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Abstract

Background: Our study aimed to establish that use of a single posterolateral plate for the open reduction and internal fixation of extra-
articular metaphyseal humerus fractures resulted in consistent fracture healing, good functional outcomes and low complication
rates.

Methods: A retrospective study was conducted at the Department of Orthopaedics, Northdale Hospital, Pietermaritzburg. A review
of case X-rays and patient files from 1 January 2015 to 30 November 2017 of all patients who underwent operative intervention
for extra-articular metaphyseal distal humeral fractures was undertaken. Standardised radiographs, functional assessment criteria
(Quick Disabilities of the Arm, Shoulder and Hand Score — QuickDASH Score) and post-operative complications recorded in the
patients’ charts were analysed.

Results: Fifteen patients were included in the study. Ten male patients and five female patient’s charts were analysed. The mean
age of the participants was 33.13 years. All 15 patients showed adequate fracture healing on X-ray involving three or four cortices of
the fracture site. There was no post-operative loss of fracture fixation. The mean humeral metaphyseal—diaphyseal angle was 84°,
mean humeral-ulnar angle was 18°, mean shaft condylar angle was 40.4°, and the mean percentage of the capitellum anterior to
the anterior humeral line was 49.3 per cent. The mean duration of surgery was 95.4 minutes. The mean QuickDASH score was 19.39.

Conclusion: The use of a single posterolateral plating system for the fixation of extra-articular distal humeral fractures provides a
viable alternative to dual plating. This method of fixation provided adequate stability of fracture fixation, good functional outcomes,
low complication rates, shorter surgical times and less soft tissue dissection. This study supports current published evidence in this
regard.

Level of evidence: Level 4
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Background

South Africa has a unique socio-economic background that
presents significant challenges for healthcare provision. There
is a high burden of injuries related to violence and road traffic
accidents.! Eastwood noted that fractures of the distal humerus
account for 2% of all fractures in the body.2 Ten per cent of distal
humerus fractures in adults are extra-articular supracondylar
humerus fractures.?

The elbow joint has a highly functional articulation, required for
activities of daily living. It is a constrained hinge joint, allowing the
ulna to rotate around the axis of the trochlea.* It forms part of a
single synovial joint that encompasses three separate articulations:
ulnar-humeral, proximal radio-ulnar and radio-capitellar>
Elbow joint articulations include flexion—extension, pronation—
supination and limited varus—valgus. Anatomical restoration of
these articulations should allow loads of 0.3 to 0.5 times the body
weight. The distal humerus is considered a two-column structure
supporting the articular segment. The distal portion of the lateral
column (capitellum) projects anteriorly approximately 35° to 45°.
The medial column terminates at the medial epicondyle which
does not curve anteriorly. The lateral column shares 60% of the
load and the medial column 40%. Pseudoarthrosis of the distal
humerus usually occurs in the region of the metaphyseal and
supracondylar level of radial columns due to varus stresses.®8

Involvement of the radial nerve in these injuries plays a
significant role in complications for both operative and non-
operative management. The injury may arise following the initial
trauma or during surgical intervention.®'° The radial nerve courses
in a caudal and lateral orientation around the posterior humerus in
the spiral groove.’* The path of the radial nerve distally increases
the risk of injury for this subset of fractures.?

Treatment options for these fractures remain a challenge.
Functional bracing versus operative fixation are the two options
available. Jawa et al. found that operative treatment achieves more
predictable alignment and potentially earlier return of function
than functional bracing. There was a risk however, of iatrogenic
nerve injury, infection and re-operation.’3 Stability following
internal fixation is technically demanding in the face of complex
fracture patterns and osteoporosis. Non-operative management
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using functional bracing can be cumbersome and difficult for
patients initially and has been associated with both skin problems
and mal-alignment.* Sarmiento et al. found that functional bracing
in comminuted extra-articular distal humerus fractures resulted in
a varus deformity averaging 9° in 81% of patients with minimal loss
of movement and good functional outcomes. Shoulder abduction
and external rotation were commenced only when radiological
and clinical evidence of fracture healing was detected.!*

The objective of operative management of extra-articular
metaphyseal humeral fractures is to achieve stable fixation and
enable early range of movement at the elbow joint. Fracture
fixation is difficult due to the restricted space for instrumentation
at the distal fragment. Also, there is a need to maintain repair
integrity under a large range of motion and low-to-moderate
loading. Itis essential to avoid impingement at the olecranon fossa.
Internal fixation with dual plating systems is the gold standard for
fixation.®> The majority of non-unions in extra-articular humerus
fractures occur at the supracondylar level while healing of the
articular components may occur in their reduced positions.
Stability of the construct requires adequate bony contact with
interfragmentary compression. Maximising stability between the
distal fragments and the shaft of the humerus should be the focus
of the fixation strategy.

