
Current Treatment Strategies for
Bicolumnar Distal Humerus
Fractures

Abstract

Management of distal humerus fractures continues to challenge
orthopaedic surgeons. The unique and complex anatomy of the
distal humerus, involving the ulnohumeral and radiocapitellar joints,
makes anatomic reduction difficult and hardware placement
challenging. However, long-term results of well-performed open
reduction and internal fixation demonstrate satisfactory outcomes in
most patients. Osteoporosis in the elderly population often leads to
severe comminution, which may render open reduction and internal
fixation impossible. Total elbow arthroplasty in the elderly has
become a viable option, with excellent results in the properly
selected patient who understands the lifetime limitations of this
option. Distal humeral replacement is a new and potentially exciting
option but it is currently not approved by the US Food and Drug
Administration and has no long-term follow-up to support its use.

Fractures of the distal humerus ac-
count for 0.5% to 7% of all frac-

tures, and 30% of elbow fractures.1

These fractures are difficult to man-
age because of osteoporotic bone,
anatomic complexity, and articular
and metaphyseal comminution. Dis-
tal humerus fractures occur most
commonly in a bimodal distribution:
in younger people in their second de-
cade as the result of high-energy
trauma, and in elderly women as the
result of relatively low-energy injury
(ie, fall) in the setting of osteoporo-
sis. Distal humerus fractures will
likely increase in incidence as the el-
derly proportion of the population
increases. The basic treatment princi-
ple for distal humerus fractures is
similar to that for other intra-
articular fractures: stable anatomic
reconstruction of the joint to allow
early mobilization. Treatment op-
tions include bracing, open reduction
and internal fixation (ORIF), total

elbow arthroplasty (TEA), and distal
humerus replacement.

Anatomy

The distal humerus is involved in
two joints: the ulnohumeral, which
allows for flexion and extension of
the elbow, and the radiocapitellar,
which allows forearm rotation. The
ulnohumeral joint is essentially a
hinge joint, whose axis of rotation
lies in 3° to 9° of external rotation
and 4° to 8° of valgus in relation to
the humeral shaft, which contributes
to the carrying angle of the elbow.
The trochlea forms the center of the
hinge and is supported by the medial
and lateral columns; it has a 300°
arch of cartilage, which leads to the
highly constrained association with
the olecranon, thus providing the
bony stability of the elbow.

The medial column diverges from
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the humeral shaft at a 45° angle, and
the lateral column diverges at a 20°
angle. The medial column terminates
as the medial epicondyle, which
serves as the origin of the anterior
and posterior bundles of the medial
collateral ligament and the flexor/
pronator mass, so that anatomic re-
duction of this structure is critical for
elbow stability. The lateral column
terminates as the lateral supracondy-
lar ridge and epicondyle, which pro-
vide the origins of the lateral collat-
eral ligament and extensor mass
(also critical for stability), and in the
capitellum anteriorly. The olecranon
and coronoid fossae accommodate
their corresponding portions of the
proximal ulna during extension and
flexion, respectively.

The most pertinent neurovascular
structures involved in the manage-
ment of distal humerus fractures are
the ulnar and radial nerves. The ra-
dial nerve exits the spiral groove ap-
proximately 101 to 148 mm from
the lateral epicondyle and courses
anteriorly through the lateral intra-
muscular septum at an average of 10
cm above the elbow joint line, but
never closer than 7.5 cm.2 The ulnar
nerve travels anterior to the medial
intermuscular septum in the upper
arm until reaching the arcade of
Struthers, about 8 cm above the me-
dial epicondyle, where it crosses into
the posterior compartment, and then
continues behind the medial epi-
condyle through the cubital tunnel.2

The ulnar nerve enters the anterior
forearm by traveling between the
two heads of the flexor carpi ulnaris.
The median nerve and brachial ar-
tery travel anterior to the elbow
joint, are rarely injured in adult dis-
tal humerus fractures, and are not
commonly encountered during surgi-
cal treatment. Both course anterior
to the medial intermuscular septum,
then between the pronator teres and
the distal biceps brachii tendon, the
nerve lying medial to the artery.

