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Abstract
Background The purpose of this study was to identify complications after operative treatment of distal humerus fractures 
with anatomic, pre-contoured, locking distal humeral plates. We hypothesized that these fractures have high complication 
rates despite the use of these modern implants.
Materials and Methods Between 2010 and 2018, 43 adult patients with a distal humerus fracture underwent open reduction 
and internal fixation (ORIF) at a Level I trauma center. Pre-operative variables, including medical comorbidities, mechanism 
of injury, open or closed fracture, AO/OTA fracture classification (Type A, B, or C), and nerve palsy, were recorded. Intra-
operative variables including surgical approach, ulnar nerve transposition, and plate configuration were recorded. Anatomic, 
pre-contoured, locking distal humeral plates were used in all patients. Various plating systems were used based on surgeon 
preference and fracture pattern. Post-operative complications including infection, nonunion, malunion, painful implants, 
nerve palsy, heterotopic ossification, stiffness, and post-traumatic arthritis were recorded.
Results Most fractures were Type C (53%). The posterior olecranon osteotomy approach (51%) and parallel plate configu-
ration (42%) were used in most cases. At a mean follow-up of 15 months, the complication rate was 61% (26/43 patients). 
Among all patients, 49% (21/43 patients) required a reoperation. Elbow stiffness (19%) was the most common complication 
followed by nerve palsy (16%). There were four fracture nonunions (9%), deep infections (9%), painful implants (9%), post-
traumatic arthritis (9%), and heterotopic ossification (9%).
Conclusions Distal humerus fractures treated with ORIF utilizing anatomic, pre-contoured, locking distal humeral plates 
have a high complication rate, with many requiring reoperation.
Level of Evidence Therapeutic Level IV.
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Introduction

Distal humerus fractures comprise of 2% of all fractures 
and about 30% of all humerus fractures [1]. One-third 
of distal humerus fractures present as complete articular 
fractures, classified by the AO/Orthopaedic Trauma Asso-
ciation (OTA) classification as Type C injuries [1]. The 
elbow joint allows the positioning of the hand in space 
and is needed to perform activities of daily living involv-
ing hygiene and eating. Therefore, fractures of the distal 
humerus can cause a significant decrease in function. The 
goal of treatment is to provide painless, functional range 
of motion of the elbow to allow for functional independ-
ence [2].

Open reduction internal fixation (ORIF) of distal 
humerus fractures has shown satisfactory results; how-
ever, the complication rates have been reported as high as 
50% [1–35]. Complications include joint contracture or 
stiffness, nerve palsy, infection, nonunion, malunion, pain-
ful implants, heterotopic ossification, and post-traumatic 
arthritis. Kundel et al. [3] identified factors associated 
with poor range of motion and return to work after opera-
tive treatment of distal humerus fractures. They reported 
a complication rate of 29%, but did not include painful 
implants that underwent removal, elbow stiffness, or heter-
otopic ossification. Robinson [1] showed that high-energy 
injuries and open fractures were associated with fracture 
nonunion. Type C fractures were associated with infection. 
They did not evaluate for elbow stiffness.

The purpose of this study was to identify complications 
after operative treatment of distal humerus fractures with 
anatomic, pre-contoured, locking distal humeral plates. We 
hypothesized that these fractures have high complication 
rates despite the use of these plates.

Methods

The Institutional Review Board at our institution approved 
this study. The electronic medical records between August 
2010 and January 2018 were searched at our institution’s 
level 1 trauma center. Patients who were greater than or 
equal to 18 years of age and underwent open reduction 
internal fixation of a distal humerus fracture were included 
in the study. The Current Procedural Terminology (CPT) 
codes for open treatment of a distal humerus fracture (CPT 
24,545, 24,546, 24,575, 24,579, and 24,586) were used to 
identify patients. There were 107 patients who underwent 
open treatment of a distal humerus fracture during the time 
period. We excluded patients who had less than 6 months 
follow-up. There were ten patients who had a complication 

prior to 6 months, and these patients were not included in 
the study. Pathologic fractures also were excluded from the 
study. A total of 43 patients were identified for inclusion 
in the study.