Open reconstruction of extra-articular distal humerus fractures
has traditionally been performed with the use of orthogonal
plating.’® Meloy et al. state that implant-related complications
associated with dual plating such as ulna neuritis occur in
upwards of 51% of patients. Comparison of patients with AQ/
OTA 13A2 and AO/OTA 13A3 (AO/OTA — Arbeitsgemeinschaft
fur Ostesynthesefragen/Orthopaedic Trauma Association) type
fractures operated with a dual plating technique versus a single
posterolateral contoured plate, showed comparable union rates
were achieved in both groups. The single plating group had an
overall better range of movement than the dual plating group,
and the overall complication rate was significantly greater in the
latter.?

The objective of this study was to establish by radiological and
patient record analysis that the use of a single posterolateral
plate for open reduction and internal fixation of extra-articular

Figure 1. I) Anterior humeral line transecting capitellum; Il) a: metaphyseal—diaphyseal angle, b: humero-ulnar angle; Ill) c: shaft—condylar angle
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metaphyseal distal humerus fractures resulted in adequate
fracture healing, good functional outcomes and low complication
rates.

Methods

A retrospective case review of patient records and X-rays for all
patients undergoing operative intervention of extra-articular
metaphyseal distal humerus fractures from 1 January 2015 to
30 November 2017 was conducted. This data was analysed
using specific functional assessment criteria (QuickDASH Score),
standardised radiological criteria (Figure 1) as well as listed post-
operative complications as recorded in the patient’s hospital
records. Other parameters assessed included demographic data,
data related specifically to the injury and theatre data.

Patients

Fifteen patients with extra-articular metaphyseal distal humerus
fractures, AO/OTA type 13A2 and AO/OTA type 13A3 were
managed surgically with a single posterolateral distal humerus
locking plate. The period from 1 January 2015 to 30 November
2017 was analysed. Patient records were sourced using the

Figure 2. Pre-operative fracture X-ray
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inpatient numbers from the hospital registry and archives. The
outpatient files were used to trace X-ray films which included the
pre-operative X-ray (Figure 2) and post-operative X-rays (Figures
3and 4).

Surgical technique

The operations were performed under general anaesthesia with
the patient positioned prone with the affected arm placed over
an arm support. A tourniquet was not used. A midline, posterior
triceps splitting technique was used. The radial nerve was identified

Figure 3. a) Lateral view and b) antero-posterior view (AP) at 6 weeks
after posterolateral plating

Figure 4. a) Lateral view and b) AP view at 12 weeks after posterolateral
plating
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Figure 5. Intra-operative view of posterolateral plate; white arrow shows
radial nerve overlying plate

and protected. Fracture fragments were manipulated and reduced
under direct visualisation and temporarily fixed with K-wires.
Interfragmentary screws were applied as required, following which
a Stryker Variax (Michigan, USA) posterolateral distal humerus
locking compression plate was used to fix the fracture (Figure 5).
The plate used in all fracture fixation cases had five distal locking
holes which were filled. Depending on the fracture configuration
and the presence of interfragmentary screws, the metaphyseal
and diaphyseal plate holes were filled accordingly. The absence
of olecranon impingement was determined intra-operatively.
Surgical time was documented from the time of skin incision to
completion of skin closure.

Post-operative care

An above-elbow backslab and a collar and cuff were used post-
operatively for 48 hours. Wound review was at 48 hours; the
backslab was removed and the patient encouraged to perform
active range of movement exercises. The patient was discharged
home with only a collar and cuff, which the patient discarded
before the next follow-up. All patients were directed to follow a
home-exercise programme with physiotherapy appointments as
available. Most patients had limited physiotherapy due to large
patient volumes at the physiotherapy department. Skin staples
were removed at 10 days post operation. X-rays were done at
6 weeks and 12 weeks post-op.

