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Abstract
Thirty-five patients who sustained humeral shaft fractures were treated by open reduction internal fixation using AO techniques between

1992 and 1997. Open fractures occurred in 8 patients. Primary radial nerve palsy was present in 5 cases. In 16 patients an open fracture
or multiple trauma, or both were indications for surgery. Eight osteosynthesis were performed after failed conservative treatment. The
complications encountered were non-union (2 cases), osteomyelitis (2 cases), secondary radial nerve palsy (3 cases) and repeat surgery (4
cases). Bony union averaged 5.3 months radiographically. All cases of radial nerve palsy recovered eventually. Twenty-seven patients
reported no pain. Twenty-six patients had full range of motion in the shoulder and elbow. Thirty-three patients had full muscle strength.
Open reduction internal fixation gives good results provided correct indications and principles of fixation are adhered, and is a good
alternative to conservative treatment. We advocate operative reduction internal fixation and nerve exploration in fractures associated with
radial nerve palsy.
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Introduction

Management of humeral shaft fractures has been the
subject of controversy (Böhler,1 Ekkernkamp and Muhr,2

Nast-Kolb and Schweiberer3). The problem of non-un-
ion, wound infection and most important of all iatro-
genic radial nerve palsy led many to favour a conservative
approach. Furthermore, good outcome of humeral shaft
fractures was reported by Sarmiento et al4 using func-
tional brace.

Analysis of this issue in a closer perspective will reveal
misconceptions. It is unfair to compare the results of the
two groups (surgically treated and conservatively man-
aged) simply because of different patient characteristics
between the two. The surgically treated group tends to
include the multiply and severely injured, those with
open fractures and/or vascular compromise. These pa-
tients were more ill to start off with, and hence would
have a slower recovery period and higher complication
rate. The conservatively managed group usually in-
cludes those with isolated, closed and relatively
undisplaced fractures, which will heal well regardless of
the treatment choice.

There are only a few reports on the surgical results of
rigid plating of the humeral shaft in the English litera-
ture.5-8 Thus, the objective of our paper was to study the
outcome of open reduction and surgical plating of hu-

meral shaft fractures. We will also discuss certain issues,
including the management of associated primary and
secondary radial nerve palsy.

Materials and Methods

In the period between January 1992 and January 1997,
47 humeral shaft fractures were treated by open reduc-
tion and internal fixation using AO principles. Twelve
patients were lost to follow up. The remaining 35 pa-
tients were reviewed after an average of 3.5 years fol-
low-up.

The average age of these patients at the time of injury
was 37 years (range 15 to 86 years). Majority of the
patients were male (26 cases). With regards to the mecha-
nism of injury, 19 fractures were sustained after road
traffic accidents, 15 fractures were due to falls and 1
fracture was sustained after arm wrestling. There were
nearly equal proportions of fractures occurring on the
right humerus (16 cases) and the left humerus (19 cases).

Twenty-one fractures occurred over the middle one
third of the shaft of the humerus. Thirteen cases oc-
curred over the distal one third of the shaft of the
humerus. One case was a segmental fracture, involving
both the middle and distal thirds of the humerus.

Nineteen fractures had no comminution. Nine cases
had minimal comminution, involving a small butterfly
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fragment. Seven cases had significant comminution and
bone loss. Six of these 7 cases were open fractures.

With regards to the pattern of fracture, 27 cases were
transverse in nature and 8 cases were oblique.

Six patients presented initially with neurovascular
deficits. Five of these were primary radial nerve palsy
present before surgery. The remaining case involved a
transected median nerve and brachial artery.

Eight cases were open fractures. Three were grade 1, 4
were grade 2 and the remaining 1 was grade 3C, accord-
ing to the classification by Gustilo.

In 16 patients an open fracture or multiple trauma, or
both were indications for surgery. Eight osteosynthesis
were performed after failed conservative treatment. Of
these, 4 were delayed or non-union after a trial of plaster
treatment. The other 4 were failure to maintain satisfac-
tory alignment using casts.

