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ABSTRACT
Background: Radial head arthroplasty (RHA) is typically 
performed to restore elbow stability or function in 
patients with fractures or degenerative joint diseases. 
The procedure requires a specific operating technique 
to avoid complications such as overstuffing, capitellar 
erosion, stiffness, instability, micro motion, and 
loosening. It is difficult to restore native radial head 
function reliably. 

Methods: We reviewed the medical records of 45 
patients who underwent radial head arthroplasty using 
the ALIGN radial head implant (ALIGN Radial Head 
System, Skeletal Dynamics, Miami, FL) at our institution. 
A total of 15 patients met inclusion criteria and were 
contacted to complete a QuickDASH questionnaire, 
with additional questions on range of motion, strength, 
stability, pain, and satisfaction. The monoblock ALIGN 
implant has a long, press-fit stem coated in titanium 
plasma spray (TPS), is comprised of cobalt chrome, and 
is anatomically aligned by the provided alignment jig.

Results: Of the 15 patients, one reported severe loss 
of motion. No patient reported severe loss of strength, 
loss of stability, or pain. The average QuickDASH score 
was 12.62 (SD, 18.06) of 100, and the average patient 
satisfaction score was 8.80 (SD, 2.18) of 10.  

Conclusions: Radial head arthroplasty may result in 
suboptimal performance. Functional outcomes after 
using this implant with monoblock design have been 
favorable. The design may accurately replicate the 
anatomical function of the native radial head, and the 
long, TPS-coated press-fit stem may provide more 
stability and osseous integration than other implants. 
The results of this study indicated satisfactory midterm 
results after use of the ALIGN implant in radial head 
arthroplasty.
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INTRODUCTION
The radial head is a key component of the proximal 
radioulnar joint and an important element in force 
distribution across the elbow. Dysfunction of the radial head 
produces notable disability. No radial head implant has been 
able to restore native radial head function reliably.1 

Fractures of the radial head constitute 33% of all elbow 
injuries and up to 5% of all adult fractures.2 Most radial 
head fractures (85%) occur in young active adults, typically 
during a fall in which impact is braced by the hand, the 
forearm is supinated, and the elbow is in extension.3 The 
radial head is a primary stabilizer to axial forearm loads 
and a secondary stabilizer to varus-valgus stress.3,4 When 
injury results in ligamentous damage, the radial head 
becomes the primary stabilizer to varus-valgus.3 

Active stability of the elbow is mostly dependent on 
joint compressive forces, which result from muscle action 
and articular congruency. The lateral and medial collateral 
ligament complexes and the anterior capsule maintain 
passive stability of the elbow. Joint forces in voluntary 
movement involve compression of the radial head and 
coronoid process against the humerus. The radial head 
alone can handle a load of up to three times the subject’s 
body weight during valgus loading, when tension is high 
across the medial collateral ligament. The initiation of 
flexion about the elbow generates the greatest amount 
of force onto the radial head and coronoid. The elbow is 
most stable at 90˚ of flexion. In extension, most of the 
load (60%) is transmitted through the radial head and 
the remaining load is carried by the ulnohumeral joint 
(coronoid). Overall, the radioulnar joint allows an average 
of 75˚ of pronation and 80˚ of supination.5 

Advanced degenerative joint disease may be treated 
surgically by osteotomy, resection, or radial head 
arthroplasty (RHA). Surgical treatment of radial head 
fractures may include open reduction and internal 
fixation (ORIF), resection of the radial head, or RHA. 
Indications for operative treatment include articular 
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displacement, irregular motion, severe pain, and 
instability associated with soft-tissue damage.2 