Injury Evaluation

The common signs and symptoms of
distal humerus fractures are pain,
swelling, deformity, and, sometimes,
instability of the elbow after a fall. A
complete neurovascular examination
of the radial, median, ulnar, and an-
terior and posterior interosseous
nerves should be completed both be-
fore and after any manipulation.
One case series noted an ipsilateral
limb fracture in 17% and incomplete
ulnar nerve palsy in 26% of patients
presenting with complete articular
distal humerus fractures.3 The skin
should be carefully inspected so as
not to overlook a subtle open frac-
ture. Significant posterior soft-tissue
injuries (eg, road rash, degloving,
fracture blisters) may need to be
managed with prolonged elevation,
delayed surgery, or avoidance in
planning the skin incision.

AP and lateral radiographs of the el-
bow and humerus should be standard
images. Traction radiographs can help
define fragments that may be impacted
or collapsed. CT scans with two-
dimensional views can be helpful as
long as they are formatted in the cor-
rect plane. Three-dimensional recon-
structions can compensate for oblique
scans and often allow for subtraction
of the radius and ulna. This technique
can further illustrate fracture level, area
and degree of comminution, articular
incongruity, and column involvement.
All of these factors can affect the sur-
gical approach and ultimate treatment.

Classification

The AO/OTA classification scheme
for distal humerus fractures is similar
to that for other periarticular frac-
tures: type A fracture is extra-
articular metaphyseal, transcondylar,
and apophyseal; type B fracture is
partial articular; and type C is com-
plete articular. More specific sub-

types are associated with each4 (Fig-
ure 1). This classification system is
currently used worldwide. Another
classification scheme, advocated by
Jupiter and Mehne,5 is based on in-
traoperative observations of fracture
patterns, which can help dictate the
surgical approach (Figure 2). The
high T fracture involves a horizontal
transcolumnar fracture as well as a
vertical fracture extending to the ar-
ticular surface. In a low T fracture,
the transverse component crosses
through the olecranon fossa. The Y
fracture has oblique fractures
through each column, with a vertical
component extending to the joint. In
an H fracture, the trochlea is de-
tached from the medial and lateral
columns. The lambda fracture can be
either medial or lateral, based on
which column is intact; both have a
free trochlear fragment. Davies and
Stanley6 recently posed a new classi-
fication that combines those of Rise-
borough and Radin,7 the AO/OTA,4

and Jupiter and Mehne;5 they re-
ported high reliability and reproduc-
ibility with their system.

Nonsurgical Management

Surgical management of distal humerus
fractures was initially unpredictable,
with poor outcomes. With subsequent
advances in hardware and techniques,
nonsurgical management of distal hu-
merus fractures is mainly reserved for
medically unstable older patients, those
with limited arm function (eg, paraly-
sis), and some nondisplaced fractures.
However, several authors have reported
good outcomes with bracing of extra-
articular supracondylar, distal one-third
humeral shaft fractures.8 Nonsurgi-
cal management of displaced com-
plete intra-articular fractures can be
unsuccessful for several reasons.
Closed reduction with immobil-
ization is difficult to achieve and
maintain and can lead to joint incon-
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gruity. Additionally, prolonged im-
mobilization of the adult elbow leads
to stiffness.

Surgical Management

Approaches
There are a variety of surgical ap-
proaches to the distal humerus. A

universal posterior midline incision
provides exposure to both columns
by raising full-thickness fasciocuta-
neous flaps. In the rare case of a
single-column injury (type A or B), a
direct medial or lateral skin incision
may be used, although some sur-
geons perform combined incisions
for fractures involving both columns.
One study found that patients under-

going a posterior incision had supe-
rior outcomes to those undergoing
separate medial and lateral ap-
proaches for type C distal humerus
fractures.9 When ulnar nerve trans-
position is chosen, the nerve should
be identified and mobilized out of
the cubital tunnel, typically 6 cm
proximally and distally to the medial
epicondyle, by releasing and excising
the distal medial intermuscular sep-
tum, as well as releasing the arcuate
(Osborne) ligament and the fascia of
the flexor carpi ulnaris.