The patients’ age, gender, smoking history, alcohol use, 
body mass index (BMI), medical comorbidities, medica-
tions, other injuries, mechanism of injury, and laterality were 
recorded. The fractures were characterized as open or closed. 
Pre-operative nerve palsies were documented. Radiological 
classification was recorded using the AO/OTA system for 
fractures of the distal humerus (Type A, Type B, and Type 
C) [36]. Type A are extra-articular fractures. Type B are par-
tial articular fractures. Type C are complete articular frac-
tures. The number of days from injury to definitive fixation 
as well as the number of operations before definitive fixation 
were noted. The surgeries were performed by surgeons from 
our institution’s trauma, hand, or shoulder and elbow service. 
Surgeon preference and fracture pattern dictated surgical 
approach, and a uniform technique was not adopted for all 
cases. The operative notes were reviewed to record the surgi-
cal approach, use of bone graft, ulnar transposition, number 
of plates, and plate configuration, parallel (Figs. 1, 2) or per-
pendicular (Figs. 3, 4). Various plating systems were used 
based on surgeon preference and fracture pattern. The more 
common distal humerus plating systems that were utilized at 
our institution were Variable Angle–Locking Compression 
Plate (DePuy Synthes, West Chester, PA) and PERI-LOC 
(Smith and Nephew, Memphis, TN). The purpose of this 
study was not to compare different plating systems. There-
fore, the specific plating systems utilized in each case were 
not recorded. However, all cases utilized anatomic, pre-con-
toured, locking plates of the distal humerus utilizing 3.5 mm 
and 2.7 mm locking and non-locking screws. For example, 

Fig. 1  Intra-operative AP fluoroscopic image of a parallel plate con-
figuration for a Type C distal humerus fracture utilizing the Synthes 
(Depuy Synthes, West Chester, PA) distal humerus plating system
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Figs. 5 and 6 show the pictures of the Synthes distal humeral 
plates from their surgical technique guide. Intra-operative 
fluoroscopic images were reviewed, and when applicable, all 
cases utilized O’Driscoll’s principles for optimizing stability 
of the distal humerus [37]. Based on surgeon’s preference, 
patients were either placed in a long arm posterior splint or 
allowed for immediate gentle range of motion in a soft dress-
ing after surgery. This immediate range of motion group 
was defined as the early mobilization group. Patients placed 
into a splint after surgery began range of motion after their 

first post-operative visit, at approximately 10–14 days. This 
was defined as the late mobilization group. All patients were 
followed for at least 6 months. Radiographs were routinely 
obtained at all follow-up clinic visits.     

Fig. 2  Intra-operative lateral fluoroscopic image of a parallel plate 
configuration for a Type C distal humerus fracture utilizing the Syn-
thes (Depuy Synthes, West Chester, PA) distal humerus plating sys-
tem

Fig. 3  Intra-operative AP fluoroscopic image of a perpendicular plate 
configuration and olecranon osteotomy for a Type C distal humerus 
fracture utilizing the Acumed (Acumed, Hillsboro, OR) distal 
humerus plating system

Fig. 4  Intra-operative lateral fluoroscopic image of a perpendicu-
lar plate configuration and olecranon osteotomy for a Type C distal 
humerus fracture utilizing the Acumed (Acumed, Hillsboro, OR) dis-
tal humerus plating system

Fig. 5  Synthes (Depuy Synthes, West Chester, PA) Distal Humerus 
2.7/3.5 Variable Angle–Locking Compression Plates: posterolateral 
(top), posterolateral with lateral support (middle), and lateral (bottom)
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Figure  7 shows the pre-operative radiographs of a 
72-year-old female who sustained a closed Type C distal 
humerus fracture after a ground level fall. She underwent 
ORIF utilizing a posterior olecranon osteotomy approach. 
Fracture fixation was achieved with the Synthes (DePuy 
Synthes, West Chester, PA) distal humerus plating system 
with a perpendicular plate configuration (Fig. 8). At her final 
13-month follow-up, she had no pain, functional range of 
motion of her elbow, and her radiographs showed a healed 
distal humerus fracture and olecranon osteotomy (Fig. 9).