Although ORIF is the preferred treatment for less 
comminuted radial head fractures, this technique has a 
high failure rate when the fracture is highly comminuted 
and unstable.6 Resection greatly alters joint kinematics 
and may lead to complications such as long-term 
instability, displacement, positive cubital variance, and 
premature osteoarthritis. The interosseous ligament 
transfers axial loading to the ulna when the radial 
head is removed, leaving only the medial ligament to 
prevent a valgus deformity.5 Resection is more effective 
in cases of isolated fracture without ligament injury 
owing to these biomechanical changes.2,7 Fracture of 
greater than 50% of the coronoid process, comminution 
into three or more pieces, disruption of the collateral 
ligaments, or acute longitudinal radioulnar dissociation 
(Essex-Lopresti) lead to elbow instability and indicate 
the need for RHA.8,9 RHA is also suggested for severe 
degenerative joint disease, failed ORIF, non-union, 
osteonecrosis, and posttraumatic sequelae.4,8 

RHA requires precise surgical technique to avoid 
complications. Implant sizing is crucial because 
oversized implants, known as joint overstuffing, can 
decrease range of motion and lead to capitellar erosion. 
This is commonly the result of excessive radial head 
length.7 An overly proximal bone cut or overestimation 
of the bone gap when the lateral collateral ligament is 
compromised can lead to overstuffing.6,7 Lengthening 
of 2.5 mm or more alters joint kinematics and leads to 
excessive radiocapitellar load,10 whereas an undersized 
implant will fail to stabilize the elbow properly.7 Micro 
motion and loosening are more likely with larger radial 
neck resections and smaller implant stem lengths.11 

Although some implants spin inside the radius with 
loose-fitting stems, other implants are seated (using 
a press-fit stem or bone cement) to restore native 
function. Press-fit stems are typically coated with 
a textured surface, such as titanium plasma spray 
(TPS), to promote osseous in-growth and stability. 
The objective of this study was to assess and report 
midterm follow-up results on patients who underwent 
RHA using a cobalt chrome, press-fit implant (ALIGN 
Radial Head System, Skeletal Dynamics, Miami, FL).

METHODS
After receiving approval from our facility’s medical 
director (we emailed the approval letter to the 
publication staff), we retrospectively reviewed all 
patients who underwent RHA from January 2011 to 
December 2015 (n = 45). Inclusion criteria were patients 
with a radial head fracture or severe elbow arthritis, 
treatment primarily with RHA, that were skeletally 
mature (18 years of age) at the time of the procedure. 
Exclusion criteria were patients who did not have a 
working phone number or did not wish to participate 
in the study, work-related injuries, and simultaneous 
ipsilateral upper-extremity injuries. Studies have 

shown that workers’ compensation claims strongly 
affect patient outcomes after an orthopaedic surgical 
procedure.12-14 Of the 45 patients, a total of 15 met the 
inclusion criteria (5 men, 10 women).    

Fifteen patients were contacted to complete a 
telephone survey (Figure 1). Our survey started with 
an overall patient satisfaction question (reported on 
a 0-10 continuous rating scale) and proceeded to 
questions regarding motion, strength, stability, and 

pain. These questions were taken from the Broberg and 
Morrey15 elbow rating system that defines the limits for 
mild, moderate, and severe loss. Finally, we included 
a question on complications. If the patient reported 
complications, additional follow-up questions were 
provided. The patients were also asked to complete a 
QuickDASH questionnaire to assess disability.16

We modified one question from the elbow rating 
system, regarding range of motion. The original 
scoring system used range-of-motion measurements 
to calculate the motion score. Because our survey was 
conducted over the phone, these measurements were 
not available. Instead, the question was changed to 
mirror the mild, moderate, and severe scale used for 
the strength score (reported as a percentage of the 
contralateral elbow). 

Figure 1. The survey on range of motion, strength, 
stability, pain, and patient satisfaction, conducted over 
the phone to 15 patients
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The ALIGN radial head implant (Figure 2) is a cobalt 
chrome, side-loading, monoblock implant designed to 
be anatomically aligned to the patient’s axis of forearm 
rotation by means of an alignment jig (Figure 3). A 
long stem provides three-point, press-fit fixation and 
has a TPS coating. The implant is installed in a modular 
fashion, until a lock screw secures the head to the stem, 

transforming it into a monoblock system. RHA was 
performed as described by the manufacturer of the 
ALIGN implant.17 Two orthopaedic surgeons with upper-
extremity subspecialty training performed all surgical 
procedures. 

