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Summary. Background: The treatment of complex distal humerus fractures is challenging and is often associ-
ated with unsatisfactory results. Anatomic reduction and stable internal fixation is difficult to obtain, espe-
cially in elderly osteoporotic patients. For these reasons, total elbow arthroplasty (TEA) has recently evolved
as a valid procedure in selected cases following these injuries. The aim of this study was to analyze outcomes
of TEA for the treatment of complex distal humerus fractures in 20 low-demanding patients over 65 years
of age. Materials and methods: All patients, at a mean follow-up of 60 months, were evaluated clinically using
the Mayo Elbow Performance Score (MEPS) and radiographically in order to assess the positioning of the
prosthetic components and signs of loosening. Statistical analyses investigated the presence of clinical and ra-
diographic variables as predictive factors of poor functional outcomes. Resu/ts: Similar MEPSs were observed
in the affected and unaffected arm. Results were good or excellent in 90% of the patients, even if a high rate
of complications (35%) was encountered. The development of postoperative complications and concomitant
cognitive impairment and rheumatoid arthritis were predictive factors of unsatisfactory outcomes. Conclu-
sions: According to the results observed, TEA can be considered as a valid treatment for complex fractures of
the distal humerus in low-demanding patients older than 65 years of age, in which a stable fixation is difficult
to obtain. Several variables may influence the final outcomes. (www.actabiomedica.it)

Key words: elbow, arthroplasty, prosthesis, trauma, fracture, distal humerus

Introduction

Fractures of the distal humerus are less frequent
than those of the proximal humerus and in adults ac-
count for 2 % of all fractures and 5% of osteoporotic
stress fractures in subjects over the age of 60 (1, 2).
Two peaks of incidence are described: in males aged
12-19 years and in females aged 80 years and older (2).
The most common causes are high-energy traumas in
the younger and falls with direct impact on the elbow
or on the outstretched arm in the elderly population.

In the last few years the incidence of these in-
juries has seemed to increase and could be multiplied
by three by 2030 (3), because of a growing number of
elderly people with low-density bone structure.

In these cases the management is more challeng-
ing as consequence of osteoporotic bone, comorbidi-
ties and articular comminution (4, 5).

Non-operative treatment results in a high risk of
functional impairment and nonunion (2).

Open reduction and internal fixation (ORIF) can
be tricky because of the fragile hold of the hardware
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(2,6,7) and results, in approximately up to 25% of cas-
es treated by ORIF, include pseudoarthrosis, residual
pain, elbow instability and functional loss (1, 4-6, 8, 9).

Given these technical and clinical postoperative
problems, some have indicated primary arthroplasty as
a treatment (10-13), similarly to how complex proxi-
mal humerus fractures (14) and femoral neck fractures
(15, 16) are treated.

TEA, that had been normally indicated for
chronic inflammatory arthropaties (17), was initially
proposed in fractures of the distal humerus by Cobb
and Morrey in 1997 (11) with immediate encouraging
results which were confirmed by other reports (1, 5, 6,
8,9, 18, 19). All these authors underlined that TEA
can be considered an alternative and valid option of
treatment in selected cases because it provides imme-
diate pain relief and a stable functional elbow, even if
the complication rate is higher than in other joints (1,
5,6,8,9,18,19).

The purpose of this study was to analyze clinical
and functional results after TEA in complete intraar-
ticular fractures of the distal humerus, classified by AO
as type C (20), after a mean follow-up of 60 months,
in 20 patients older than 65 years with low functional
demands. Furthermore, authors tried to identify pre-
dictive factors of unsatisfactory results.

Materials and methods

This retrospective case series study is the result of
a collaboration between the Orthopaedic Clinic of the
Department of Surgical Sciences of the University of
Parma and the Shoulder and Elbow Unit of the Riz-
zoli Orthopaedic Institute of Bologna.

Between May 2002 and June 2014, 20 patients
affected by complex type C fractures of the distal hu-
merus, according to Muller AO classification (20),
were surgically treated with total elbow prosthesis. In-
formed consent relating to the surgical and anestesio-
logical procedures were always obtained. Patients also
gave their consent for the use of their personal data
and clinical/instrumental outcomes for future scien-
tific researches. All were functionally low-demanding
subjects and those with a history of previous elbow in-
fection were excluded.

Gender, mean age at the time of surgery, mean
follow-up, hand dominance, type of fracture, prosthe-
sis model, selected surgical approach and comorbidi-
ties, which could adversely affect the clinical and func-
tional outcomes, were recorded.

Preoperative anteroposterior and lateral X-ray
images of the elbow were used to classify the type of
fracture.

