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 � SHOULDER & ELBOW

Outcome of unlinked total elbow 
arthroplasty for rheumatoid arthritis in 
patients younger than 50 years old

Aims
There are concerns regarding complications and longevity of total elbow arthroplasty (TEA) 
in young patients, and the few previous publications are mainly limited to reports on linked 
elbow devices. We investigated the clinical outcome of unlinked TEA for patients aged less 
than 50 years with rheumatoid arthritis (RA).

Methods
We retrospectively reviewed the records of 26 elbows of 21 patients with RA who were aged 
less than 50 years who underwent primary TEA with an unlinked elbow prosthesis. The mean 
patient age was 46 years (35 to 49), and the mean follow- up period was 13.6 years (6 to 27). 
Outcome measures included pain, range of motion, Mayo Elbow Performance Score (MEPS), 
radiological evaluation for radiolucent line and loosening, complications, and revision sur-
gery with or without implant removal.

Results
The mean MEPS significantly improved from 47 (15 to 70) points preoperatively to 95 (70 to 
100) points at final follow- up (p < 0.001). Complications were noted in six elbows (23%) in 
six patients, and of these, four with an ulnar neuropathy and one elbow with postoperative 
traumatic fracture required additional surgeries. There was no revision with implant remov-
al, and there was no radiological evidence of loosening around the components. With any 
revision surgery as the endpoint, the survival rates up to 25 years were 78.1% (95% confi-
dence interval 52.8 to 90.6) as determined by Kaplan- Meier analysis.

Conclusion
The clinical outcome of primary unlinked TEA for young patients with RA was satisfactory 
and comparable with that for elderly patients. A favourable survival rate without implant re-
moval might support the use of unlinked devices for young patients with this disease entity, 
with a caution of a relatively high complication rate regarding ulnar neuropathy.
 
Level of Evidence: Therapeutic Level IV
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Introduction
Total elbow arthroplasty (TEA) is a well- 
recognized treatment choice for the end- 
stage arthritic elbow providing pain- free 
functional improvements. Rheumatoid 
arthritis (RA) has been the commonest indica-
tion for TEA; however, its annual proportion 
reduced from 77% to 50% between 1980 
and 2008,1 probably due to recent advances 
in pharmacological treatment. Another 

systematic search using data compiled from 
six registries during the period between 
2000 and 2017 also found that TEA to treat 
inflammatory arthritis decreased,2 while TEA 
for fracture and osteoarthritis (OA) increased. 
However, inflammatory arthritis remains the 
most common indication, followed by acute 
fracture and OA in recent years.

Recent systematic reviews showed satis-
factory clinical outcomes of TEA at long- term 
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follow- up after a minimum ten years’ mean follow- up,3 
and the weighted mean survival rate of TEA implants in 
RA patients was 72.6% after 12.9 years.4 However, the 
reported complication and revision rates after TEA in RA 
range from 5.2% to 30.9% and 11% to 13%, respectively. 
As younger age at the time of surgery is a known risk 
factor for complications after TEA,5 there are still concerns 
regarding complications and longevity of TEA in young 
patients.

There are a few reports describing the clinical 
outcomes of TEA in RA patients below a certain age, but 
they also include cases of juvenile idiopathic arthritis, 
post- traumatic arthritis, or haemophilic arthritis. In 
addition, these studies are limited to reports on linked 
elbow devices. Unlinked devices require sufficient bone 
stock and soft- tissue stabilization for implantation, and 
have greater potential for instability or dislocation when 
compared with linked TEA; however, they are theoreti-
cally at less risk of loosening and mechanical failure. These 
implants include Capitellocondylar,6 Souter–Strathclyde,7 
and Kudo elbows.8,9 We have previously reported favour-
able mid- to long- term clinical results of alumina ceramic 
unlinked TEA for patients with RA.10,11 To date, few papers 
have examined the results of unlinked TEA in young RA 
patients. The current study aimed to investigate the clin-
ical and radiological outcomes of unlinked TEA in Japa-
nese patients with RA who are less than 50 years, with a 
minimum follow- up of six years.

