
Introduction
	 The elbow has the most complex articular anatomy of any human 
joint and is also biomechanically more critical to upper extremity 
function than the wrist or shoulder. Even minor trauma or transient 
disease involvement can result in prolonged, limited, if not perma-
nent, painful motion. Although the elbow is not commonly considered 
a weight-bearing joint, static loading forces can equal 3 times body 
weight, and dynamic loading can equal 6 times body weight.

	 The elbow is frequently involved in many diseases, most notably, 
rheumatoid arthritis. In fact, 20% to 60% of patients with rheumatoid 
arthritis have elbow involvement. The elbow is also affected by other 
inflammatory arthropathies, primary degenerative osteoarthritis, crys-
talline arthropathy, hemophilia, and sepsis. The elbow is frequently 
injured in both adults and children. Fractures about the elbow account 
for 7% of all adult fractures, and after the shoulder, the elbow is the 
second most frequently dislocated joint [1-3]. Historically, some of 
the earliest surgical procedures to alleviate pain and preserve motion 
included resection arthroplasty and interposition arthroplasty. Not  
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surprisingly, resection arthroplasty (performed primarily for sepsis) 
yielded unpredictable functional results. Interposition arthroplasty 
has been in use since the 1900s. Various autologous tissues (eg, fat, 
muscle, tendon, fascia) and later nonautologous materials (eg, sili-
cone sheeting, gelatin sponges, xenograft pig bladders) have been 
used with varying success [4-8]. Today, autogenous cutis interposi-
tion grafts continue to be used in younger patients.

Prosthetic Replacement Arthroplasty
Historical Perspective

	 Even today there exists a negative bias toward total elbow arthro-
plasty (TEA). A degree of pessimism is warranted, owing to the poor 
surgical outcomes of early prosthetic designs.

	 From the late 1940s through the late 1960s, before the use of 
methacrylate bone cement and polyethylene bearing surfaces, numer-
ous custom-made fully constrained (flexion-extension motion only) 
hinged implants were developed that relied on both extracortical and 
intramedullary implant seating [Figure 1]. These implants failed with 
regularity, secondary to loosening, metallic wear debris, and metal 
failure [5,6,8-12]. Recognition that the constrained hinge designs 
were failing at an unacceptable rate led surgeons to develop surface 
replacement hemiarthroplasty implants for the distal end of the hu-
merus and the proximal ulna [4,13]. Clinical experience with these 
hemiarthroplasty implants was limited, and few long-term studies 
were reported.
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Abstract
	 In my opinion, the negative bias toward this procedure is no lon-
ger warranted. From a clinical standpoint, the majority of patients 
have marked improvement in function and significant pain relief. TEA 
has come a long way in the past two decades. Implant survival data 
nearly approach those of knee arthroplasty. However, the compli-
cation rate, higher than for total hip and knee arthroplasty, is likely 
inherent in the anatomic uniqueness of the elbow itself. With less 
bone stock for implantation as well as a less robust soft tissue enve-
lope than the hip and knee, the surgeon and patient must exercise 
greater caution with TEA implantation.

Figure 1: Fully constrained, custom-hinged total elbow arthroplasty with 
radiographic evidence of loosening (From London JT. Custom arthroplasty 
and hemiarthroplasty of the elbow. In: Morrey BF, editor. The elbow and 
its disorders. 2nd ed. Philadelphia: WB Saunders; 1993.)
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The Modern Era

	 The modern era of TEA, which began in the late 1970s, was 
heralded by several important developments. The expanded use of 
high-density polyethylene as a bearing surface to metal and the use 
of methylmethacrylate bone cement were implemented in TEA fol-
lowing the success of total hip and knee arthroplasty [4,12,14-18]. 
Equally important was the implementation of sound biomechanical 
investigations which led to improved designs that attempted to repli-
cate normal joint kinematics, thereby reducing the potential for ma-
terial wear and implant loosening [8,19].Modern TEA implants fall 
into two design categories, linked and unlinked. These terms are ge-
nerally interchangeable with the descriptors semiconstrained and un-
constrained, respectively [3,20].Linked implants are coupled together 
with pins or snap-fit bushings that produce a semiconstrained hinged 
construction, allowing for a degree of laxity in the medial, lateral, 
and rotational planes that closely simulates the loose hinge of normal 
elbow kinematics [5,8,17,21-25] [Figure 2]. Unlinked or unconstrai-
ned implants are not mechanically linked but rely on matching shapes 
of the bearing surfaces, adequate bone stock, and, most importantly, 
the integrity of present or reconstructable capsular and ligamentous 
structures [4,15,20,23,26-29] [Figure 3].

	 Both linked and unlinked TEA implants have similar indications, 
including rheumatoid arthritis, posttraumatic arthritis, and degenera-
tive osteoarthritis. Furthermore, both have yielded similar functional 
outcome and patient satisfaction scores [3,11,12,18,27]. However,  

because of the inherent differences in stability, the linked and unlin-
ked designs have different indications. The unlinked designs require 
competent soft tissue constraints and adequate bone stock length to 
yield a stable arthroplasty. Therefore, their use is often limited to or 
preferred when there is less bone or articular destruction [Figure 4].

