochlea (Figures 2 & 3).

Figure 2: Triceps tendon split in the midline from the tip of
the olecranon extending 6-8 cm proximally.

Figure 3: Olecranon fossa and a distal humeral fracture,
Type C, exposed after splitting of the triceps tendon, blunt
separation of the underlying muscle fibres, release and
reflection of the capsule and fat pad medjially.
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If a more distal exposure was necessary, the lateral part of
the triceps tendon was released from the olecranon in continuity
with the anconeus muscle and reflected laterally while carefully
protecting the lateral collateral ligament complex. The plates were
placed on the respective column by mobilisation of the triceps
muscle and release of the medial intermuscular septum (Figure 4).
When an olecranon osteotomy had been performed, this was done
according to the traditional AO-recommendation with a chevron

osteotomy proximal to the base of the coronoid process, through
the bare area of the olecranon. In no case was it described that the
anconeus muscle had been mobilized in continuity with the triceps.
The osteotomies had been repaired with a plate in 6 patients or an
intramedullary screw combined with tension band cerclage in 10. In
all patients the ulnar nerve had been identified and decompressed
(in situ) from the arcade of Struther to the medial ulno-humeral

joint line but no anterior transposition was done (Figure 5).

v

—
i
=,

Figure 4: Frontal and lateral projection of one of the distal humeral fractures, Type C, treated with a triceps split and parallel

plating, reposition defined as good.

Figure 5: Ulnar nerve decompressed (in situ) from the
arcade of Struther to the medial ulno-humeral joint line
without transposition.

All patients were immobilised in a posterior plaster splint
during 2 to 3 days. Active exercises monitored by a physiotherapist
were initiated immediately after removal of the plaster. Light
activities of daily living were allowed at all times while load bearing
and strengthening exercises begun after 6 weeks. A short period of
anti-inflammatory medication was given to prevent heterotrophic
ossification.

Clinical Follow-Up

The follow-up included clinical evaluation by two assessors
(BS, JN), not involved in the surgical procedures. The scores used
were Mayo Elbow Performance Score (MEPS) and Disabilities

of Arm, Shoulder and Hand form (DASH) [27]. The ulnar nerve
function was assessed according to Dellon’s classification [28].
Isometric elbow extension strength for both sides was assessed
with a Hand-Held Dynamometer (HHD) (Chatillon ® MSE100,
AMETEK Test & Calibration Instruments 8600 Somerset Drive,
Largo, Florida 33773, USA) with the patient supine on a padded
table, the shoulder in neutral (adducted), the elbow flexed 900 and
the forearm in neutral [21,29,30]. The dynamometer was applied
just proximal to the ulnar head [31]. Strength was measured using
isometric “make contractions” in which the patient was asked to
build his/her force to maximum during 2 seconds and then to
push maximally against the plate and the piston of the hand-held
dynamometer for 5 seconds. The peak force values were recorded
for each trial and the average of three contractions was calculated
and values expressed in Newton-meters [31]. Range of Motion
(ROM) including arc of flexion-extension and pronation-supination,
was recorded with a handheld standard goniometer. The unaffected
elbow served as a control for each patient in all of the assessments.

Radiography

Preoperative images, including CT scans, of all 82 patients
having been treated with parallel plating, were studied and
classified as type C according to the AO /OTA system (Tables 1
& 2). Postoperatively radiographs had been routinely taken and
repeated as necessary until union and these were assessed for type
of fixation, rate of union, signs of avascular necrosis, reduction,

alignment, and heterotopic ossification. Reduction and alignment
were defined as good when there was less than 100 of malalignment
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in any of the lateral or frontal views, step in joint surface less than
3mm and poor when these criteria were not met. Two of the
authors (LA, HBH) and a radiologist, not otherwise involved in the

study, independently assessed and classified all images. In case of

Table 2: Included patients according to AO/OTA classification.

disagreement a consensus discussion was held for final decision.
Following classification, the fractures were related to the two

different approaches (Table 2).

