
INTRODUCTION 

Distal humeral fractures account for 2% of all fractures in adults 
[1]. In younger patients, these fractures are mainly caused by 
high-energy trauma, whereas, among older patients, they are more 
often the result of a direct injury that occurs from falling. Anatom-
ical joint reconstruction and stable fixation of intra-articular and 
comminuted fractures remain difficult to achieve, and the opera-
tion for displaced intra-articular distal humeral fractures is partic-
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ularly challenging. 
Open reduction and internal fixation (ORIF) with double-locking 

plate osteosynthesis has become the gold standard for fixation of in-
tra-articular distal humeral fractures, though the optimal position-
ing and configuration of the plates remain controversial [2-4]. In ad-
dition, elbow stiffness, malunion, nonunion, fixation failure, and ul-
nar neuropathy are common sequelae, with an overall complication 
rate greater than 35% [5-9]. In older individuals with low bone den-
sities, there is an increased risk of osteosynthesis failure [10]. 
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Total elbow arthroplasty (TEA) is considered effective for treat-
ing nonunion, malunion, posttraumatic arthritis, and posttraumat-
ic instability, with the literature reporting good to excellent results 
in 85% to 90% of patients at 5 to 10 years after surgery [11-13]. 
However, TEA for these injuries is technically difficult, and the 
complication rates are higher than those for elbows that have not 
undergone prior operations [7,11]. The purpose of this study was 
to compare the clinical and functional outcomes of ORIF with 
those of TEA for displaced intra-articular distal humeral fractures 
in patients aged 65 years and older.   

METHODS 

This study was approved by Institutional Review Board of Wonk-
wang University Hospital (No. WKUHIRB 2018-01-011) and it 
was exempted from informed consent. We retrospectively re-
viewed the medical records of patients who underwent ORIF or 
TEA for intra-articular distal humeral fractures between May 2008 
and December 2018. Eligible patients were those that met the fol-
lowing inclusion criteria: (1) aged of 65 years or older; (2) dis-
placed and comminuted intra-articular distal humeral fractures 
requiring surgical treatment (AO/Orthopaedic Trauma Associa-
tion [OTA] classification type 13C) [14], (3) surgical treatment 
with either ORIF with double-locking plate osteosynthesis or TEA, 
and (4) a minimum follow-up of 2 years. 

Patients with extra- or partial-articular distal humeral fractures 
(AO/OTA classification types 13A and 13B), intra-articular distal 
humeral fractures not requiring surgical treatment (AO/OTA clas-
sification type 13C), open fractures, vascular injuries, previous ip-
silateral distal humeral fractures, pathologic fractures, or fractures 
with diaphyseal extension ≥ 8 cm were excluded. A total of 77 pa-
tients met the inclusion criteria of this study. Six patients died from 

unrelated causes. Of the remaining 71 patients, 28 underwent 
ORIF with double-locking plate osteosynthesis, while 43 under-
went TEA. Patient demographics are summarized in Table 1. 

Patient medical records were reviewed for demographic and 
perioperative data. All patients were invited for a clinical follow-up 
examination comprising evaluation of range of motion, elbow stabil-
ity, and neurologic deficits. Additionally, pain status, patient satisfac-
tion, and revision surgeries were documented. Finally, the Mayo El-
bow Performance Score (MEPS) and Disabilities of the Arm, Shoul-
der, and Hand (DASH) score were examined. The functional out-
come, based on the arc of motion, MEPS, and DASH score, as well 
as minor and major complications were evaluated and compared 
between the TEA and ORIF groups. All follow-up assessments were 
conducted by the same surgeon who performed the surgery. 

Surgical Techniques 
All surgeries were performed by the same senior surgeon (JWK). 

ORIF Group 
ORIF was performed using a posterior approach. After exposing 
the triceps muscle, the elbow joint was revealed by chevron osteot-
omy of the olecranon for accurate anatomical reduction. After 
temporary K-wire fixation of the fracture fragments, double-lock-
ing plates were applied to the medial and lateral sides of the distal 
humerus. The ulnar nerve was transposed into an anterior subcu-
taneous position at the conclusion of all surgical procedures. After 
postoperative immobilization for two days, passive range-of-mo-
tion exercise was performed for 6 weeks.  