Illustrated AO/OTA classification of distal humerus fractures: type A, extra-
articular; type B, partial articular; and type C, complete articular. Each type
has further subdivisions based on the increasing complexity of the fracture
pattern. (Reproduced with permission from Müller ME, Allgöwer M, Schneider
R, Willenegger H, Perren SM: Manual of External Fixation: Techniques
Recommended by the AO-ASIF Group. Heidelberg, Germany, Springer-
Verlag, 1995, p 129.)

Figure 1

Jupiter and Mehne classification of
distal humerus fractures based on
intraoperative findings. A, High T.
B, Low T. C, Y. D, H. E, Medial
lambda. F, Lateral lambda.
(Adapted with permission from
Mehne DK, Jupiter JB: Fractures of
the distal humerus, in Browner BD,
Jupiter JB, Levine AM, Trafton PG,
eds: Skeletal Trauma, ed 2.
Philadelphia, PA, WB Saunders,
1992, vol 2, pp 1146-1176.)

Figure 2
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In the triceps-sparing (ie, paratri-
cipital) approach, as described by
Alonso-Llames,10 the anconeus and
triceps are elevated off the posterior
humerus between the lateral and me-
dial intermuscular septa. This ap-
proach often provides adequate ex-
posure for extra-articular (type A) or
simpler intra-articular fractures by
working through windows medially
and laterally to the mobilized triceps.
The paratricipital approach also al-
lows for conversion to an olecranon
osteotomy should more extensive ex-
posure or conversion to TEA be re-
quired. The triceps-splitting ap-
proach, as described by Campbell,11

involves a posterior longitudinal split
in the muscle with the insertion left
intact. The Bryan-Morrey approach
leaves the triceps attached to the fas-
ciocutaneous flap by dissecting me-
dial to lateral while detaching the
distal insertion on the ulna.12 This
approach is typically reserved for
TEA. O’Driscoll13 described the
triceps-reflecting anconeus pedicle
approach, which involves the Kocher
approach laterally and the paratri-
cipital approach medially. The anco-
neus and triceps are detached from

their insertions distally in a V shape
and reflected proximally. These mus-
cles can be repaired back down with
sutures brought through drill holes
in the ulna.

An olecranon osteotomy approach
is useful for accessing complex intra-
articular fractures because it pro-
vides the most extensive exposure to
the articular surface. One anatomic
study found that 57% of the articu-
lar surface could be visualized with
an olecranon osteotomy, whereas
only 35% and 46% of the surface
could be visualized with triceps-
splitting and triceps-sparing ap-
proaches, respectively.14 An apex-
distal chevron osteotomy is done
using an oscillating saw 2.5 to 3 cm
from the olecranon tip down to sub-
chondral bone and is completed with
an osteotome. The osteotomy should
exit in the nonarticular “bare area”
between the olecranon articular facet
and the coronoid articular facet. The
olecranon osteotomy can be repaired
later with a tension band technique,
compression plating, or cancellous
lag screw (which can be predrilled).

Proponents of the triceps-sparing
and -splitting approaches cite as an

advantage the avoidance of possible
complications associated with olec-
ranon osteotomy, including non-
union, stiffness, and symptomatic
hardware. The olecranon osteotomy
and the paratricipital approaches al-
low for early range of motion
(ROM), while protected motion is
required for the triceps-reflecting an-
coneus pedicle and Bryan-Morrey
approaches to allow tendon-to-bone
healing (Figure 3).

