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Background: Open reduction and internal fixation is the gold standard for the operative treatment of
intra-articular distal humeral fractures. However, in elderly patients the approach involves a high rate of
complications. We reviewed the long-term outcomes of 13 primary total elbow arthroplasties (TEAs)
performed to treat acute fractures in non-rheumatoid patients who at the time of trauma were aged less
than 70 years. The aim of the study was to establish whether condyle retention enhances hinge stability
and influences outcomes in these patients, who are younger than those who typically undergo TEA.
Methods: In 13 consecutive patients with acute distal humeral fractures aged 61-67 years, a linked semi-
constrained Coonrad-Morrey prosthesis was implanted. The medial and lateral condylar bone fragments
were resected (7 patients) or stabilized to the diaphysis using k-wires or plates (6 patients).
Results: At a mean follow-up of 12 years, the mean Mayo Elbow Performance Score was 88 and patient
satisfaction was 85%. Nine patients (70%) did not require surgical revision. All revisions involved the
group managed by condyle resection.
Discussion: TEA can be considered in elderly subjects with acute distal humeral fracture. In our patients,
resection of the medial and lateral condyle fragments did not influence outcomes, although clinical
observation suggested that it involves greater mechanical stress on the hinge, heightening the long-term
risk of bushing wear. Condyle fixation with plates or k-wires seems to afford longer implant survival and
is recommended in younger patients with higher functional demands.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Surgical treatment of intra-articular fractures of the distal hu-
merus involves potentially disabling consequences. Approximately
7% of all adult fractures affect the elbow; of these, 30% involve the
distal humerus2 and about 10% are displaced and comminuted.39

According to epidemiologic studies, the incidence of distal hu-
meral fractures in women older than 60 years will triple by 2030
due to population aging.30 In Edinburgh (Scotland), the annual
incidence of distal humeral fractures in 1988-1997 was 5.7 per
100,000 population;35 although the rate may appear low, cases are
rapidly increasing in Scotland, particularly among women aged
more than 60 years. From 1970 to 1998 the annual total number of
these fractures has increasedmore than 5-fold from 42 to 224, with
a dramatic rise in age-adjusted incidence over the same period.29

These lesions are commonly treated with rigid fixation; how-
ever, a review of 13 papers reporting the data of 846 patients with
intra-articular fractures managed with open reduction and internal
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fixation (ORIF) has found unsatisfactory outcomes in 20% of
patients.13

Although ORIF with earlymobilization is the treatment of choice
for distal humeral fractures, elderly patients with marked intra-
articular comminution and osteopenia often experience poor
outcomes because stable fixation is difficult or impossible to ach-
ieve.9,14-16,20 Notably, sequelae such as joint stiffness, loss of
reduction and early posttraumatic osteoarthritis are not uncom-
mon in these fractures and are particularly common in older
patients.3,10,12,19,24,34,38

According to recent studies, ORIF of comminuted distal humeral
fractures in patients aged more than 60 years does not consistently
yield acceptable outcomes.6,33 In a review of their cases managed
with internal fixation, Pajarinem et al28 found that excellent and
good postoperative results were much more common in patients
aged less than 40 years than in those over 50 years of age, who also
developed elbow stiffness. The authors attributed the worse
outcomes of the older patients to the longer postoperative immo-
bilization due to fracture comminution and lower bone quality.
Similarly, Caja et al6 noted that patients over 40 years of age had a
lower final range of motion (ROM) than those aged less than 40
years. Morrey et al stressed that total elbow arthroplasty (TEA) is a
ulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND
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Figure 1 Total elbow arthroplasty with resection of both condyle fragments.

