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The aim of this study was to evaluate the functional
outcome following internal fixation of intraarticular
fractures of the distal humerus (AO Type C) with a
minimum follow-up of two years.
A retrospective evaluation with prospective clinical
review was carried out.
Twenty-six consecutive patients with fractures of the
distal humerus were treated over a 31-month period.
Their mean age was 56 years (range, 18-82). Six
patients were not available for final clinical review.
Analysis of the results were based on the medical
records, pre-operative and postoperative radio-
graphs of all 26 patients and clinical review of
20 patients at a mean follow-up of 35 months (range,
24-48 months). Twenty-six fractures were fixed using
the AO double column plating techniques.
Radiographic evaluation of the quality of reduction
was carried out using a grading system. Clinical out-
come was assessed using the Broberg and Morrey
functional rating index. 
Fourteen patients (70%) had an excellent or good
outcome, five patients (25%) a fair outcome and one
patient (5%) had a poor result. Three patients (15%)
underwent a second procedure for hardware
removal. The mean arc of flexion was 112° (range, 85
to 122). Mean pronation was 75° (range, 60-82) and
supination was 76° (range, 60-80). No patients had
achieved normal grip strength ; the mean grip
strength was 82% (range, 46-90%) compared to the
uninjured side. Fifteen patients (75%) were able to
return to their pre-injury level of occupation and
activity. Seventeen patients (85%) were satisfied with
the final outcome.
We conclude that internal fixation of intraarticular
fractures of the distal humerus is an effective proce-
dure with an excellent or good functional outcome in
most patient age groups. Patients have a high level of

satisfaction and the majority return to their previous
level of activity.

INTRODUCTION

Complex intraarticular distal humerus fractures
are a considerable challenge to even the most expe-
rienced surgeon. Previous treatment methods of
closed reduction with immobilisation, traction and
limited internal fixation have lead to significant
functional impairment with loss of range of move-
ment (4, 12, 17). 

The functional outcome of distal humerus frac-
tures is related to the ability to restore the normal
anatomy and to allow early movement. Various
methods of limited internal fixation have been
described using Kirchner wires, screw fixation and
single plates (2, 3, 10). These methods do not allow
enough stability for early movement and have
unpredictable results. The improved techniques for
fixation recommended by the AO/ASIF have lead
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Table I. — AO classification of intra-articular fractures
of the distal humerus

Clinical Evaluation No Follow Up

13 C1 6 3
C2 9 1
C3 5 2

Total 20 6
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to early mobilisation with predictable results. The
plating of two columns with plates preferably at
90° to one another, has become the standard to
compare other treatments to (18).

Fractures of the distal humerus are relatively
rare and large case series are rarely reported.
Comparison between the various studies is difficult
owing to the variation in fracture classification,
operative techniques and outcome measures used.
Previous studies have used subjective measures of
muscle strength, which have limitations.

The aim of our study was to evaluate the func-
tional outcome of AO type C distal humerus frac-
tures treated by AO double plating with a minimum
of two years follow-up. An objective assessment
was made of grip strength which correlates highly
with hand function.

PATIENTS AND METHODS

Twenty-six consecutive patients with 26 fractures of
the distal humerus seen in our trauma service over a
31-month period underwent internal fixation of their
fracture. A consultant trauma surgeon either performed
surgery or supervised a trainee directly. The choice of
fixation was the AO technique of double column plating
based on the pattern of the fracture and presence of asso-
ciated injuries as seen on standard antero-posterior and
lateral radiographs of the elbow. The fractures were clas-
sified using the AO classification (table I). 

All the fractures were displaced intraarticular frac-
tures (AO type C). There were 23 closed fractures and
three open fractures. Twenty-six fractures underwent
double plate fixation (in 22 cases, two reconstruction
plates and in four cases, one reconstruction and one
dynamic compression plate).

The mean age for the plating group was 56 years
(range 18 to 82 years). There were eight male patients
and 16 female patients. The results were analysed using
clinical and radiographic evaluation at a mean follow-up
of 35 months. The quality of reduction was graded (A to
C), based on the postoperative radiographs by the senior
author. Grade A was an anatomical reduction, grade B a
step or gap of the articular surface of less than 2 mm and
grade C involved a step or gap of more than 2 mm. The
quality of reduction was based on the immediate post-
operative plain radiographs and operative findings. 

Data from the clinical records, clinical review and
examination were summarised in a weighted grading

scale (Broberg and Morrey functional rating index) (8) as
shown in table II. The grading scale was weighted as fol-
lows : normal motion, 40 points ; no pain, 35 points ;
normal strength, 20 points ; and normal stability,
5 points. An objective assessment of grip strength of the
hand was made using a torque dynamometer, which is
recognised as the standard, reliable instrument for mea-
suring grip strength. Standardised subject position and
instructions were used to improve reliability.

