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Abstract Fractures of the distal humerus in the adult com-
prise approximately one third of all humeral fractures.
Successful management of distal humerus fractures depends
on correct reduction of the fracture, reconstruction of the ar-
ticular surface if needed, stability and rigidity of the fixation,
and appropriate rehabilitation. In this review, we evaluated the
available literature and highlighted current therapy concepts.
We assessed the evolution of internal fixation and elbow
arthroplasty focusing on the established surgical approaches
against the background of a growing incidence of distal hu-
meral fractures in an aging patient population. Therefore eval-
uating the aspect and influence of age-dependent comorbidi-
ties like osteoporosis on successful treatment.
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Introduction

Fractures of the distal humerus in the adult comprise 2 % of all
fractures and approximately 30 % of all humeral fractures
[1–3], with an incidence of 5.7/100000 per year, the fracture
patterns being mainly distributed bimodally, differentiating be-
tween young male (high energy trauma) and elderly female
patients (osteoporotic fractures) [4]. Thus, due to an

increasingly older population and the continuing motorisation
of the developing world, it is estimated that the incidence of
fractures of the distal humerus will grow similar to the ones of
the distal radius, hip, and spine [5–7].

Anatomically, the distal humerus has a triangular shape
which is built of two columns and a Btie arch^[8]. The medial
column holds at its distal end the nonarticular medial
epicondyle with the insertion of the flexor muscles and the
medial part of the humeral trochlea. The lateral column holds
at its distal end the capitellum and more proximally the lateral
epicondyle with the insertion of the extensor muscles (mobile
wad). From a lateral perspective, the articular surface of the
trochlea and capitellum is projected anteriorly at an angle of
40° to the axis of the humerus, the trochlear axis being exter-
nally rotated at an angle of 3°–8° and compared with the
longitudinal axis being in 4° to 8° of valgus [3, 8, 9].

In correlation to the abovementioned bimodal distribution
of age [4], mainly two fracture mechanisms can be distin-
guished: low-energy trauma of the elderly with direct impact
on the elbow or indirect impact resulting from a fall on the
outstretched hand and high energy trauma of the young patient
resulting essentially from road traffic or sport accidents [8].

There are multiple established classification systems all
being based primarily on the involvement of the medial and
lateral column of the distal humerus and the presence of sag-
ittal or coronal fracture patterns. Riseborough and Radin clas-
sified distal humerus fractures according to the state of the
condylar fragments [10]. Lecestre et al. established a system
defining supracondylar, extra-articular condylar, articular
intercondylar, and comminuted fractures [11]. Jupiter based
his classification on intraoperative observations, describing
high T, low T, Y, H, medial, and lateral lambda fractures [3].
The Dubberley classification distinguishes between fracture
types involving the capitellum and trochlea and comprises
techniques for treatment [12]. Internationally, most commonly
used is the AO classification, classically categorizing extra-
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articular, partial articular, and articular fractures. Further com-
minution and specific fracture patterns being defined by num-
bers 1–3 [13].

Surgical treatment being the gold standard, conservative
treatment has been playing only a minor role in the manage-
ment of fractures of the distal humerus [14]. Non operative
treatment seems to be only advisable in cases of non-displaced
fractures, in patients being assessed not fit for surgery, or as a
temporary treatment in the elderly before arthroplasty to avoid
stiffening and heterotopic ossification [15].

Surgical approaches to the distal humerus

Various surgical approaches to the distal humerus have been
described over the past decades. Each fracture needs its appro-
priate exposure and in cases of intra-articular involvement the
exposure of the articular surface. Olecranon osteotomy, the
triceps-splitting, triceps-sparing, and triceps-lifting ap-
proaches being the most frequently performed approaches in
the surgical treatment of distal humerus fractures [16–20], we
will be giving an overview of the established approaches of-
fering selected indications and an evaluation of the related
published data.

Olecranon osteotomy

Olecranon osteotomy (Chevron osteotomy) is the traditional
standard approach to the distal humerus and elbow joint [21].
A V-shaped olecranon osteotomy is performed, creating a
wide exposure of the articular surface of the distal humerus
making reduction and internal fixation of complex fractures
feasible [22]. In literature, complication rates up to nearly
50 % have been highlighted. Zhang et al. showed in their
study 14 out of 33 patients with osteotomy-related complica-
tions. In detail, one patient presented with non-union, two
with delayed-union, and five with implant loosening. Six pa-
tients complained about prominent implants. Nine underwent
a removal of the osteotomy fixation. Six cases needed a total
implant removal for other reasons [23•].