Open Reduction and
Internal Fixation
For more than 20 years, studies have
demonstrated superior clinical out-
comes of surgical management of
displaced intra-articular distal hu-
merus fractures versus nonsurgical
treatment. The goal of ORIF of a
distal humerus fracture is to anatom-
ically reconstruct the elbow joint
with a rigid construct that allows for
early ROM. It should be considered
in the patient with an otherwise
functional arm who can tolerate the
surgery from a medical perspective
and in whom stable fixation to the
bone can be obtained (ie, not se-

Illustration of various approaches to the distal humerus through the extensor mechanism. A, Triceps-splitting.
B, Triceps-reflecting anconeus pedicle. C, Bryan-Morrey. D, Olecranon osteotomy. Anc = anconeus, ECU = extensor
carpi ulnaris, FCU = flexor carpi ulnaris, O = olecranon. (Reproduced with permission from Robinson CM: Fractures of
the distal humerus, in Bucholz RW, Heckman JD, Court-Brown C, eds: Rockwood and Green’s Fractures in Adults, ed
6. Philadelphia, PA, 2006, pp 1059-1064.)

Figure 3
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verely osteoporotic).
Fixation typically proceeds in a

distal-to-proximal direction, begin-
ning by lagging fragments together
provisionally with small, threaded
Kirschner wires, until a complete ar-
ticular fracture can be converted to a
partial articular fracture by attach-
ment of the articular fragment to a
column. A combination of standard
lag screws, mini-fragment screws,
variable-pitch countersunk screws,
and bioabsorbable implants can be

used to salvage as much articular
surface as possible to allow for maxi-
mal joint congruity. Structural autol-
ogous bone graft from the iliac crest
with bridge plating can be used to fill
in large defects and/or prevent inter-
condylar width narrowing; rarely, a
supracondylar shortening osteotomy
may be performed. Rigid buttress
support with dual plating is then ap-
plied once the joint surface is recon-
structed. Precontoured periarticular
distal humerus locking plates domi-

nate current treatment for distal hu-
merus fractures, but additionally,
3.5-mm pelvic reconstruction plates
or limited-contact dynamic compres-
sion plates provide adequate rigidity
when there is bicolumnar fixation,
whereas one-third tubular plate con-
structs have been shown to be sus-
ceptible to breakage and do not have
adequate strength.15 Orthogonal (ie,
“90-90”) plating can be performed
by placing one plate on the postero-
lateral surface of the distal humerus
and the other on the medial column
(Figure 4). Alternatively, “parallel-
plating” may be performed by plac-
ing plates along the medial and
lateral columns. O’Driscoll16 has
suggested several principles that
should be observed whenever possi-
ble with regard to fixation of distal
humerus fractures with parallel plat-
ing (Table 1). Important caveats to
these guidelines include understand-
ing that not all screws should be in-
corporated into the plate and that all
screws should serve a purpose. One
anatomic advantage of orthogonal
plating is that screws may be placed
quite distally on the posterolateral

A, Preoperative radiograph of a 24-year-old right-hand–dominant woman with a complete articular distal humerus
fracture (AO/OTA type C2). B, Preoperative lateral radiograph. C, Coronal CT scan demonstrating intra-articular
comminution. Postoperative AP (D) and lateral (E) radiographs after open reduction and internal fixation with 90-90
plating using precontoured locking plates through an olecranon osteotomy. (Courtesy of William N. Levine, MD.)

Figure 4

Table 1

Technical Pearls for Surgical Fixation of Distal Humerus Fractures

Every screw in the distal fragments should pass through a plate
Engage a fragment on the opposite side that is also fixed to a plate
As many screws as possible should be placed in the distal fragments
Each screw should be as long as possible
Each screw should engage as many articular fragments as possible
The screws in the distal fragments should lock together by interdigitation, creating a

fixed-angle structure
Plates should be applied such that compression is achieved at the supracondylar level

for both columns
The plates must be strong enough and stiff enough to resist breaking or bending

before union occurs at the supracondylar level

Reproduced with permission from O’Driscoll SW: Optimizing stability in distal humeral
fracture fixation. J Shoulder Elbow Surg 2005;14(1 suppl S):186S-194S.
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plate to help capture coronal frac-
tures involving the capitellum. TEA
should be considered when there is
concern that a stable, anatomic con-
struct cannot be achieved. Triple
plating is another option in highly
unstable fractures and can augment
stabilization of coronal plane frag-
ments.3 Once the fixation is thought
to be stable, the elbow must be put
through its range of motion to assess
for hardware impingement.