Patients’ post-operative clinic notes were reviewed 
for post-operative complications. A superficial infection 
was defined as wound erythema without purulent drain-
age, implant failure, or bony changes, and treated with 
oral antibiotics. A deep infection was characterized as 
those that required reoperation and had purulence with 
positive intraoperative cultures. A nonunion was present 
if the fracture was not clinically or radiographically united 

after 6 months from definitive fixation or sooner if there 
was displacement of the fracture due to implant failure 
(Fig. 10). Implants that were removed due to pain were 
documented as painful implants (Fig. 11). These patients 
had healed fractures with pain over their implants and 
underwent elective removal of implants. Post-operative 
nerve palsies that were not present pre-operatively were 
recorded. Heterotopic ossification (Fig. 12) was char-
acterized based on the Hastings and Graham functional 
classification that was later sub-classified by Viola and 
Hastings [38, 39]. Joint contracture or stiffness was con-
sidered a complication if the patient was unable to obtain 
functional range of motion. Functional range of motion 
was defined as 30°–130° of elbow extension and flexion, 
55° of forearm pronation, and 65° of forearm supination 
[40]. Joint contracture or stiffness was also considered a 

Fig. 6  Synthes (Depuy Synthes, West Chester, PA) Distal Humerus 
2.7/3.5 Variable Angle–Locking Compression Plates: medial (top) 
and medial with extension (bottom)

Fig. 7  Pre-operative radiographs of a 72-year-old female with a Type 
C distal humerus fracture

Fig. 8  Intra-operative fluoroscopic images of a 72-year-old female 
with perpendicular plate fixation using Synthes plates (Depuy Syn-
thes, West Chester, PA) for her distal humerus fracture

Fig. 9  Post-operative radiographs of a 72-year-old female who is 
13-month status post-ORIF distal humerus fracture with olecranon 
osteotomy. Radiographs showing united distal humerus fracture and 
olecranon osteotomy
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complication if the patient required a soft-tissue release 
or manipulation under anesthesia. Post-traumatic arthritis 
(Fig. 13) was based on serial post-operative radiographs 
that showed joint space narrowing, subchondral sclerosis, 
subchondral cysts, or marginal osteophytes. Complications 
that required a secondary procedure were recorded.

Descriptive statistics were reported as means and stand-
ard deviations for continuous variables and as counts and 
percentages for categorical variables for pre-operative var-
iables and for overall incidences of specific complications.

Results

A total of 43 patients who underwent ORIF of a distal 
humerus fracture were included in the study. The aver-
age follow-up was 15 months (range 6–55 months). There 
were 10 patients who had a complication prior to 6 months 
and were not included in the study. Table 1 shows the 
demographics and injury characteristics. The majority 
of patients had Type C distal humerus fractures (23/43, 
53.5%). Pre-operative ulnar nerve palsy (6/43, 13.9%) was 
the most common nerve palsy.

Fig. 10  Post-operative radiographs at 6-month status post-ORIF of 
a Type C distal humerus fracture utilizing Synthes distal humeral 
plates. Radiographs show nonunion of the supracondylar humerus 
fracture with union of the articular segment. The olecranon osteot-
omy has united

Fig. 11  Post-operative radiographs at 8-month status post-ORIF of 
a Type C distal humerus fracture utilizing Synthes distal humeral 
plates. Radiographs show united distal humerus fracture and olecra-
non osteotomy. Patient had persistent pain over the olecranon plate 
and underwent removal of implant

Fig. 12  Post-operative radiographs at 12-month status post-ORIF 
of a Type B distal humerus fracture utilizing Synthes distal humeral 
plates. Radiographs show united distal humerus fracture and olec-
ranon osteotomy with formation of heterotopic ossification. Patient 
underwent excision of heterotopic ossification due to mechanical 
block to elbow extension and removal of olecranon plate