An anterolateral approach was utilised in 27 cases.
Seven patients had their fractures plated using a poste-
rior approach. These 7 fractures occurred over the distal
third of the shaft of the humerus. A medial approach was
utilised in 1 patient who had an open fracture of the
middle third of the humeral shaft associated with a
wound located medially.

The radial nerve was positively identified in 16 cases.
Primary radial nerve palsy, open fractures or humeral
shaft fractures requiring posterior approach were the
reason for radial nerve exploration. An anterolateral
approach was used in fracture fixation and radial nerve
exploration in those 5 cases that presented with primary
radial nerve palsy, as these fractures occurred over the
middle third of the shaft of the humerus.

The majority of the implants (32 cases) used were 4.5
mm narrow dynamic compression plates. One case had
a 3.5 mm dynamic compression plate used because the
4.5 mm narrow dynamic compression plate was too
prominent. One case had 4.5 mm low contact dynamic
compression plating (LCDCP) done. One patient had
her fracture plated using a one third tubular plate be-
cause both the 3.5 mm and 4.5 mm plates were too
prominent. The average duration of surgery was 86
minutes.

Associated ipsilateral upper limb fractures (“floating
elbow”) occurred in 3 cases, opposite upper limb frac-
tures occurred in 2 cases, femoral fractures occurred in
3 cases, fractures of the tibia/fibula occurred in 4 cases
and other injuries (pelvic fractures, intra-abdominal
injuries requiring laparotomy, rib fractures, haemo/
pneumothorax) occurred in 12 cases.

Results

The average hospitalisation stay was 10 days. Twenty-
nine patients had an uneventful postoperative course.

Non-union of the fracture was reported in 2 cases, both
of which were open injuries. Both required bone grafting
as additional operations and both fractures eventually
united on follow-up. There were 2 cases of osteomyelitis,
the pathogen being responsible was Methicillin-resist-
ant Staphylococcus aureus (MRSA). Both cases were open
fractures to begin with. One was a grade 3C open frac-
ture involving transected median nerve and brachial
artery, and the other was a grade 2 open fracture in an
elderly diabetic man aged 86 years old at the time of
injury. They were treated aggressively with a course of
intravenous vancomycin followed by oral clindamycin
and fusidic acid. The patient who had grade 3C open
fracture developed non-union which required bone graft-
ing (mentioned earlier). One patient who had an open
humeral shaft fracture and ipsilateral open Monteggia
fracture dislocation which required repeat surgery for
recurrent dislocation of the radial head. Secondary ra-
dial nerve palsy was reported in 3 cases, 1 of which had
re-exploration via the posterior approach. This fracture
occurred over the distal third of the shaft of the humerus,
and had open reduction and plating done using the
posterior approach. The radial nerve was discovered to
be intact intraoperatively. All 3 cases eventually recov-
ered on follow-up.

Postoperative evaluation of the patient included as-
sessment of time to bony union (as determined
radiographically), presence of pain, joint stiffness, scar
hypertrophy and weakness.

The average time to bony union was 5.3 months, with
a range of 3 to 12 months. One case of hypertrophic scar
was reported.

With regards to the presence of residual pain, 27
reported no pain on review. Eight patients had mild
residual pain. None had severe or constant pain.

Twenty-six patients had full range of motion of both
their shoulder and elbows. Seven patients had residual
elbow stiffness, the average arc of motion being 15° to
100°. Two patients had reduced shoulder abduction, the
average being 105°.

In our review, all radial nerve palsies (primary and
secondary) recovered eventually. Thirty-three patients
had full muscle power when tested, and were able to
perform duties as well as previously. Two patients had
weakness of both the shoulder and elbow. The muscle
power was graded as 4 out of 5.

When asked to rate their surgical outcome, 31 patients
(89%) were satisfied or very satisfied with their surgical
outcome. The patient that presented with open grade 3C
fracture involving transected median nerve and bra-
chial artery was dissatisfied with the surgical outcome.
He had osteomyelitis and non-union, both of which
resolved with appropriate treatment. On follow-up, he
had stiffness and weakness of the elbow (grade 4 out of
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not show radiographical evidence of consolidation after
3 months from the time of injury.