Methods
With approval from the Ethics Committee of our insti-
tute, we retrospectively reviewed the medical records of 
all patients who underwent TEA in our institute. Among 
the records of 353 elbows treated by primary TEA for RA 
between 1986 and 2019, 298 elbows were replaced by 
unlinked prostheses. The unlinked implants used in our 
institution for the reconstruction of RA elbows were the 
stemmed Kyocera type I (SKC- I; Kyocera, Japan),10 the 
J- alumina ceramic elbow (JACE; Kyocera),11 and Kudo 
(type- 5; Zimmer Biomet, USA).8,9 There were 105 elbows 
by SKC- I, 177 elbows by JACE, and 16 elbows by Kudo 
type- 5. One patient with juvenile idiopathic arthritis (JIA) 
was excluded from the study, leaving 26 elbows in 21 RA 
patients aged less than 50 years who were included in 
the current study. They were all women, with a mean age 
of 46 years (35 to 49) at the time of the surgery.

All RA patients met the American Rheumatism Asso-
ciation 1987 revised criteria for RA.12 Biological disease- 
modifying antirheumatic drugs were used in five patients 
with seven elbows. The preoperative radiological condi-
tion of all the elbows was Larsen grade IV,13 including five 
cases of stiff or ankylosed elbows with a range of motion 
of 30° or less. Two patients had a history of open synovec-
tomy of the affected elbows, but the other 24 elbows had 
no history of previous surgical intervention.

Clinical follow- up was carried out by three authors 
(KN, KH, YN) at three, six, and 12 months after surgery, 

Table I. Pre- and postoperative clinical assessment of elbows replaced by three unlinked implants used in the current study.

Variable JACE (13 elbows) SKC- I (9 elbows) Kudo type- 5 (4 elbows)

Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative

Pain, n (%)
None 0 12 (92) 0 8 (89) 0 4 (100)

Mild 2 (15) 1 (8) 1 (11) 1 (11) 4 (100) 0

Moderate 5 (38) 0 4 (44) 0 0 0

Severe 6 (46) 0 4 (44) 0 0 0

Mean range of motion, ° (SD)
Flexion 111 (28) 138 (16) 106 (12) 148 (6) 136 (18) 149 (3)

Extension -38 (27) -20 (17) -44 (28) -14 (15) -18 (13) -30 (8)

Pronation 61 (25) 82 (20) 37 (26) 77 (10) 66 (22) 85 (10)

Supination 47 (36) 87 (8) 33 (25) 81 (13) 85 (10) 90 (0)

Stability, n (%)
Stable 5 (38) 11 (85) 4 (44) 7 (78) 0 4 (100)

Mildly or moderately unstable 8 (62) 2 (15) 4 (44) 2 (22) 2 (50) 0

Grossly unstabe 0 0 1 (11) 0 2 (50) 0

Mean score for daily activities, 
points (range)

12 (0 to 25) 23 (10 to 25) 16 (0 to 25) 23 (10 to 25) 16 (15 to 20) 21 (15 to 25)

Mean MEPS, points (range) 43 (15 to 65) 94 (70 to 100) 44 (25 to 60) 96 (80 to 100) 68 (65 to 70) 96 (90 to 100)

Final outcome, n (%)
Excellent (≧ 90 points) 0 11 (85) 0 7 (78) 0 4 (100)

Good (75 to 89 points) 0 1 (8) 0 2 (22) 0 0

Fair (60 to 74 points) 4 (31) 1 (8) 2 (22) 0 5 (100) 0

Poor (≦ 59 points) 9 (69) 0 7 (78) 0 0 0

MEPS, Mayo Elbow Performance Score; SKC- I, stemmed Kyocera type I.
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and annually thereafter. The mean follow- up period 
was 13.5 years (6 to 28). The condition of each elbow 
before and after surgery was assessed using the Mayo 
Elbow Performance Score (MEPS, 0 to 100 points),14 
which assesses pain (0 to 45 points), range of motion 
(ROM; 0 to 20 points), stability (0 to 10 points) and 
function (0 to 25 points). The ROM was measured 
using a goniometer and expressed as follows; 0° being 
normal extension, and > 0° measuring the flexion arc 
and  < 0° reflecting hyperextension (flexion contrac-
ture). The elbow joint stability was graded as stable 
(10 points), mildly unstable (5 points), or unstable (0 
points). Based on this system, the overall evaluation 
was defined as excellent (> 89 points), good (75 to 89), 
fair (60 to 74), or poor (< 60).
Radiological evaluation. Postoperative radiographs tak-
en at the final follow- up were digitized at 12- bit pixel 
depth (4,096 shades of grey) with a pixel size of 148 μm 
and transferred to a workstation. The bone- cement in-
terface was evaluated by two authors (KN, YN) by re-
viewing the images independently for the presence 
and characteristics of radiolucent lines in periprosthetic 
areas, and in case of differences of opinion, agreement 
was reached by consensus. Radiological loosening was 
defined as a progressive radiolucent line of > 1 mm that 
was completely circumferential around a component.
Implant selection. We indicated the use of unlinked 
prostheses solely for elbows with inflammatory arthri-
tis with painful flexion contracture of less than 100° of 
flexion/extension arc or painful instability causing un-
acceptable limitation of daily function. Joint destruc-
tion should be advanced beyond Larsen’s grade III on 
radiographs.