Biomechanics of Plate
Configuration and Type
Significant controversy exists about
whether orthogonal or parallel plat-
ing is superior for fixation of distal
humerus fractures. Schwartz et al17

reported no significant difference in
stiffness between the two configura-
tions in a biomechanical study using
epoxy composite humeri. This study
did, however, find significantly lower
longitudinal strain to axial compres-
sion in the orthogonal group, but
lower transverse strain to torsion in
the parallel group, although the au-
thors questioned the in vivo signifi-
cance of these findings. In contrast,
Arnander et al,18 using a similar
model, demonstrated significantly
higher strength and stiffness in the
parallel group versus the orthogonal

group when subjected to sagittal
bending forces. A biomechanical
study that specifically examined
locked plating of the distal humerus
on cadaver bone demonstrated a
greater stability in compression and
external rotation of parallel plating
versus orthogonal.19 Korner et al20

compared standard and locking
plates in dual dorsal or orthogonal
configuration and found that the tor-
sional stiffness and restraint to sagit-
tal bending were best with orthogo-
nal locking plates. In summary, it
appears that there is no clear biome-
chanical superiority of one dual plate
configuration over the other.

Outcomes of ORIF
Numerous studies have demon-
strated favorable outcomes with
both orthogonal and parallel plating
techniques of distal humerus frac-
tures. No study demonstrates superi-
ority of one configuration over the
other in terms of clinical outcomes
(Table 2). Plate placement was typi-
cally based on fracture configura-
tion.

Total Elbow Arthroplasty
TEA can be a better option than
ORIF in the elderly patient with a
distal humerus fracture with severe

articular comminution in the setting
of osteoporotic bone. TEA is also the
treatment of choice in the patient
who has preexisting inflammatory
degeneration of the elbow (ie, rheu-
matoid arthritis). Disadvantages of
TEA include activity restrictions,
typically a lifting limit of 5 pounds
(which is especially problematic in
obese individuals), and the risks of
prosthetic loosening, polyethylene
wear of the bushing, periprosthetic
fracture, and infection.

Cobb and Morrey26 reported 100%
good or excellent results by the Mayo
Elbow Performance Score (MEPS) in a
cohort of 20 patients treated with TEA
for distal humerus fractures at a mean
of 3.3 years (Table 3). They concluded
that TEA is a reasonable treatment
acutely for comminuted, intra-articular
distal humerus fractures in the elderly
patient and the patient with underlying
rheumatoid arthritis. Kamineni and
Morrey27 demonstrated good func-
tional outcomes but a complication
rate of 29% in another series of TEA
patients; they cautioned that TEA
should be restricted to the older, low-
demand patient in whom ORIF is
not feasible. Garcia et al28 reported
3-year follow-up of elderly patients
who underwent TEA for distal hu-
merus fracture and found a mean

Table 2

Combined Outcomes for Open Reduction and Internal Fixation of Distal Humerus Fractures

Study
Mean Follow-up

(mo) Outcome Score
Flexion-extension

Arc (degrees)
Complication

Rate (%)

Ozdemir et al9 82 Jupiter, 62% good to excellent 89 29
Huang et al21 97 MEPS, 100% good to excellent 112 11
Doornberg et al22* 228 ASES, 96; DASH, 7; MEPS, 91 106 14
Gofton et al2 45 DASH, 12 122 48
Aslam and Willett23 35 Broberg and Morrey Index,

70% good to excellent
112 25

Sanchez-Sotelo et al24 24 MEPS, 85 99 22
McKee et al25 37 DASH, 20 108 24

* One patient who underwent elbow arthrodesis excluded
ASES = American Shoulder and Elbow Surgeons score, DASH = Disabilities of the Arm, Shoulder, and Hand score, MEPS = Mayo Elbow
Performance Score
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Disability of the Arm, Shoulder, and
Hand score of 23 and a MEPS score
of 93, with 15 of 16 patients satis-

fied with their outcome. Demiralp
et al29 reported the longest follow-up
of TEA for distal humerus fractures,

which consisted of 7 patients with a
mean age of 23 at a nearly 10-year
follow-up who had been treated with
TEA for distal humerus fractures
caused by gunshots. Five results were
poor, with two patients with septic
prosthesis loosening and three with
aseptic loosening. This is not the
typical demographic for most TEA
studies, but the study does draw at-
tention to the fact that long-term
complications may be overlooked
with short- to intermediate-term
follow-up studies.