Linked prosthetic models fixed with antibiotic-
loaded cement (tobramycin at Rizzoli Hospital and
clindamycin + gentamicin at the University Hospital
of Parma) were always implanted. Two senior elbow
surgeons (R.R. and M.C.) performed all surgical pro-
cedures. In all cases preoperative antibiotic prophylaxis
with first generation cephalosporin was administered.
Surgery was always done in supine position, with the
arm placed over the chest and a haemostatic tourniquet
at the base of the involved upper extremity. A triceps
sparing approach or splitting posterior approach was
used after the ulnar nerve was isolated and protected.

Postoperative management consisted in immobi-
lizing the elbow in extension with an anterior univalve
plaster of Paris cast or splint. Drains and the cast were
removed 48h later to begin rehabilitation. The first
2 weeks of the early active mobilization programme
consisted in gentle passive elbow extension within a
pain free range and active flexion reaching no more
than 90°. Active pro-supination was possible with the
elbow flexed at 90" after 7-10 days. Therapy sessions
were short but frequent during this period to avoid el-
bow stiffness and triceps muscle activation. In the fol-
lowing 2 weeks, overall elbow range of motion (ROM)
was gradually increased by actively flexing the elbow
beyond 90° and by actively extending the elbow with
the assistance of gravity (the patient was supine with
humerus resting alongside the body and supported
with cushions or towels). No forceful contractions were
allowed, and patient education was mandatory in this
phase as the triceps tendon still required protection.
The splint was still worn between sessions and at night.
Following x-ray controls, the splint could be gradually
dismissed during the day and worn at night for another
10-14 days. Therapy sessions became longer and more
intensive as triceps strengthening was begun and pas-
sive stretching was applied to the joint. Mobilization
splinting could be used after 3 months from surgery if
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ROM limited the patient’s function. The ultimate goal
of rehabilitation was to reach ROM of 30° to 130° of
extension and flexion as well as stability of the elbow
in all planes. The patient was instructed to avoid im-
pact activities and a lifetime lifting limitation of 3.6 kg
with the operated-on arm during a single event and
less than 0.9 kg if used repeatedly.

All patients were clinically assessed, at a mini-
mum follow-up of 24 months, both on the operated
and non-operated side using the MEPS (21).

At follow-up, in all cases radiographic assessment
was done (anteroposterior and lateral views) in order
to evaluate the positioning of the prosthetic compo-
nents and signs of loosening in accordance with the
Morrey radiolucency criteria (22).

Results were statistically analyzed using SPSS
20.0 software (IBM Corp, Armonk, NY, USA). Uni-
variate analysis with the Mann-Whitney test (23) com-
pared MEPS of the affected versus unaffected elbow
at follow-up. Multiple linear regressions evaluated the
presence of clinical or radiologic variables as predictive
factors of poor functional outcomes. The difference was
considered significant when the P value was <0.05.

Results

Demographic data and comorbidities are report-
ed in Table 1. All fractures of the distal humerus were
complex (12 type C3.3 and 8 C3.2). The nondominant
arm was involved in 11 patients, and 9 were affected on
the dominant side.

A Coonrad-Morrey (Zimmer Inc, Warsaw, IN,
USA) implant was used in 12 cases, and the Latitude
prosthesis (Tornier NV, Amsterdam, The Netherlands)
in the other 8. Prosthetic components were positioned
through a “sparing triceps approach” in 13 patients and
a “posterior splitting approach” in 7.

Table 1. Demographic data and comorbidities of the patients

Age (years) 74.1 (68-86)
Gender (M/F) 1/19
Hospitalization (days) 12.6 (6-45)
Associated diabetes 5
Associated cognitive impairment 4
Associated rheumatoid arthritis 4

The mean follow-up was 60 months (range: 24-
168).

MEPS results are summarized in Table 2. These
scores in the affected side were excellent in 12 patients
(60%) (Figure 1), good in 6 (30%), fair in 1 (5%) and
poor in 1 (5%). MEPSs of the contralateral elbows
were considered excellent in all cases. Eighteen out
of 20 patients reported absence of pain. Two subjects
complained of low-grade pain at follow-up that did
not compromise their normal daily activities (good
results at MEPS). No prosthetic instability was docu-
mented.

In average, the patients were able to perform 4 out
of 5 of the normal daily activities reported in MEPS,
with a subjective improvement of the strength. The ra-
diological analysis at follow-up is described in Table 3.