TEA Group
A Coonrad-Morrey semiconstrained prosthesis (Zimmer Biomet, 
Warsaw, IN, USA) was used in all cases. A midline triceps split or 

Table 1. Patient demographics

Variable ORIF TEA P-value
Sex (male:female) 7 (25):21 (75) 9 (21):34 (79) 0.59
Age (yr) 76 (65–89) 79 (65–91) 0.16
BMI (kg/m2) 24± 3 (19–30) 23± 4 (15–34) 0.49
DM 4 (14) 8 (18.6) 0.34
Smoking 2 (7) 2 (4.6) 0.28
Follow-up period (mo) 31 (9–58) 34 (6–116) 0.59
AO classification 0.31
 C1 8 10
 C2 2 10
 C3 18 23
Values are presented as number (%), mean (range), or mean±standard deviation (range).
ORIF: open reduction and internal fixation, TEA: total elbow arthroplasty; BMI: body mass index; DM: diabetes mellitus.
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triceps-sparing approach was used. With the triceps-sparing ap-
proach, the surgeon used the working space created by condylar 
resection to perform TEA without detaching the triceps from the 
olecranon [11,15]. The ulnar nerve was transposed into an anterior 
subcutaneous position at the conclusion of all surgical procedures. 
After postoperative immobilization for 2 days, early functional mo-
bilization was started without weight-bearing for 6 weeks. 

Statistical Analysis 
Statistical analyses were performed using IBM SPSS ver. 22.0 (IBM 
Corp., Armonk, NY, USA). The functional outcomes were statisti-
cally compared using the Mann-Whitney U-test as a two-way 
analysis of variance for independent factors. 

RESULTS 

Clinical Outcomes 
In the ORIF group, the mean pain score was 3.1 (range, 1–6), 
mean MEPS was 94 (range, 75–100), and mean DASH score was 
27 (range, 10–45). Based on MEPS, there were 20 excellent and 
seven good results. With respect to motion, average extension was 
17° (range, 5°–40°), average flexion was 120° (range, 80°–140°), 
and average arc of flexion–extension was 97° (range, 70°–130°). 
Mean supination angle was 84° (range, 80°–90°), and mean prona-
tion angle was 88° (range, 75°–90°) (Table 2). 

All radiographs of fractures that healed without revision (all pa-
tients) showed anatomical reduction with stable fixation (Fig. 1). 
We did not intentionally rule out fractured patients who needed 
revision, but there was no patient who required it. 

Table 2. Functional results comparing ORIF and TEA

Variable ORIF TEA P-value
Pain (NRS) 3.1 (1–6) 3.5 (0–8) 0.21
MEPS 94± 15 (75–100) 81± 27 (50–85) 0.028*
DASH score 27± 12 (10–45) 47± 28 (10–75) 0.038*
ROM (°)
 Extension 17± 21 (5–40) 15± 3 (0–30) 0.104
 Flexion 120± 18 (100–140) 124± 15 (80–150) 0.265
 Flexion–extension 97± 21 (70 –130) 101± 12 (80–140) 0.089
 Supination 84± 6 (80–90) 84± 6 (80–90) 0.126
 Pronation 88± 5 (75–90) 89± 6 (80–90) 0.072
Satisfaction -
 Excellent 20 (71.4) 5 (11.6)
 Good 7 (25) 18 (41.8)
 Fair 1 (3.5) 14 (32.6)
 Poor 0 6 (14.0)
Values are presented as mean (range), mean±standard deviation (range), or number (%).
ORIF: open reduction and internal fixation, TEA: total elbow arthroplasty, NRS: numeric rating scale, MEPS: Mayo Elbow Performance Score, 
DASH: Disabilities of the Arm, Shoulder, and Hand, ROM: range of motion.
*Statistically significant.

A B C

Fig. 1. Serial X-rays of open reduction and internal fixation (ORIF) case. (A) Anteroposterior and lateral X-rays of a 66-year-old female who 
suffered an AO classification 13C distal humerus fracture with a fall. (B) An X-ray performed after ORIF, showing dual-plate fixation. (C) 
Bone union after 6 months.
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Patients with infection were treated with antibiotics and did not 
need additional surgery. One patient had Brooker type III hetero-
topic ossification in the brachialis musculature. 