ORIF Versus TEA
Several studies have compared TEA
with ORIF for intra-articular distal
humerus fractures. A comparison of
case series that studied TEA or ORIF
separately found no strong evidence
in favor of either.30 A retrospective
case series of women aged >65 years
with distal humerus fractures
showed more excellent or good re-
sults by the MEPS in TEA versus
ORIF31 (Figures 5 and 6). A random-
ized controlled trial of surgical treat-
ment of distal humerus fractures in
patients aged >65 years demon-
strated a better MEPS in the TEA
group than in the ORIF group at 2-
year follow-up.32 The authors noted
that 25% of the group initially ran-
domized to ORIF had to be con-
verted to TEA intraoperatively, sug-

Table 3

Combined Outcomes for Total Elbow Arthroplasty for Distal Humerus Fractures

Study
Mean Patient

Age (yr) Follow-up (mo) Outcome Score
Flexion-extension

Arc (degrees)
Complication Rate

(%)

Cobb and
Morrey26

72 40 MEPS, 100% good to
excellent

105 5

Kamineni and
Morrey27

76 84 MEPS, 93 107 29

Garcia et al28 73 36 MEPS, 23
DASH,93

101 11

Demiralp et al29* 23 117 MEPS, 11 50 71

* Total elbow arthroplasty performed at a mean of 26 months after injury
DASH = Disabilities of the Arm, Shoulder, and Hand score, MEPS = Mayo Elbow Performance Score

AP (A) and lateral (B) preoperative radiographs of a 70-year-old right-
hand–dominant woman with a comminuted distal humerus fracture (AO/OTA
type C3). C, Operating room photograph of multiple comminuted fragments
removed from the patient. Postoperative AP (D) and lateral (E) radiographs
demonstrate total elbow arthroplasty. (Courtesy of William N. Levine, MD.)

Figure 5
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gesting that TEA also helped to
decrease the need for revision. This is
the only level I clinical study regard-
ing treatment of distal humerus frac-
tures; thus, it provides strong evi-
dence in favor of TEA over ORIF for
distal humerus fractures in elderly
patients. Prasad and Dent33 com-
pared patients who underwent pri-
mary TEA for distal humerus frac-
tures with those who underwent
conversion from failed ORIF at a
mean follow-up of 4.7 years. They
found no significant difference in
functional scores, complication rate,
or survivorship, demonstrating that
TEA can be successful even in the
presence of failed ORIF.

Elbow Arthrodesis
Elbow fusion may be considered as a
last-resort salvage option for particu-
lar patients with distal humerus frac-
tures. Potential indications for elbow
arthrodesis in the patient with a dis-
tal humerus fracture include painful
posttraumatic arthritis with or with-
out instability, severe bone or soft-
tissue loss, chronic persistent infec-
tion, concominant neurologic injury,
and failed TEA. Koller et al34 pre-
sented results of 14 elbow arthro-
deses (8 of which involved sequelae
of distal humerus fractures) per-
formed by either compression plating
or external fixation with lag screw
fixation at a mean flexion angle of
approximately 100°. Of the patients
available for a mean 37-month
follow-up, 8 had no pain and 4 had
moderate pain. The complication
rate was 43%, but all patients had
achieved arthrodesis at final follow-
up.