Triceps Dominant arm Dominant arm

AO/OTA Gender Ulnar nerve Olecranon Split operated in the operated in the

classification Osteotomy (n=35) Olecranon Triceps
Mean age affection .
N=51 M/F (n=16) * Osteotomy group Split group
U N % (n=5, 31%) (n=11, 31%)

N % N N

Cl:1 1 0/1 80 0 4 25 1 3 1

C1:2 8 4-Apr 58 2 18 0 0 4 11 1

C2:1 4 2-Feb 70 0 3 19 4 11

C2:2 9 6-Mar 61 3 27 2 13 6 17 2

c2:3 9 8-Jan 53 1 9 1 6 7 20 1 2

C3:1 4 0/4 69 1 9 4 25 3 9 1

C3:2 12 6-Jun 49 2 18 2 13 8 23 2 3

C3:3 4 3-Jan 50 2 18 0 0 2 6 1 1

Note: M= male, F=female, *=including 3 patients with olecranon fracture instead of osteotomy, all plate fixated.

Statistical Analyses

Statistical analyses were made using STATISTICA v.13.2
StatSoft, Inc. Summary measurements were expressed as mean, SD,
and range. Student t-test and Mann-Whitney U tests were used to
investigate differences between independent groups and between
affected and unaffected sides. Correlations were investigated with
use of Pearson product-moment correlation coefficients (r). Values
of less than 0.25 indicate a weak correlation; between 0.25 and 0.49
mild, between 0.50 and 0.75 moderate, and values greater than 0.75
good correlation [32]. Frequencies were calculated as percentage
of patients with available data and for comparison between groups
with categorical data, Chi-square test or Fischer’s exact test was
used to test the difference in proportions between groups. A p value
of 0.05 or less was considered significant.

Results
Score Results

The cohort’s mean MEPS was 83 points (equivalent to “good”),
SD 17 (40-100 points); 22 patients (43%) scored excellent; 16
(31%) good; 9 (18%) fair; and 4 patients (8%) poor. The mean MEPS
did not correlate with patient age (r=- 0.07, p=0.61), or duration of
follow-up (r= 0.06, p=0.66) and there was no significant difference
between genders (p=0.95) nor between presence of ulnar nerve

affliction or not (p=0.09). If the dominant arm was operated, the
MEPS was significantly lower (p=0.03). The mean DASH score was
24 points, SD 21 (0-84 points). A significant difference was found
in mean DASH score if the dominant arm was operated (p=0.03)
and in case of ulnar symptoms (p=0.01). The DASH score was not
related to gender (p=0.4) or time to follow-up (r= 0.11, p=0.44) but
there was a mild correlation with mean age at follow-up (r= 0.27,
p=0.05).

Strength Testing

Mean isometric extension strength of the injured elbow was 99
Nm, SD 39 (14-196 Nm), equivalent to 85% of the non-operated
limb with a mean strength of 116 Nm, SD 41 (49-213Nm) (p=0.06).

Range of Motion

The mean supination and pronation of the injured elbow was
almost fully restored, above 98%, and the mean flexion was 89% as
compared with the non-operated elbow at follow up. The operated
extremity however demonstrated a mean loss of 26°, SD 17 (0-70°)
in extension as compared to the non-operated elbow. The total
average arc of elbow flexion and extension of the operated arm was
1030, SD 29 (40-1500) equal to 70% of the non-operated elbow
(Table 3).
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Table 3: ROM measurements of operated and contralateral non-operated elbows.

Operated elbow Non-operated elbow ROM
Variable n= 50* n=50* operated elbow in % of P
Mean SD range Mean SD range non-operated elbow

Flexion 132° 17 (90-60°) 149° 6 (130-160°) 89 <0.001
Lack of Extension 28° 16 (0-70°) 1° 2 (0-15°) <0.001
Flexion- Extension arc 103° 29 (40-150°) 148° 6 (130-160°) 70 <0.001

Pronation 82° 10 (50-100°) 83° 7 (70-100°) 98 0.25

Supination 81° 10 (40-90°) 82° 9 (50-90°) 99 0.5

Note: *One patient is missing all measurements

Nerve Symptoms

Ulnar nerve dysfunction was diagnosed in 11 patients (22%)
[28]. Five patients had mild, 4 moderate, and 2 severe affection

according to Dellon’s staging. There was no association with re-

Triceps Split vs Osteotomy

operation (p=0.13), age (p=0.59), gender (p=0.22) or time to follow-
up (p=0.38). Four patients had had radial nerve palsy in connection
with the injury. None of these was surgically explored or repaired
and all subsequently recovered without residual symptoms.

Table 4: Comparison between patients treated with olecranon osteotomy or triceps splitting approach.