Triceps-reflecting (elevating) approach (Bryan-Morrey)

Avoiding the abovementioned complications of the olecranon
osteotomy, Bryan and Morrey established in 1982 the triceps-
reflecting approach. The approach being basically posterior,
the triceps mechanism is reflected from medial to lateral from
the olecranon and the ulnar periosteum and in the end of the
procedure is being resutured transosseously. This approach
allows the surgeon a widespread view of the joint without
olecranon osteotomy and is used for arthroplasty and internal
fixation of intraarticular fractures [24].

Triceps-sparing approach

After a posterior midline incision, a window on the lateral side
of the triceps is created by elevating it off the posterior border
of the intermuscular septum and posterior humerus. The radial
nerve is being identified and mobilized for its protection. Not
detaching the triceps from its insertion, the view of the distal
articular surface is relatively impaired. Indication is open re-
duction internal fixation (ORIF) in extra-articular or simple
articular fractures [25].

Triceps-lifting approach

After posterior incision, the ulnar nerve is exposed, mobilized,
and protected. The triceps muscle is detached and lifted in a
BV^ shape. Then, the muscle is split up to the condyles en-
abling the surgeon a wide view of the articular surface [22,
26]. This approach has been evaluated and established for
intraarticular fractures (AO type B3 and C) [22].

Triceps-splitting approach

After a posterior median incision, an interval between the long
and lateral heads of the triceps is established. The medial head
comes into view and a split along its muscle fibres is per-
formed. The split is prolonged over the olecranon
subperiosteally, while preserving the connection between the
flexor carpi ulnaris and anconeus muscle. This approach has
been well-established in treatment of distal diaphyseal frac-
tures and intraarticular fractures (AO type C) [27].

Triceps flexor carpi ulnaris approach

This approach is a modification of the triceps-reflecting ap-
proach. It involves reflection of the triceps periosteal portion
off the ulna from lateral to medial incising the anconeus to
develop the view to the distal humerus articular surface. Few
data has been published about this approach. Deakin et al.
reported about 12 patients with good clinical and radiological
outcome. Due to the small number of cases, no significant
benefits concerning protection of the ulnar nerve or recovery
of the extensor mechanism could be shown compared to olec-
ranon osteotomy. The approach has been described to be used
for extra- and intra-articular fractures [28].

Approaches for partially articular fractures

For selected partial articular fractures of the distal humerus,
the usage of minimal invasive approaches has proven itself
sufficient for successful fracture reduction and fixation. For
type B1 fractures a lateral approach has been shown to be
feasible and safe, exposing the lateral epicondyle by develop-
ing the interval between the triceps, the brachioradialis, and
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the extensor carpi radialis longus. [29]. For AO type B2 frac-
tures, after mobilization of the ulnar nerve and release of the
medial intermuscular septum, the flexor carpi ulnaris and pro-
nator teres are pulled anteriorly to display the joint capsule,
thus enabling fracture reduction after incision of the capsule
[30].

The decision which approach is suitable for the patient
depends on the individual pattern of injury, the planned surgi-
cal intervention, the skills of the surgeon, and assessment of
evidence-based data.

In Type B and C fractures (AO classification), olecranon
osteotomy compared to the triceps-lifting approach
(Campbell’s approach) showed better results in the Mayo el-
bow score, but showing no significant difference in the prev-
alence of joint stiffness, ulnar nerve paraesthesia, or refracture
rate [22]. The benefits of olecranon osteotomy are primarily a
wider exposure of the joint which makes it easier to restore the
articular surface and to achieve anatomical reduction [31, 32].
On the other hand, several studies highlighted high complica-
tion rates, showing non-union of the osteotomy in up to 1–
10 % of the cases [20, 21, 32]. These high rates of malunion
could be shown to decrease by performing a BV -̂shaped
chevron osteotomy, enlarging the contact surface significantly
[18, 19]. Further complications reported comprise prominent
and painful implants in the olecranon possibly requiring later
hardware removal [33]. Concerning the aftercare after ORIF
several studies emphasized the disadvantage of immobilizing
the elbow at 90° to permit healing of the extensor mechanism
in the triceps-lifting approach [25, 34] and therefore postulate
better functional outcome for the treatment with olecranon
osteotomy [22].

