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Abstract

Purpose Total Elbow Arthroplasty (TEA) was first developed to treat severe rheumatoid arthritis, but its uses have grown
to encompass end-stage osteoarthritis, post-traumatic arthritis, and distal humeral fractures. This study analyzes indica-
tions changes, long-term survival, complications, and post-operative functional results of the Coonrad-Morrey prostheses,
enhancing the existing literature on this technique and substantial case history.

Methods We included 122 arthroplasties in 117 patients, 28 males and 89 females (mean age of 67 years) treated in our
hospital between 2002 and 2016. Minimum follow-up was four years. We collect functional parameters of 48 patients (51
elbows), due to death of patients due to old age and loss at follow-up.

Results Survival rate at five years was 90%, 85% at 10 years and 83% at 15 years. The overall medium Mayo elbow score
was 79.7+18.3 with the highest result in osteoarthritis patients (p <0.005); QuickDASH score was 33.1+25.5 with the
worse result in rheumatoid group. Average post-operative arc of motion (ROM) was 95°+27°. There were complications in
46 out of 122 cases (37.7%) and revision surgeries were performed in 12 of them (9.8%): seven aseptic loosening, four late
septic loosening, one bushing wear. In 27 instances (22.1%) was reported ulnar nerve involvement.

Conclusion Coonrad-Morrey prosthesis has shown satisfactory clinical results in the treatment of a wide range of patholo-
gies. The long-term implant survivorship was satisfactory, yet the occurrence of failures and complications cannot be over-
looked, above all the ulnar nerve paresthesia. There was a good recovery in quality of life, pain-free with limited residual
limb disability.
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Introduction

Total Elbow Arthroplasty (TEA) was first developed to treat
severe rheumatoid arthritis. However, its uses have grown
to encompass osteoarthritis, post-traumatic arthritis, irre-
versible distal humeral fractures, and unfavourable trauma
sequelae [1]. Due to their highly limited design, early
hinged implants failed by aseptic loosening of the humeral
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component. This mode of failure is caused by stress con-
centrations at the bone-cement interface [2]. Coonrad and
Morrey made two significant inventions in the late 1970s:
the anterior flange and the semiconstrained hinge. Although
the humeral and ulnar components are mechanically linked
to prevent instability, the semiconstrained hinge allows a
modest degree of varus-valgus motion, which reduces stress
concentration at the bone-cement interface [3]. When com-
pared to a strictly intramedullary humeral component, the
anterior flange addition to the humeral component also less-
ens rotational stress on the bone-cement contact [4] (Fig. 1).
Consequently, despite the superior functional outcomes and
survival observed in semiconstrained implants compared
to unconstrained or fully constrained hinged implants [4],
there is limited literature on long term Coonrad-Morrey
prosthesis survivorship and clinical outcomes, especially
with a substantial patient cohort.
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Fig. 1 Sequence of radiographs from a clinical case of an elbow affected by primary osteoarthritis. (A) Preoperative x-rays; (B) Post-operative

x-rays; (C) Follow-up x-rays one year after surgery

The entire series of patients operated on by our Institute
from January 2002 to September 2016 was therefore evalu-
ated, with the aim of analyzing trends of indications regard-
ing the use of the Coonrad-Morrey elbow arthroplasty, how
these indications have changed over time, prosthesis sur-
vival, and complication incidence.

Another goal is the evaluation of the post-operative func-
tional results and the analysis of the long-term survival of
the Coonrad-Morrey implant, trying to compare any differ-
ences in terms of results due to the indication that led to the
surgery.

Materials and methods

A retrospective study was performed on patients who under-
went primary elbow arthroplasty surgery with Coonrad-
Morrey (CM) type prosthesis at our Orthopedic Department
between 2002 and 2016 with a minimal follow-up of four
years. The causes that led to prosthetic elbow replacement
were recorded: rheumatoid arthritis (RA), ankylosis (ANK),
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severe instability of the elbow not otherwise approachable
with less-invasive surgeries (INS), primary or post-trau-
matic osteoarthritis (OA), and non-synthesizable fractures
of the distal humerus (FX).

