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Objectives: To develop a staging system that could better reflect symptoms by the spurs quantification in
the fossa and joint space narrowing using computed tomography (CT) for elbow arthritis and to evaluate
its reproducibility with multiple readers.
Methods: This retrospective study evaluated 81 cases of primary elbow osteoarthritis using both plain
radiography and CT. Qualitative and quantitative analyses were independently performed by four or-
thopedic surgeons using previous and newly proposed staging systems. The reproducibility of the new
system was analyzed with intraclass correlation coefficients (ICC). Correlations between symptoms and
radiologic classification were assessed using Pearson's correlation coefficient (PCC).
Results: The interobserver agreement (1) and intraobserver agreement (2) among the four evaluators
was present by ICC. (1) The system of Hastings and Rettig [first observation, 0.544 (95% confidence in-
terval (CI), 0.436—0.649); second observation, 0.582 (95% CI, 0.478—0.682)] and Broberg and Morrey's
staging system [first observation, 0.620 (95% CI, 0.521—0.714); second observation, 0.656 (95% CI, 0.562
—0.743)] showed substantial and moderate retrospective agreement, whereas the CT-based staging
system showed almost perfect agreement [first observation, 0.867 (95% CI, 0.820—0.906); second
observation, 0.909 (95% CI, 0.875—0.936)]. (2) The intraobserver agreement was almost perfect in the
Brogerg and Morrey's and CT-based staging systems. CT-based staging showed high correlation with
visual analogue scale (PCC 0.754, P < 0.001) and Mayo elbow performance score (PCC —0.614, P < 0.001)
and moderate correlation with range of motion (PCC —0.458, P < 0.001).
Conclusions: CT-based staging system was highly reproducible and clinically feasible than previous plain
radiograph-based staging systems.

© 2019 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

the incidence of osteoarthritis is relatively high in individuals with
overused upper extremities (e.g., manual laborers, throwing ath-

The incidence of primary osteoarthritis of the elbow had been
reported to affect up to 2% of the general population and is more
prevalent in men than in women"?. Compared with osteoarthritis
in other joints, elbow osteoarthritis is not common. Nevertheless,
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letes, and wheelchair-assisted individuals)>*.

Because the main symptoms of elbow arthritis are resting pain,
mid-arc pain due to joint cartilage destruction, endpoint pain, and
limited range of motion (ROM) due to spurs and loose bodies*”, a
staging system or classification for elbow arthritis should include
symptom-related factors as a guide to determine treatment op-
tions. Although many treatment options have been developed for
elbow arthritis"® 8, decision-making remains challenging, espe-
cially in early-stage patients'. Proper treatment is based on multi-
ple factors, including the severity of disease. To determine the
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severity of disease, the Broberg and Morrey, and the Hastings and
Rettig classifications have been introduced and used for qualitative
staging. The Broberg and Morrey system” is based on osteophyte
formation and joint space narrowing. The Hastings and Rettig
system ' is based on the presence of subluxation and involvement
of the radiocapitellar joint. However, because these systems are
based on plain radiography, which is a two-dimensional imaging
technique, they are highly observer-dependent and have poor
reproducibility'.

The objective of this study was to develop a new staging system
that could better reflect symptoms, by quantification of spurs in the
fossa and joint space narrowing on computed tomography (CT) in
patients with elbow arthritis and to evaluate its reproducibility
among multiple readers.

Method

Ethics board review approval was obtained. All patients who
were diagnosed to have primary elbow osteoarthritis between
January 2010 and December 2015 at a tertiary university hospital
were reviewed. Primary osteoarthritis was diagnosed by history,
clinical examination, radiologic investigation, and laboratory ex-
amination. History of previous injury and surgery of the elbow was
excluded. Clinical examination included symptoms of (1) terminal
or mid-arc pain, (2) decreased elbow ROM, and (3) painful locking
or catching during elbow ROM. The radiologic investigation on
standard anteroposterior and lateral plain radiographs included
findings of (1) osteophyte, (2) loose body, and (3) joint space nar-
rowing. Laboratory examination with blood tests was performed to
exclude other causes, such as rheumatoid arthritis.