Figure 2 Total elbow arthroplasty with condyle fragment reduction and stabilization
to the diaphysis using k-wires and sutures.
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reliable option in elderly patients when comminution and poor
bone quality prevent adequate fixation.9,27 According to Robinson
et al,35 the difficulty of obtaining stable fixation of type C distal
humeral fractures can entail a higher risk of malunion/nonunion
and TEA should be the primary treatment option in elderly patients.
Indeed, in patients aged more than 60 years, better outcomes have
been reported for complex elbow fractures managed directly by
TEA than for those converted to TEA after the failure of primary
ORIF.11,27

We describe the long-term outcomes of acute comminuted and/
or unfixable fractures of the distal humerus managed with TEA by
medial and lateral condyle fragment resection or fixation in non-
rheumatoid patients who at the time of injury were aged less
than 70 years. We report the complications and revision data
related to the surgical approach and advance the hypothesis that
condyle retention enhanced hinge stability, thus improving out-
comes in these patients, who were younger than those typically
managed with TEA.

Materials and methods

We reviewed our 1993-2005 records for patients with acute
distal humeral fractures aged less than 70 years whoweremanaged
by TEA and for whom long-term follow-up data were available.

The study was performed in accordance with the Ethical Stan-
dards of the 1964 Declaration of Helsinki as updated in 2004.

Of 39 patients with acute fractures treated with TEA, 13
consecutive patients with at least 12-year follow-up (range, 12-14
years) and no evidence of preexisting elbow joint damage due to
rheumatoid arthritis or other inflammatory joint diseases met the
inclusion criteria. All had comminuted distal humeral fractures that
prevented stable fixation and early mobilization. There were 10
type C3 and 3 type C2 fractures associated with osteopenia ac-
cording to the Arbeitsgemeinschaft für Osteosynthesefragen (AO)
classification of distal humeral fractures.12 Their preoperative
medical history and the latest follow-up data were reviewed.

All patients received a linked semi-constrained implant, the
Coonrad-Morrey total elbow replacement (Zimmer-Biomet, War-
saw, IN, USA).

Surgical technique

All procedures were performed at the same institution by the
senior author (LC) assisted by the same team. Patients lay in the
supine position. A posterior midline skin incision was performed
just medial or lateral to the tip of the olecranon. The ulnar nerve
was identified and mobilized distally to the first motor branch of
the flexor carpi ulnaris; at the end of the procedure it was trans-
posed to an anterior subcutaneous pocket carefully avoiding
tension.

The Bryan-Morrey approach5 was performed in 9 consecutive
elbows. The triceps tendon was reflected laterally from the olec-
ranon in continuity with the ulnar periosteum and the fascia of the
forearm including the anconeus. At the end of the procedure the
triceps was reattached to the olecranon through drill holes with
heavy non-absorbable suture as described by Morrey.5

Four patients were managed by the triceps-on (triceps preser-
ving) approach,1,36 where the triceps insertion is left intact. The
joint was exposed through medial and lateral fascia insertions by
releasing the common flexor-pronator muscles from the medial
side and the extensor supinator muscles from the lateral side,
preserving the bone insertion on the medial and lateral condylar
fragments. Once the distal humerus was exposed, the medial and
lateral condyle fragments were either resected or fixed. Patients
#1-7, who were managed before 1999, underwent release and
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resection of the medial and lateral fragments and the medial and
lateral muscle-tendon units were sutured directly to the triceps
muscle tendon; in particular, the triceps tendon was reflected
laterally in 6 elbows and preserved in the seventh (Fig. 1). In the 6
patients treated after 1999, the medial and lateral bone condyle
fragments were reduced and stabilized to the diaphysis using k-
wires with heavy non-absorbable suture (patients #8-10; Fig. 2) or
2 plates (patients #11-13; Fig. 3). The medial and lateral muscle-
tendon units were left attached to the condyles. The triceps pre-
serving approach and the Bryan-Morrey approach5 were per-
formed in 3 elbows each.

The linked semi-constrained Coonrad-Morrey prosthesis was
implanted in all patients. Its design provides stability also in case of
condyle fragment excision.26

No intraoperative complications were recorded.
At the end of the procedure, the limb was placed in a plaster

splint with the elbow extended. The edema was controlled with 3
drains, ice, and elevation of the arm for 24-48 hours. The splint was
then removed and gentle motion was begun. Patients managed
with the triceps preserving approach were allowed active flexion
and extension after splint removal, whereas those whose triceps
insertion was released and reattached were allowed active flexion
with gravity-assisted extension after 5 weeks.



