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Outcomes using the extensor digitorum
communis splitting approach for the treatment
of radial head fractures
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Background: Surgery on the radial head is usually performed via the Kocher interval. Iatrogenic injury to
the posterior interosseous nerve (PIN) and lateral ligamentous complex are known complications of lateral
elbow approaches. The extensor digitorum communis (EDC) splitting approach for lateral elbow exposure
is known to provide better access to the anterior half of the radial head while reducing the risk of injury to
the lateral ligaments. The aim of this study was to provide clinical outcome data for the EDC splitting
approach.
Methods: Thirteen patients with closed radial head fractures underwent internal fixation or replacement
via the EDC splitting approach. Patients were evaluated using the Mayo Elbow Performance, American
Shoulder and Elbow Surgeons (ASES), and Disabilities of Arm, Shoulder and Hand scores. Clinical assess-
ments of the elbows were also performed.
Results: Ten patients underwent open reduction and internal fixation of their radial heads, and 3 under-
went radial head replacements. At final follow-up, all patients achieved good to excellent Mayo Elbow Per-
formance scores, with a mean score of 90 (range 80-100). They had a mean ASES elbow score of 89.6
(range 77-97) and a mean Disabilities of Arm, Shoulder and Hand score of 12.8 (range 6.67-25.8). Patients
reported a mean overall ASES satisfaction score of 8.5 (range 6-10). There were no significant surgical
complications, including iatrogenic damage to the PIN or the lateral ligaments.
Conclusion: The EDC splitting approach is a feasible method of exposing the lateral elbow, providing safe
and reliable access to the radial head.
Level of evidence: Level IV, Case Series, Treatment Study.
� 2016 Journal of Shoulder and Elbow Surgery Board of Trustees.
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Figure 1 Skin incision with the arm pronated.
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Fractures of the radial head account for approximately
20% of all elbow fractures.13 Surgical treatment of radial
head fracturesdwhether by open reduction and internal
fixation (ORIF) or by radial head replacementdresults in
satisfactory outcomes.9,15,18,28,29 There are several
possible approaches when performing surgery for radial
head fractures, with the choice ultimately dependent on
surgeon preference and the injury-specific fracture
configuration. Because radial head fractures most
commonly involve the anterolateral aspect of the
radius,12,27 the Kocher approach to the radial head is
frequently used. This approach uses an interval between
the anconeus and extensor carpi ulnaris (ECU). Alterna-
tively, an approach using the Kaplan intervaldbetween
extensor carpi radialis brevis and extensor digitorum
communis (EDC)dhas also been described for access to
the radial head.

Surgery of the radial head entails risk of injury to the
posterior interosseous nerve (PIN), due to its proximity to
the PIN, anatomic variation of the nerve, and the lack of
clear intermuscular planes.26 Furthermore, there is also the
risk of injury to the lateral ulnar collateral ligament
(LUCL), particularly with the Kocher approach, which
could lead to elbow instability.4 Proximal extension of the
Kocher approach involves detachment of the common
extensor origin, which further destabilizes the elbow.
Radial head fractures have a relatively low incidence, ac-
counting for only 1.5% to 4% of all fractures in adults, and
not all need to be treated surgically.8,13 The potential lack
of familiarity with lateral elbow approaches among ortho-
pedic trainees may further increase the risk of iatrogenic
damage to the elbow.

The EDC splitting approach for lateral elbow exposure
was first described by Hotchkiss17 and could provide more
reliable access to the anterior aspect of the radial head.6,24

The approach is more anterior and reduces the risk of
injury to the LUCL. To date, all previous studies related to
this approach have been anatomic cadaveric studies, which
have reported promising results in terms of better access to
the radial head with potentially reduced injury to the
LUCL6 while maintaining a similar safe distance to the
PIN compared with the Kocher approach.24 No clinical
studies have assessed the feasibility of this surgical
approach in the treatment of patients with radial head
fractures.