All patients who underwent elbow arthroplasty with a
Coonrad III type implant (known as “Coonrad-Morrey”,
CM) were included in the study, excluding prosthetic revi-
sions and patients who underwent a primary implant with
CM prosthesis with causes not clearly attributable to the
aforementioned diagnostic categories proposed.

All patients underwent surgery by two experienced sur-
geons in shoulder and elbow surgery, through triceps sparing
approach (Alonso-Llames), to reduce the rate of complica-
tions in the extensor apparatus [5, 6].

During the selected time frame (168 months), 117 patients
were operated on for a total of 122 prostheses implanted
(five patients underwent bilateral prosthetic replacement);
the study involved 28 men and 89 women (24% and 76%
respectively), with an average age of 67.75+12.87 years
(range between 28 and 91 years old). The diagnoses that led
to the intervention were collected: 18 RA (14.7%), 17 ANK
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due to heterotopic ossification (13.9%), 18 INS (14.8%), 25
OA (20.5%) and 44 FX (36.1%). Of the five bilateral pros-
thetic replacements, two cases involved patients suffering
from bilateral RA and one from bilateral OA; the remaining
two patients were both affected by RA, but while the first
prosthesis was placed electively, the second implant was
placed acutely on a fracture.

Subsequently, two equivalent time periods in terms
of duration were arbitrarily taken into consideration (84
months; interval A: from January 2002 until September
2009; interval B: from October 2009 until September 2016).
Within these homogeneous time intervals we analyzed how
indications have changed over the years, after the increase
in the use of DMARD:s in clinical practice.

In the first group (interval A) there are 76 cases of
implants: 16 RA (21.1%), 18 FX (23.7%), 16 OA (21.1%),
15 ANK (19.7%) and 11 INS (14.5%); and in interval B we
find 46 implants: two RA (4.3%), 26 FX (56.5%), nine OA
(19.6%), three ANK (6.5%) and six INS (13.0%). There is
a general decline in the total number of CM implants with a
simultaneous increase for the acute treatment of fractures of
the distal humerus.

Graphics 1 summarizes the distribution of the prostheses
implanted in the time frames considered.

During the follow-up assessment, two clinical question-
naires were used to evaluate the functionality of the joint:
MEPS (Mayo Elbow Performance Score) which evaluates
the functionality of the elbow joint by assigning a score,
with a value from 0 to 100 [7-9] and the QuickDASH [10,
11] or the simplified version of the DASH score (“Disabili-
ties of the Arm, Shoulder, and Hand”) [12], a non-specific
test for the elbow that evaluates the residual disability of the
upper limb.

latrogenic lesions affecting the ulnar nerve were evalu-
ated with McGowan—Golberg classification based on symp-
toms and/or clinician opinion, without objective measures
of function. It’s an increasing score as the patient’s clinical
manifestations worsened: grade I sensory symptoms alone
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Graphic 1 (A) Distributions compared in Interval A from October
2002 to September 2009 (on the left; substantial uniformity between
the main applications of the prosthesis) and in Interval B from Octo-
ber 2009 to September 2016 (on the right; clear superiority of the TR

(positive Tinel sign), grade II sensory symptoms and mild
muscle weakness (Froment’s sign), grade III sensory symp-
toms and severe muscle weakness or paralysis (hypotrophy
of the hypothenar eminence and interosseous muscles, claw
hand or total interruption of ulnar nerve conduction) [13].
The range of motion, expressed in degrees, is evaluated
using a Biometrics Inclinometer instrument. Pain evalu-
ation was conducted utilizing the Visual Analogue Scale
(VAS) [14]. Finally, patient’s subjective level of satisfac-
tion was assessed regarding the obtained result, based on the
patient’s resumption of daily activities and their autonomy,
using a score ranging from one (very dissatisfied) to five
(fully satisfied).

Statistical analysis

The data collected during the clinical follow-up of was
subjected to univariate linear regression. Survival analysis
was conducted using the Kaplan-Meier method and a Cox
regression. A p—value<0.05 was considered statistically
significant. Lastly, the statistical analysis was conducted
using STATA 14.2.