Figure 3 Total elbow arthroplasty with condyle fragment reduction and stabilization
to the diaphysis using 2 plates.
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Patient demographics

Thirteen consecutive patients, 11 women and 2 men whose
mean age was 64 (range, 61-67) years, met our inclusion criteria.
The right arm was involved in 9 patients and the left in 4. All pa-
tients were retired; none had rheumatoid arthritis, other metabolic
or bone disorders, or a history of elbow injury or fracture. The lesion
was caused by a fall in 12 patients and by a car accident in 1 (case
#5) (Table I).

There were 10 AO type C3 fractures and 3 AO type C2 fractures
with osteopenia.12 The mean interval between the injury and sur-
gical management was 4 (range, 2-8) days. Mean follow-up dura-
tion was 12 (range, 12-14) years.

Two patients had other fractures: a femoral fracture (case #5),
which required surgical treatment, and a proximal fracture of the
contralateral humerus (case #3), which was treated conservatively.
Table I
Patient demographics and operative techniques employed.

Case # Gender Age at the
time of injury

Side
(R, L)

Handedness
(R, L)

Articular fracture
AO classification

Ot

1 F 66 R R C3 No
2 F 65 R L C3 No
3 F 63 R R C2 Ye
4 F 62 L R C2 No
5 M 64 L R C3 Ye
6 F 65 R R C3 No
7 F 63 R L C3 No
8 F 64 R R C3 No
9 F 61 L R C3 No
10 F 65 R R C3 No
11 F 67 L L C2 No
12 F 65 R R C3 No
13 M 66 R R C3 No

R, right; L, left; AO, Arbeitsgemeinschaft für Osteosynthesefragen.
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Clinical assessments

The latest postoperative clinical evaluations were assessed by
the Mayo Elbow Performance Score (MEPS),18 which rates pain,
ROM, stability, and ability to perform basic everyday life activities.

The clinical evaluation included elbow stability under varus and
valgus stress and measurement of the elbow flexion-extension and
supination-pronation arcs.
Radiographic assessments

Anterior-posterior and lateral X-rays were examined for radio-
lucent lines around the implant19 and for periarticular heterotopic
ossification according to the Hastings and Graham classification.13

Radiologic loosening was graded from I (mild radiolucency) to
IV (gross loosening) according to the criteria of Kamineni and
Morrey.19

Bushing wear was assessed on the latest anterior-posterior
X-rays and graded as none, partial, or complete.37
Triceps assessment

The extensor mechanismwas assessed as the ability to hold the
elbow in extension against gravity with the forearm above the head
and by the Medical Research Council scale as modified by
Paternostro-Sluga et al.25,31
Statistical analysis

Data are reported as mean (± standard deviation [SD]). The
normal distribution of data was tested with the Shapiro-Wilk test
and homoscedasticity with the F test for homogeneity of variances.
The Wilcoxon signed-rank test was used to compare variables be-
tween the condyle resection and retention groups. A P-value < .05
(2-tailed) was considered significant. Analyses were performed
using the STATA software package (2009, release 11; Stata Corp,
College Station, TX, USA).
Results

The mean follow-up was 153 (range, 144-170) months. Mean
patient age at the time of the latest follow-up was 76 (range, 74-79)
years.
her fractures Time to
treatment (d)

Triceps approach Medial and lateral columns

5 Bryan-Morrey Resection
4 Bryan-Morrey Resection

s (shoulder) 7 Bryan-Morrey Resection
3 Bryan-Morrey Resection

s (hip) 8 Bryan-Morrey Resection
4 Bryan-Morrey Resection
2 Preserving Resection
4 Bryan-Morrey Repair with k-wires
3 Bryan-Morrey Repair with k-wires
2 Preserving Repair with k-wires
3 Bryan-Morrey Repair with k-wires
6 Preserving Repair with k-wires
4 Preserving Repair with k-wires
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Elbow function

The mean flexion-extension ROM was 111� (range, 100�-120�),
mean extension was 15� (range, 10�-30�), and mean flexion was
126� (range, 110�-140�). The mean arc of motion was 112� (SD 7.5)
in the condyle resection group and 110� (SD 6.3) in the condyle
retention group (P¼ .23). Themean supination-pronation ROMwas
173� (range, 140�-180�). The mean arc of motionwas 168� (SD 19.5)
in the resection group and 180� (SD 0) in the retention group (P ¼
.08). The mean MEPS was 88/100 points (range, 70-100), indicating
that outcomes were excellent in 7 patients (54%), good in 5 (38%),
and fair in 1 (Table II). ThemeanMEPSwas 85/100 points (SD 8.8) in
the resection group and 90/100 points (SD 10.6) in the retention
group (P ¼ .18).