SKC- I (Supplementary Figure a, Part A) was used 
between 1987 and 1999, then was succeeded by the 

JACE (Supplementary Figure a, Part B) after changes 
in the implant design and material of the humeral and 
ulnar stem. Mid- to long- term clinical results of the 
above two alumina ceramic implants with cement fixa-
tion have been reported separately.10,11 Of these, nine 
elbows of seven patients and 13 elbows of 12 patients, 
who underwent TEA using SKC- I and JACE, respec-
tively, were included in the current study. One patient 
with SKC- I was lost to follow- up at 13  years after 
surgery due to moving to another prefecture. Four 
patients (six elbows) with SKC- I died during follow- up 
unrelated to the surgery, and the records at the final 
follow- up visit were used for analysis. The data of 
the remaining 14 elbows were updated from 2019 to 
2022 by direct evaluation at our outpatient clinic. In 
patients with a severe bony or fibrous contracture of 
the elbow, the Kudo elbow was indicated when ossi-
fication of the medial collateral ligament (MCL) was 
anticipated. In this study, four elbows of two patients 
were replaced with a Kudo type- 5 prosthesis (Supple-
mentary Figure a, Part C). For the elbows with Larsen’s 
grade V with gross instability and severe bone loss, TEA 
with a linked prosthesis was indicated. During the same 
study period, three elbows of three patients less than 
50 years of age were replaced with a PROSNAP elbow 
prosthesis (Kyocera),15 but these were not included in  
this study.
Surgical technique. The patient was placed in the later-
al position, and a posterior longitudinal approach was 
used. The ulnar nerve was identified, and meticulous 
dissection was carried out proximally and distally. The 
routine anterior transposition of the ulnar nerve was 
carried out when Kudo type- 5 TEA was performed, but 
not for SKC- I or JACE prostheses. The U- shaped pos-
terior aponeurosis of the triceps tendon was reflected 

Table II. Complications noted in six elbows of 26 elbows and their management.

