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The treatment of humerus fracture employs conservative 
and/or surgical methods and successful results are usu-
ally obtained from both. Ward et al.1) stated that surgical 
treatment should be selected when it is difficult to obtain 
a reduction or there is intra-articular fracture, presence 
of nerve injury (radial nerve), accompanying ipsilateral 
fracture of the forearm, multiple injuries, pathologic frac-
ture, transverse fracture in active patients, or short oblique 

Background: Due to the anatomical nature of the radial nerve, dissection and attainment of an adequate operative field in mid 
to distal humerus fracture is dangerous and limited. We devised a combined anterolateral and lateral approach that ensures pro-
tection of the radial nerve. This is achieved by performing bimodal dissection of the proximal humerus anteriorly and the distal 
humerus laterally.
Methods: Thirty-five consecutive patients were treated using a combined anterolateral and lateral approach for a minimum 
follow-up period of 24 months. We analyzed time to bony union, time to return to daily work, range of motion, elbow joint function 
as assessed by the Mayo elbow performance index and complications.
Results: Radiologic bony union was observed at 11.2 weeks (range, 8 to 20 weeks) on average. Four cases of incomplete radial 
nerve palsy before surgery all recovered. Time to return to work was 10.2 weeks (range, 2 to 32 weeks) on average. The average 
range of motion of the elbow was 3.3° (range, 0° to 10°) of extension and 135.9° (range, 125° to 145°) of flexion. There were 21 
cases of excellent and 13 cases of good or better recovery, comprising over 97.1% on the Mayo elbow performance index. There 
were no complications of radial nerve palsy, non-union, mal-union, or infection.
Conclusions: Our a modified combined anterolateral and lateral approach is a clinically effective surgical method of achieving 
protection of the radial nerve and securing easy and firm internal fixation.
Keywords: Humerus, Radial nerve, Distal shaft fracture, Surgical approach, Plate fixation

fracture. Long term immobilization to achieve bony union 
and inadequate fixation also induce various complications 
such as non-union, mal-union, or joint stiffness. In order 
to avoid such complications, surgical internal fixation is 
preferred.2,3) Especially in the treatment of distal humerus 
fracture, internal fixation with a plate and screw is more 
preferred than any other surgical method due to secure 
fixation of the distal fracture fragment.

A number of surgical approaches have been intro-
duced, and each has limitations with respect to the loca-
tion of the fracture because of the neurovascular charac-
teristics of the fracture. An anterolateral approach is used 
easily and safely in most proximal and middle humerus 
fractures, but in the distal humerus fracture, it is difficult 
to obtain sufficient space for fixation. This approach al-
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lows only exposure up to the proximal portion of the olec-
ranon fossa of the humerus which means that the lateral 
supracondyle of the humerus can not be exposed for the 
fixation.

In order to expose the lateral supracondyle of the 
humerus and achieve sufficient fixation space, we have to 
choose either the lateral or posterior approach. However, 
these approaches also increase the risk of nerve irritation 
and injury because exploration of the radial nerve is inevi-
table during proximal fragment fixation and the inserted 
plate is always in contact with the radial nerve, a situation 
that can lead to nerve injury, irritation, and adhesion. Shao 
et al. reported that the incidence of radial nerve palsy that 
accompanies humerus fracture is 11.8%, and 12.4% of 
these injuries are secondary nerve injuries.4) And the inci-
dence of iatrogenic radial nerve injury during plate fixa-
tion has been reported to be from 5.1%5) to 17.6%.6) This 
makes the selection of an approach difficult, and even if a 
selection is made, nerve exploration is unavoidable when 
obtaining sufficient fixation space.7-9)

The authors suggest a modified combined antero-
lateral and lateral approach for the surgical treatment of 
distal humerus fracture, and this study evaluates the safety, 
clinical effectiveness and clinical outcome of this ap-
proach. 

METHODS

Patients
Thirty-five consecutive patients who received surgery for 
distal humerus fracture were prospectively selected from 
March 2000 to March 2010. In this study we included 
patients who had main extra-articular fractures on the 
distal third of the humerus and who were also examined 
for more than 24 months. However, we excluded patients 
who needed other kinds of approaches in order to fix 
their fractures (for example, patients with extra-articular 
fractures combined with intra-articular fracture that were 
fixed with olecranon osteotomy and complicated extra-
articular fractures that were fixed with additional medial 
approaches) and also excluded patients who needed addi-
tional techniques, such as external fixations, due to severe 
open fractures or combined injuries.