Elbow Hemiarthroplasty
(Distal Humerus
Replacement)
Currently proposed indications for
elbow hemiarthroplasty for distal
humerus fractures include younger

patients (typically aged <65 years)
with severely comminuted fractures
that cannot be reconstructed with in-
ternal fixation and/or for which non-
surgical care is not an option—for
example, low transcondylar fractures
or shear fractures of the capitellum
or trochlea distal to the collateral lig-
ament origins (Figure 7). Some pos-
tulate that elbow hemiarthroplasty is
a better choice in this patient popula-
tion because TEA would lead to
early loosening caused by greater ac-
tivity demands.35 Distal humerus re-
placement is not currently approved
by the US Food and Drug Admin-
istration, so if it is to be used, it
should be performed with caution
and only by experienced elbow sur-
geons who have made every attempt
to perform ORIF of the aforemen-
tioned fractures, but to no avail. Ab-
solute requirements for successful el-
bow hemiarthroplasty include intact
or repairable collateral ligaments
and the ability to reconstruct one or,
ideally, both columns of the distal

humerus.35 The ability to repair the
radial head is no longer necessary be-
cause current prostheses have com-
ponents that incorporate a radial
head replacement. All of the compli-
cations for TEA can occur in elbow
hemiarthroplasty but with the addi-
tional complications of instability as
a result of unrecognized or unad-
dressed collateral ligament injury,
complications related to the olecra-
non osteotomy, and degenerative
sclerosis of the sigmoid notch.

Few outcome data exist on current
hemiarthroplasty designs. One study
of 11 patients followed in the short
term reported a mean American
Shoulder and Elbow Surgeons score
of 80.6, with one person experienc-
ing ulnar neuropathy, three with
symptomatic olecranon hardware,
and one developing ulnohumeral ar-
throsis.30 Another study of 4 patients
followed for a mean of 10 months
reported 3 excellent and 1 good re-
sult according to the MEPS, with no
complications.36 With a paucity of

Photographs of the patient in Figure 5 demonstrating flexion (A) and
extension (B) 1 year after surgery. (Courtesy of William N. Levine, MD.)

Figure 6
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data, which include a short-term
study with nearly 50% complica-
tions, and no US Food and Drug Ad-
ministration approval at this time,
distal humerus replacement should
be considered only as a last resort.

Rehabilitation

The arm of a patient who undergoes
ORIF is usually splinted in slight
flexion (30° to 40°) and neutral rota-
tion, and the limb is elevated. If the
construct is thought to be stable,
then gravity- and active-assisted
ROM exercises are started after 7 to
10 days to allow skin healing. Mo-
tion can be delayed for a maximum
of 2 to 3 weeks when there is con-
cern for healing of a severe soft-
tissue injury. Active hand, wrist, and
shoulder ROM should be started im-
mediately postoperatively. Resistance
exercises are delayed typically until

radiographic evidence of healing is
seen, usually at 8 to 12 weeks. No
special precautions are taken for the
olecranon osteotomy. In cases in
which fixation is not ideal, the elbow
is immobilized for up to 2 weeks but
should not be immobilized longer be-
cause of the risk of long-term stiff-
ness. In fact, immobilization for
longer than 2 to 3 weeks has been
described as a factor negatively af-
fecting outcome.37 TEA and elbow
hemiarthroplasty arms are typically
splinted for 7 to 10 days, partly to
allow skin healing; then active-
assisted ROM exercises are begun.

Complications

Although certain complications are
specific to treatment type, some are
common to elbow injuries in general.
All patients with traumatic elbow in-
jury should be counseled about some

loss of motion, typically terminal ex-
tension. Elbow stiffness is common
after distal humerus fractures and
can arise from a variety of causes
(both intrinsic and extrinsic), includ-
ing articular incongruity or adhe-
sions, capsular contractures, loose
bodies, heterotopic ossification, and
prominent hardware. When stiffness
persists despite aggressive physical
therapy and splinting, the column
procedure, as described by Mansat
and Morrey,38 may be of use. This
technique involves a limited lateral
approach, capsular release with or
without resection, and heterotopic
ossification and osteophyte excision.
Posttraumatic arthritis should also
be recognized as a long-term sequela
of articular incongruity.