In the TEA group, mean pain score was 3.5 (range, 0–8), mean 
MEPS was 81 (range, 50–85), and mean DASH score was 47 
(range, 10–75). Based on MEPS, there were five excellent and 18 
good results. With respect to motion, average extension was 15° 
(range, 0°–30°), average flexion was 124° (range, 80°–150°), and 
average arc of flexion–extension was 101° (range, 80°–140°). Mean 
supination angle was 84° (range, 80°–90°), and mean pronation 
angle was 89° (range, 80°–90°) (Table 2). 

At the final follow-up, incomplete radiolucent lines were seen 
around the humeral implant in six cases and in the ulnar implant 
in five cases. Wear of the polyethylene bushings at the hinge was 
directly correlated with follow-up duration. When we calculated 
satisfaction, the ORIF group (96.4%) contained a higher percent-
age of patients who answered good or excellent compared with the 
TEA group (53.4%). 

Complications 
Complications occurred in 13 patients in the ORIF group and 14 
patients in the TEA group (Table 3). Two patients underwent revi-
sion in the TEA group, including one due to deep infection and 
one due to periprosthetic fracture with aseptic loosening of the hu-
meral stem. These two cases in the TEA group were separated 
from the other, nonrevised TEA cases when measuring the clinical 
scores. The single case of deep infection occurred seven years after 
the initial TEA in a female patient. She underwent implant remov-
al, insertion of antibiotic beads, and an installation of new prosthe-
sis with antibiotic-loaded acrylic cement in the first-stage surgery. 
Six weeks after the first-stage surgery, revision TEA was performed 
after confirming no infection. Separately, two cases of superficial 

infection occurred in the ORIF group and were treated with intra-
venous antibiotics without surgery.  

In the TEA group, the case of periprosthetic fracture occurred 
around the tip of the humeral implant, which had completely loos-
ened. Here, the humeral implant was replaced with a longer one 
and augmented using a humerus shaft strut allograft (Fig. 2). An-
other case of loosening occurred between the cement and both the 
humerus and the ulna, while screw-loosening occurred in one case 
in the ORIF group. Also, neurological complications occurred in 
nine cases, including two in the TEA group and seven in the ORIF 
group. These patients reported only dysesthesia of the fourth and 
fifth fingers without sensory or motor deficits, with all recovering. 
Heterotopic ossification occurred in eight patients, but there was 
no instability or other clinical symptoms, and no surgical treat-
ment was required. 

We classified aseptic loosening, fractures, and infection as major 
complications; thus, the ORIF group had mainly minor complica-
tions such as ulnar nerve symptoms. When we calculated the rate 
of major complications of total complications, three of 13 (23.1%) 
in the ORIF group and four of 14 (28.6%) in the TEA group had 
major complications. Thus, the rate was higher in the TEA group, 
although there was no statistical significance. 

Table 3. Complications

Variable ORIF TEA P-value
Wound dehiscence 0 1 (2.3)
Aseptic loosening 1 (3.5) 2 (4.7)
Fracture 0 1 (2.3)
Heterotrophic ossification 1 (3.5) 7 (16.3)
Ulnar nerve symptom 7 (25) 2 (4.7)
Infection 2 (7.1) 1 (2.3)
Elbow stiffness* 2 (7.1) 0
Total 13 (46) 14 (32) 0.18

Values are presented as number (%).
ORIF: open reduction and internal fixation, TEA: total elbow arthro-
plasty.
*Flexion <120° and loss of extension >30°.

Fig. 2. A 75-year-old female suffered AO classification 13C distal 
humerus fracture with a slip down (A, B) and was treated with total 
elbow arthroplasty (TEA) (C, D). After 3 years, the patient com-
plained of upper arm pain after carrying a heavy load. Periprosthetic 
fracture with aseptic loosening around the humeral stem was ob-
served (E, F). Revision TEA with longer humeral stem and humerus 
shaft strut allograft was performed (G, H). The final functional out-
come was relatively good.