Comparing the olecranon osteotomy to the triceps-sparing
approach for the treatment of AO type C distal humerus frac-
tures, the triceps-sparing approach in general showed a lower
postoperative complication rate and shorter rehabilitation time
[23•, 35] while maintaining the benefits of a wide exposure
[36]. Nevertheless, Chen et al. could demonstrate a better
functional outcome for the olecranon osteotomy in patients
over 60 years and equal results in those less than 40 years
[37]. Further findings of Zhang et al. showed advantages of
the sparing approach in AO type C1 and C2 fractures but no
significant difference in AO type C3 fractures in comparison
to the osteotomy approach [23•].

Morrey and Bryan reported in their original study in 1982 a
triceps-reflecting approach to allow wide exposure while pre-
serving the triceps mechanism [24]. Originally the approach
has been mainly used for arthroplasty. Iselin et al. demonstrat-
ed in 2014 its efficacy for ORIF in AO type A-C fractures,
showing promising clinical and radiological results [38].

The decision between the Bryan-Morrey or the
abovementioned triceps-sparing approach and an olecranon
osteotomy is moreover dependant on the planned procedure.
In arthroplasty, additional ipsilateral diaphyseal lesions or

present implants in the olecranon, the triceps-sparing ap-
proaches have showed clinical and technical advantages [39].

Comparing the triceps-split approach to the standard olec-
ranon osteotomy, Meija et al. showed in 2008 no significant
difference in clinical outcome between the two approaches
[40] backing results from McKee et al. who earlier demon-
strated equal functional results in both groups with a loss of
elbow extensor strength by approximately 25 % in both ap-
proaches [41].

In summary, successful management of distal humerus
fractures depends on reconstruction of the articular surface,
stability and rigidity of the fixation and rehabilitation [16,
20], making the right selection of surgical approach a most
decisive factor for successful treatment [22]. The approach is
suggested to be chosen according to the individual fracture
pattern, the patient’s bone biology and planned procedure.

Plating options in distal humerus fractures

Open reduction and internal fixation has become the treatment
of choice for fractures of the distal humerus [42–44].
Achieving rigid internal fixation and anatomical reconstruc-
tion is essential for allowing early ROM exercise, adequate
bone healing, and avoiding future cartilage degeneration
[45•]. Biomechanical studies could demonstrate the advan-
tages of double plating over single plating in proximal and
intraarticular fractures of the distal humerus, providing the
necessary stability and rigidity [17, 46–48]. The standard fix-
ation that has been used by most surgeons is double plating
with the two plates perpendicular to each other [15, 45•, 49].
Nevertheless, cadaver studies described already in 1994
equivalent rigidity of plates placed parallel or perpendicular
to each other (Figs. 1 and 2) [50]. Korner et al. compared the
90° offset method to plates that are being placed both dorsally
in sawbone with superior outcome of the perpendicularly
placed group [42]. Further biomechanical investigations that
differentiated between fracture patterns with or without bone
loss, suggest that in cases with a gap in between fragments, the
180° plate configuration shows the highest rigidity, followed
by the perpendicular and a dorsal arrangement. On the other
hand, no significant differences in rigidity between the three
fixation configurations could be found in the case of no gap in
between the bone fragments [51].

In clinical investigations, Shin et al. indicated an increase
of non-union in the perpendicular plating group but no signif-
icant difference concerning the clinical outcome to the parallel
plating group [52] whereas Lee at al. highlighted no statisti-
cally significant differences concerning the clinical outcome
and union time between the two groups [45•]. It has still to be
elucidated to which extent specific fracture patterns of the
distal humerus could be correlated to one plating method.
Perpendicular plating might be desirable for coronal shear
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fractures gaining additional stability in the coronal plane,
whereas parallel plating might be preferred in fractures of
the most distal part of the humerus giving the opportunity
for additional distal screw fixation [45•].