Twenty-six males and nine females were included, 
and their mean age was 37.7 years (range, 14 to 70 years). 
The average follow-up period was 28.1 months (range, 24 
to 50 months). The cause of fracture included 12 traffic 
accidents, 5 cases of falling down or slipping down, 5 cases 
of occupational accidents, and 13 cases that occurred dur-
ing physical exercise. Four cases involved open fracture 

and seven involved radial nerve palsy. One case of brachial 
plexus palsy was observed.

Surgical Technique
The patient was positioned in the supine manner. The 
size of the incision was determined after drawing a line 
between the lateral epicondyle of the humerus distally and 
the coracoid process of the scapula proximally. Dissection 
of fascia and muscle following skin incision was applied in 
two parts. Proximal to 10 cm from the lateral epicondyle is 
the point where the radial nerve passes from the posterior 
to the anterior compartment. For this reason, if the proxi-
mal aspect is dissected with an anterolateral approach, 
the radial nerve is located laterally and posteriorly to the 
operative field. If the distal aspect is dissected with the lat-
eral approach, the radial nerve is positioned medially and 

Fig. 1. Cross-sectional anatomy of the distal humeral shaft. Cross-
sectional level of the distal humeral shaft and anatomic course of radial 
nerve. Anterolateral approach regarding the proximal humerus (level 
1 and 2): surgical dissection is made through the middle portion of the 
brachialis muscle. Lateral approach regarding the distal humeral shaft 
(level 3): surgical dissection is made between the triceps muscle and 
the lateral intermuscular septum. Note the radial nerve between the 
brachialis and brachioradialis muscles. Bc: biceps muscle, B: brachialis 
muscle, Tc: triceps muscle, Br: brachioradialis muscle.
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anteriorly to the operative field (Fig. 1).10)

We designated a reference point which was 10 cen-
timeters proximal to the lateral epicondyle of the humerus 
(Fig. 2).11-13) The proximal region with respect to the refer-

ence point was approached by the anterolateral method. 
After confirming the brachialis muscle was under the bi-
ceps muscle, dissection was further advanced through the 
middle portion of the brachialis muscle (Fig. 3A). If dis-
section is made through the middle portion of the brachia-
lis muscle, the radial nerve is naturally protected (Fig. 3B); 
thus, one can approach the fracture site without having 
to worry about radial nerve injury. Most fracture reduc-
tions and manipulations can be performed through a wide 
operative field using the anterolateral approach. However, 
for sufficient fixation space, the lateral supracondyle of the 
humerus should be exposed through an extra incision.

For this reason, the distal region with respect to the 
reference point was approached by the lateral method. Fas-
cia was longitudinally dissected posteriorly to the lateral 
intermuscular septum. The triceps was placed posteriorly 
from the operative field, and the lateral intermuscular sep-
tum and brachioradialis were located anteriorly ensuring 
sufficient exposure of the lateral epicondyle of the humer-
us (Fig. 3C). Dissection towards the proximal aspect must 
not exceed 10 cm from the superior to lateral epicondyle, 
and one is advised to work only in the safe zone where the 
radial nerve can be automatically protected.

The separate and exposed distal and proximal areas 
Fig. 2. Skin incision marking between the coracoid process and lateral 
epicondyle of the humerus.

Fig. 3. Intraoperative photograph of distal humerus fracture. 
Surgical incision in the combined anterolateral and lateral approach 
that is marked between the lateral epicondyle of the humerus 
distally and the coracoid process of the scapula proximally. (A) 
The plate is inserted through the submuscular extraperiosteal 
tunnel (brachioradialis, radial nerve, and lateral portion of the split 
brachialis). Fracture reduction is maintained by the plate and screw. 
(B) The radial nerve is shown between the split brachialis muscle 
and brachioradialis muscle. (C) Distal location of the plate shows 
sufficient space for screw fixation in the distal short remnant. BR: 
brachioradialis muscle, sB: split brachialis muscle, asterisk: radial 
nerve.
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should be reconnected in the form of a submuscular extra-
periosteal tunnel, and the roof becomes the brachioradialis 
and the lateral portion of the split brachialis. Further, the 
radial nerve is located between the brachioradialis and the 
lateral portion of the split brachialis, and is protected natu-
rally by them (Fig. 3B).