To the best of our knowledge, our study is the first to
report clinical outcomes with the use of this approach in the
surgical treatment of radial head fractures. Our aim was to
determine if this approach could be used to provide
adequate access for internal fixation or replacement of the
radial head, while avoiding iatrogenic damage to the elbow,
in particular, PIN palsy and LUCL damage leading to
elbow instability. Outcome data were obtained in objective
postoperative clinical examination findings as well as
subjective patient-reported scores.
Methods

This retrospective case series reviewed patients with closed iso-
lated radial head fracture who underwent ORIF or radial head
arthroplasty via the EDC splitting approach between 2011 and
2014. The study excluded patients for whom postoperative clinical
evaluation data were not available (ie, lost to follow-up) or those
with a follow-up period of less than 12 months. Thirteen patients
were eligible and included in the final analysis.

Indications for ORIF of radial head fractures in our cohort
included patients with Mason type II radial head fractures with a
block to motion, when anatomic reduction and restoration of
articular congruity with stable fixation could be achieved, and in
younger patients whenever possible. Radial head replacement was
performed in patients with comminuted intra-articular fractures
for which stable fixation could not be performed.

Operative technique

Surgery was performed under general anesthesia in all cases with
the administration of prophylactic perioperative intravenous anti-
biotics at induction and for a further 24 hours postoperatively. All
surgeries were performed using the EDC splitting approach. Pa-
tients were positioned supine with their elbow flexed and fully
pronated on a hand table to increase the distance between the site
of incision and the PIN.26,28 A proximal arm pneumatic tourniquet
was applied and used in all patients.

A longitudinal skin incision was made directly over the radial
head, palpating it through the substance of the EDC, extending
from the central portion of the origin of the EDC at the lateral
epicondyle down along the EDC muscle belly (Fig. 1). Dissection
was continued down to the level of fascia to expose the EDC
origin. The fibers of the EDC were split over the radial head, not
more than 5 cm distal to the radiocapitellar joint along length of
proximal radius (Fig. 2), and the capsule and annular ligament
were incised to visualize the radial head and neck (Figs. 3 and 4).
A conscious effort was made to ensure retractors were not placed
with excessive force to avoid injury to the PIN. If visualized, the
PIN was protected. In all cases using this approach, the LUCL was
not encountered or injured. At the end of the procedure, the
capsule was repaired and the skin closed in layers.



Figure 3 Visualization of the exposed fractured radial head.

Figure 4 After fixation of the radial head.

Figure 2 Split made in extensor digitorum communis.
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Radial head replacements were performed using a radial head
prosthesis system (Small Bone Innovations, New York, NY, USA).
ORIF was performed using headless screws.
Postoperative rehabilitation

Immediate postoperative rehabilitation aimed to allow early
mobilization to regain elbow range of motion. Subsequent reha-
bilitation sessions focused on exercises to strengthen the elbow
and optimize elbow function to allow return to work. Patients were
started on gentle elbow flexion-extension exercises, as tolerated,
with shoulder and wrist range of motion exercises immediately
postoperatively. Gentle pronation and supination elbow exercises
were started after 2 to 3 weeks. Progressive strengthening and
weight-bearing exercises were commenced after 6 to 8 weeks.

Evaluation of outcomes

All patients had a minimum follow-up period of 12 months
postoperatively. Two independent authors (F.H., J.C.L.) who were
not involved in the initial surgical management, performed the
final postoperative clinical evaluation. The clinical assessments
consisted of the Mayo Elbow Performance Score (MEPS),21

Disabilities of the Arm, Shoulder and Hand (DASH) outcome
measure,14 and the American Shoulder and Elbow Surgeons
(ASES) elbow score.16 In addition, patients’ satisfaction of the
surgery, motion (assessed using a goniometer and compared with
the contralateral limb), stability, and strength of the elbows were
evaluated with the modified ASES elbow score. A MEPS score of
90 and above is considered excellent, 75 to 89 good, 60 to 74 fair,
and any score below 60 is considered a poor outcome.
Results

The demographics of our patient cohort are illustrated in
Table I. The mean age at the time of surgery was 40.6
years, (range, 25-61 years). The final evaluation was per-
formed at an average of 22.5 months (range, 12-36 months)
postoperatively. The dominant upper limb was injured in
84.6% of the patients. The mechanism of injury in the 13
patients consisted of 10 mechanical falls (76.9%), 2 as a
result of a sports injury (15.4%) and 1 minor road traffic
accident (7.7%). None of the patients had any neurologic or
vascular deficit at the time of the initial assessment. All
were closed fractures.