The main controversy surrounds the issue of radial
nerve palsy.1,6,10-13 Several series reported around 90%
recovery within a few months regardless of the method
of treatment.1 Others quoted a low incidence of actual
nerve lacerations and good recovery after conservative
treatment.6,10,11 Many concluded that isolated radial nerve
palsy in humeral shaft fractures should be managed
non-operatively. On the other hand, other authors14

questioned the issue of the remaining 10% of radial
nerve palsies that did not recover. They felt that the
proportion of persistent nerve palsies is too high to
ignore. The efficacy of radial nerve decompression by
open reduction internal fixation is still unknown. One
series reported that 7 out of 23 initial radial nerve pal-
sies8 did not recover completely. In our series, we had 5
reported cases of primary radial nerve palsy. The recov-
ery rate was 100% on follow-up. Significant improve-
ment was evident at 3 to 4 months follow-up. We therefore
advocate open reduction internal fixation in humeral
shaft fractures with isolated radial nerve palsy, espe-
cially if the fracture was displaced. Open reduction and
plating of these fractures will relieve the compression on
the radial nerve by the displaced bony fragment, allow-
ing for potential recovery.

We also advise exploration of the radial nerve in these
cases, as the radial nerve may be trapped beneath the
bony fragment. We explored all our initial radial nerve
palsies via an anterolateral approach. The type of ap-
proach for radial nerve exploration would depend on
the location of the fracture site. In our series, all our
primary radial nerve palsies occurred over the middle
third of the shaft of the humerus. In our series, none had
an actual laceration. Three had evidence of slight contu-
sion of the nerve. The radial nerve was found entrapped
between the bony fragments in the other 2 cases.

The issue of secondary radial nerve palsy7,8 i.e. nerve
palsy that develops after surgery is less controversial.
The risk of nerve entrapment at the fracture site is real.
Unless the surgeon was confident that the radial nerve
was free and intact intraoperatively, he should perform
an open exploration should radial nerve palsy occurred
after surgery. In our series, we had 3 reported cases of
secondary radial nerve palsies. One had re-exploration,
via the posterior approach two days later. The radial
nerve was found to be intact intra-operatively. The other
2 cases were observed and did not have radial nerve
exploration as the surgeon was sure that the cause was
transient neuropraxia due to traction intra-operatively.
Follow-up of these 3 cases revealed full return of radial
nerve function.

In contrast, median nerve palsy did not have such a
good outcome on follow-up. The only patient in our
series who had transected median nerve and brachial

5). He had residual pain of mild intensity. There was no
shortening nor scar hypertrophy.

Discussion

Indications for open reduction and internal fixation of
humeral shaft fractures can be based on 2 criteria: frac-
ture characteristics and presence of associated injuries.8

The indications for surgery based on fracture character-
istics have been described as: open fractures; displaced
fractures (Klenerman9); fractures located proximally or
distally which are more difficult to manage conserva-
tively; delayed or non-union of the fracture and
pathologic fracture. Associated injuries include ipsilat-
eral forearm fractures (“floating elbow”), multiple
trauma and presence of neurovascular deficits. The most
frequent indication for internal fixation of the shaft of the
humerus in several studies was the presence of associ-
ated multiple trauma. In our series, 16 out of 35 (46%)
who had surgery had open humeral shaft fracture or
multiple trauma, or both.

It is difficult to manage conservatively fractures of the
humeral shaft in patients with multiple trauma.5,7,8 A
good example is a patient with floating elbow. Many of
these are open fractures which will require wound deb-
ridement and skeletal stabilization. Non-union is re-
ported to be higher in these cases. Therefore open
reduction and internal fixation will allow faster soft
tissue recovery, relieve pain and facilitate nursing as
well as rehabilitation of the patients. Subsequent recon-
structions to cover the soft tissue defect if any will be
easier too.

Conservative treatment of humeral shaft fractures is
acceptable if there is less than 20° of anterior bowing and
30° of medial angulation, according to Klenerman.9 There
should not be more than 3 cm of shortening too. In our
series, displaced fractures that had open reduction and
plating were those fractures that had one or more of the
following criteria: no cortical contact at fracture site;
more than 20° anterior bowing; more than 30° medial
angulation; more than 3 cm shortening.