Patient

Age at 
TEA, 
yrs Sex

Operated 
side Implant

Preoperative 
arc,°

Preoperative range of 
motion,°

Complication

Period 
before 
revision 
surgery, 
yrs Management OutcomeFlexion Extension Arc

1 44 F L SKC- I 85 extension 
deficit to 90 
flexion

90 -85 5 Ulnar neuropathy - - Persistent sensory 
disturbance

2 49 F R JACE 60 extension 
deficit to 90 
flexion

90 -60 30 Ulnar 
neuropathy, joint 
contracture

4.3 Ulnar nerve release + 
anterior transposition, 
soft- tissue release

Recovered

3 41 F R JACE 50 extension 
deficit to 50 
flexion

50 -50 0 Ulnar 
neuropathy, joint 
contracture

1.8 Ulnar nerve release + 
anterior transposition, 
soft- tissue release

Recovered

4 49 F L JACE 80 extension 
deficit to 110 
flexion

110 -80 30 Ulnar neuropathy 0.9 Ulnar nerve release + 
anterior transposition

Persistent sensory 
disturbance

5 39 F R JACE 60 extension 
deficit to 60 
flexion

145 -5 140 Postoperative 
humeral fracture

13.3 Open reduction and 
internal fixation

Recovered

6 45 F L Kudo 
type- 5

25 extension 
deficit to 140 
flexion

140 -25 115 Ulnar neuropathy 0.4 Ulnar nerve release + 
anterior transposition

Persistent sensory 
disturbance

JIA, juvenile idiopathic arthritis; RA, rheumatoid arthritis; TEA, total elbow arthroplasty.
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distally. The distal part of the thick tendinous portion 
of the long head was separated into two layers, and the 
musculotendinous insertion was released from the tip 
of the olecranon in a reverse T manner, as previously de-
scribed.11 For SKC- I and JACE, anterior fibres of the MCL 
were preserved,10,11 and for the Kudo type- 5 elbow, the 
MCL was transected as a routine procedure.9,16,17 After 
cutting the bone and removal of the damaged troch-
lea and ulnar surface using a guide instrument, both 
humeral and ulnar components were cement fixed for 
SKC- I and JACE. For the Kudo type- 5 implant, bone ce-
ment was used only between the implant and the distal 
surface of the humerus, and for the metal- backed ulnar 
component. To improve forearm rotation, Darrach’s18 
procedure was combined with TEA in one patient, and 
a Sauvé-Kapandji19 procedure in two (two wrists).
Statistical analysis. Statistical analysis was performed 
by paired t- test and Wilcoxon’s signed- rank test to com-
pare pre- and postoperative data. Fisher’s exact test was 
used for between- group comparisons. Survival involv-
ing revision surgery with or without implant removal 
and reintroduction of new components, and the time 
when revision surgery was undertaken, was performed 

using the Kaplan- Meier method. All analyses were con-
ducted using Prism software v. 5.0 a (GraphPad, USA) 
with p < 0.05 regarded as significant.

Results
Clinical assessment. Mean pain scores were significantly 
improved from 13 (0 to 30) points preoperatively to 44 
(30 to 45) postoperatively (p < 0.001, paired t- test). All 
three implants provided reliable pain relief. The mean 
range of extension/flexion was -37° (standard devia-
tion (SD) 26°)/113° (SD 24°) preoperatively and -20° 
(SD 16°)/143° (SD 13°) at the final follow- up. The mean 
range of pronation/supination was 54° (SD 27°)/48° 
(SD 34°) preoperatively and 82° (SD 15°)/85° (SD 10°) 
at final follow- up. The mean pre- and postoperative ex-
tension/flexion arcs were 74° (0° to 150°) and 124° (55° 
to 153°) in flexion/extension, and 102° (10° to 180°) 
and 167° (110° to 180°) in pronation/supination, re-
spectively. The mean ROM scores were 13.9 (5 to 20) 
points preoperatively which significantly improved to 
19.2 (15 to 20) points postoperatively (p < 0.001, paired 
t- test). The mean stability scores were significantly im-
proved from 6.2 (0 to 10) points preoperatively to 9.2 

Fig. 1

Kaplan- Meier survivorship curves for unlinked total elbow arthroplasty in rheumatoid arthritis patients aged less than 50 years, with any revision surgery and 
revision with implant removal as the endpoints.
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(5 to 10) postoperatively (p < 0.001, paired t- test). The 
mean function scores were also significantly improved 
from 13.9 (0 to 25) points preoperatively to 22.7 (10 to 
25) postoperatively (p < 0.001, paired t- test). The mean 
Mayo Elbow Performance Score (MEPS) significant-
ly improved from 47 (15 to 70) points preoperatively 
to 95 (70 to 100) points at final follow- up (p < 0.001, 
paired t- test). Preoperatively, ten elbows were rated as 
fair, and 16 as poor, while postoperatively the ratings 
were excellent in 22, good in three, and fair in one. The 
pre- and postoperative clinical data of all three implants 
are provided in Table I.
Complications and implant survival. Complications were 
noted in six elbows (23%) in six patients (Table II). One 
patient complained of persistent postoperative pares-
thesia in the distribution of the ulnar nerve after TEA 
with SKC- I, but she refused revision surgery (Table  II). 
Additional surgeries were required for five elbows 
(19%). Three patients after JACE TEA and one patient af-
ter Kudo type- 5 TEA showed ulnar neuropathy without 
motor dysfunction and underwent ulnar nerve release 
and anterior transposition at an average of 1.9  years 
postoperatively. Of these, two patients underwent sub-
sequent soft- tissue contracture release to improve the 
ROM. The other two patients had recurrent symptoms 
necessitating a further neurolysis. When a stiff or con-
tracted elbow is defined as any loss of movement that 

is greater than 30° in extension and less than 120° in 
flexion, four of five elbows with ulnar neuropathy and 
five of 21 elbows without ulnar neuropathy were stiff el-
bows. Stiff or contracted elbows tended to have signifi-
cantly more postoperative ulnar neuropathy (odds ratio 
(OR) 12.8 (95% confidence interval (CI) 1.15 to 142.58); 
p = 0.035, Fisher’s exact test).

