
AbstrAct
In nonunion after distal humerus 
fracture, osteoporosis, devas-
cularized fracture fragments, 
and periarticular fibrosis limit 
potential reconstructive options. 
  We assessed pain relief, func-
tional gains, and complications 
in 12 patients whose long-stand-
ing, painful nonunions after previ-
ous treatment with rigid internal 
fixation were reconstructed with 
a semiconstrained total elbow 
arthroplasty, frequently with a  
triceps-sparing approach and 
anterior ulnar nerve transposition. 
   At mean follow-up of 63 months, 
11 patients had good pain relief and 
a good or excellent functional result: 
mean flexion/extension, 134° to 18°; 
mean total arc of motion, 117°; mean 
pronation/supination, 74° to 69°. 
   Despite the 75% rate of compli-
cations (8), semiconstrained total 
elbow arthroplasty provides a viable 
treatment for this difficult problem.

Nonunion occurs in 2% 
to 5% of distal humerus 
fractures.1 The condition 
is difficult to treat, and 

no single treatment modality has a 
high success rate with few compli-
cations.2-6 Without intervention, the 
patient is left with a painful, unstable, 
and often flail extremity and with 
limitations in activities of daily liv-
ing. Frequently, there is an associ-
ated ulnar neuropathy. Osteoporosis, 
devascularized fracture fragments, 
and periarticular fibrosis limit poten-
tial reconstructive options for long-
standing distal humerus nonunions.

Current treatment modalities for 
distal humerus nonunion include brac-
ing and mobilization, open reduc-
tion and internal fixation with bone 
graft, resection arthroplasty, allograft, 
arthrodesis, and total elbow arthro-
plasty (TEA). Each has its disad-
vantages. In 2 studies,2,6 secondary 
osteosynthesis was associated with an 
unsatisfactory result more than 50% 
of the time; in a more recent study, 5 
(71%) of 7 patients with nonunion had 
a good or excellent result with autolo-
gous bone graft, stable fixation, and 
capsulectomy.5 Resection arthroplasty 
leaves the patient with a flail extrem-
ity that may still require splinting. For 
some patients with substantial bone 
loss, osteoarticular allografts are a sal-
vage option, but the complication rate 
(infection, instability, graft resorption) 
is high, and results usually are poor.7,8 
Elbow arthrodesis is technically dif-
ficult, has a high complication rate, 
and is associated with a low patient 
satisfaction rate.9

Because of such high complica-
tion rates, prosthetic replacement of 
the elbow provides a more appeal-

ing treatment option. In the 1980s, 
TEA for nonunion with tightly con-
strained or custom prostheses had 
fair to moderately good results but 
high complication rates (4/7, 57%6; 
5/14, 36%10). According to a recent 
review,11 however, 31 (86%) of 36 
patients had a satisfactory result with 
a semiconstrained prosthesis, and 
only 7 (19%) of the 36 patients had 
complications.

In the current study, we assessed 
outcomes (complications, symptoms,  
function) after semiconstrained  
TEA for long-standing distal humer-
us nonunions.

MAteriAls And Methods

Patient Population
With the approval of the institution-
al review board, we retrospectively 
reviewed one institution’s patient data-
base to identify patients who, between 
1989 and 1997, had been treated with 
a semiconstrained TEA for painful, 
long-standing (>14 months) dis-
tal humerus fracture nonunion. We 
excluded patients with painless non-
union, patients with nonunions treated 
initially with arthroplasty, and patients 
treated with arthroplasty for an indica-
tion other than nonunion.

We identified 12 consecutive 
patients who met the study crite-
ria. All 12 distal humerus fractures 
had been treated initially with rigid 
internal fixation. Mean age of the 
4 male and 8 female patients at the 
time of arthroplasty was 61 years 
(range, 36-81 years), mean duration 
of nonunion was 28 months (range, 
14-96 months), and mean number of 
additional surgeries after the initial 
intervention was 2 (range, 1–5).
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Procedures
The TEA technique was well 
described by Morrey and Adams11 
and Morrey and colleagues12 and is 
addressed only briefly here. We used 
a standard posterior exposure, exploit-
ing old incisions when possible, and 
the Bryan-Morrey triceps-sparing 
exposure13 in 8 cases. Complex skel-
etal deformities, often encountered, 
necessitated minor modifications. In 
9 cases, release with anterior trans-
position of the ulnar nerve was per-
formed. Cultures were obtained to 
rule out infected nonunion.

In all patients, a semiconstrained 
Coonrad-Morrey prosthesis (Zimmer, 
Warsaw, Ind) was set in place with 
third-generation cement, often con-
taining antibiotics. Care was taken to 
achieve a good cement mantle. Wounds 
were closed over suction drains, and 
long-arm splints positioned over the 
extremity in 90° of flexion remained 
in place for 10 days.

Postoperative Care and Assessment
Patients were discharged home 
between postoperative days 2 and 
4. Active range of motion (ROM) 
was initiated 1 week after surgery in 
patients treated with a triceps-sparing 
approach. Supervised therapy was 
not required.