Fig. 13  Post-operative radiographs at 5-year status post-ORIF of 
a Type B distal humerus fracture utilizing a Synthes distal humeral 
plate. Radiographs show a united distal humerus fracture with evi-
dence of post-traumatic osteoarthritis of the ulnohumeral and radio-
capitellar joints
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Table 2 shows the surgical characteristics. The average 
number of days from the injury to definitive fixation was 
3 days (range 0–14 days). The posterior approach with olec-
ranon osteotomy (22/43, 51.2%) was utilized the most. Par-
allel plate configuration (18/43, 41.9%) was utilized more 
than perpendicular plate configuration. A single plate was 
utilized in five patients and acted as a buttress plate for type 
B fractures. Early mobilization (10/43, 23.26%) was less 
common than late mobilization.

Table 3 shows the complications after operative fixa-
tion of the distal humerus fractures. There was a total of 
35 complications in 26 patients (60.5%). Twenty-one 
patients (48.8%) required a secondary procedure due to a 
complication. The most common complication was stiff-
ness (8/43, 18.6%) that resulted in the inability to obtain 
functional range of motion of the elbow [40]. Four of the 
eight patients had an open fracture, Type C fracture, and/
or an olecranon osteotomy. The early mobilization group 
demonstrated a higher percentage of developing stiffness 
(3/10, 30%) compared to the late mobilization group (5/33, 

15.2%). Five of the eight patients who had post-operative 
stiffness underwent a manipulation under anesthesia and/or 
soft-tissue release.

Post-operative nerve palsy (7/43, 16.3%) was the next 
most common complication. The ulnar nerve was involved in 
all seven patients. One patient also sustained a radial nerve 
palsy in addition to the ulnar nerve palsy. Only one patient 
had an ulnar nerve transposition at the time of operative 
fixation. Four patients underwent a secondary procedure to 

Table 1  Patient demographics and injury characteristics (n = 43)

SD standard deviation, COPD chronic obstructive pulmonary disease, 
RA rheumatoid arthritis, SLE systemic lupus erythematosus, CKD 
chronic kidney disease
a AO/OTA fracture classification

Average age (range; SD) 53 (20–81; 17)
Gender
 Male 21 (48.8%)
 Female 22 (51.2%)

Medical comorbidities/medications
 Smoker 10 (23.2%)
 Coronary artery disease 5 (11.6%)
 Hypertension 15 (34.9%)
 COPD 1 (2.3%)
 Vitamin D deficiency 2 (4.6%)
 RA/SLE 3 (7.0%)
 CKD 1 (2.3%)
 Hypothyroid 3 (7.0%)
 Diabetes 4 (9.3%)
 Steroid use 15 (34.9%)

High-energy mechanism 21 (48.8%)
Open fracture 18 (41.9%)
Other ipsilateral extremity injuries 14 (32.6%)
Pre-op nerve palsy
 Ulnar nerve 6 (13.9%)
 Ulnar and radial nerves 1 (2.3%)
 Ulnar, radial, and median nerves 1 (2.3%)

Fracture  classificationa

 Type A 3 (7.0%)
 Type B 17 (39.5%)
 Type C 23 (53.5%)

Table 2  Surgical characteristics of operative fixation of the distal 
humerus (N = 43)

Number of operations prior to definitive fixation
 0 35 (81.4%)
 1 3 (7.0%)
 2 4 (9.3%)
 4 1 (2.3%)

Surgical approach
 Posterior triceps splitting 1 (2.3%)
 Posterior triceps sparing 11 (25.6%)
 Posterior olecranon osteotomy 22 (51.2%)
 Medial only 1 (2.3%)
 Lateral only 8 (18.6%)

Ulnar nerve transposition 6 (14.0%)
Number of plates
 1 5 (11.6%)
 2 29 (67.4%)
 3 2 (4.7%)