One patient required open reduction and internal 
fixation with iliac bone grafting for a medial humeral 
condyle fracture due to a fall 13 years after TEA. There 
was no necessity for revision with implant removal, and 
there was no radiological evidence of loosening around 
the components. With any initial revision surgery or 
revision with implant removal as the endpoint, the 
survival rates up to 25 years were 78.1% (95% CI 52.8 
to 90.6), and 100%, respectively, as determined by 
Kaplan- Meier analysis (Figure 1).

Discussion
Despite recent advances in the targeted treatment of RA, 
it is estimated that around 6% of RA patients still have 
difficulty in controlling disease activity.20 Young patients 
with RA may experience persistent synovitis and progres-
sive cartilage destruction at the elbow joint, resulting 
in pain and restricted ROM if disease activity is not well 
controlled by drug treatment. The question of whether 
TEA should be indicated in younger patients with severe 

Table III. Summary of previous literature and current study, which evaluated the clinical outcomes of total elbow arthroplasty in young patients.

Variable Celli et al,23 2009 Park et al,24 2015 Schoch et al,25 2017 Siala et al,26 2019 Current study

Number of elbows (patients) 55 (49) 23 (23) 11 (11) 19 (17) 26 (21)

Diagnosis (no. of elbows) RA (15), JIA (21), PT (19)
RA (9), PT (9), HA (4), 
Other (1)

RA (5), JIA (2), PT (3), 
HA (1) IA (15), PT (4) RA (26)

Mean age at surgery, yrs (range) 32 (24 to 40) 33 (20 to 40) 37 (22 to 47) 46 (29 to 54) 46 (35 to 49)

Mean follow- up period, yrs 
(range) 7.6 (2 to 20) 10.8 (7.1 to 18.9) 3.2 (1.8 to 5.5) 10 (2 to 16) 13.6 (6.2 to 27.6)

Implant (no. of elbows) Coonrad- Morrey (55)

Coonrad- Morrey (12)
Pritchard- Walker Mark 
II (11)

Coonrad- Morrey (3)
Discovery (8) Nexel (1) Coonrad- Morrey (19)

JACE (13)
SKC- I (9), Kudo 
type- 5 (4)

Mean flexion- extension arc, 
° (range)
Preoperative 72 (0 to 145) 30 (0 to 80) 79 (N/A) 90 (30 to 140) 76 (0 to 150)

Postoperative 115 (10 to 145) 106 (65 to 135) 106 (N/A) 120 (50 to 150) 124 (55 to 153)

Improvement in ROM, ° 43 76 27 30 48

Mean MEPS, points (range)
Preoperative 37 (N/A) 31 (10 to 50) N/A 36 (15 to 55) 47 (15 to 70)

Postoperative 91 (N/A) 81 (55 to 100) 82 (65 to 100) 85 (55 to 100) 95 (70 to 100)

Improvement in MEPS (points) 54 50 N/A 49 48

Final outcome (E/G/F/P)* 36/15/3/1 9/8/5/1 2/1/2/0† 8/5/1/3 22/3/1/0

Radiolucent line, n (%) 6 (11) 11 (48) 7 (64) 9 (47) 0

Loosening, n (%) 5 (9) 3 (13) 6 (55) 5 (26) 0

Revision surgery, n (%) 12 (22) 5 (22) 9 (82) 8 (42) 5 (19)

*The results of Mayo Elbow Performance Score were categorized as excellent (E, ≧ 90 points), good (G, 75 to 89 points), fair (F, 60 to 74 points), or poor (P, 
< 60 points).
†Six elbows with mechanical failure were excluded.
HA, haemophilic arthritis; IA, inflammatory arthritis; JIA, juvenile idiopathic arthritis; MEPS, Mayo Elbow Performance Score; N/A, not available; PT, post- 
traumatic arthritis; RA, rheumatoid arthritis; ROM, range of motion; SKC- I, stemmed Kyocera type- I.
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pain and functional disability due to end- stage arthritis 
presents a difficult dilemma. As TEA in a younger patient 
might require one or more revision surgeries within the 
patient’s lifetime,21 surgeons generally tend to reserve TEA 
for low- demand patients over the age of 60 years.22 In our 
institute, selection of the surgical option was discussed 
by shared decision- making; TEA as well as other alterna-
tive therapies such as resection or interposition arthro-
plasty were considered. For all patients involved in the 
current study, we considered TEA to be a more accept-
able, consistent, and reliable option. All three unlinked 
implants provided reliable pain relief and contributed to 
achieving a functional ROM postoperatively, resulting 
in a favourable overall outcome as evaluated by MEPS. 
The difference in the indication, group sizes, follow- up 
period, and the retrospective nature of the current study 
makes comparison of the outcome of the three implants 
difficult.