Surgical technique

The patient was placed in a lateral decubitus or
supine position and a midline posterior incision was
made over the distal humerus, curving around the tip of
the olecranon. The ulnar nerve was identified and pro-
tected but not routinely transposed. An olecranon
chevron osteotomy was used for adequate exposure of
the joint surface with the osteotomy being placed at the
lowest point of the trochlear notch. The osteotomy was
started with an oscillating saw but completed using a
fine osteotome through the subchondral bone. The artic-
ular fragments were reduced and held with a partially
threaded cancellous screw or cortical screw. They were
then secured to the columns. In most cases two recon-
struction plates (3.5 mm) were contoured to the distal
humerus. One plate was placed on the medial column
and one on the posterior aspect of the lateral column
(90° to each other). 
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Tension band wiring was used to repair the osteoto-
my, using the technique described by the AO group. The
fracture fragments were reduced and held with two par-
allel K wires (1.6 mm). A figure of eight wire (18 gauge)
was passed transversely through a hole in the proximal
ulna and beneath the triceps tendon. The wire was tight-
ened using a two-knot technique. The proximal K wire
ends were bent 180°, a longitudinal stab incision was
made in the triceps tendon and the K wires were seated
on the periosteum over the figure of 8 wire. This key
step minimises proximal wire migration. 

The stability and range of motion was assessed per
operatively. Patients were initially placed in a plaster
back slab for 48 hours, then in a removable thermoplas-
tic cast. Early controlled mobilisation was started under
the guidance of our physiotherapists from 48 hours. The
range of motion was gradually increased depending on
the documented stability and postoperative range of
motion achieved.

RESULTS

Six patients were lost to follow up, four patients
had died and two could not attend for clinical
evaluation. The clinical records and radiographs
were available for all 26 patients. Twenty patients
were assessed clinically and radiographically at a
mean of 35 months postoperative (range 24 to
48 months). Fourteen out of 20 patients (70%) had
an excellent or a good functional result. Five
patients (25%) had a fair functional outcome and
one patient (5%) had a poor result.

The mean arc of movement was 112° (range 85-
122°). The mean pronation was 75° (range, 60-82°)
and supination was 76° (range, 60-80°). The mean
functional score for the group was 85 (range, 55 to
100). The mean grip strength of the injured side
was 54 kgf (range, 20 to 95) and of the non-injured
side 89 kgf (range, 32 to 148). The injured arm
showed a lower grip strength as compared to its
expected grip strength (paired t test, p < 0.01). The
expected grip strength was calculated depending 
on the dominance of the injured side, if dominant 
(non dominant arm plus 10%) or if non dominant 
(dominant arm minus 10%).

The quality of reduction based on the immediate
postoperative plain radiographs and operative find-
ings was grade A (14 cases), grade B (5 cases) and
grade C (one case). On the functional rating index,
nine out of fourteen fractures with an anatomical
reduction (grade A) had an excellent outcome ;
three had a good outcome and two a fair outcome.
Out of five patients with a grade B reduction, two
had a good outcome and three had a fair functional
result. The one patient with loss of reduction (grade
C) had a poor result. Fifteen patients (75%) were
able to return to their preinjury level of occupation
and activity. Seventeen patients (85%) were satis-
fied with the final outcome.

The complications are shown in table III. Three
patients (15%) required a further procedure for
removal of the olecranon wires because of sympto-
matic wire prominence. Three patients with open
fractures required delayed primary closure. Two
patients developed an early superficial wound
infection. One patient required an anaesthetic for
removal of sutures. There was one case of ulnar
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Table II. — Broberg and Morrey functional rating index

Variable Points value

Motion
Degree of flexion (0.2 3 arc) 27
Degree of pronation (0.1 3 arc) 6
Degree of supination (0.1 3 arc) 7

Strength 
Normal 20
Mild loss (appreciated but not limiting, 13

80% of opposite side)
Moderate loss (limits some activity, 5

50% of opposite side)
Severe loss (limits everyday tasks, disabling) 0

Stability
Normal 5
Mild loss (perceived by patient, no limitation) 4
Moderate loss (limits some activity) 2
Severe loss (limits everyday tasks) 0

Pain
None 35
Mild (with activity, no medication) 28
Moderate (with or after activity) 15
Severe (at rest, constant medication, disabling) 0

Excellent 95-100 points
Good 80-94 points
Fair 60-79 points
Poor 0-59 points
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nerve neurapraxia, which resolved. There was evi-
dence of moderate osteoarthrosis in one elbow.
There were no cases of olecranon osteotomy non-
union.