For the fixation of the plate in order to maintain 
final reduction, the plate should be bent appropriately by 
anterior-posterior bending and twisting to fit the contour 

of the lateral curve of the humerus. The insertion of the 
plate should be carried out from the inferior aspect of 
the tunnel through a distal dissection; the plate should be 
fixed in the proximal dissection area (Fig. 4). This ensures 
sufficient space for the fixing of more than four screws in 
the distal short remnant.

When exploration of the radial nerve is necessary, 
an approach medial to the brachioradialis muscle and lat-
eral to the brachialis muscle facilitates the search for the 
radial nerve. All patients achieved accurate reduction and 
firm fixation through the combined approach (Fig. 5).

A Velpeau sling was applied postoperatively, and 
joint exercise with gravity was allowed one or two days 
postoperatively. A functional brace without angular limita-
tion was applied one week postoperatively for active and 
passive exercise of the shoulder and elbow joint.

Postoperative Evaluation
The results were analyzed by assessing bone union in plain 
radiographs to evaluate the true anteriorposterior and lat-
eral view of the humerus, and clinical analysis was carried 
out using the Mayo elbow performance index (MEPI).14) 
The analysis of the radiographs was done immediately 
after surgery, two weeks postoperatively, and every month 
thereafter to assess bone union. Clinical analysis was un-
dertaken six months postoperatively when bone union 
was complete. The MEPI evaluates the pain, range of mo-
tion, stability, and elbow joint function. It deems 100 as 
the maximum score, 90–100 as excellent, 75–89 as good, 
60–74 as fair, and below 60 as poor. The analysis also 
spanned the back-to-work period and complications re-
garding the initial radial nerve injury, postoperative radial 

Fig. 4. Exposure of the distal humeral shaft in the combined approach. The 
proximal part is approached through the middle portion of the brachialis 
muscle (m). The distal part is approached posteriorly to the lateral 
intermuscular septum. The distal humeral shaft and lateral epicondyle 
are exposed. The plate is inserted from the distal dissection area to the 
proximal dissection area though the submuscular extraperiosteal tunnel.

Fig. 5. A 33-year-old man sustained a fracture in an accident. (A) The initial radiograph shows multifragmentary fracture of the distal humerus. (B) The 
radiograph after operation shows anatomical reduction and alignment by open reduction and internal fixation with a plate and circlage wires. (C) The 
radiograph shows bony union of the distal humerus. 
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nerve injury, and infection.

RESULTS

We analyzed a total of 35 patients who had humeral distal 
fracture and were treated with the modified combined 
anterolateral and lateral approach. They were followed up 
for a minimum of two years. The average time to bone 
union was 11.2 weeks (range, 8 to 20 weeks). On average, 
patients took 10.2 weeks (range, 2 to 32 weeks) to return to 
work; male patients with advanced work loading took 11 
weeks (range, 2 to 32 weeks), while the female group took 
8.7 weeks (range, 4 to 12 weeks). The average range of mo-
tion of the elbow joint was 132.6° (range, 3.3° to 135.9°). 
The MEPI revealed 21 cases of excellent performance 
and 13 cases of good performance; the average functional 
score was 92.86. New development of radial nerve injury 
was not observed. Four cases with radial nerve palsy that 
existed preoperatively completely recovered 31 weeks 
postoperatively on average. There was no operative wound 
infection. and no case of complication such as displace-
ment, non-union, or mal-union. Forty percent of the cases 
(14/35) exhibited mild and intermittent elbow pain, and 
there was no case of elbow instability or discomfort with 
normal activity.

DISCUSSION

There is a high risk of iatrogenic radial nerve injury dur-
ing plate fixation in the treatment of distal humerus frac-
ture5,6,15) and nonunion usually develops due to inadequate 
space. This may raise serious concerns even for well-
trained specialists. Thus, the surgical outcome may depend 
on attainment of protection of the radial nerve and the 
securing of adequate space for firm fixation. The authors 
investigated the need for a modified surgical approach.

Commonly used humerus approaches are anterolat-
eral, posterior, posterolateral, and lateral approaches.3,9,16-19) 
Each has its own limitations due to the location of the 
fracture, patient’s position, and possibility of radial nerve 
damage. The anterolateral approach is widely used for 
proximal and mid-shaft humerus fracture as it is safe, 
without the need for dissection of the radial nerve. But 
when the fracture is located distally, there is a high risk of 
traction radial nerve injury because the nerve is forcefully 
pushed laterally for reduction and internal fixation. Re-
garding distal humerus fracture, posterior or posterolateral 
approaches are mostly used because these methods do not 
require radial nerve traction.7,17,20) These approaches can 
easily expose the posterior aspect of the distal humerus; 