There are few reported studies of the clinical outcomes 
of TEA in young patients. Previous reports of TEA in rela-
tively young patients (under 55) used linked devices,23- 26 
and showed that radiolucent lines occurred in 11% to 
64% and loosening in 9% to 55% of patients, requiring 
revision surgery in 22% to 82% of patients (Table  III). 
However, these studies included relatively high- demand 
patients with post- traumatic arthritis in 23.5% to 39.1% 
of patients, possibly related to prosthesis loosening. There 
are very few studies reporting the results of unlinked TEA 
in young patients with inflammatory arthritis. Of these, 
a few reports of TEA performed for damaged elbows 
with JIA dealt with relatively young patients. Ibrahim et 
al27 reported the results of 14 implantations of a Kudo 
type- 5 prosthesis in nine patients with JIA aged 37.6 years 
on average (26 to 52). Although the MEPS was improved 
from 24.3 preoperatively to 86.4 at the last follow- up, a 
secondary procedure was needed in seven elbows (50%), 
including six implant exchanges (four for pain and two 
for instability), resulting in a ten- year survival rate of 70% 
(95% CI 40 to 89%).

The current study is the first to show that the mid- to 
long- term clinical outcome of primary unlinked TEA for 
young patients with RA is satisfactory and comparable to 
those for elderly patients. There were no cases of radio-
logical loosening, and no revision surgery with implant 
removal was needed during the follow- up. Although the 
current study was conducted in younger patients, the 
favourable outcome is partly because RA patients are a 
less demanding group compared to the general popu-
lation, with less stress on the elbow joint due to polyar-
ticular involvement of the upper limb. Celli and Morrey23 
compared the clinical results of Coonrad- Morrey TEA 
(Zimmer Biomet) between an inflammatory arthritis 
group and a post- traumatic group in patients aged 40 
years or less. They showed that the mean MEPS was supe-
rior in the inflammatory arthritis group, and the rate of 

radiological loosening and reoperation was greater in the 
post- traumatic group. The low rate of implant loosening 
on radiographs may be attributed to the clinical charac-
teristics of RA patients, but they are also a suitable popu-
lation for patient selection.

The rates of complications after TEA have decreased 
due to improvements in prosthetic design and opera-
tive technique,28,29 but are still not as favourable as those 
following hip or knee arthroplasties.4 The results of a 
systematic review demonstrated that the overall compli-
cation rates were not significantly different between 
linked and unlinked TEAs.29 Toulemonde et al5 suggested 
that younger age, post- traumatic conditions, and revision 
aetiologies were risk factors for occurrence of compli-
cations. In patients aged less than 50  years, Schoch et 
al25 investigated the results of 11 elbows, including five 
with RA and two with JIA replaced by linked TEAs, and 
found a very high rate of complication (82%) with six 
mechanical failures and nine requiring reoperation. They 
emphasized that TEA in patients aged under 50  years 
should be approached with caution, and patients should 
be informed about the high risk of complications and 
mechanical failure. Siala et al26 also suggested that TEA 
should be considered with caution in young patients 
following their results of 19 Coonrad- Morrey TEAs, with 
58% experiencing complications and a 42% revision rate.

In contrast, in the current study, a 23% rate of compli-
cations was noted, which mostly related to ulnar nerve 
neuropathy after unlinked TEAs. Persistent ulnar neurop-
athy is a significant complication after TEA.4,29,30 One 
systematic review showed that the incidence of nerve 
injury is significantly (p = 0.09) lower in unlinked devices 
(4/474, 0.8%) than in linked devices (24/762, 3.2%).3 Our 
incidence of ulnar nerve neuropathy is much higher than 
ever reported, however it is unclear why ulnar neurop-
athy is more likely to occur after TEA in younger patients.