Patients were assessed for subjec-
tive pain relief and functional gains 
at 6 weeks, 3 months, 6 months, 
and yearly thereafter. Postoperative 
ROM was quantified, and in all 
cases radiographs were reviewed 
for evidence of loosening. For each 
patient, a postoperative performance 
index, or elbow score, was calcu-
lated using the method described by 
Morrey and Adams.11

Mean follow-up after TEA was 63 
months (range, 36-94 months). ROM 
and performance index were deter-
mined at 2-year follow-up.

results
After semiconstrained TEA for 
long-standing distal humerus non-
unions in these 12 patients, flexion 
averaged 134° (range, 120°-150°) 
to 18° (range, 0°-40°) of exten-
sion, and pronation averaged 74° 
(range, 60°-80°) to 69° (range, 
55°-80°) of supination. Mean total 
arc of motion was 117°; 11 of 12 
patients had a functional total arc 
of motion (≥100°). Mean perfor-
mance index (elbow score) was 
80 points (range, 57-100 points; 
Table). Based on joint function 
and pain, this index has 100 points 
assigned to the areas of motion 
(40), pain (35), strength (20), and 
stability (5).

The 9 postoperative complications 
were ulnar neuropathy (3 cases), triceps 
weakness (2), triceps avulsion (1), olec-
ranon fracture (1), superficial infection 
(1), and deep infection (1). All exten-
sor mechanism complications (triceps 
weakness, triceps avulsion) occurred in 
patients with previous olecranon oste-
otomies. Two patients required addi-
tional surgery (1 triceps repair and 1 
ulnar nerve transposition). The other 2 
patients with ulnar neuropathy had reso-
lution of their paresthesias in less than 6 
months. The patient with deep infection 
elected to use suppressive antibiotics.

There was evidence of radiographic 
lucency around the humeral implants 
in 3 patients at 36-month follow-up. 
One implant was clearly infected 
(same patient just described). The 
other 2 had asymptomatic lucency 
around the cement mantle on the 
humeral and ulnar sides and contin-
ued to be monitored radiographically 
each year.

At final follow-up, 7 of the 12 
patients reported no pain (Figure), 
4 had occasional pain with activity, 
and 1 had a painful, infected arthro-
plasty. All but the patient with the 
infected arthroplasty believed the 
procedure had provided excellent 
pain relief and substantial func-
tional gains.
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Table. Patient Data

Patient Age at Follow-Up                             Arc of Motion (°)  Elbow  Repeat
No. Surgery (y) (mo) Flexion Extension Total Pronation Supination Score Complication Surgery

1 51 94 150    0 150 80 80 100 None No
2 36 83 130 –15 115 75 75   80 Ulnar neuropathy No
3 71 40 140    0 140 75 75   90 None No
4 59 64 130 –20 110 75 60   75 Olecranon fracture No
5 61 61 140 –10 130 76 75   90 Superficial infection No
6 63 56 130 –25 105 70 65   75 Triceps weakness No
7 62 43 120 –40   80 60 55   57 Deep infection No
8 59 86 145 –10 135 78 80   90 None No
9 62 70 133 –18 115 75 70   80 Ulnar neuropathy Ulnar nerve
            transposition
10 64 62 130 –30 100 70 60   70 Triceps avulsion Triceps repair
11 81 36 135 –15 120 78 70   85 Triceps weakness No
12 60 63 130 –30 100 70 68   70 Ulnar neuropathy No
         
Means 61 63 134 –18 117 74 69   80  

“...we agree that a complete release and transposition of  
the ulnar nerve should be considered in the treatment  

of any distal humerus nonunion.’’



discussion
Nonunion of a distal humerus fracture 
is uncommon and difficult to man-
age. The condition is compounded 
by the presence of poor bone stock, 
osteoporotic bone, or both, as often is 
found in the elderly. In our study, 92% 
of patients achieved satisfactory pain 
resolution and functional ROM after 
reconstruction with semiconstrained 
TEA for a long-standing distal humer-
us nonunion.

Several case series and treatment 
modalities have been reported.2-6,11,14,15 
In 2 early studies2,6 on the use of 
osteosynthesis for nonunion, less than 
50% of patients had a satisfactory 
result. Of the 25 patients reviewed 
by Mitsunaga and colleagues,6 27% 
required 1 and sometimes 2 additional 
procedures to achieve union, and 25% 
had complications; ROM at final fol-
low-up was 71°, an increase of only 
9° in arc of motion. Ackerman and 
Jupiter2 reported that, of 20 patients 
with nonunion, only 7 (35%) had a 
good or excellent result, whereas 13 
(65%) had a fair or poor result.

In 1994, McKee and Jupiter5 
reported on 13 patients (5 with distal 
humerus nonunion, 2 with nonunion 
and malunion, 6 with malunion only) 

treated with extensile exposure, mobi-
lization and transposition of the ulnar 
nerve, external neurolysis of the ulnar 
nerve, anterior and posterior capsulec-
tomy, reconstruction of intra-articular 
defects, rigid internal fixation, iliac 
crest bone grafting, and postoperative 
early motion. Mean increase in arc 
of motion was 45°, and all patients 
achieved union. Of the 7 patients who 
originally had nonunion, 5 (71%) had 
good to excellent results, and 2 (29%) 
had fair results. Because all 9 patients 
with ulnar neuropathy showed some 
improvement after surgery, the need 
to expose and protect the ulnar nerve 
is clear. None of the patients experi-
enced early complications; late com-
plications were not addressed.