	 Moreover, as less bone is removed to implant the resurfacing 
unlinked prosthesis, it may be preferred in younger patients who 
may need later revision surgery [3,11,15,21].The increased stability 
of the linked implant designs expands the indications for their use. 
Specifically, they are now indicated in later stages of rheumatoid 
arthritis, posttraumatic arthritis, and osteoarthritis where increased 
bone destruction and ligamentous incompetency exist [2,3,20,25]. 
Furthermore, the linked implants have broadened indications for di-
stal humerus malunions and nonunions. Additionally, linked implants 
are indicated for complex displaced intra-articular fractures that are 
not satisfactorily reassembled by fracture internal fixation techniques, 
particularly in elderly patients with osteoporotic bone [2].

Contraindications

	 Absolute contraindications for TEA include flaccid paralysis of 
the upper extremity and nonrestorable function of the biceps and tri-
ceps. Poor patient compliance with activity and weight-lifting restric-
tions is also an absolute contraindication for surgery. Arthrodesis of 
the elbow remains a relative contraindication for TEA. Historically, 
a previous open infected elbow wound or a previously infected TEA 
were absolute contraindications [23]. However, Yamaguchi et al38 
reported that salvage of infected TEA with reimplantation can yield 
acceptable outcomes in selected patients with specific pathogens.

Surgical Techniques and Postoperative Rehabilita-
tion

	 The majority of patients who undergo elbow replacement first un-
dergo placement of an indwelling auxiliary or infraclavicular catheter 
for postoperative pain control. General anesthesia is then adminis-
tered for the procedure. The surgical technique is specific to the  

Figure 2: Coonrad-Morrey (Mayo) total elbow arthroplasty prosthesis.

Figure 3: Capitellocondylar (unconstrained) ulnar component.

Figure 4: Capitellocondylar (unconstrained) humeral component.
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chosen implant design. When a linked implant is to be used, most 
surgeons advocate the posterior triceps–sparing Mayo (Bryan-Mor-
rey) approach, which preserves the continuity of the triceps and an-
coneus by the subperiosteal elevation of the triceps insertion [5,21]. 
A posterolateral Kocher approach is most often used for unlinked im-
plant surgery. At our institution, tourniquet time averages 2 hours for 
primary linked TEA [15,27,28]. Patients who have undergone linked 
TEA are splinted in extension for 24 to 36 hours, and thereafter ac-
tive range of motion exercises are begun. Rehabilitation of unlinked 
implants is more patient specific, depending on the integrity of the 
repaired or reconstructed ligaments. The average postoperative hos-
pital stay at our institution is 2 days. Many patients are discharged 
with the indwelling axillary catheter in place with the local anesthetic 
delivered by a disposable vacuum reservoir pump for five days. This 
gives the patient prolonged pain relief after surgery.

	 Most patients require little or no supervised physical therapy af-
ter semiconstrained TEA. Patients are encouraged to move the elbow 
through a range of motion and participate in activities of daily living, 
as dictated by their pain levels in the early postoperative period. Strict 
guidelines on lifting capacity are emphasized during preoperative de-
cision making and during postoperative visits. Currently, our institu-
tion allows lifting of up to 0.9 kg (2 lb) repeatedly and not more than 
4.5 kg (10 lb) during a single event. Sports activities such as golf and 
tennis are not allowed after TEA. A patient’s inability to commit to 
these activity restrictions is a contraindication for surgery.

Results
	 Direct comparison of outcome studies among the various linked 
and unlinked TEA implants is an arduous task. Given the many re-
ported methods to score extremity function, patient satisfaction, and 
long-term radiographic analysis, comparing one study to another is 
difficult. Certain trends are not in dispute, however. The improved ce-
mentation techniques and improved implant designs of the past 10 to 
15 years have other encouraging reports show a trend that the success 
rate of TEA for rheumatoid arthritis approaches that following total 
knee arthroplasty [5,12,18,20].Owing to the expanded indications 
available to the semiconstrained linked prosthesis, use of these im-
plants has increased in the past decade over use of unlinked implants.

	 Recently, several studies have shown improved outcomes in el-
derly patients (>70 years) undergoing primary linked TEA compared 
with patients having undergone standard fracture fixation techniques 
for complex intra-articular fractures of the distal humerus. This im-
provement is arguably enough so as to recommend TEA as the proce-
dure of choice in elderly patients [1,2,19].Revision TEA for implant 
loosening, polyethylene wear, implant failure, and periprosthetic frac-
tures can result in satisfactory outcomes in a majority of patients [5]. 
At our institution, we perform nearly equal numbers of primary and 
revision TEA procedures each year.

Conclusion
	 Total elbow arthroplasty (TEA) has proven to be a reliable joint 
replacement procedure that has a high degree of patient satisfaction. 
The long-term functional and implant survival scores rival those of 
total knee arthroplasty. Despite these favorable outcomes, few pa-
tients with disabling elbow degenerative conditions have TEA rec-
ommended to them as an alternative procedure by rheumatologists, 
physiatrists, or orthopedists. This article reviews the history, current 
concepts, and future of TEA.
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