Fractures located very proximally or distally,8 if treated
conservatively in a cast, may affect the functional range
of motion of the shoulder and elbow. Thus open reduc-
tion and plating of these fractures will allow for earlier
rehabilitation and mobility.

Delayed or non-union of the fracture6,8 is also a justifi-
cation for open reduction and internal fixation. Accord-
ing to Foster et al,6 humeral shaft fractures that do not
unite by 4 months are considered as having delayed
union. Those that do not unite by 8 months are consid-
ered as having non-union. In our series, 4 patients had
surgical plating for delayed or non-union after a trial of
conservative treatment. These patients were plated an
average of 3.5 months after the initial injury. We believe
that surgical plating is indicated in those cases that do
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artery had a poor outcome. On follow-up, there was only
partial recovery of his median nerve. There was residual
weakness of his wrist and hand as well as numbness of
his hand over the median nerve distribution.

The majority of our patients were operated on via an
anterolateral approach8 (27 out of 35 cases). This ap-
proach is ideal for the proximal two-thirds of the shaft of
the humerus. In patients with multiple trauma, this
approach is advantageous for the patient and the anaes-
thetist because the patient is in a supine position. One
must be aware of the radial nerve which traverses later-
ally and pierces the lateral inter- muscular septum to lie
in an anterior plane. The musculocutaneous nerve must
be protected too. One must place the plate anterolaterally
and not medially because of two reasons: medial plate
position may endanger the musculocutaneous nerve
and brachial artery because of dissection in a medial
direction to allow the placement of the plate. Plates
positioned medially may not effectively counteract the
forces of the biceps. The posterior approach involved
splitting the triceps. It is usually indicated in the distal
third of humeral shaft fractures. The patient needs to be
in a lateral position for this approach, which may pose a
problem in multiple injuries. It is important to isolate the
radial nerve completely before placement of the plate,
otherwise there is a risk of nerve entrapment beneath the
plate. The posterior surface of the distal third of the
humeral shaft is flat and allows for easy plate placement.
In contrast, it is difficult to position a plate anterolaterally
in the distal third of the shaft of the humerus.

The traditional choice of implant used is the broad 4.5
mm dynamic compression plate,8 similar to the one used
for femoral shaft fractures. It has been mentioned that
screws on a broad 4.5 mm dynamic compression plate
are placed in different planes, reducing the possibility of
splitting of the humeral shaft. Furthermore, the broad
dynamic compression plate is said to withstand tor-
sional forces better than a narrow 4.5 mm dynamic
compression plate.

However, recent series quoted good results using AO
narrow 4.5 mm dynamic compression plate.15 Further-
more in our Asian population, the dimension of the
humerus is considerably similar, especially in females.
In our experience, the broad 4.5 mm dynamic compres-
sion plate sits too proud on the humeral shaft, especially
on the anterolateral position. We have now utilized AO
narrow 4.5 mm dynamic compression plate in most of
our cases. In our series, 32 cases (91%) were plated using
the narrow dynamic compression plate.

Our patients, like other series on operative treatment,
were different from those treated conservatively. The
presence of open fractures, multiple trauma and neu-
rovascular deficits constitute risk factors for higher post-

operative complications. A good surgical outcome could
be compromised.

The results of surgical plating of humeral shaft frac-
tures in our series are comparable to other series5-8 using
AO plating techniques, as well as those treated con-
servatively, or other AO techniques e.g. intramedullary
nailing. The incidence of complications (non-union, in-
fection, repeat surgery and radial nerve palsy) was low
and comparable to other reported studies. Return to
function was good in the majority of cases (89%), compa-
rable to other similar studies.

In conclusion, open reduction internal fixation of hu-
meral shaft fractures gives good results provided correct
indications and principles of AO fixation are adhered to.
It provides greater patient comfort and is a good alterna-
tive to conservative treatment in a selected group of
patients: open fractures, multiple trauma, displaced frac-
tures, proximal or distal fractures, delayed or non-un-
ion, pathologic fractures and fractures with
neurovascular deficits.
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