After review of the medical records from the database, 104 cases
without bilateral observation were collected. Inclusion criteria were
(1) documented primary elbow osteoarthritis; (2) available medical
information, including ROM, visual analogue scale (VAS), and Mayo
elbow performance score (MEPS); (3) radiologic assessment with
both plain radiograph and CT. We excluded 23 patients due to (1)
suspicion of previous elbow trauma that was not documented on
medical records in eight patients, (2) suspicious previous elbow
surgery in four patients, (3) improper radiography, which was not a
true lateral plain radiograph and was not suitable for choosing a
reference section (Figs. 1—3) with the CT images to evaluate staging,
in 11 patients after review of plain radiographs and CT.

Radiograph selection

Two of the subspecialty-trained upper extremity orthopedic
surgeons collected standard true anteroposterior and lateral

9

radiographs and CT image of the elbow from 81 patients using a
medical imaging database. All identifying materials were removed.
The films were then electronically distributed to the four evalua-
tors, who were orthopedic surgeons with fellowship training on
upper extremity surgery (AMA, EK, SY, and JMK). The evaluators
performed the grading, following the instruction of each classifi-
cation (Broberg and Morrey, Hastings and Rettig, and CT-based
classification), with blind control. Standard anteroposterior and
lateral plain radiographs and full CT images were sent to the eval-
uator, so that they could choose the most reliable reference section
(Figs. 1-3) for staging. The order of radiologic films was randomly
changed and electronically redistributed to the evaluators after
1 month from the first evaluation. A second evaluation was con-
ducted by the same evaluators in the same way, and the results of
grading were sent to the statistician of our hospital.

Plain radiographic staging systems

Qualitative and quantitative analyses were independently per-
formed by four orthopedic surgeons, using two previous staging
systems (Broberg and Morrey, Hastings and Rettig; Figs. 1 and 2). In
the Broberg and Morrey system?, grade 0 was defined as a normal
joint; grade one as a slight joint space narrowing with minimum
osteophyte formation; grade two as moderate joint space nar-
rowing with moderate osteophyte formation; and grade three as
severe degenerative change with gross destruction of the joint. In
the Hastings and Rettig system'’, class I was defined as degenera-
tion at the margins of the ulnotrochlear joint, with the presence of
coronoid and olecranon spurring, and absence of degenerative
changes within the radiocapitellar joint; class Il was defined as class
I plus mild joint space narrowing within the radiocapitellar joint,
without subluxation of the radial head; and class IIl was defined as
class II plus radiocapitellar subluxation.

New, computed tomography-based staging system

In the new staging system (Fig. 4), quantification of spurs in the
fossa was performed by measuring the involved depth on sagittal
CT sections. More than 50% involvement of the fossa was defined as
an “involved fossa” (Fig. 3). “Joint space narrowing” was defined as
the presence of less than 1-mm gap in the ulnohumeral joint in
more than 50% of the joint space on the reference section (Fig. 3).
The new classification was based on the definitions for quantifica-
tion of spurs and joint narrowing as below.

Stage 0: No involved fossa with intact joint space.

Stage 1: Unicompartemental involved fossa with intact joint
space.

Fig. 1. Broberg and Morrey classification of elbow arthritis (A) Grade 1: slight joint space narrowing with minimal osteophyte formation (B) Grade 2: moderate joint space nar-
rowing with moderate osteophyte formation (C) Grade 3: severe degenerative change with gross destruction of the joint.
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Fig. 2. Hasting and Rettig classification of elbow arthritis (A) Class I: degeneration in the margins of the ulnotrochlear joint with the presence of coronoid and olecranon spurring;
absence of degenerative changes within the radiocapitellar joint (B) Class II: class [ with mild joint space narrowing within the radiocapitellar joint, without subluxation of the radial

head (C) Class III: class I with radiocapitellar subluxation.

Stage 2: Bicompartemental involved fossa with intact joint
space.

Stage 3: Joint space narrowing regardless of the state of the
fossa.

The reproducibility of the new staging system was analyzed
using intraclass correlation coefficients (ICC).

Intra- and interobserver reliability and correlation with clinical
scores

Each evaluator classified the radiographs according to both
previous systems (Figs. 1 and 2) and the new CT-based system

Definition of the “Involved Fossa”
- Osteophyte : more than 50% of fossa

(Fig. 4) at an interval of at least 4 weeks, which was the duration
used in other reliability studies on upper extremity surgery'> 4.
Intraobserver and interobserver reliability were calculated with ICC
and 95% confidence intervals, and agreement was stratified. The
correlations of each stage with the clinical scores and assessments
(ROM, VAS, and MEPS) were evaluated. The clinical score was
evaluated by an orthopedic surgeon preoperatively.