RESULTS
The mean age of the 15 patients was 60.87 years (SD, 
16.39) at the time of the surgical procedure (range, 26-
83 years). Table 1 shows demographic data. RHA was 
performed on eight right and seven left hands. Patients 
were contacted to complete the survey at an average 
of 44.58 months (SD, 18.03) postoperatively. Figures 4A 
and 4B shows a representative radiograph of a patient 
at final follow-up.

The results of the patient questionnaire are shown in 
Table 2. With respect to motion, eight patients (53.3%) 
reported normal range of motion, three (20.0%) had 

mild loss of motion, three (20.0%) had moderate loss 
of motion, and one (6.7%) had severe loss of motion. 
Regarding strength, nine patients (60.0%) had normal 
elbow strength, four (26.7%) had mild loss of strength, 
and two (13.3%) had moderate loss of strength. 		
    Concerning stability, eleven patients (73.3%) reported 
normal elbow stability, three (20.0%) had mild loss of 
stability, and one (6.7%) had moderate loss of stability. 
With respect to pain, ten patients (66.7%) reported no 
elbow pain, three (20.0%) had mild elbow pain, and two 
(13.3%) had moderate pain.

Figure 2. The ALIGN implant (ALIGN Radial Head 
System, Skeletal Dynamics, Miami, FL). 

Figure 3. The ALIGN implant (ALIGN Radial Head System, Skeletal Dynamics, Miami, FL) alignment jig used to 
anatomically align the implant to the patient’s axis of forearm rotation. 

Table 1. Demographic information on 15 patients with 
radial head fractures treated using the ALIGN Radial 
Head System implanta

Patient  
number

Age, 
yb Sexc

Left or right  
hand treatedd

Postoperative  
follow-up, mose

1 83 Female Right 70.39

2 66 Female Left 64.77

3 62 Male Right 64.21

4 26 Male Left 62.73

5 68 Female Left 59.05

6 58 Female Left 51.45

7 56 Male Right 48.82

8 81 Female Left 45.30

9 70 Female Right 45.14

10 66 Female Left 36.36

11 81 Female Right 35.64

12 34 Male Right 31.33

13 45 Male Left 21.21

14 54 Female Right 16.83

15 63 Female Right 15.45
aSkeletal Dynamics, Miami, FL.
bAverage age of all patients was 60.87 years (SD, 16.39).
cIn total, ten patients were women and five were men.
dIn total, eight right and seven left hands were treated. 
ePatients were contacted to complete the survey at an average of  
44.58 months (SD, 18.03) postoperatively. 
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Figure 4. Representative radiographs of a patient at 3-year follow-up. A) Anteroposterior view of the elbow. 
B) Lateral view of the elbow.

A

B
The average QuickDASH score was 12.62 (SD, 18.06; 

Table 2). The average patient satisfaction score was 
8.80 (SD, 2.18) of 10. One patient (6.7%) reported a 
complication of “golfer’s elbow,” or medial epicondylitis, 
requiring additional surgical treatment of the same 
elbow (patient #6). Another patient had a 15-year 
history of elbow pain and instability before treatment, 
multiple operative procedures, and a ligament 
reconstruction (patient #3). One patient had lived 
with instability for more than 50 years before surgical 
treatment (patient #10). Of the 15 patients included in 
the study, none underwent surgical revision or removal 
of the ALIGN implant.