In the post-operative period 7 patients (35%) had
complications. A superficial wound infection devel-
oped in 2 subjects, which were treated with intrave-
nous antibiotics and secondary wound debridement.
Three patients developed a transitory impairment of
the ulnar nerve which resolved spontaneously in less
than six months from surgery. Two out of 20 cases, af-
fected by severe cognitive impairment, showed a mean
ROM <100°. The first case had a ROM of only 40°
(fair result) and the second developed an ankylosis at
90° of flexion (poor result) (Figure 2). In this last sub-
ject a concomitant deep early infection was observed
(Staphylococcus Aureus). Antibiotics therapy and

Table 2. Differences between MEPS of the affected vs. unaf-
fected arm at follow-up

F.U. MEPS F.U. MEPS p value
affected side unaffected side
88.7 (30-100) 91.7 (70-100) 0.529

Table 3. X-ray evaluation according to Morrey radiolucency
criteria

No lines of radiolucency 16 (80%)
Type 0 3 (15%)
Type I 0
Type 11 0
Type III 1 (5%)

Type IV 0
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Figure 1. Type C3-3 right distal humerus fracture; preoperative x-rays (A and B), intraoperative views (C and D), radiographs (E and
F) and clinical evaluation (G and H) 91 months after surgery (MEPS: 90; excellent result).

Table 4. Multiple linear regressions analyses of the variables
which may influence outcomes

p value
Type of fracture 0.790
Involvement of the dominant side 0.851
Postoperative complications 0.045
Type of prosthesis 0.250
Surgical approach 0.517
Concomitant diabetes 0.068
Concomitant cognitive impairment 0.041
Concomitant rheumatoid arthritis 0.025

wound cleaning were unsuccessfully and further revi-
sion surgery could not be performed because of other
associated comorbidities.

Multiple linear regression analyses showed that
postoperative complications and concomitant cogni-

tive impairment and rheumatoid arthritis were predic-
tive factors of poor outcomes. Type of fracture, pros-
thesis model, surgical approach, involvement of the
dominant side and diabetes were not predictive factors
of poor outcomes (Table 4).

Discussion

The correct management of complex fractures of
the distal humerus remains a challenge also for experi-
enced surgeon. Open reduction and rigid internal fixa-
tion, preserving the elbow and allowing early mobili-
zation, is considered the gold standard of treatment in
younger patients (5).

However, in elderly osteoporotic patients, the
fractures are often complex and comminuted, thus
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the hold of the fixation hardware can be precarious (6,
7) and additional bracing may be necessary, putting
a strain on the functional prognosis (5, 17). Further-
more, this treatment is associated with a high rate of
immediate and long term complications (i.e. hetero-
topic ossifications, hematomas, infections, ulnar nerve
impairment, failure of fixation, limited function and
non-unions), thus generally yielding poorer results
which are characterized by an unstable, dysfunctional,
and often painful elbow joint (1,4, 5, 6, 11). Literature
of the late 90’s confirmed these observations. John et al
(24) had 20% fair and poor results in their series of 49
elderly patients with distal humerus fractures treated
with ORIF. Kocher et al (6) had 25% fair and poor
results in their retrospective review of 33 cases. Ko-
rner et al (25) had 42% fair and poor results in their
retrospective review of 45 patients. An older review by
Helfet et al (26) reported less good results in 25% in a

compilation of 9 studies made from 1985 to 1990. For
all these reasons, in the last two decades TEA has been
indicated as a valid option of treatment in selected pa-
tients affected by complex fractures of the elbow re-
gion, and many authors showed satisfactory results in
up to 90% of cases (11,27, 28). In this study, the results
of TEA done in a selected group of distal humerus
fractures are encouraging and similar to previous re-
ports (1,5,6,8,9, 18, 19). Authors experience between
2002 and 2014 with 20 patients showed that the use
of a linked implant resulted in a painless elbow rate of
90%. The mean MEPS in the affected arm was similar
to unaffected, as demonstrated by statistical analysis
(p=0.529). However, patients were satisfied, and 90%
had excellent or good outcomes. Several variables may
be responsible for the high success rate recorded, and
authors consider patient and implant selection and
postoperative management to be the key factors for
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Figure 2. TEA of the right elbow positioned following C3-3 fracture. Radiographs 9 months after surgery with signs of implant
mobilization (A and B) and clinical signs of infection (fistula) (C); surgical debridment (D, E and F); clinical evaluation 96 months
after initial surgery with prosthetic exposure (G) (MEPS: 30; poor result)
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good outcomes. The selection of the patients must be
rigid. Elderly are expected to have better results than
younger because the higher demands in the latter may
cause aseptic loosening, bushing wear, or component
and periprosthetic fractures (4, 27-29), which can be
suspected in the presence of radiographic osteolysis or
radiolucency lines, or both. Therefore, in accordance
with the literature (1, 5, 6, 8,9, 18, 19), authors recom-
mend TEA in collaborative low-demanding subjects
older than 65 years and contraindicate this surgery ap-
proach in those with a previous history of infection of
the elbow. This study include only this type of samples
and the results showed that worse outcomes were ob-
served in older and less collaborative people. Further-
more, as well as concomitant cognitive impairment
(p=0.041), associated rheumatoid arthritis (p=0.025)
negatively influenced the results.