Plate configuration
 Parallel 18 (41.9%)
 Perpendicular (90–90) 13 (30.2%)

Mobilization
 Early 10 (23.3%)
 Late 33 (76.7%)

Bone Grafting
 None 36 (83.7%)
 Allograft 7 (16.3%)

Table 3  Complications after operative fixation of the distal humerus

Complications (number of patients) 26 (60.5%)
 Required a secondary procedure 21 (48.8%)

Complications (total) 35
 Joint contracture/stiffness 8 (18.6%)
 Nerve palsy 7 (16.3%)
 Bone nonunion 4 (9.3%)
 Heterotopic ossification 4 (9.3%)
 Post-traumatic arthritis 4 (9.3%)
 Deep infection 4 (9.3%)
 Painful implant 4 (9.3%)
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release the cubital tunnel. The remaining three patients had 
complete resolution of their symptoms with observation.

There were four patients who had deep infections that 
underwent debridement and irrigation. Three of the four 
patients had an open fracture and one patient required a 
rotational flap for soft-tissue coverage. All patients had a 
type C distal humerus fracture. There were four patients 
who developed fracture nonunion. Two of the patients had 
a septic nonunion. One patient developed nonunion of the 
olecranon osteotomy. All patients underwent a secondary 
procedure to address the fracture nonunion.

There were four patients who developed heterotopic ossi-
fication. Three patients had Class IIA heterotopic ossifica-
tion that underwent capsulotomy, excision of heterotopic 
ossification, and soft-tissue releases. One patient developed 
Class IIIA heterotopic ossification and underwent a similar 
procedure. There were four patients who developed post-
traumatic arthritis. Two underwent a secondary procedure. 
One patient underwent radial head resection arthroplasty. 
One patient underwent resection arthroplasty of the elbow. 
There were four patients who had painful implants and 
underwent the removal of implants.

Discussion

Non-operative treatment of distal humerus fractures has 
been shown to lead to fracture union but with joint stiffness 
and poor function or nonunion [1, 8, 41]. Multiple stud-
ies have shown satisfactory outcomes with open reduction 
internal fixation; however, the complication rate has been 
reported as high as 50% [1–35]. We had a complication rate 
of 61% in this series (26/43 patients), which is higher than 
any series reported to date.

Kundel et al. [3] reviewed 99 patients who were treated 
with open reduction internal fixation of an intra-articular 
distal humerus fracture. They reported a complication rate of 
22%, but did not include painful implants requiring removal 
or elbow stiffness. Forty-nine percent of patients developed 
heterotopic ossification in their series. Twenty-four percent 
of patients had less than 110° of elbow flexion. They identi-
fied factors associated with poor range of motion and return 
to work after operative treatment of distal humerus frac-
tures. The factors included open fractures, type C fractures, 
polytrauma, ipsilateral extremity injuries, and delayed time 
to surgery. Robinson et al. [1] reviewed 274 patients who 
underwent ORIF of the distal humerus. Their overall com-
plication rate was 25%. They had a 3% nonunion rate and 
5% infection rate. They showed that nonunion was associ-
ated with a high-energy injury, open fractures, and fractures 
treated non-operatively. Infection was associated with Type 
C fractures. Post-operative stiffness was not included as a 
complication.

In our series of 43 patients, the complication rate was 
61% with 49% of the cohort requiring a secondary proce-
dure to address the complication. The complication rate is 
higher than reported in Kundel’s and Robinson’s studies, 
because our series included post-operative elbow stiffness 
and painful implants as a complication. Gofton et al. [13] 
reviewed 23 patients with type C distal humerus fractures 
who underwent ORIF. Their complication rate was 48% and 
did not include elbow stiffness. Athwal et al. [16] reviewed 
32 patients who underwent parallel plating for a type C dis-
tal humerus fracture. They had a complication rate of 53% 
at a mean follow-up of 27 months. Doornberg et al. [27] 
reviewed 30 patients who underwent ORIF for an intra-
articular distal humerus fracture with an average follow-up 
of 19 years. Forty percent required a reoperation during the 
follow-up period. Eighty percent developed arthrosis.