X-ray films were assessed by an independent reviewer, using the
following parameters:'7-1°

1. Callus formation on three out of four cortices on anteroposterior
and lateral radiographs taken 12 weeks post-operatively

2. Post-operative loss of fixation of the fracture
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3. Metaphyseal-diaphyseal angle
4.Humeral—-ulnar angle
5.Shaft—condylar angle

6. Percentage of the capitellum anterior to the anterior humeral
line

Functional post-operative outcomes were assessed utilising a
QuickDASH score calculation that was recorded in the patient’s
outpatient folder. Complications encountered were recorded as
per post-operative record in the outpatient folder.

Data analysis

The data was analysed using the SPSS version 24 by a statistician.
Descriptive statistics such as percentages were used to summarise
categorical data. Measures of mean and of dispersion such as
standard deviation and interquartile range were calculated for
numerical variables.

Results

Demographics

Fifteen patients were included in the study — ten males and five
females. The mean age of the participants was 33.13 years (range
18-52 years). Fourteen of the patients were right-hand dominant
and one patient was left-hand dominant. Injuries occurred on the
left side in nine cases and on the right in six cases. Mechanisms of
injury included eight patients (53.3%) involved in a motor vehicle
accident (MVA), two patients who sustained gunshot wounds to
the distal humerus (13.3%), one patient with a previous distal
humerus fracture non-union from a humeral nail (6.7%), two
patients who were assaulted (13.3%) and two patients who
sustained their injury after a fall (13.3%).

Functional scoring

The mean QuickDASH score was 19.2 (range 11.4-59). The score is
interpreted as 0 points for no disability and 100 points for complete
disability. A QuickDASH score in a normal arm has been shown to
be 7-9 points.'” This can be interpreted as minimal impairment.

Fracture union and alignment

Fracture union was obtained in all 15 patients, with 73.33% of
cases having four cortices with callus formation. Table | outlines
the radiographic analysis.

Surgical data

The mean time to theatre was nine days (range 1-20 days) and
the mean duration of surgery was 95.4 minutes (range 50-150
minutes) with a standard deviation of 27.8 minutes. Two patients
had prolonged surgical time due to removal of metalware
(patient with previous non-union and patient with a humeral nail
periprosthetic fracture).

Complications

One patient developed a radial nerve palsy post-operatively with
partial recovery at 12 weeks follow-up. This patient had a 10-day
pre-admission delay and a 17-day inpatient delay that resulted in
partial entrapment of the radial nerve in callus.
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Table I: Radiographic analysis, functional assessment and complications of cases

No of Loss of Metaphyseal- | Humero-ulnar Shaft— Percentage Duration
cortices | fixation diaphyseal angle condylar capitellum of Complications
with callus angle Normal: 17.8° angle anterior to anterior surgery
formation Normal: 82°-84° valgus Normal: 40° humeral line
Normal mid-1/3
1 4 No 82 18 35 45% 114 90 min Nil
2 3 No 83 18 40 50% 22.7 147 min Nil
3 4 No 82 17 41 50% 29.5 75 min Nil
4 3 No 87 19 36 55% 11.4 94 min Nil
5 4 No 84 19 42 50% 59 75 min Pre-op radial
nerve injury
recovered fully
6 4 No 81 16 40 45% 13.6 80 min Nil
7 4 No 87 19 40 50% 114 125 min Nil
8 4 No 85 19 42 50% 13.6 95 min Nil
9 4 No 83 17 40 50% 18.2 87 min Nil
10 3 No 84 19 43 50% 114 65 min Nil
11 4 No 86 18 40 45% 18.2 100 min Nil
12 4 No 84 18 42 50% 31.8 150 min Intra-op radial
nerve injury
partial recovery
13 4 No 85 18 45 50% 11.4 91 min Nil
14 No 83 17 39 50% 9 50 min Nil
15 No 86 18 42 50% 18.2 107 min Nil
Discussion The varus torque across the elbow results in distraction of the

The use of a single posterolateral locking plate for extra-articular
metaphyseal distal humerus fractures resulted in adequate
fracture healing, good functional outcomes and low complication
rates. The treatment of these fractures is complicated by elbow
stiffness, pain and limitation of function. Prolonged sick leave or
incapacity leave has a negative impact on the already strained
economy. In addition, it may have detrimental effects for a patient
socially, psychologically and at the workplace.

Sarmiento’s work favoured functional bracing of distal third
humerus fractures. However, Holstein and Lewis, Reudi et al.,
Horne as well as Aitken and Rorabeck suggest surgical management
of distal third humerus fractures as a preferable option.** This
preference followed the belief that distal humerus fractures were
difficult to reduce, difficult to maintain in position, and also due to
initial radial nerve palsy. Jawa et al. found that patients undergoing
operative treatment fared better when compared to patients who
underwent bracing.®?