Statistical assessment

Statistical analyses were performed using the SPSS software
(version 12, IBM; Armonk, NY, USA). The intraobserver and

Definition of the “Joint narrowing”
- Ulno-humeral joint less than 1 mm

Fig. 3. (A) Reference section for computed tomography (CT) based Classification for elbow primary OA. The center of fossas as reference section (Left). Spur in the coronoid and
olecranon fossa is related with limitation of flexion and extension. Joint narrowing is related with resting or mid arc pain clinically (Right). (B) Definition of the “Involved fossa”

(Left) and “Joint narrowing” (Right).
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Grade | (uni-fossa)
Grade 0 Sradell Grade Ill
1A P (bi-fossa)

Fossa . .
Involvement None Anterior Posterior Both Any

Joint :
Involvement Intact Narrowing

;

CT Image ‘
Definition
Involved Fossa More than 50% osteophyte in the fossa
Joint Narrowing Less than Tmm in the more than 50% of articular space

Fig. 4. Summery of CT based Classification for Elbow Primary OA.

interobserver reliability for each measure was assessed using the
ICC, which served as a viable option for the testing agreement when
more than two raters assess the ordinal content. Interpretation of
the ICC was performed as described by Landis and Koch in 1977".
The ICC reported a value between 0.0 and 1.0, as follows: 0.01 to
0.20 for slight agreement; 0.21 to 0.40 for fair agreement; 0.41 to
0.60 for moderate agreement; 0.61 to 0.80 for substantial agree-
ment; 0.81 to 0.99 for almost perfect agreement; and 1.00 for
perfect agreement. Correlations between symptoms and radiologic
classification were assessed using Pearson's correlation coefficient
(PCC). A correlation coefficient of less than 0.3 was considered low,
0.3 to 0.6 was moderate, and >0.6 was high. The null hypothesis of
no difference was rejected if the P-value was <0.05.

Results

The average age of the patients was 51.0 + 6.0 (range, 40—75)
years; 60 patients were men and 21 were women. The clinical
assessment scores were normally distributed, based on the Kol-
mogorov Smirnov normality test. The mean score was 84.3 + 22.8°
for ROM, 6.6 + 2.1 for VAS, and 49.9 + 23 for MEP.he interobserver
and intraobserver agreement among the four evaluators was pre-
sented as ICC.

(1) The interobserver agreement: The system of Hastings and
Rettig [first observation, 0.544 (95% CI, 0.436—0.649); second
observation, 0.582 (95% CI, 0.478—0.682)] and Broberg and
Morrey's staging system [first observation, 0.620 (95% (I,

0.562—0.743)] showed substantial and moderate retrospec-
tive agreement, whereas the computed tomography (CT)-
based staging system showed almost perfect agreement [first
observation, 0.867 (95% CI, 0.820—0.906); second observa-
tion, 0.909 (95% CI, 0.875—0.936)] (Table I).

(2) Intraobserver agreement: It was almost perfect in Brogerg and
Morrey's and CT-based staging systems. The staging system
of Hastings and Rettig's showed substantial agreement
among the three different evaluators and almost perfect
agreement with the other evaluator (Table II).

(3) Correlation with clinical outcomes: Brogerg and Morrey's
staging system showed high correlation with Mayo elbow
performance score (MEPS) (PCC —0.627, P < 0.001) and
moderate correlation with range of motion (ROM)
(PCC —0.327, P = 0.003) and visual analogue scale (VAS) (PCC
0.564, P < 0.001). Hastings and Rettig's staging system
showed moderate correlation with MEPS (PCC -0.489,
P <0.001),ROM (PCC —0.367, P = 0.001), and VAS (PCC 0.493,
P < 0.001). The CT-based staging system showed high cor-
relation with VAS (PCC 0.754, P < 0.001) and MEPS
(PCC —0.614, P < 0.001) and moderate correlation with ROM
(PCC —0.458, P < 0.001) (Table III).