Osteotomy Triceps split
Variable n=16* n=35 P
Mean (SD) Mean (SD)

MEPS 81(16) 84 (17) 0.45
DASH 24(17) 24 (23) 0.63
Ulnar nerve affection (n=11) 4 7 0.69
Reoperation (n=18) 8 10 0.13
Flexion-extension arc difference between op/non-op elbow 47(27) 45 (29) 0.58
Extension strength loss difference between op/non-op elbow 26(18) 14 (20) 0.014

Note: *3 of 16 patients had a concomitant olecranon fracture instead of an osteotomy used while approaching the distal humeral

fracture.

There was no difference in type of fracture, fracture complexity
or dominant arm operated between the two groups (Table 2). None
of the two surgical approaches; olecranon osteotomy or triceps
split, was found superior when related to the functional outcome
as assessed with MEPS, DASH or mean range of motion (flexion-
extension arc). Ulnar nerve symptoms or reoperations were neither
associated with any of the two surgical approaches. Patients
operated with olecranon osteotomy had 78% extension strength
in the operated elbow as compared with the non-operated elbow
while the extension strength in the triceps split group was 88%
(p=0,014) (Table 4).

Radiology

Of the 82 two had developed a
pseudoarthrosis of the distal humerus and one of the olecranon

included patients,

osteotomies representing a non-union rate of 2% (2/82) and 6%
(1/16) respectively. Two patients had Avascular Necrosis (AVN)
and one of them had undergone arthroplasty with a hemiprothesis
due to a major collapse of the distal humerus. Sixteen patients had
heterotopic ossification and 3 patients had developed posttraumatic

arthrosis. The reduction and alignment were good in 79 and poor
in 3 patients.

Re-Operations and Complications

Of the 51 patients included in the clinical follow-up 18 (35%)
had been re-operated; 11 with implant removal and 4 of these with
concomitant ulnar nerve neurolysis. Three had been operated with
new osteosynthesis, 2 due to non-union of the distal humeral frac-
ture and 1 because of a non-united olecranon osteotomy. The 2
patients with non-union of the distal humerus fracture had been
re-operated with the same parallel plate method, including bone
grafting, and had then healed. The patient with olecranon pseudo-
arthrosis was operated with a new dorsal plate and bone grafting
and went on to healing. Three had been operated with resection of
heterotopic bone interfering with mobility and one of these with
concomitant ulnar neurolysis. Two patients had had a postopera-
tive infection; one of these were re-operated due to the infection.

Discussion

This study demonstrates that AO type C fractures of the distal

humerus, can be operated via a triceps split without significant
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loss of triceps strength, difference in clinical scores, mal-reduction
or ulnar nerve symptoms. We found a very high union rate, 98%,
with parallel plating. Previous studies have reported a union
rate between 87% and 100% [1,15,20,21,33-39]. The functional
outcomes were good and the majority of patients (75%) ended up
in the categories good or excellent according to the MEPS. These
results compare well with other studies on treatment of intra-
articular distal humeral fractures [20,21,33-36,39]. On the other
hand, reoperations were quite frequent (35%) mostly due to
implant removal and local ulnar nerve symptoms. Complications
and re-operations seem to be within the array of most studies
reporting arange of 21% to 50% reoperations and complications for
this kind of fracture [1,4,12,20,34-36,39,40]. Olecranon osteotomy
is the surgical approach most often used for plating distal humeral
fractures, type C, as it is reported to provide better visualization
of the articular part of the distal humerus compared with triceps
reflecting and triceps splitting approaches [25].

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 25. The downside
of using an osteotomy is that the plate may cause skin irritation and
the osteotomy may not heal, causing reoperations [22,24,25]. In
the present study one osteotomy needed re-osteosynthesis with
bone grafting. A previous study comparing olecranon osteotomy
and triceps split for type C fractures reported inferior result
after the triceps splitting approach. Their study group however
included only 7 patients and extension strength was not examined
[41]. Our results are however supported by a recent systematic
review and meta-analysis, that could not find any differences in
functional outcomes or complication rates between Bryan and
Morrey or triceps split and olecranon osteotomy approaches [42].
The traditional osteotomy method jeopardizes the innervation to
anconeus which may have a negative effect on extension strength
and could explain the 10% inferior strength in the osteotomy group
in our study. From the records it was however not entirely clear
how the anconeus was handled during surgery and the results

should be interpreted with some caution due to the uneven groups.