Table 2. Results of the follow-up survey given to 15 patients who underwent surgical treatment of radial head 
fractures using the ALIGN Radial Head System implanta

Patient 
Number ROM Strength Stability Pain

QuickDASH 
Scoreb Complications

Satisfaction 
Scorec

1d normal normal normal none 4.55 no 10

2 moderate loss normal normal mild 4.55 no 9

3d severe loss moderate loss moderate loss moderate 50.00 no 5

4 mild loss mild loss mild loss none 9.09 no 10

5 normal normal normal none 0.00 no 10

6e moderate loss moderate loss normal moderate 40.00 yes 4

7 mild loss normal normal mild 6.82 no 10

8f moderate loss mild loss mild loss none 50.00 no 5

9 normal normal normal none 2.27 no 10

10d normal normal normal none 0.00 no 10

11f normal mild loss mild loss none 10.71 no 10

12 normal normal normal mild 0.00 no 10

13 normal normal normal none 0.00 no 10

14 mild loss normal normal none 4.55 no 10

15 normal mild loss normal none 6.82 no 9

ROM, range of motion. 
aSkeletal Dynamics, Miami, FL.
bThe average QuickDASH score was 12.62 (SD, 18.06). Patient scores ranged from 0 to 50 of 100 (QuickDASH maximum score),  
with a score of < 20 indicating a positive outcome.
cThe average satisfaction score was 8.80 (SD, 2.18). Scores ranged from 0 to 10, with a score of 10 indicating the most satisfied. 
dPatients had history of elbow pain and instability before treatment.
ePatient reported “golfer’s elbow” (ie, medial epicondylitis) and underwent an additional procedure on the same elbow.
fPatients had a severe cognitive impairment, and responses were given by a family member or caregiver.
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DISCUSSION
RHA is a common orthopaedic treatment that may 
result in suboptimal results, revision procedures, and 
postoperative complications.1,9,18 The treatment is 
intended to improve stability after injury, particularly 
when ligamentous and bony injury are combined, or to 
relieve pain in advanced degenerative joint disease of 
the radial head. Restoration of the radial head buttress 
restores elbow stability. 

Even after ligament healing stabilizes the joint, radial 
head implants can produce long-term problems such 
as painful capitellar wear and prosthetic loosening. 
A study done by Wretenberg et al19 found that up to 
27% of radial head implants are removed or revised 
soon after implantation owing to similar issues, with an 
average follow-up of 3.4 years. There is no consensus 
for the optimal design of radial head implants thus 
far. Three controversies stand out: monoblock versus 
bipolar, loose-fitting stem versus fixed-stem implants, 
and anatomical versus non-anatomical designs.

Monoblock designs attempt to replace the native 
radial head with a rigid implant that replicates its 
biomechanical function. Their rigidity provides lateral 
support to control posterolateral instability, despite 
some degree of elbow subluxation. Because of the wide 
range of anatomic variation, it is difficult to restore the 
original alignment when using monoblock radial heads. 
These implants may produce edge loading and wear 
on the capitellum. Bipolar radial heads have a ball and 
socket articulation immediately distal to the radial head 
that attempts to minimize capitellar wear by alignment 
with the capitellum.7 Therefore, the bipolar radial head 
avoids capitellar edge loading seen with monoblock 
implant malalignment. 

A bipolar design may cause localized high stresses 
on the capitellum when subjected to a lateral force 
because the radial head transmits axial and transverse 
loads.1 In cadaveric models, bipolar heads provide less 
stability than monoblock implants because they fail to 
restore lateral support in the face of slight subluxation.9 

However, recent studies have not shown enough 
significant clinical evidence in favor of one specific type 
of implant.8 

Radial head implants with a loose-fitting stem are 
designed to be a simple spacer between the capitellum 
and the radial stump. They present a smooth, metallic, 
intramedullary stem introduced into the radial neck, 
with the intention of allowing rotational motion. Loose-
fitting stems cannot transmit joint forces, especially 
transverse forces, in a physiological manner. They 
are prone to complications such as osteolysis and 
migration.20 