Results
Clinical evaluation

Through the clinical re-evaluation of patients started in May
2021 we managed to collect the functional parameters of
48 patients (51 elbows) with an average age of 67+10.4
years (range from 28 to 91 years) and an average follow-
up of 9.9 years (range from 4.6 to 17.5 years). According
to the MEPS questionnaire, 21 patients (41.2%) obtained
a considerable “excellent” score (greater than 90 points),
14 (27.4%) a “good” result (between 75 and 89), nine (17
0.6%) a “sufficient” value (between 60 and 74), while seven
(13.7%) obtained a “poor” score (less than 60). The average

2008 2010
—-0A
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group). (B) With each passing year there is an increase in the trend
(expressed by the dotted lines) of the implantation of CM elbow pros-
thesis on fractures of the distal humerus
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Table 1 Results of patient reas- Total A° of cases: 51 RA FX OA ANK INS

sessment star.ting in May 2021; Number of patients 7 18 11 8 7

average monitoring of 9.9 years .
Range of motion 82,1+33,6 96,1 +25,9 108,1+13,3 84,4+36,6 100+23,1
MEPS 75+26,0 81+14,9 83,6+14,3 74,4+24,6 80,7+19,0
QuickDASH 46,4 +37,1 30,121,2 36,1+32,2 25,75+21,1 31,4+19,8
VAS 1,1+2,0 0,7+1,4 09+1,4 1,5+2,1 0,6+1,5
Ulnar nerve disorders 1,4+1,3 L1+1,1 09+1,2 0,6 +0,7 0,4+0,5
Satisfaction rate 3,7+1,3 4,1+1,0 4,0+0,9 3,614 4,1+0,9
Age (mean) 60,7+7,0 74,4+8,1 65,4+9,8 58+8.,5 66+10,0
Average monitoring 148 +47,1 84,6+45,7 130,5+48.5 129,8 +33,7 146,6 +39,8

Table 2 Results of statistical analysis of scores and ulnar nerve disease

Variable Comparison p-value
ROM OA ANK 0,222
ROM OA RA 0,037
ROM OA INS 0,744
ROM OA FX 0,336
MEPS score OA ANK 0,586
MEPS score OA RA 0,680
MEPS score OA INS 0,781
MEPS score OA FX 0,682
QUICK DASH score RA ANK 0,728
QUICK DASH score RA OA 0,525
QUICK DASH score RA INS 0,949
QUICK DASH score RA FX 0,628
Ulnar nerve disorder RA ANK 0,220
Ulnar nerve disorder RA OA 0,675
Ulnar nerve disorder RA INS 0,074
Ulnar nerve disorder RA FX 0,283
Satisfaction FX ANK 0,464
Satisfaction FX RA 0,718
Satisfaction FX INS 0,718
Satisfaction FX OA 0,930
Survival analisys FX ANK 0,406
Survival analisys FX RA 0,099
Survival analisys FX INS 0,095
Survival analisys FX OA 0,047

score was 79.7+18.3 and 68.6% of patients achieved a
rating between good and excellent. Upon evaluation the
average ROM was 95°+27° with 33 elbows (64.7%) that
presented an ROM greater than 100°, 13 (25.4%) between
100° and 50° and only five (9.8%) less than 50°. The post-
operative residual disability of the operated upper limb was
investigated using the QuickDASH questionnaire: the aver-
age score obtained was 33.1+25.5.

Pain assessment was conducted using the VAS scale; the
average result was 1.2 out of ten, with 37 out of 51 elbows
(72.5%) being pain-free (0 out of 10).

Patient overall satisfaction with the obtained result from
the surgical procedure was assessed and the mean score is
4.0+1.0.

A clinical assessment was performed to evaluate any
lingering impairment in nerve conduction attributed to the
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ulnar nerve, ranging from only sensitive symptoms and
positive Tinel sign (grade I) in 14 patients to more severe
manifestations like Froment sign (grade II) in six patients
or hypotrophy of the hypothenar eminence (grade III) in
sevent cases; the evaluation led to an average value of 0.9
(SD=1.1). The results obtained were further divided and
analyzed in distinct cohorts of patients based on the initial
pathology leading to the elbow prosthesis implantation:
seven RA (13.7%), 18 FX (35.3%), 11 OA (21.6%), eight
ANK (15.7%) and seven INS (13.7%). The results are sum-
marized in Table 1.