Altogether, 85% of patients were satisfied with their outcome
(Table III).

Radiographic outcomes

The X-rays demonstrated radiolucent lines in 4 elbows. One
elbow (case #8) had type 1 radiolucent lines on the ulnar side
(1-mm thick lines involving < 50% of the interface) that were
detected on the immediate postoperative radiographs and did not
change thereafter. Three elbows (cases #1, 3, and 4) had type 2
Table II
Postoperative clinical data (range of motion; MEPS; MRC scale as modified by Paternostr

Case
#

Age at the
time of
follow-up

Follow-
up (mo)

Follow-
up (yr)

Range of motion

Extension
(degrees)

Flexion
(degrees)

Arc of
motion
(degrees)

Pronation
(degrees)

Supina
(degre

1 79 162 13.5 20 130 110 60 80
2 77 146 12.2 10 120 110 90 90
3 75 152 12.6 20 140 120 90 90
4 74 148 12.3 10 130 120 90 90
5 76 145 12.1 10 130 120 60 80
6 77 151 12.5 30 130 100 90 90
7 76 157 13.1 10 120 110 90 90
8 76 148 12.3 20 130 110 90 90
9 75 170 14.1 10 110 100 90 90
10 77 144 12 10 130 120 90 90
11 79 146 12.2 20 130 110 90 90
12 77 150 12.5 10 120 110 90 90
13 79 166 13.8 20 130 110 90 90

MEPS, Mayo Elbow Performance Score; MRC, Medical Research Council.

Table III
Postoperative complications, revisions, and patient satisfaction.

Bushing wear
at latest follow-up
(none, partial, complete)

Ulnar nerve
symptoms

Grade of radiographic
loosening according to
Kamineni and Morrey19

Heterot
accordin
and Gra

Partial Normal 2-humerus IIA
None Normal
Partial Paresthesia 2-ulna
None Paresthesia 2-ulna
Partial Normal IIA
None Normal
Partial Paresthesia
Partial Paresthesia 1-ulna I
None Normal IIA
None Normal I
None Normal
None Normal I
None Normal

BW, bushing wear; AL, aseptic loosening; CNU, condyle nonunion; TI, triceps insufficienc
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radiolucent lines on the ulnar and humeral sides (< 1-mm thick
lines involving > 50% of the interface), most of which were detected
at the latest follow-up, since on the early X-rays they were slight or
absent (type 1). However, all 4 patients were asymptomatic and the
radiolucent lines did not exhibit a rapid progression. Partial wear of
the bushings was detected at the latest follow-up in 5 patients
(Table III).

Complications

At the latest follow-up all elbows were stable without infection
or wound problems. Four patients reported postoperative numb-
ness in the fourth and fifth fingers (cases #3, 4, 7, and 8).

Complete or partial bushing wear according to Kamineni and
Morrey19 required revision surgery, respectively, in 2 and 1 elbow.
The former 2 patients (cases #1 and 4) had clinical symptoms
(increased valgus-varus instability), whereas the latter patient
(case #7) had no clinical symptoms.

At the latest follow-up, heterotopic ossification around the
implant was observed in 6 elbows. Based on the Hastings and
Graham classification,13 3 elbows (cases #8, 10, and 12)
had class I subclinical lesions and 3 elbows (cases #1, 5, and
9) had class IIA lesions that involved flexion-extension
limitation.
o-Sluga et al31).