The fractures were classified according to the Mason
classification. Three radial head replacements and 10
ORIFs were performed for these fractures, as reported in
Table I. The mean time to complete ORIF of the radial head
was 85.4 minutes (range 54-121 minutes), and the time for
radial head arthroplasty was 71.8 minutes (range 51-92
minutes).

The results of the objective clinical assessments at
follow-up are summarized in Table II. At the final clinical
follow-up, all patients had returned to work. There was no
instability in external rotation or with varus and valgus
stress of the affected elbow. The mean range of motion was
110� (range, 100�-140�) of flexion/extension and 136�

(range, 105�-180�) of pronation/supination.



Table I Demographics of the patient cohort

Patient Follow-up (mon) Age (y) Gender Arm Occupation Mason classification Surgery performed

1 16 28 M D Student III Fixation
2 36 56 F ND Desk-based III Replacement
3 24 60 F D Laborer II Fixation
4 30 30 M D Laborer II Fixation
5 36 61 F D Laborer II Fixation
6 12 26 M D Desk-based II Fixation
7 22 47 F D Desk-based II Fixation
8 20 37 M D Laborer II Fixation
9 26 51 F D Homemaker III Replacement
10 32 27 M D Desk-based II Fixation
11 12 53 F D Desk-based III Replacement
12 12 32 M ND Laborer II Fixation
13 14 47 F D Desk-based II Fixation

D, dominant; F, female; M, male; ND, nondominant.

Table II Results of the clinical evaluations performed at last follow-up

Patient Range of motion (�) Stable Power

Extension/flexion Pronation/supination Extension/flexion Pronation/supination

1 10/140 55/50 Yes 5/5 4/4
2 0/140 80/80 Yes 4/4 4/5
3 5/120 70/70 Yes 5/5 4/4
4 10/140 55/50 Yes 5/5 4/5
5 15/120 70/70 Yes 5/5 4/5
6 5/120 70/70 Yes 5/5 5/5
7 0/130 90/90 Yes 5/5 4/5
8 10/120 60/50 Yes 5/5 4/4
9 10/140 70/70 Yes 5/5 4/4
10 10/120 60/60 Yes 5/5 5/5
11 10/140 90/90 Yes 5/5 5/5
12 10/120 60/60 Yes 4/4 4/4
13 20/120 70/70 Yes 5/5 4/4
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Intraoperative image intensifier images and post-
operative radiographs were obtained in all patients and
assessed for adequacy of treatment. The 3 radial head
replacements were well positioned and appropriately
sized, with no overstuffing. Satisfactory articular reduc-
tion and fixation were achieved in the 10 ORIF patients.
No patients required revision surgery or encountered
complications.

Outcome scores

The outcome scores are summarized in Table III. The mean
MEP score was 90 (range, 80-100), with 6 of the 13 pa-
tients being scored ‘‘excellent,’’ and the remaining 7 scored
‘‘good.’’ The mean ASES elbow score was 89.6 (range, 77-
97), and the mean DASH score was 12.8 (range, 6.67-25.8).
Patients reported a mean overall ASES satisfaction score of
8.5 (range, 6-10). There were no cases of deep infection,
nonunion, radial nerve injury, instability, dislocation, fixa-
tion, or implant failure at the last follow-up assessment.