Total elbow arthroplasty and hemiarthroplasty
of the elbow

The introduction of locking compression plates improved the
outcome of internal fixation in distal humerus fractures signif-
icantly, especially in patients with minor bone quality [53].
Nevertheless, in the elderly patient an increasing risk of failure

of osteosynthesis like loss of reduction, non-union and screw
cut out is still expected [54] and reconstruction and fixation of
comminuted fractures remain to be highly challenging with
high rates of complications [55].

In the early 1980s, total elbow arthroplasty (TEA) has been
established successfully as a therapy option for patients suf-
fering primarily from non-union after open reduction internal
fixation (ORIF) and post-traumatic osteoarthritis. In the fol-
lowing decades, the indication for TEA has widened. In addi-
tion to the abovementioned well-established indications, the
acute fracture setting of the elderly has become increasingly
relevant. Due to a growing number of older patients suffering
from comorbidities like osteoporosis and rheumatoid arthritis,

Fig. 1 ORIF distal humerus,
parallel plating

Fig. 2 ORIF distal humerus,
perpendicular plating. Both
figures reprinted with permission
from: SJ Shin et al. [52]
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TEA has been supposed as an alternative treatment option for
unreconstructable fractures [56]. Clinical trials have been con-
ducted comparing ORIF to TEA in an acute fracture setting
(type C fractures). Frankle et al. highlighted TEA to be supe-
rior to ORIF in women older than 65 suffering from osteopo-
rosis and rheumatoid arthritis in a follow-up of 45 months
[57].

McKee et al. could show in patients older than 65 years in a
follow-up of 24 months a better clinical outcome (MEPS) in
the TEA group compared to the ORIF group. Thus, TEA has
been suggested to be a viable option for the treatment of
unreconstructable articular fractures of the distal humerus in
the elderly patient suffering from osteoporosis or rheumatoid
arthritis who can tolerate the obligatory postoperative lifelong
loading limitation [55, 57].

Avoiding the obstacles of TEA and complications of ORIF,
distal humeral hemiarthroplasty has been described as an al-
ternative potentially successful treatment option [58]. Short-
and long-term results have been published with promising
clinical outcome [58, 59].

Nonetheless, ORIF is still considered the gold standard for
the treatment of fractures of the distal humerus [42–44].
Especially younger patients cannot tolerate the functional re-
striction, bone loss, and polyethylene wear associated with
TEA, and to a lesser extent with hemiarthroplasty. Thus,
arthroplasty remains a promising therapy option in an acute
fracture setting only for a highly selected patient population.

Osteoporosis in treatment of distal humerus
fractures

Fractures in elderly patients in general are a challenge for the
orthopaedic surgeon. Distal humerus fractures in patients over
65 years are more likely the result of low-energy trauma [60],
treatment options being open reduction internal fixation, total
arthroplasty, and conservative treatment. The primary objec-
tive of every therapy should be fracture union to preserve a
painless and sufficient performing elbow in basic daily life
activity [61].

Specific complications of distal humerus fractures in pa-
tients over 65 were summarized and discussed by Obert et al.
in 2012. Literature analysis showed a complication rate of up
to 31 % for internal fixation and 19 % for arthroplasty. The
most frequent complications contain nerval and bone struc-
tures, infections, and type 1 complex regional pain syndrome.
Conservative treatment even showed a complication rate of up
to 60 % (Table 1) [61].

Coping with these high rates of complications, the release
and anterior mobilization of the ulnar nerve (Bryan-Morrey
approach), have shown to significantly lower the rate of iatro-
genic ulna nerve palsy [61].

Osteopenic bone represents the major challenge of frac-
tures in elderly patients and therefore adjusted treatment strat-
egies are required [15]. To prevent complications, preopera-
tive planning and additional diagnostic is mandatory to avoid
failure of internal fixation, bone quality, and the extent of the
injury being obligatorily defined by CT Scans [61].
Nevertheless, failure of internal fixation appears in up to 7–
27% of the patients [57, 62, 63]. The main reason of failure of
internal fixation is bone defect [64]. This is due to a linear
correlation between bone mineral density and holding power
of screws [15]. Accordingly, modification in surgical tech-
niques like minimal invasive exposure and indirect reduction
and the use of locking plates have shown biomechanical su-
periority and improved clinical outcome [15]. Intraoperative
determination of local bone quality to identify mechanical
peak torque to decrease screw failure rate might proof itself
as a successful tool in distal humerus fracture treatment.
Hoppe et al. have already demonstrated 2015 promising re-
sults in the use of the DensiProbe© (AO Research Institute) in
hip-, hind foot-, and spine surgery [65].