E

A

F

B

G

C

H

D

97https://doi.org/10.5397/cise.2020.00052

Clin Shoulder Elbow 2020;23(2):94-99



DISCUSSION 

The purpose of this study was to compare the clinical and func-
tional outcomes of ORIF with those of TEA for displaced intra-ar-
ticular distal humerus fractures in patients aged 65 years or older. 
At the time of final follow-up, the ORIF group had significantly 
higher MEPS and DASH scores compared with the TEA group. 

Although the recommended treatment for comminuted and 
displaced intra-articular distal humerus fractures is osteosynthesis, 
this method can be technically difficult, especially in older patients 
[16,17]. Previous data on ORIF for distal humerus fractures indi-
cate that complications such as fixation failure, persistent pain and/
or stiffness, heterotopic ossification, ulnar nerve entrapment, non-
union, malunion, and posttraumatic arthritis are common in all 
age groups. 

Several studies have suggested that primary TEA is a reliable 
treatment for severe intra-articular distal humerus fractures in el-
derly patients. Morrey et al. [18] reported a series of 21 patients 
with a mean age of 72 years who underwent primary TEA for 
comminuted distal humerus fractures. They reported good or ex-
cellent results in 95% of the patients at a mean follow-up of 3.3 
years, with a reoperation rate of 5% (one elbow). Gambirasio et al. 
[19] reported 10 women (mean age, 85 years) who underwent pri-
mary TEA. Of them, eight had an excellent outcome and two had 
a good outcome based on MEPS. Garcia et al. [20] evaluated 16 
patients with a mean age of 73 years (range, 61–95 years) who un-
derwent primary TEA with a mean follow-up of 3 years (range, 
1.5–5 years). These authors reported mean DASH score of 23 
(range, 1–63) and mean MEPS of 93 (range, 80–100). Frankle et al. 
[21] reported 11 excellent, one good, zero fair, and zero poor re-
sults in patients who underwent TEA. 

There are several studies comparing ORIF and TEA for commi-
nuted intra-articular distal humerus fractures. Frankle et al. [21] 
reported better functional outcomes and higher MEPS in the TEA 
group as well as a higher incidence of complications in the ORIF 
group. In a prospective multicenter study, McKee et al. [22] report-
ed improvement in MEPS and DASH scores in the TEA group rel-
ative to in the ORIF group. Egol et al. [23] reported no significant 
differences between the groups in a study comparing TEA and 
locking-plate osteosynthesis. Obremskey et al. [24] reported no 
strong evidence to choose one of two treatments for deployment in 
patients in their 60s who have a long predicted remaining lifespan 
and no comorbidities. 

Ulnar neuropathy is a common complication after surgery. 
McKee et al. [22] reported that postoperative ulnar neuropathy 
was the single most common complication in their study compar-
ing TEA and ORIF for distal humerus fractures. In our study, ulnar 

neuropathy was also the most common complication (nine cases) 
and was significantly more frequently observed in the ORIF group. 
We note that these complications occurred despite routinely trans-
posing the ulnar nerve in all patients. Thus, the surgeon should be 
extremely cautious of the ulnar nerve during surgery. Rates of ma-
jor complications, such as infection and loosening, were similar in 
the two groups.  

Infection seems to occur due to swelling; soft tissue damage after 
trauma; or shear force during early range of motion or due to the 
large volume of the dual plate, which can irritate the skin because 
the elbow joint has thin soft tissue. In our study, the infection rate 
of the ORIF group (7.1%) was not as high as reported in other re-
searches [25]. Proper soft tissue control during the operation 
should be ensured. 

Limitations of our study, including its retrospective design and 
the small number of patients, are comparable to those of previous 
studies but might have underpowered our study. Furthermore, de-
spite a mean follow-up length of 34 months, it is difficult to com-
pare the preoperative status between groups because only the final 
follow-up results were evaluated. 

In older patients with intra-articular distal humeral fractures, 
those undergoing ORIF had better clinical outcomes and similar 
complication rates than those receiving TEA. As life expectancy 
increases, many TEA patients become too old to undergo surgery 
when the lifespan of their prostheses ends, resulting in many cases 
where patients have no choice but to bear the worn-out prosthesis 
for longer, i.e., up to 20 to 30 years. Therefore, rather than per-
forming primary TEA right away just because the patient is elderly, 
if it is possible to perform osteosynthesis, ORIF can be a better 
choice for older patients with intra-articular distal humeral frac-
tures. 
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