The reported incidence of hetero-
topic ossification following surgery
for distal humerus fractures varies
from zero to 49%.21,39 Heterotopic
ossification, however, often does
not cause functional deficits, and
therefore resection is not typically
necessary.3 Although the routine use
of pharmacologic prophylaxis for
heterotopic ossification is controver-
sial, nonsteroidal anti-inflammatory
drugs should be considered in pa-
tients at high risk because of injury
(eg, central nervous injury, open
fracture). There are currently no clin-
ical studies describing the effica-
cy of specific nonsteroidal anti-
inflammatory drugs in prevention of
heterotopic ossification in the elbow,
although indomethacin is often used.
Treatment delay of more than 24 to
48 hours has been implicated by
some as a factor that increases the
risk of postoperative heterotopic os-
sification.

Complications of ORIF

Södergård et al40 reported on a series of
27 patients who experienced complica-
tions following ORIF of distal humerus

Postoperative AP (A) and lateral (B) radiographs of a 68-year-old right-
hand–dominant woman with a low comminuted transcondylar fracture treated
with lateral column open reduction, internal fixation, collateral ligament repair,
and humeral hemiarthroplasty. (Courtesy of William N. Levine, MD.)

Figure 7
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fractures, many of whom had been
treated >20 years previously. They
noted fixation failure as the most com-
mon complication,27 followed by
nerve injury18 and infection.9 Gofton
et al2 reported a complication rate of
48%, which included heterotopic os-
sification (17%), olecranon non-
union (9%), and infection (9%). The
other previously referenced studies
reported complication rates of 11%
to 29%.22,24,41

The rate of hardware failure and
resulting nonunion of distal humerus
fractures with precontoured, periar-
ticular locking plates is low. The rate
of nonunion following distal hu-
merus ORIF has been cited as 2% to
10% by Helfet et al,42 who reported
a union rate of 98% in a series of re-
vision ORIF, although 29% of pa-
tients required additional surgery.
These authors cited stable fixation,
aggressive contracture release, and
autologous bone graft as keys to suc-
cessful treatment of the nonunions.
As mentioned previously, conversion
to TEA can be considered in the el-
derly, low-demand patient with non-
union.43 Ring et al44 reported a 75%
union rate in a series of 15 patients
with distal humerus nonunion, with
the remainder converted to TEA. In
addition to the previously described
techniques, these authors employed
supplemental external fixation and
vascularized fibula graft in some
cases.

Ulnar neuropathy can occur during
the initial injury or iatrogenically
during surgical fixation. The rate of
ulnar neuropathy following ORIF of
distal humerus fractures has been re-
ported as being between zero and
12% in the previously described
studies.3,9,21-24,41 McKee et al25 re-
ported on 20 patients with ulnar
neuropathy following failed elbow
reconstruction; they found mostly
good to excellent recovery from ul-
nar neuropathy when they per-
formed neurolysis and transposition

during revision of the reconstruction.
Olecranon osteotomy is not with-

out complications, either, although
nonunion rates approach zero with
the use of modern techniques.45 Keys
to avoiding olecranon nonunion are
the use of a chevron instead of a
transverse osteotomy and the use of
a stable, compressive fixation con-
struct, such as tension banding or
compression plating. Although os-
teotomy nonunion can be avoided,
many patients require removal of
symptomatic olecranon hardware.
Ring et al46 and Coles et al45 reported
that 26% and 29.5% of patients, re-
spectively, who underwent olecranon
osteotomy later required hardware
removal.

Summary

With currently available technology,
notably precontoured periarticular
locking plates, most displaced distal
humerus fractures can successfully be
treated with surgical intervention.
The growing epidemic of osteoporo-
sis will lead to an increasing number
of these difficult-to-manage injuries.
Adhering to well-described principles
during ORIF can help optimize out-
comes and minimize complications.
Although the configuration of dual
plating is a matter of surgeon prefer-
ence, stable fixation of both columns
and of the articular surface is re-
quired for success. Total arthroplasty
and hemiarthroplasty of the elbow
also have their own distinct roles in
the treatment of distal humerus frac-
tures, although the proper indica-
tions must be recognized.
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