Regarding joint mobility, the best results were achieved
by the cohort of patients with OA (average ROM 108°),
while the worst outcomes pertain to patients in the ANK and
RA groups (average ROM 84° and 82° respectively). The
OA group’s best result for this parameter showed statistical
significance (p <0.005).

The MEPS questionnaire, similar to the mobility assess-
ment, revealed best outcomes in patients with OA (mean
MEPS score: OA 83.6; FX 81.1; INS 80.7; RA 75; ANK
74.4) without any statistical significance when compared
with other groups (p-value > 0,05) (Table 2).

Long-term ulnar nerve disorders and QuickDASH,
showed a worse outcome in the RA group (mean Quick-
DASH score: RA 46.4; OA 36.1; INS 31.4; FX 30.1; ANK
25.8) (ulnar nerve lesion: RA 1.4%; FX 1.1%; OA 0.9%;
ANK 0.6%; INS 0.4%).

Again, when analyzing the two parameters, no statisti-
cally significant results emerged when comparing the vari-
ous groups, as shown in Table 2.

Pain assessment using VAS gave very satisfactory cross-
sectional results (a mean score of less than two out of 10 in
all groups).

Long-term ulnar nerve disorders are more pronounced in
the RA group, with the development of mild paresthesia in
most cases (RA 1.4%; FX 1.1%; OA 0.9%; ANK 0.6%; INS
0.4%).

The evaluation of the subjective satisfaction of the
patients on the result obtained from the surgical procedure
is similar in the various groups (FX e INS 4.1; OA 4; RA
3.7; ANK 3.6).
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Fig.2 Dehiscience of surgical wound and acute periprosthetic infection

The mean age of patients at the time of implantation is
higher in the FX group; at the same time, this group has the
shortest average clinical follow-up.

Complications and failures

From the analysis of the medical records and from the post-
operative clinical follow-up, adverse events and possible
failures were collected among the 122 total elbow replace-
ment implants reviewed.

In 27 instances (22.1%), there was reported involvement
of the ulnar nerve to varying degrees. Among these, 20 cases
(16.4%) manifested as more or less evident paresthesia,
while seven cases (5.7%) exhibited a of the hypothenar emi-
nence hypotrophy. Notably, two instances (1.6%) involved
the development of transient paresthesia in the radial nerve,
with subsequent complete recovery.

In one case (0.8%) triceps insufficiency was reported
resulting in difficulty in executing an elbow extension
against gravity.

In one additional single case there was a development of
exuberant peri-implant heterotopic ossifications that limited
the patient’s joint recovery.

In three prostheses (2.5%) there was a dehiscience of the
surgical wound and a difficult healing of the same, however
without the subsequent development of an acute peripros-
thetic infection (Fig. 2).

Twelve (9.8%) failures were reported among the pros-
thetic implants placed and for which revision surgery was
subsequently required: seven (5.7%) aseptic loosening of
the implant, of which one was following a periprosthetic
fracture (Fig. 3), four (3.3%) late aseptic loosening (more
than 12 months after primary surgery) (Fig. 4), and one case
(0.8%) of wear of the polyethylene component of the bush-
ing (Fig. 5), for which only a replacement of the worn com-
ponent was necessary.

The survival time of CM arthroplasty observed in our
study is 90% at Syears (60 months), 85% at 10years (120
months) and 83% at 15years (180 months) (Graphic 2).

The mean survival time of implants that failed was
50.1+36.9 months (range 15 to 142), with our study show-
ing that there were no statistically significant differences
between groups in this parameter; except when survival
time of the FX, with the best survival time, was compared to
the OA, where we obtained a statistically significant result

Fig. 3 X-rays of a periprosthetic ulnar fracture and Coonrad Morrey stem fracture
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Fig.4 X-rays of aseptic loosening

Fig. 5 (A) X-ray of pin loosening after wearing of bushing’s polyethylene component; (B) (C) (D) intraoperative images of pin loosening after
asymmetrical wearing of bushing’s polyethylene component
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Graphic 2 Kaplan-Meier survival function of CM implants: survival
time of 90% at 60 months (Syears), 85% at 120 months (10 years)
and 83% at 180 months (15 years); the 95% confidence interval is
indicated in light blue. Diversified survival function for the different

(p-value 0,047). The mean age of patients whose implants
failed was 54.6+15.1 years.