Mayo Elbow Performance Score Triceps function:
extension
against gravity
(MRC scale as
modified by
Paternostro-Sluga
et al31)

tion
es)

Arc of
motion
(degrees)

Pain Stability Motion Daily
activities

Total
MEPS

140 30 10 20 20 80 Yes (4)
180 45 10 20 25 100 Yes (5)
180 30 10 20 25 85 Yes (4)
180 30 10 20 20 80 Yes (4)
140 30 10 20 15 75 Yes (4)
180 45 10 15 25 95 Yes (4)
180 30 10 20 25 85 Yes (3)
180 45 10 20 20 95 Yes (5)
180 30 10 15 15 70 Yes (5)
180 45 10 20 25 100 Yes (4)
180 45 10 20 20 95 Yes (5)
180 45 10 20 15 90 Yes (5)
180 45 10 20 20 95 Yes (5)

opic ossification
g to the Hastings
ham classification13

Complication:
BW, AL, CNU, TI

Revision:
BC, IR, TR (mo)

Patient
satisfaction

BW complete BC (98) Yes
Yes

AL IR-humeral (80) No
BW complete BC (110) Yes

Yes
Yes

TI/BW partial TR-BC (46) No
CNU Yes

Yes
Yes
Yes
Yes
Yes

y; BC, bushing change; IR, implant revision; TR, triceps reconstruction.
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Nonunion of the lateral condyle was detected in 1 patient (case
#8), who showed no clinical symptoms and did not require revision
surgery.

One patient (case #7) had grade 3 triceps insufficiency accord-
ing to the Medical Research Council scale,25,31 that is active
movement was possible against gravity without resistance in less
than 50% of the feasible ROM. The triceps insufficiency was
managed at 46months with an anconeus rotational flap.7,8 In all the
other patients the functional extensor mechanism enabled elbow
extension against gravity. All patients had grade 4 (elbow motion
exceeds 50% of the ROM but is weaker than the contralateral side)
or 5 (the 2 sides show a similar resistance over the entire ROM and
against resistance).25,31

Revision surgery

Revision surgery was required in 4 patients, all belonging to the
resection group; in particular, 2 patients (cases #1 and 4) under-
went bushing change at 98 and 110 months, respectively (Fig. 4); 1
(case #3) developed aseptic loosening of the humeral component at
80 months; and 1 (case #7) was provided an anconeus rotational
flap8 for triceps insufficiency and bushing change due to asymp-
tomatic partial wear at 46 months (Table III).

Discussion

Over the past 2 decades, indications for TEA have expanded to
elderly trauma patients, to whom it can provide a stable, painless
ROM in everyday life activities.9,17-19
Figure 4 Revision surgery for bushing change (case #4).
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The first aim of our retrospective study was to analyze the 12-
year clinical results, complications, and revision rates of 13 pa-
tients who at the time of TEA were aged less than 70 years.

Cobb and Morrey9 have been the first to review a series of acute
fractures managed with TEA. Their 20 patients (21 elbows; age
range, 48-92 years) underwent TEA to treat a comminuted fracture
of the articular surface, which in 10 patients was associated with
degenerative changes of the articular surface secondary to rheu-
matoid arthritis. Twenty implants werewithout implant revision at
the latest follow-up examination. According to theMEPS, 15 elbows
had excellent results and 5 had good results.

In 1999, Frankle et al11 retrospectively compared the outcomes
of intra-articular distal humeral fractures managed by ORIF or TEA
inwomen agedmore than 65 years. The groupmanaged by primary
TEA achieved better outcomes according to the MEPS, with 11
excellent results, 1 good result, and no fair or poor outcomes,
whereas patients wherein ORIF was converted to TEA showed
significantly worse outcomes.

In a multicentric, prospective, randomized controlled trial,
where 40 elderly patients with displaced intra-articular distal hu-
meral fractures underwent ORIF or TEA, the MEPS indicated that
TEA afforded more predictable functional outcomes compared to
ORIF.23

A recent systematic review of 6 studies that included 79 TEA
procedures performed to treat acute distal humeral fractures21 has
found excellent and good results in 99% of patients, despite the
limited number of procedures and follow-up duration.