Patients 2, 9, and 11, who underwent radial head
replacement, had a mean MEPS of 95 (range, 85-100), a
mean ASES elbow score of 94.7 (range, 92-97), a mean
DASH score of 7.5 (range, 6.7-8.3) and a mean overall
ASES satisfaction rating of 9.3 (range, 9-10). The
remaining patients, who underwent ORIF, had a mean
MEPS of 91.1 (range, 80-100), a mean ASES elbow score
of 88.1 (range, 77-93), a mean DASH score of 14.4 (range,
6.7-25.8), and a mean overall ASES satisfaction score of
8.3 (range, 6-10).
Discussion

Our results have shown that the EDC splitting approach can
be safely used for surgery on the radial head, whether



Table III Patient-reported outcome scores

Patient MEPS ASES score DASH

Elbow Satisfaction

1 85 88 7 19.2
2 100 97 9 7.5
3 95 93 10 11.7
4 85 86 9 19.2
5 100 93 10 6.7
6 85 89 9 8.3
7 100 91 9 8.3
8 80 86 7 6.7
9 85 92 9 8.3
10 95 90 8 19.2
11 100 95 10 6.7
12 80 77 6 25.8
13 80 88 8 19.2

ASES, American Shoulder and Elbow Surgeons; DASH, Disabilities of the

Arm, Shoulder and Hand; MEPS, Modified Elbow Performance Score.

280 F. Han et al.
internal fixation or replacement. All patients regained
functional range of motion,22 with no incidences of insta-
bility or nerve palsy. Good results were also obtained in
patient satisfaction and outcome scores postoperatively.

The Kocher approach is a familiar, commonly per-
formed lateral approach that avoids exposure of the PIN,
with protection provided by the surrounding muscle bellies.
Using the Kocher approach on the pronated forearm also
provides a safe working surgical field away from the PIN.
The advantages of the EDC splitting approach, however,
are being increasingly recognized: it involves less soft tis-
sue dissection than the Kocher approach, provides superior
exposure to the anterior aspect of the radial head, and may
reduce the risk of iatrogenic elbow instability. In isolated
radial head fractures, the EDC splitting approach may thus
be the more reliable technique.

The current literature on the EDC splitting approach
consists predominantly of descriptive cadaveric studies.
Desloges et al6 compared the surface area exposure ob-
tained with the EDC splitting approach to the Kocher
approach in fresh frozen cadavers, finding that the former
consistently provided a greater degree of exposure to the
anterior aspect of the radial head. This came primarily
from better exposure of the anteromedial radial head, a
vital feature given that a recent study showed that 79% of
Mason type II fractures extended to the anteromedial
quadrant.27 They further found that although greater
visualization was achieved with extension of the Kocher
approach, this necessitated detachment of the common
extensor origindan important secondary stabilizer of the
elbow5dwith postulated consequent instability.5,20 If the
Kocher approach is not extended, adequate visualization
of the anterior radial head often requires anterior retrac-
tion of the ECU and EDC muscle bellies, and aggressive
retraction in this manner puts the PIN at risk of traction
injury.

Moreover, they theorized that the proximity of the
Kocher interval to the LUCL indicates that use of the EDC
splitting approach should reduce the risk of iatrogenic
LUCL damage. Iatrogenic injury to the LCL complex may
lead to chronic posterolateral rotatory instability,4,5,23

which involves external rotation at the ulnohumeral artic-
ulation and resultant posterolateral subluxation of the radial
head. The LCL is a constraint to external rotation, with the
LUCL considered to be the main constraint to varus and
rotatory laxity.5,23 In our study, the LUCL was not violated
during the surgical approach. We did not incise and repair
the LCL complex as in the Kocher approach. None of our
patients reported instability in external rotation.