Fixed-stem implants, on the other hand, transmit 
loads in a physiologic manner.21 Fixation methods 
used have included press-fit, cement, and bone-
ingrowth surfaces. Stably-fixed implants have some 
disadvantages, however. Anatomical implant alignment 

has been difficult to obtain and malalignment can cause 
capitellar wear.8 If fixation is not successfully achieved, 
the textured surfaces of press-fit implant stems may 
cause erosion and osteolysis.21 With uncemented 
implants, immediate postoperative stability is needed 
for bony integration and to prevent micromotion. 
Implant stability depends on stem length and proper 
resection of the radial head and neck.11 Findings of 
a study done by Kodde et al1 suggests that press-fit 
fixation with successful osseous integration results in 
long-term fixation and stability. Cemented implants, 
on the other hand, have been shown to loosen at the 
cement-bone interface in up to 10% of cases.18

Anatomically accurate radial head implants more 
evenly distribute and reduce contact stresses on the 
capitellum as compared to their non-anatomically 
designed counterparts.5 Anatomically designed radial 
heads are difficult to insert in the original anatomical 
position.8 Their designs are based on averages of a 
wide range of anatomical variations of the elbow and 
therefore do not conform well to individual patients. 
Non-anatomical radial head implants cannot be 
aligned properly because their stem is perpendicular 
to the radial neck, where fixation is typically obtained. 
Because the average radial head is angulated 6˚ from 
the axis of the radial neck, a wobbling motion during 
forearm rotation and edge loading on the capitellum 
can result.

The ALIGN implant has a unique long and press-fit 
stem design with a radial head that is custom aligned 
to the patient’s axis of forearm rotation. This provides 
the bipolar-like protection of the capitellar surface and 
the stability of a monoblock implant. This design also 
permits the use of a long stem to achieve more reliable 
fixation while avoiding the difficulties of inserting a 
traditional anatomical monoblock implant. 

Overall, patients reported high scores of satisfaction 
(average score, 8.8), with 10 patients reporting 
complete satisfaction (10 of 10). Similarly, five patients 
reported no pain, normal range of motion, normal 
strength, and normal stability. However, not all patients 
were completely satisfied. Three patients (#3, #6, 
and #8) reported satisfaction scores of less than 7. 
Interestingly, these patients had high QuickDASH 
scores (> 20) and reported moderate to severe loss 
of range of motion. In the Broberg and Morrey15 rating 
system (that our survey was modeled after), range of 
motion is the most heavily weighted category (40% of 
the final score), suggesting that these patients would 
likely have received a fair or poor Broberg and Morrey15 
classification score. 

Three patients (#1, #3, and #10), had a history of 
elbow instability prior to treatment. Two of these 
patients (#1 and #10) had promising treatment 
outcomes. However, patient #3 (who had a poor 
outcome) had full range of motion at 4 weeks 
postoperatively but described poor function. This may 
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have been due to his multiple medical comorbidities 
that affected his ability to perform tasks. Three patients 
(#3, #10, and #14) underwent RHA to treat degenerative 
joint disease. Twelve patients (with high satisfaction and 
low QuickDASH scores) reported favorable outcomes 
across the categories (range of motion, strength, 
stability, and pain), indicating an excellent or good 
score of the Broberg and Morrey15 classification. 

Our study has several limitations. We had a limited 
sample size of patients. Of the 45 patients treated with 
RHA, only 15 patients met inclusion criteria. Of the 
30 patients who did not participate, twenty-one were 
unable to be contacted or declined to participate, five 
were involved workers’ compensation claims, one was 
below the age of 18 years at the time of procedure, and 
three had severe ipsilateral injuries. Furthermore, the 
study was conducted using the phone, which limited the 
data collected to patient-reported outcomes and did 
not allow for objective measurements (specifically for 
the range of motion question) or radiographic analysis. 
The phone survey was therefore written to closely 
mirror the Broberg and Morrey15 questionnaire, which is 
a validated method for assessing treatment outcomes 
of elbows.

In the current study, our patients exhibited favorable 
results after RHA for the relevant indications listed. Our 
findings may indicate that use of the ALIGN implant 
provides promising midterm clinical results, with few 
complications, and minimizes the need for revision 
procedure or implant removal.
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