The objective of any treatment regimen would be to minimise
the time that the patient is incapacitated with optimal stability
of fracture fixation, to decrease surgical times with minimal soft
tissue damage, allow early range of movement while ensuring
fracture healing and low complication rates. The use of a single
posterolateral locking plate is beneficial as it matches the contour
of the distal humerus, does not impinge on the olecranon fossa,
has increased distal fixation and it allows for a locking construct.*

O’Driscoll suggested that distal humerus fracture fixation
failure begins in the lateral column.'® This is linked to the higher
loading capacity of the lateral column and pseudoarthrosis usually
occurring at the metaphyseal/supracondylar lateral column.®®
The force of gravity acting on the long lever arm (the forearm),
while the elbow is flexed and extended during apparently minimal
use activities leads to repetitive varus stresses across the elbow.

lateral column away from the fixation placed along the posterior
surface. In the presence of cubitus varus, the mechanical axis,
olecranon and the triceps line of pull are all displaced medially.
The resultant repetitive external rotation torque on the ulna
can stretch the lateral collateral ligament complex and lead to
posterolateral rotatory instability.?° Sabalic et al. stated that distal
humeral fractures have different biomechanical demands than
intra-articular fractures of the distal humerus.® Hence plates that
are longer in the radial, more loaded column could at least be of
equal strength to two plates. Our study supports the available
literature in this regard that a single posterolateral plate provides
an adequately stable construct to allow for bony union while
allowing for early range of movement.

The findings of this study are similar to Meloy et al. in that
their study supported the use of a single plating system, quoting
improved elbow function and fewer surgical complications
compared to dual plating.’” Jawa et al. found a 5% prevalence of
loosening of fixation, up to 5% prevalence of infection and up to 6%
prevalence of non-union that can be expected in some operatively
managed patients. Radial nerve injury has a prevalence of 3%.%
There was no loss of fixation post-operatively in our study, with no
cases of infection or non-union.

The average duration of surgery for single plating with a locking
compression technique in 47 patients assessed by Chavan et al.
was 94+10 min.?! Reising et al. quote the mean time of operation
for fractures with articular involvement as 215 minutes (range:
77-405 minutes) with Soon et al. quoting a mean value of
150.3 minutes (range: 70-240 minutes).?>?* A shortened duration
of surgery combined with less soft tissue dissection during the
procedure would theoretically decrease the number of implant-
related problems post-operatively.® This study fulfils both these
objectives. There is a significantly higher density of vessels in
cancellous bone of the epicondylar area than in the watershed
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area (trochlear, olecranon fossa and coronoid fossa).?* The use of
a single posterolateral plate respects this finding as it minimises
soft tissue stripping and hence the blood supply in the epicondylar
area in comparison to the dual plating technique.

In a biomechanical comparison of three standard fixation
constructs, Scolaro et al. compared a single posterolateral
plate, 3.5 mm locking compression plate (LCP) and dual plating
for extra-articular distal humerus fractures conducted on saw
bones.™ They found that the single posterolateral plating fixation
had significantly greater bending stiffness, torsional stiffness
and vyield strength than a single non-contoured LCP construct in
more proximal fractures. In more distal fractures dual plating was
biomechanically superior. Limitations of this comparison is that
the study was conducted on saw bones and not cadaveric bones,
and the fracture configuration may not be the same as in a clinical
setting. Overall more comparative studies are needed to validate
this finding.

There are limitations to this study. In this retrospective analysis,
the total patient number is small. Due to the rare occurrence
of this particular subset of fractures it would take a prolonged
period to obtain a larger patient number. A direct comparison of
operating times, functional outcomes, radiographic outcomes and
complications in patients with this group of fractures with dual
plating versus single posterolateral plating would be preferable.

Conclusion

Stabilisation and fixation of extra-articular articular distal humerus
fractures have been traditionally conducted with dual plating
techniques with a sizeable post-operative complication rate,
extensive soft tissue dissection and varying functional outcomes.
Our study reveals that the use of a single posterolateral plate
provides adequate stability of fracture fixation, good functional
outcomes and low complication rates. With shorter surgical
time duration and less soft tissue dissection, this type of fixation
provides a valid alternative to the previous dual plating techniques.
The study supports current literature validating the use of a single
posterolateral plating system in this subset of fractures. However,
future studies that compare dual plating directly to single
posterolateral plating for these fractures would provide further
insight.
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