therefore, acute anatomical reduction is possible, and it 
is easy to apply the internal device. But as the triceps is 
divided longitudinally with dissection, complications such 
as bleeding, triceps muscle weakness, and limitation of 
elbow motion may occur. As well, when proximal dissec-
tion is needed, exploration of the radial nerve is difficult 
due to its anatomical course: it runs through the triceps 
and is tethered to the triceps and radial groove of the hu-
merus.7,17) Further access to the proximal humeral neck is 
completely blocked because of the axillary nerve and the 
posterior humeral circumflex artery. Also, because patients 
should be maintained in a lateral or prone position, this 
approach has limitations in patients with multiple injuries 
and unstable spine damage.

Recently, lateral approaches have been widely used 
and it has many advantages such as easy examination of 
the radial nerve, practicability of the operation in the su-
pine position, and wide range of accessibility. One of its 
disadvantages is that radial nerve exploration is always 
required in accessing the proximal humerus. As a result of 
nerve exploration, the radial nerve is placed directly above 
the internal device and this can lead to formation of unde-
sired fibrosis around the internal device and nerve.21)

To overcome the drawbacks of the above approach-
es, we thought of alternative ways that allow access with 
just one skin dissection over the entire humerus, do not 
require dissection of the radial nerve, offer enough fixa-
tion space without excessive traction to prevent nerve 
damage, and allow expansion to proximal or distal aspects 
to treat accompanying injuries. We designed a combined 
anterolateral and lateral approach. Through this method, 
broad access to the proximal aspect of the humerus is eas-
ily achieved, as it is in the anterolateral approach. Likewise, 
the risk of radial nerve injury during the approach towards 
the distal humerus portion, which is a disadvantage of the 
anterolateral approach, is prevented by using the lateral ap-
proach. The radial nerve is protected in its course between 
the brachialis and brachioradialis.

Specialists tend to agree that the safest technique for 
the protection of the radial nerve is to explore the nerve 
initially and practise caution during the operation. When 
our technique is performed extraperiosteally and is free 
of muscle tension, it provides a similar level of safety even 
without direct radial nerve dissection. If there is a need for 
nerve exploration, it can be done easily without an addi-
tional incision. Finally, the plate is positioned slightly ante-
rior and inferior to the radial nerve without direct contact. 
Thus fibrosis around the nerve is avoided, and a safe op-
eration is possible as the metal plate and radial nerve are 
separated from each other by a certain distance.
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Non-union of a distal humerus fracture may occur 
from fixation failure. To prevent this, it is necessary to se-
cure adequate fixation. Our method lets operators secure 
enough space up to the lateral supracondylar ridge of the 
humerus with respect to the olecranon fossa and allows 
the use of a metal plate with sufficient length and four or 
more screw fixations. One of the disadvantages of metal 
plate insertion is that the metal plate can be placed un-
naturally because it has to be placed in a very narrow area 
in the lateral humerus, and so the shape may not fit along 
the lateral supracondyle of the humerus. There have been 
a few cases of patients complaining of discomfort due to 
the metal plate’s extrusion from the lateral epicondyle. 
Therefore, if a metal plate can be placed in such a way that 
it anatomically fits with the lateral epicondyle of the hu-
merus, it will be more useful and yield much more stable 
internal fixation (Fig. 6).

Minimally invasive plate osteosynthesis is another 

option for treating humerus fracture. This technique offers 
a theoretical decrease in soft tissue dissection but cannot 
avoid the occurrence of iatrogenic radial nerve palsies and 
inadequate fixation. Pospula and Abu Noor22) reported 
two cases with perioperative complications. From this 
clinical study, we consider that our approach can be use-
fully applied when the plate is inserted from the distal lat-
eral cortex toward the proximal anterior cortex of the hu-
merus through a submuscular extraperiosteal tunnel. We 
presume that use of the newly designed plate (Fig. 6) will 
avoid the problems of radial nerve injury and inadequate 
fixation space.

A modified combined anterolateral and lateral ap-
proach for the treatment of distal humeral fracture and 
non-union ensures an easy approach to the entire hu-
merus, a lowered risk of radial nerve injury and the per-
formance of complication-free revision surgery during the 
distal humerus approach and harmless revision surgery 
during the distal humerus approach. This approach also 
provides adequate fixation space and therefore makes deli-
cate fixation of the plate easy.
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Fig. 6. Precontoured anatomical plate for the distal humeral shaft.
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