Since Cobb and Morrey (11) in 1997 introduced
the concept of linked TEAs in fractures of the elbow
region, different prosthesis models have been proposed
(unlinked and hemi-arthroplasty) with uncertain re-
sults and limited follow-up (30-34). In elderly, con-
ditions at the fracture site often require the use of a
lax hinge-type implant, to overcome the bone loss and
any potential ligament injuries (11). For these reasons
authors consider the use of linked implants to be opti-
mal because they guarantee higher stability. Even if no
statistical differences were found between the patients
treated with the Coonrad-Morrey implant and those
treated with the Latitude implant, they also agree with
the trend of many elbow surgeons which prefer newer
designs that introduce the concepts of prosthetic mod-
ularity and convertibility which offer a wider possibil-
ity of combinations of prosthetic components (17, 35,
36).

Authors consider the postoperative care another
important aspect for positive outcomes, which should
preferably be managed by specialized hand and upper
extremity therapists. The final aim of physiotherapy is
to obtain, as demonstrated by Morrey et al (37), a func-
tional elbow ROM for most activities of daily living
that is characterized by a minimum of 100° of total arc
of motion of extension and flexion (ROM, 30°-130°)
and a minimum of 100" of pronation and supination
(ROM, 50°- 50°). In this series only 2 subjects showed
amean ROM < 100°. The first case had a ROM of only

40° (fair result) and the second developed an ankylosis
at 90° of flexion (poor result); in both postoperative
care was not possible because of degenerative cognitive
impairment. In this context, it is also important that
therapist, at later stages of the recovery, educate the
patient to safely use the treated elbow without over-
loading the prosthesis. This is especially true when the
affected side is the dominant one, which unintention-
ally is more frequently used and stressed (4), even if in
this report negative outcomes were not influenced by
hand dominance (p=0.851).

Furthermore, statistical analysis showed that re-
sults were not related to surgical approach performed
(p=0.517), but authors sustain that, as demonstrated
for other joints (38), sparing approaches which pre-
serve periarticular soft tissues as much as possible, can
improve the immediate postoperative management
(lower pain and faster rehabilitation) thus diminish-
ing potential immediate and mid-term complications.
We could not confirm these findings because follow-
up only began after a minimum period of 2 years af-
ter surgery. Also, complications related to the surgical
approach, such as extensor mechanism problems after
posterior splitting access, were never observed.

Instead, the development of postoperative com-
plications was related to poorer outcomes (p=0.045).
In the present series, complications were encountered
in 7 patients (35%), but only for 1 implant revision was
indicated. Complications incidence with TEA ranges
in the literature between 10 and 37% (5, 39) and is
higher than in hip and knee replacement, although
the majority of these do not influence the final out-
come (40). These findings are probably due to the fact
that TEA is relatively aggressive and done in a smaller
joint, which is covered by thin soft tissues. Amongst
the various complications, infections remain the most
frequent (up to 10% of cases according to Morrey)
(22). In this study problems related to infections were
observed in 3 cases but only one (the single poor re-
sult) developed a deep infection. Ulnar nerve impair-
ment is another common complication encountered
after TEA, even though the nerve is usually protected
during the surgical procedure. Ulnar neurapraxia oc-
curs after surgery in as many as 20% of the patients,
with the rate of permanent damage ranging from 0%
to 10% (41). Three patients in the current case series
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reported a transitory ulnar nerve impairment, which
resolved spontaneously.

Limitations of this study include the retrospec-
tive design without a control group and the small sam-
ple size which might underpower its validity. On the
other hand, authors consider that its strength was the
evaluation of subiects all operated by the same two ex-
perienced elbow surgeons and the long follow-up (60
months on average), thus rendering it a valid and reli-
able report. Based on the review of the literature, as
reported by Ducrot (6), only 3 studies have compared
TEA and internal fixation. In all cases the results were
favourable with arthroplasty, since faster and better re-
covery was achieved. However, strength recovery was
better after internal fixation. This limited number of
comparative studies suggests that further research with
bigger sample size and longer follow-up is needed.

Conclusions

Since complication rates and number of revisions
after ORIF are especially high among elderly, TEA
must be considered a suitable alternative for these se-
lected patients.

In particular, on the basis of the results obtained,
the authors believe this procedure to be indicated for
complex fractures of the distal humerus in collabora-
tive patients with more than 65 years and low func-
tional demands. The development of postoperative
complications and associated diseases, such as rheu-
matoid arthritis and cognitive impairment, may ad-
versely affect the outcomes.
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