The cumulative Kaplan-Meier survival curve of this
study identifies implant failure and subsequent revision sur-
gery as the event determining the exit from the test group.

Discussion

Before the 1990s, the main indication for elbow prosthe-
sis was rheumatoid arthritis [4, 15—19], an indication which
has undergone a progressive reduction especially in the last
decade [18, 20-22].

Young et al [20]. in 2018 studied the correlation in RA
patients between the use of DMARDs (“disease modifying
antirheumatic drugs”) [20, 23, 24] and the reduction in the
number of patients undergoing arthroplasty surgery in any
joint district; the study highlighted a real decline in the num-
ber of elbow arthroplasty implants, greater than in any other
joint district (from 24% in 2002 to 12% in 2012).

The results we obtained are in line with what has been
published, with a significant decrease (87.5%) in cases of
RA patients treated with CM prostheses: this may be cor-
related to the diffusion of these drugs has revolutionized the
trend and the treatment of the pathology.

There has been a notable rise (44.4%) in the utilization of
CM prostheses for the management of complex acute frac-
tures of the distal humerus [25, 26].

This finding aligns with a recent systematic review con-
ducted by Macken et al. [27]. in 2020.

This shift is mainly attributed to the increasing surgical
confidence in applying a well-established technique. Addi-
tionally, elbow surgeons are increasingly seeking simpler
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indications that led to the prosthetic implant at 60 months (5 years) the
survival rate was 97% for FX, 91% for INS and ANK, 82% for RA and
79% for OA while at 120 months (10 years) was 97% for FX, 91% for
ANK, 84% for INS, 73% for RA and 70% for OA

and earlier patient rehabilitation without compromising the
extensor mechanism, resulting in more reproducible out-
comes compared to synthesis surgery, which can be chal-
lenging, particularly in the elderly, osteoporotic, and less
compliant patients [27, 28].

Although several studies have analyzed the results of CM
prostheses [8, 15, 16, 29-31], there is no systematic com-
parison of long-term results based on individual implant
indications in the literature.

Revision surgery-free survival in our study was 90%
at Syears (60 months), 85% at 10years (120 months) and
83% at 15years (180months); this finding is in line with the
results of other studies in the literature [31, 32].

Only recently has a comparison been initiated between
the implant indication and its longevity, revealing a gener-
ally higher failure rate in the AR group compared to FX
group [21, 31, 32].

This study’s analysis included a comparison of patients
with significant elbow instability, osteoarthritis, or ankylo-
sis. The FX group exhibited a lower failure rate compared
to the OA group, a finding corroborated by previous studies
[21, 33], as well as INS, RA, and ANK groups. A high sur-
vival of the implant can therefore be more easily achieved
in the acute treatment of a complex fracture of the distal
humerus rather than in the subsequent execution of a pros-
thetic implant on a stiff, unstable or arthritic elbow (possible
complications or outcomes of a previous trauma treated in
another way); the data could, however, be explained by the
higher age (average of 74.4 versus 62.5years) and the lower
average monitoring (average of 84.6 versus 138.7months)
of FX group compared to the others.

The complications and causes leading to revision after
CM prosthesis implantation, as documented in our study,
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align with findings from comparable analyses in terms of
patient cohorts or duration of clinical monitoring. Dam-
age to the ulnar nerve is an often underestimated eventual-
ity (between 2 and 26%) which, although in the majority
of cases presents with minor paraesthesia and rarely with
an involvement of the motor component (5.7%), consti-
tutes a relatively frequent complication that should be made
explicit in the collection of informed consent [4, 34].

The occurrence of wear in the high molecular weight
polyethylene (UHMWPE) component of the prosthesis
bushing is rare but feasible. However, aseptic loosening
remains the predominant cause of revision surgery, consti-
tuting 5.7%, consistent with the literature’s range of 5-15%
[18, 32, 35].

Conversely, septic mobilization exhibits a higher inci-
dence (3.3%) compared to other joint areas like the hip and
knee (0.5-2%) [36]. This disparity may be attributed in part
to a significant number of patients with rheumatoid arthritis
and concurrent use of immunosuppressive therapy. It is no
coincidence that the studies in the literature that estimate the
highest rates of periprosthetic infection (up to 9%) [36, 37]
predate the diffusion of DMARD:s.