Egol et al. found for the treatment of intra-articular distal
humerus fractures in osteoporotic bone equal results in MEPS
and DASH (Disability of the Arm, Shoulder, and Hand) for
ORIF and arthroplasty [66]. But, failure after ORIF is not
uncommon and arthroplasty should be evaluated preopera-
tively or be available during surgery. Prasad et al. analysed
15 patients with primary total elbow arthroplasty (TEA) in
patients with acute fracture versus 17 cases with secondary

Table 1 Complications of treatment options in osteoporotic distal
humerus fractures. SH Rose et al. [1]

TT Conservative Internal fixation Arthroplasty
n= 56 (%) n= 342 (%) n = 99 (%)

Nervous 0 11 8

Bone 60 25 18

Fracture per op 6

Displacement

Malunion 70–80 50

Non-union 10.5 8

Mechanical failure 12

Ossification 64 20 30

Local 12 20 7

Hematoma

Dehiscence 10

Infections 0 4 1

CRPS 1 1 3 2

Arthritis/revision 5–25 12 9

Loosening 2

Italics concern the results of the seven most frequent complications

TT treatment

Reprinted with permission from: [61]
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TEA after ORIF. After primary TEA, Mayo elbow perfor-
mance score (MEPS) results have been documented to be
84 % compared to 79% in secondary TEA [67]. Other studies
demonstrated postoperative mechanical failure of TEA in 3–
9 % of patients with acute fracture [61, 68, 69]. As mentioned
above, TEA seems to have been showing promising results for
complex fracture treatment in the elderly patient suffering
from osteoporosis [70].

Conservative treatment is today a rarely considered option
in treating distal humerus fractures. It is reserved for not
displaced fractures or frail and low-demanding patients.
Aitken et al. demonstrated a selection of 40 cases. Short-
term results showed 42 points in the Broberg and Morrey
score 6 weeks after trauma, and 67 points after 3 months. In
long-term follow-ups after 4 years, the mean DASH score in
the surviving patients (n=20) was 38 and 95 % had a basic
functional flexion of the elbow (mouth to gluteus). Non-union
rate 1 year after injury has been reported to be as high as 47 %
[71]. Therefore, conservative treatment can be seen as an op-
tion only for low-demanding patients and patients for whom
surgery cannot be considered due to severe comorbidities.

Due to the increasing incidence of distal humerus fractures
in the elderly, systemic antiosteoporotic treatment has become
an integral part of fracture treatment in older patients. Little
has been published about fracture healing in correlation to
systemic antiosteoporotic medication [72]. Ng Aj et al. could
not demonstrate a significant change in non- or malunion rates
in upper limb fractures with bisphosphonate medication [73].
Further studies will have to continue to elucidate the correla-
tion between bone healing and systemic antiosteoporotic med-
ication. An outlook for future treatment of fractures in osteo-
porotic bone might include in addition to the abovementioned
pharmaceutical antiosteoporotic approaches strategies of tis-
sue engineering and biological scaffolding [74•].

Conclusion

Fractures of the distal humerus in the adult comprise 2% of all
fractures [4].

Open reduction internal fixation still being considered the
gold standard for treatment of distal humerus fractures, paral-
lel and perpendicular plating have been showing similar clin-
ical results. Total elbow arthroplasty has proven itself to be an
adequate option for treatment in older patients especially
when suffering from low bone density. More recently
established less invasive approaches to the elbow joint like
the triceps-reflecting and triceps-sparing approach have suc-
cessfully challenged the traditional olecranon osteotomy with
low complication rates and good overview of the articular
surface.

Evaluation of literature showed high complication rates for
internal fixation in patients with osteoporosis highlighting the

need of supplemental systemic antiosteoporotic treatment.
Future studies will have to further evaluate the correlation
between the bone healing process and such treatment.
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