In our study, 85% of the 13 patients, whose mean age at 12-year
follow-up was 76 years, were satisfied with their outcome and 70%
of procedures did not require revision. These results are compara-
ble to those of a study involving 41 patients and a follow-up of 7.5
years performed at the Mayo Clinic, where 83% of patients were
satisfied and 75% of implants did not require revision.18 A very
recent study by the Mayo Clinic,4 where 44 patients with a distal
humeral fracture received a Coonrad-Morrey implant and were
evaluated at 10 years, has reported 23 complications, 8 implant
revisions or resections, and 4 reoperations, mostly due to infection.
The authors concluded that TEA is an effective approach for
unreconstructible distal humeral fractures in the elderly population
but that it involves a high rate of complications.

A study by Prasad et al32 reported on 19 patients with a follow-
up of at least 10 years and a meanMEPS of 90 (range, 50-95) points.
Six patients (31.5%) had radiologic evidence of prosthesis loosening
or bushing wear and 2 required implant revision (10.5%). The au-
thors concluded that TEA is an appropriate treatment option with
an acceptable 10-year survival.

The second aim of our study was to establish whether resection
of the medial and lateral condyle fragments influences long-term
outcomes, an issue which to the best of our knowledge has never
been investigated.

In a study comparing TEA patients with and without condyle
resection, McKee et al22 concluded that resection did not exert an
adverse effect on functional strength, although they did not
examine the influence of resection on prosthesis survival in terms
of aseptic loosening or bushing wear. In our study, the 2 groups had
similar clinical outcomes, but a different incidence of bushing wear
(P ¼ .07, F 0.02), since all 3 patients (23%) requiring revision for this
reason belonged to the resection group. The percentage seems to be
higher than the short- and middle-term incidence reported in the
literature.4,37

Aseptic loosening of the humeral component was seen in a
patient of the resection group (case #3), who underwent revision at
80 months. At the latest radiographic follow-up, partial bushing
wear was detected in 5 patients (38%), of whom 4 belonged to the
resection group (57%).
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Our results suggest that in the long term condyle resection can
influence the mechanical stress on the hinge, increasing varus-
valgus motion, the rate of bushing wear, and the incidence of
aseptic loosening. Clearly, ORIF involves a risk of fixation loosening
with or without fracture nonunion. In our study, only 1, clinically
asymptomatic, patient (case #8) showed nonunion of the lateral
condyle but did not require revision surgery.

Another consideration regarding condyle resection concerns
operating time. Although we have not specifically recorded data on
this aspect, ORIF involves longer procedures and a greater risk of
intraoperative complications. Condyle fixation is recommended in
younger and active subjects, where the risk of mechanical stress on
the implant is theoretically higher than in older patients. Based on
our data, ORIF seems to reduce hinge stress through a greater
alignment of the ulnar and humeral components, which goes some
way toward explaining the different incidence of bushing wear and
aseptic loosening seen in the 2 groups. Nonunion of the column is
obviously a possible complication; the clinical symptoms are often
related to hardware loosening or prominence and require surgical
removal without revision of the implant or of the nonunion.

The outcomes of our patients suggest that condyle fixation is not
necessary but is useful, particularly in patients aged between 60
and 70 years with comminuted articular distal humeral fractures,
who can expect long implant survival.

The main limitation of our study is the small patient sample.
Further work on a larger number of patients is required to gain a

clearer understanding of the influence of condyle fixation on elbow
replacement and its long-term complications.

Conclusion

In patients aged more than 60 years, distal humeral fractures
can be treated with ORIF; however, TEA should be considered in
those with poor bone quality and fracture comminution. In the
latter patients, TEA affords better results than internal fixation. At a
mean follow-up of 153months, our 13 patients had ameanMEPS of
88 points, 9 did not require surgical revision, and 85%were satisfied
with the results of the procedure.

We feel that TEA is a valuable approach for distal humeral
fractures in selected patients and that it can achieve a high per-
centage of satisfactory results also in the long term. Medial and
lateral condyle fragment reconstruction improves hinge stability
and alignment of the ulnar and humeral components, reducing the
risk of bushing wear. Further work is clearly needed to establish
whether condyle reconstruction affects TEA outcomes in large
groups of younger patients who have greater functional demands
than the patients who are typically managed with TEA.
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