In a report of 14 elbows treated with unlinked Kudo 
type- 5 (Biomet UK, UK) prostheses in nine patients with 
JIA, Ibrahim et al27 noted four cases of ulnar neuritis, and 
one case required neurolysis at nine months combined 
with arthrolysis for significant stiffness of the elbow. This 
was partly because the joint line tends to shift distally 
after implantation of a Kudo prosthesis.8 Peden and 
Morrey31 reported the development of ulnar symptoms 
in six elbows in 13  patients after TEA with Coonrad- 
Morrey, and symptoms of two had not resolved at the 
final assessment. In the current study, four of the five 
patients with ulnar neuropathy required neurolysis 0.9 
to 4.3 years after surgery. These patients had a flexion- 
extension arc of 30° or less, and three of them had flexion 
of less than 100°. These results suggest that surgeons 
should pay special attention to the treatment of the ulnar 
nerve during TEA for stiff or ankylosed elbows.

Potential disadvantages of ulnar nerve transposi-
tion are disturbance of blood supply to the nerve and 
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mechanical injury during nerve release.29 Toulemonde et 
al5 reported that ulnar nerve involvement was the most 
frequent complication, with a 9% rate mainly seen in RA 
and associated with anterior transposition of the nerve in 
all cases. Dachs et al32 suggested that ulnar nerve transpo-
sition is not routinely indicated, and should be reserved 
for patients who have marked preoperative flexion 
contracture or in cases when intraoperative assessment 
by the surgeon deems it necessary. In our analysis, stiff 
or contracted elbows tended to have significantly more 
postoperative ulnar neuropathy. Considering the result 
of the current study and our reflection, these stiff elbows 
might require anterior transposition of the ulnar nerve at 
the primary TEA even with unlinked devices.

In this study, two of five patients with ulnar neurop-
athy also showed postoperative joint contracture, and 
required arthrolysis as well as neurolysis. Mansat and 
Morrey33 reported that four elbows among 14 ankylosed 
or stiff elbows replaced by Coonrad- Morrey TEA did not 
achieve adequate motion within the first month after the 
surgery and needed a manipulation, but the mean arc 
of motion of these elbows had again decreased. Gener-
ally, a stiff or ankylosed elbow often requires extensive 
release of the circumferential capsule and ligaments.28 
The predisposition to ulnar neuropathy in the stiff elbow 
may include excessive fibrosis around the released nerve 
during postoperative tissue repair.

There are some limitations to our study. First, this is a 
retrospective study in our institute. However, all patients 
were able to be followed up for more than five years 
postoperatively, resulting in a relatively longer average 
follow- up period. Second, the number of patients is small 
because the target group is limited to RA patients with an 
age at surgery of less than 50 years, in addition to TEA 
being performed in much smaller numbers than total 
hip or knee arthroplasty. Third, three different implants 
were used without randomization. There was bias in the 
selection of unlinked devices due to historical reason for 
the choice of SKC- I and JACE, and due to soft- tissue and 
structural condition of the elbows for Kudo TEA. Lastly, 
all surgeries using SKC- I and JACE were performed at the 
institution of a designer by HI and his successor (KN), who 
were familiar with the procedure for alumina ceramic 
devices, which may lack generalizability. The surgical 
approach was not changed between the three implants, 
but surgical procedures are not uniform between Kudo 
and alumina ceramic TEA. Routine anterior transposition 
of the ulnar nerve and MCL transection were performed 
in Kudo TEA, but not in SKC- I and JACE TEA.

In conclusion, mid- to long- term clinical results of 
unlinked TEA for patients with RA younger than 50 years 
old were satisfactory and did not require implant removal, 
results which were comparable with those of elderly 
patients. A diligent selection of appropriate patients is 
crucial for the use of unlinked devices. The relatively high 

complication rate was mainly caused by ulnar neurop-
athy, and four of five elbows with this problem required 
reoperation. Thus, stiff or ankylosed RA elbows might 
routinely require anterior transposition of the ulnar nerve 
at the primary TEA even with unlinked devices.

  Take home message
  - The current study investigated the clinical outcome of 26 

unlinked total elbow arthroplasty (TEA) for patients aged less 
than fifty years with rheumatoid arthritis.

  - The mean Mayo Elbow Performance Score significantly improved and 
the survival rates up to 25 years were 78.1% with any revision surgery 
as the endpoint.
  - Complications were noted in 23% of the elbows, mainly caused by 

ulnar neuropathy. The stiff or ankylosed rheumatoid arthritis elbows 
might routinely require anterior transposition of the ulnar nerve at the 
primary TEA even with unlinked devices.

Supplementary material
  Pre- and postoperative anteroposterior and lateral 

radiographs of the elbows after total elbow 
arthroplasty.
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