DISCUSSION

Complex intraarticular fractures of the distal
humerus are still a considerable challenge to the
experienced surgeon. Prior to the 1970’s great
emphasis was laid on conservative treatment of
these fractures either by the use of plaster or by
traction on the olecranon, which led to consider-
able stiffness and poor functional results (12, 17).
However with advances in implants and surgical
techniques, many surgeons have moved towards
surgical reconstruction of these complex frac-
tures (2, 12).

Many methods of internal fixation have been
described using Kirschner wires, screw fixation
and single plates with unpredictable results. The
results of the various treatment methods are diffi-
cult to compare owing to the variability of the out-
come scoring systems used. K-wire fixation alone
rarely provides sufficient stability in these difficult
fractures (16). In our series the AO recommendation
for a two-plate construct at 90° with the medial
plate and the lateral plate posterior was followed ;
this provides the most stable construct to allow
early mobilisation (1, 3, 7). 

Total joint arthroplasty as a primary modality of
treatment is also an option in the elderly when the
extent of fragmentation is beyond surgical recon-
struction, when the quality of bone stock is poor
due to osteoporosis or when antecedent arthritis
(usually rheumatoid) is present in the joint (5). In
our series no cases required arthroplasty, although

subsequently this has been undertaken in three
cases.

The majority of patients had mild or no pain
(85%), there were no cases of severe pain. There
were good forearm rotational movements in these
patients, the main restriction was in flexion to
extension. The mean arc of movement was 112°,
which is consistent with other studies (2, 3, 9). There
was no correlation between age and the final func-
tional outcome achieved. Patients with open frac-
tures had a lower mean functional score, which is
similar to previous studies.

Fourteen patients (70%) had an excellent or
good functional outcome after these complex frac-
tures. This is comparable with other series in the
literature although there is considerable variation
depending on the outcome scoring system used (9,

11, 13, 14, 20). There was one poor result in a 75-
year-old lady who sustained a grade 2 open injury.
She had an arc of flexion of 85° with considerable
weakness and moderate pain at latest follow-up.
She was unable to achieve her pre-injury level of
activity. Overall, five patients (25%) were unable
to return to their previous level of activity.
Seventeen patients (85%) were satisfied with their
final outcome.

Olecranon osteotomy for exposure and fixation
of the distal humeral fracture was initially popu-
larised by Cassebaum (3). Henley et al reported a
57% incidence of complications with the transverse
osteotomy, including symptomatic prominence of
the K-wire, broken tension band wire, delayed
union and non-union (8). In 1982 Heim et al
described the chevron osteotomy with the point of
the “V” turned distally. In addition to providing
mechanical stability to rotational stresses the larger
area of contact between the ends of the osteotomy
enhances bony union (7). We used this technique of
chevron osteotomy in our study ; we had two cases
of metalwork prominence but no cases of non-union.

Wang et al recommend routine anterior subcuta-
neous transposition of the ulnar nerve using a pos-
terior approach (20). We have not found it necessary
to perform a routine anterior transposition and have
performed an adequate mobilisation as described
by Jupiter et al (11). Sodergard et al reported a
12.5% neural complication following the surgical
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Table III. — Complications

Number Percentage

Metalwork Prominence 3 15
Heterotopic Ossification 2 10
Wound Infection 2 10
Suture Irritation 1 5
Ulnar Nerve Palsy 1 5
Osteotomy non-union 0 0
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fixation, 3.1% of the patients had a permanent dys-
function of the ulnar nerve in a series of 96 adult
patients at an average follow-up of 6 years (19).
There was one case of ulnar nerve palsy in our
series, which recovered by 6 months. Heterotopic
ossification was seen in two cases although much
higher rates have been reported in similar series.
We believe that the olecranon osteotomy minimis-
es triceps muscle trauma and combined with early
mobilisation reduces this complication.

Fractures of the distal humerus are relatively
rare and large case series are rarely reported.
Comparison between the various studies is difficult
due the variation in fracture classification, opera-
tive techniques and outcome measures used. There
is considerable variation depending on the outcome
measures used. Most studies have used subjective
measures of muscle strength which are unreliable.
We made an objective assessment of grip strength
of the hand using a torque dynamometer.

At a mean follow-up of 35 months no patients
had achieved normal grip strength. The average
grip strength was 82% compared to the uninjured
side. All patients received postoperative physio-
therapy the next day and were followed up regular-
ly. These results are similar to those reported by
McKee et al who showed a reduction in elbow
extension strength of 25% based on isometric test-
ing, at a mean follow-up of 37 months (15). This
was independent of the type of posterior approach
(olecranon osteotomy or triceps splitting) used .

Internal fixation of intra-articular distal humerus
(AO type C) fractures using double column plating
is an effective procedure with an excellent or good
functional outcome in most patient age groups.
There is a long-term reduction in grip strength in
the injured arm, however patients have a high level
of satisfaction and the majority return to their pre-
vious level of activity.
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