The literature is full of studies that evaluate the func-
tional results of the CM prosthesis, but there is a lack of
data in this aspect that compare the various indications for
the implant.

Mansat et al. and Hildebrand et al. [29, 31]. have pre-
sented generally better results in the group of patients suf-
fering from rheumatoid arthritis when compared with those
treated for traumatic pathologies, either in acute or for
chronic complications.

Our work stands out in considering separately the
implants performed on FX, OA, INS, RA, and ANK: this
substantial difference in method justifies the profound dif-
ferences in our results.

Using the MEPS, superior outcomes were observed in
the FX, INS, and OA groups compared to the RA and ANK
groups, although the latter exhibited generally satisfactory
evaluations. Similarly, the greatest amplitude in the range
of motion was achieved by FX, INS and OA, while a more
limited mobilization was detected in ANK and RA patients,
leading overall to a restoration of the functional range of
motion (30-130°, so as defined by Morrey) in 64.7% of
patients. The brightest results in particular were obtained in
the OA group (p <0.005).

The functionality of this joint clearly depends not only on
the restoration of the joint surfaces but also on the quality of
the surrounding soft tissues: greater retraction and reduced
elasticity of these, present in patients with greater preopera-
tive joint stiffness such as those affected by RA and by defi-
nition in those of the ANK group, justify the poor results; on
the contrary, in the presence of a pathological picture that
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affects the articular surfaces only (OA group) with greater
selectivity, greater recovery can be achieved.

The QuickDASH assesses residual disability across the
entire upper extremity. Conditions with potential multi-dis-
trict involvement, such as rheumatoid arthritis and osteoar-
thritis, may consequently not result in complete restoration
of limb function during examination. Notably, RA and OA
exhibit the least favourable outcomes among the examined
groups.

The pain assessment using the VAS scale led across the
board to very satisfactory results: 72.5% did not report any
painful symptoms and no patient complained of moderate-
severe pain (VAS > 6).

Finally, we deemed it valuable to assess the subjective
satisfaction level of the patients. Despite the heterogeneity
observed across the examined cohorts (with ages ranging
from 39 to 88years) and diverse initial pathological condi-
tions, the proposed surgical intervention consistently met
the needs and expectations of the patients across the board.

Limitations

The prolonged duration covered in a substantial patient
cohort, often including elderly individuals, led to the inabil-
ity to follow-up on a significant number of cases. Further-
more, the absence of preoperative data posed challenges in
evaluating the improvement in elbow functionality resulting
from the surgical procedure. The study’s statistical strength
was impacted by the relatively small patient population and
the subdivision into multiple cohorts, a necessity for con-
ducting a comparative analysis among diverse indications
for CM implantation.

Conclusions

The Coonrad-Morrey prosthesis has shown solid, satis-
factory clinical results in the treatment of a wide range of
pathologies that destroy the elbow joint. The indication for
this type of operation has changed considerably over the
years: the change is mainly due to an ever-increasing dif-
fusion of the surgical technique and the introduction of new
therapeutic models in the treatment of rheumatoid arthritis.

The durability of the prostheses over the long-term was
satisfactory, yet the occurrence of failures and complica-
tions cannot be overlooked. The emergence of paresthesia
within the ulnar nerve territory stands out as a complication
that is frequently underestimated in both incidence and sig-
nificance, emphasizing the importance for surgeons to thor-
oughly inform patients about this potential outcome during
the informed consent process.
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The implant in an elbow affected by rheumatoid arthri-
tis or severe stiffness seems to have inferior results: we
believe that the continuation of data collection carried out
on a larger cohort of patients could increase the statistical
power of this analysis. However, there was a good recovery
in quality of life, free from pain and with limited residual
disability of the limb.

Implantation of a Coonrad-Morrey prosthesis remains
a procedure that requires considerable experience and
familiarity with elbow surgery, particularly in managing
the complex scenarios of revision surgery. However, given
the positive subjective feedback expressed by patients and
the encouraging long-term results, we believe that all this
should not be a reason to give up considering this surgical
option, particularly in the acute treatment of a complex frac-
ture of the distal humerus in the elderly.
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