The EDC splitting approach was performed in all pa-
tients in our series with the forearms in pronation, which is
predicated on an anatomic study by Strachan and Ellis,25

who described the position of the PIN in the cadaveric
forearm. They showed that pronation moved the PIN by
approximately 1 cm more medially from the elbow joint to
the radial tubercle. Diliberti et al7 have also demonstrated
that full pronation places the PIN further from the plane of
dissection, thus minimizing risk of injury to the nerve.
More specifically, a cadaveric study by Schimizzi et al24

recommended minimum safe dissection distances of up to
29 mm from the radiocapitellar joint and up to 42 mm from
the lateral epicondyle with the forearm in pronation. The
average distances from the radiocapitellar joint and lateral
epicondyle in the Schimizzi et al study were 48.2 mm and
68.7 mm, respectively.

Importantly, all patients had regained functional range
of motion at 1-year follow-up. A study by Giannicola
et al10 showed that after surgery to the radial head, the
critical time period for recovery of range of motion was
the first 6 months. The mean MEPS of 90 obtained in our
cohort is comparable to those reported for both ORIF18

and radial head replacement2 performed via the Kocher
approach. Similarly comparable ASES15 and DASH18,28

scores were obtained in this study. Several studies have
been performed to delineate patients who require ORIF
from those who require radial head replacements9,29 as
well as the comparative clinical outcomes after these
surgeries,1,29 and it is not our intent in this study to
address either of these issues. We simply propose that the
use of the EDC splitting approach in performing either
type of surgery does not result in poorer outcomes
objectively and subjectively.

The PIN provides motor innervation to the extensor
compartment of the forearm, and damage to the PIN
potentially results in significant functional deficit. Although
the exact incidence of iatrogenic PIN damage has never
been reported, it is not an uncommon occurrence, particu-
larly with surgeons inexperienced in approaching the
proximal radius. In attempts to minimize the risk of
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iatrogenic PIN injury, myriad cadaveric dissection studies
have been performed to assess the anatomic variation of the
nerve.3,11 We do not recommend an incision into the EDC
beyond 5 cm distal to radiocapitellar joint along length of
proximal radius because the EDC is shown to receive
branches from the PIN after the PIN has sent branches to
the supinator.19 The PIN exits the supinator approximately
5.8 cm from the radiocapitellar joint.3 With an EDC inci-
sion of not more than 5 cm, as described in our case series,
denervation of the EDC by splitting it as described in this
report is therefore unlikely.

After a prerequisite learning curve, the EDC splitting
approach should not take any longer to perform than the
current standard approaches. Although we did not have
operative times using the Kocher approach from our local
center for comparison, the mean operative time in our
cohort was comparable to those reported in other studies.
Al-Burdeni et al1 reported mean operative times of
129.2 minutes for ORIF and 96.8 minutes for arthroplasty.

The strengths of this study include that all patients were
followed up and that the clinical examination findings and
postoperative outcome scores were studied by the authors
who were not involved in the initial surgical management
and were blinded to the surgical approach used in these
patients, thus minimizing bias.

There are recognized limitations of this study. The small
sample size and the retrospective nature of this study limit
the strength of the conclusions we can draw from our re-
sults. As mentioned, the overall incidence of elbow frac-
tures is relatively low, and often, the presence of other
concurrent injuries necessitates greater exposure of the
elbow than can be provided from lateral approaches. Our
study did not have a control group or preoperative scores
for comparison. We have, however, shown the good func-
tional outcomes obtained via this approach to be at least
equivalent to those obtained via the Kocher approach. We
believe this preliminary study is an important first step in
the clinical translation of cadaveric studies performed thus
far. Future multicenter studies with a larger number of
patients could clarify some of the issues raised in this study.
Conclusion
The EDC splitting approach was successfully used to
perform ORIF and radial head arthroplasty in our case
series of 13 patients with no adverse events. All patients
had good functional outcomes at a minimum follow-up
period of 1 year postoperatively, with no iatrogenic
injury to the PIN or LUCL. This approach is a viable
alternative for surgical exposure of the radial head and
should be more commonly used for surgical treatment of
isolated radial head fractures. Larger-scale studies are
required to further identify the limitations of this
approach.
Disclaimer
The authors, their immediate families, and any research
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article.
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