Post-operative elbow stiffness that resulted in non-func-
tional range of motion was the most common complica-
tion in our series (8/43 patients, 18.6%). Morrey et al. [40] 
defined functional range of motion of the elbow as 30° of 
extension and 130° of flexion. Sardelli et al. [42] more 
recently identified functional elbow range of motion for 
contemporary tasks as 27° of extension and 150° of flexion 
to reach the back of the neck and to use a cellular telephone 
while standing. For our study, we used Morrey’s definition 
for functional elbow range of motion. The etiology of elbow 
stiffness is usually in the posteromedial capsule secondary 
to capsular fibrosis or heterotopic ossification [43]. Factors 
that may contribute to post-operative elbow stiffness include 
prolonged post-operative immobilization, soft-tissue injury, 
and patient compliance with post-operative rehabilitation 
[43–45]. Early range of motion and emphasis on post-oper-
ative rehabilitation may reduce the risk of post-operative 
elbow stiffness.

Post-operative nerve palsy was the second most com-
mon complication (16%, 7/43 patients). The ulnar nerve 
was involved in all 7 patients. One patient also sustained a 
radial nerve palsy in addition to the ulnar nerve palsy. Three 
cases resolved with observation. Four cases underwent a 
secondary procedure to address the persistent symptoms. 
Vazquez et al. [46] retrospectively reviewed 69 patients who 
underwent ORIF of the distal humerus with and without 
ulnar nerve transposition. There was a 16% ulnar nerve palsy 
rate at final follow-up. Transposition of the ulnar nerve did 
not decrease the development of post-operative ulnar nerve 
palsy. In their series, age, gender, surgical approach, pol-
ytrauma, or open fractures were not associated with ulnar 
nerve palsy. Chen et al. [47] identified ulnar nerve trans-
position as an independent variable associated with ulnar 
neuritis. They did not recommend routine transposition of 
the ulnar nerve at the time of ORIF.

The current literature reports fracture nonunion after 
ORIF of the distal humerus to be 0–15% [1, 3–5, 13, 14, 26]. 
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Our results were consistent with the literature with a non-
union rate of 9% (4/43 patients). Robinson et al. [1] showed 
that nonunion was associated with high-energy mechanism, 
open fractures, and fractures treated non-operatively. Claes-
sen [7] showed that nonunion was associated with smoking, 
obesity, diabetes mellitus, and Charlson comorbidity index. 
Our rates of heterotopic ossification, deep infection, painful 
implants, and post-traumatic arthritis were consistent with 
the literature [3, 4, 12–15, 21, 22, 26, 30, 32]. Foruria et al., 
Abrams et al., and Ilahi et al. evaluated heterotopic ossifi-
cation after operative fixation of distal humerus fractures 
[48–50]. They concluded that head injury, delayed definitive 
fixation more than 48 h, and use of bone graft was associated 
with heterotopic ossification.

This study had several limitations. Most of the limita-
tions were related primarily to the inherent weaknesses of a 
retrospective review, including loss to follow-up of 60% of 
patients (64/107 patients) and varying surgical techniques 
and plating systems. The sample size was also small and 
post hoc power analyses of the modifiable factors indicated 
that we were only powered to detect very large differences 
in complication rates (~ 40–50%) for these factors and would 
have likely needed nine-to-ten times more cases to find sta-
tistically significant differences. Therefore, we were unable 
to identify modifiable or non-modifiable risk factors for each 
complication. This study does not report functional out-
comes after ORIF of distal humerus fractures, e.g., pain or 
elbow functional scores. However, the purpose of this study 
was to report complications and not functional outcomes.

In conclusion, we found that distal humerus fractures 
treated with ORIF using anatomic, pre-contoured, locking 
distal humeral plates at our institution were associated with a 
high rate of complications with about half of patients requir-
ing a secondary procedure. Patients should be educated 
about the potential complications and chance of a secondary 
procedure after definitive fixation.
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