The mean extension strength of 85% in the operated elbow was
also to some extent better than some other studies measuring with
isometric strength testing of the elbow [35,39,43]. The strength
measuring method may influence the result. We used a hand-
held dynamometer found reliable [44,45]. Altogether our findings
support that also intraarticular fractures may be treated with a
triceps splitting approach and we suggest that osteotomy may be
reserved for the most complex fractures. Ulnar neuropraxia is a
common complication associated with elbow fractures [3,17]. In
the present study, 22% presented with ulnar nerve symptoms and
these patients were often re-operated, even though the majority

of symptoms were mild to moderate. The reported prevalence

has been between 13-38% in patients treated surgically for distal
humerus fractures without transposition of the ulnar nerve and
about the same rate in patients with transposition [17,18,34,46-
48]. The reason for the ulnar nerve affection is unclear and may
be due to the initial injury, manipulation, scaring and implant
irritation [17,19,46,47]. It is previously described that ulnar nerve
affection after distal humeral fracture is not infrequent even when
no medial plate has been implanted which suggests that nerve
affection could mainly be a consequence of the initial injury rather
than the surgery [19].

Therefore, we do not believe that more extensive handling of
the nerve than in situ decompression would have improved the
outcome. The strategy within situ release and protection at surgery
has also been supported by other authors [17,20,48,49]. The aver-
age DASH score of 24 points in our study reflects that most patients
had a relatively good outcome since it is not far from the norma-
tive values of the average uninjured Scandinavian population of the
same age [50]. We found however, that hand dominance significant-
ly affected the DASH score negatively and the same finding applied
to mean MEPS [51]. This finding is relevant when evaluating results
after this kind of fracture and surgery. At least 100 o of both elbow
flexion, extension and forearm rotation are required to perform
most basic activities of daily living [3,52]. Our results of mean flex-
ion-extension arc and mean fore-arm rotation of the operated arm
are within the range of the above stipulated functional ROM, and
within the results of other studies [4,21,33-36,39,40].

Biomechanical studies have demonstrated that parallel plating
is significantly stronger and stiffer than perpendicular plating at
least in resisting sagittal bending forces. We found few non-unions,
2 % after the first surgery, and after re-operation with the same
method all fractures eventually healed. In summary, based on
our experiences and available literature, our primary choice is a
triceps split and parallel plating in the majority of type C fractures.
Parallel and orthogonal plating should however be considered as
complementary methods depending on the fracture appearance and
complexity. It must also be emphasized that the method described
and used here includes triceps mobilizing to place the plates on the
respective column and deal with the extra-articular component of
the fracture while the triceps split is used for reduction of the intra-
articular part. The split allows visualization of approximately one-
third of the posterior and proximal part of the trochlea which is
sufficient for less complex fractures but for comminute fractures
affecting the most distal and anterior parts, other approaches are
often required.

Limitations and Strengths

This study has several limitations. Firstly, being a retrospective
study, it cannot be ascertained that patients with markedly different
outcomes may not have been lost to follow-up. Secondly the
subgroup analyses on surgical approaches were based on uneven
groups with fewer osteotomies. There is arisk of selection bias since
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the choice of surgical approach may have been influenced by the
surgeon’s experience and interpretation of the fracture complexity.
The readiness to use a new technique may also be due to the level of
experience and it cannotbe ruled out that the triceps splitto alarger
extent was adopted by high-volume elbow surgeons which in turn
may have had an impact on the quality of reduction and functional
outcome. The main strengths are the relatively large sample of 51
patients operated with two standardized surgical techniques and
a reasonable follow-up time. Further we used a structured follow-
up with assessment of radiographs, clinical PROMs and objective
measurements performed by two independent assessors using
the non-operated arm as controls. The methods used support the
external validity.

Conclusion

Regardless of triceps split or olecranon osteotomy approach,
there was no difference in the outcome measures MEPS, DASH,
ulnar nerve compromise or range of motion. However, the
extension strength was even significantly better in the triceps split
group. Olecranon osteotomy may best be reserved for the most
challenging fractures. Parallel plating appears reliable in terms
of bone healing and functional outcome. However, ulnar nerve
impairment is a common problem after distal humeral fracture
surgeries and reoperations relatively frequent.
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