Jupiter and Goodman4 and McKee 
and Jupiter5 emphasized the impor-
tance and vulnerability of the ulnar 
nerve in distal humerus nonunion. 
Our results were similar to theirs, 
and we agree that a complete release 
and transposition of the ulnar nerve 
should be considered in the treatment 
of any distal humerus nonunion.3,11

The poor to moderate results seen 
with osteosynthesis—persistent pain, 
limited motion, need for additional 
surgery—make TEA an appealing 

option, especially for low-demand 
elderly patients with or without 
sufficient bone stock.11 For the 36-
year-old patient included in the cur-
rent study, the decision to proceed 
with TEA was based on poor bone 
stock and the patient’s vocational/
avocational interests, which did not 
require lifting. Mitsunaga and col-
leagues6 used first-generation con-
strained TEA for 7 patients with 
nonunion and indicated that all had 
good pain relief and increased ROM. 
Two patients, 1 with heterotopic 
ossification and 1 with radial nerve 
palsy, had component loosening and 
required revision. In the series of 14 
TEAs for distal humerus nonunion 
reported by Figgie and colleagues,10 
8 (57%) of 14 patients had excellent 
pain relief, and their mean ROM was 
100°. However, 5 (36%) of the 14 
patients had 7 major complications, 
the infection rate was 7% (1/14), and 
the failure rate was 21% (3/14).

Morrey and Adams11 reviewed, 
at 50-month follow-up, 36 patients 
treated with semiconstrained TEA for 
distal humerus nonunion, 31 (86%) 
of whom had satisfactory results. Arc 
of motion improved from 72° before 
surgery to 111° after surgery. Seven 
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Figure. A 59-year-old woman had 
a distal humerus nonunion treated 
successfully with semiconstrained 
total elbow arthroplasty (TEA). 
Preoperative anteroposterior (A) and 
lateral (B) radiographs show non-
union of the distal humerus frac-
ture. Postoperative anteroposterior 
(C) and lateral (D) radiographs show 
a well-fixed semiconstrained total 
elbow arthroplasty. Clinical photo-
graphs 1 year after surgery show 
–10° of extension (E) and 145° of 
flexion (F) at the elbow.
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(19%) of the 36 patients had com-
plications: deep infection (2), par-
ticulate synovitis (2), transient ulnar 
neuropathy (2), and worn polyethyl-
ene bushing (1). Five (71%) of those 
7 (or 14% of the total group) required 
another operation.

In our series, 11 (92%) of 12 patients 
had satisfactory results and regained 
functional ROM. However, the compli-
cation rate was high (75%, 9/12), and 
3 complications affected the extensor 
mechanism after olecranon osteotomy. 
Two (17%) of the 12 patients required 
additional surgery. Our findings may 
indicate a need to release and transpose 
the ulnar nerve, and they support using 
a triceps-sparing exposure during ini-
tial osteosynthesis.

TEA is usually reserved for patients 
older than 60 but can be appropriate in 
low-demand younger patients.16 Rapid 
recovery after TEA, especially with a 
triceps-sparing approach that allows 
immediate active joint motion, is of 
particular benefit to elderly patients. 
Despite the relatively high complica-
tion rate, relief from nonunion pain 
appears to be more reliable after TEA 
than after osteosynthesis.3-5,8 Because 

of concerns about mechanical loosen-
ing and prosthesis durability and lon-
gevity, osteosynthesis with capsular 
release is still recommended for most 
patients younger than 60.4 For patients 
older than 60, we recommend TEA 
with a triceps-sparing approach and 
particular care in releasing and trans-
posing the ulnar nerve.
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Total admissions (including newborns).............................approaching 15,000
Newborn admissions (deliveries).......................................approaching 1,800
Surgical patients....................................................................more than 19,000
Emergency department visits..............................................more than 64,000
Registered outpatients (lab and X-ray)..............................more than 100,000
RMH Regional Cancer Center cancer treatments.............more than 13,000

About the Community
Harrisonburg is a city with approximately 45,000 people and is located in the Central Shenandoah Valley area of Virginia. Rockingham County is populated by approximately
75,000 people and lies between the Blue Ridge and Allegheny Mountains. Our primary and secondary service area covers about 225,000 people. We are located along
the Interstate 81 corridor. Harrisonburg is less than two hours south of Washington, DC and a short drive to Virginia beaches, the Blue Ridge and Allegheny Mountains
and various historical destinations. The rural surroundings of the Central Shenandoah Valley, yet proximity to metropolitan areas, give us many amenities found only
in larger areas. 

For more information or to apply please e-mail Jenny Hansbrough at jhansbro@rhcc.com.
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