Discussion

Quantifying the severity of elbow arthritis is essential for
prognostication and clinical decision-making. Previous studies on

0.521-0.714); second observation, 0.656 (95% (I, osteoarthritis of the knee and hip suggested that a simpler, more
Table I
Interobserver reliability
First observation Second observation
ICC Category ICC Category
B-M 0.620 (95% CI, 0.521-0.714) substantial 0.656 (95% CI, 0.562—0.743) substantial
H-R 0.544 (95% CI, 0.436—0.649) moderate 0.582 (95% CI, 0.478—0.682) moderate
CT-based 0.867 (95% CI, 0.820—0.906) almost perfect 0.909 (95% (I, 0.875—0.936) almost perfect

B-M: Broberg and Morrey, H-R: Hastings and Rettig classification, ICC: Intraobserver Correlation Coefficient, CT: Computed Tomography.
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H-R CT-based

Table II
Intraobserver reliability
B-M
Observer 1 0.864 (95% (I, 0.797—0.911)
Observer 2 0.928 (95% CI, 0.890—0.953)
Observer 3 0.891 (95% CI, 0.836—0.929)
Observer 4 0.910 (95% CI, 0.864—0.942)

95% ClI, 0.809—-0.916
95% (I, 0.810—0.917
95% (I, 0.818—0.925
95% ClI, 0.981-0.992

0.709 (95% CI, 0.582—0.803 0.873
0.720 (95% CI, 0.595—0.810 0.873
0.716 (95% CI, 0.591-0.743 0.883
0.866 (95% CI, 0.797—0.911 0.987

B-M: Broberg and Morrey, H-R: Hastings and Rettig classification, CT: Computed Tomography.

clearly-defined rating system might be more reliable'®. In our
study, CT-based staging system for primary elbow osteoarthritis
showed almost perfect interobserver reliability and moderate to
high correlation with clinical outcomes, including VAS, ROM, and
MEPS. Although the previous radiograph-based staging system had
been popular for screening and confirmation of the diagnosis, plain
radiograph has a limitation when describing the amount of osteo-
phytes and the severity of joint narrowing, which are the main
characteristics of elbow osteoarthritis'”.

Two components determine the severity of primary elbow
osteoarthritis: osteophyte and joint space narrowing

Sun et al. reviewed 10 studies that measured the reliability of hip
and knee osteoarthritis ratings and found moderate to good
agreement for the overall scores and for the separate grading of
osteophytes and joint space narrowing; the other radiographic
features were less reliable. Because the main symptoms of primary
elbow osteoarthritis are (1) limited ROM and end-arc pain due to
mechanical impingement by osteophytes and (2) resting pain due
to cartilage destruction, evaluation of osteophytes and joint nar-
rowing should be used to quantify the severity of elbow arthritis,
which is essential for prognostication and clinical decision-making.
Broberg and Morrey also developed their staging system for elbow
arthritis using these two components, based on plain radiograph
studies. However, because the severity of the two components does
not always match clinically and radiologically, separate staging may
be preferable.

Quantification of the osteophyte

The elbow is basically a hinged joint and requires a large func-
tional ROM of >100°'8. Therefore, in the early to moderate stages,
limited ROM of the elbow is clinically more critical, compared with
joint narrowing. Elbow stiffness can occur due to either extrinsic or
intrinsic cause. Although extrinsic stiffness is mostly associated
with posttraumatic contracture of extraarticular soft tissue struc-
tures, such as the joint capsule, triceps, and brachialis muscles,
intrinsic stiffness is mostly caused by intraarticular pathology, such
as osteophytes and loose bodies, which are correlated with the
symptoms of osteoarthritis. Because the formation of osteophytes
is one of the main causes of stiffness in primary elbow arthritis,
proper description is important to understand the degree of

severity'?. Kashiwagi?® previously described the relationship be-
tween size of the osteophytes in the coronoid and olecranon fossae
and the limitation of flexion and extension; they proved that
osteophytes strongly correlated with limited ROM in elbow
arthritis. For this reason, osteophyte formation should be consid-
ered and highlighted in any classification. The location of osteo-
phytes is also important. Nishiwaki et al.*! evaluated the volume of
bony overlap in the arthritic elbow on full extension and flexion
using a simulation study with three-dimensional CT imaging. They
showed that the most common location for spur formation was
near the coronoid and olecranon fossae. Lim et al.?? also evaluated
osteophyte distribution around the elbow and found that in 95% of
patients, the osteophyte was near the anterior coronoid fossa in the
anterior compartment. Based on these previous reports, we
selected one section as the reference in order to observe the center
of both fossae on sagittal CT sections. This led to the concept of the
involved fossa, using over 50% involvement of a spur in the fossa for
staging. An anterior involved fossa correlated with flexion limita-
tion and a posterior involved fossa correlated with extension lim-
itation. We defined two different subgrades according to symptom
dominance (anterior—flexion—dominant and posterior—extension-
dominant) in stage I.

Quantification of joint space narrowing

Morrey et al. reported that primary osteoarthritis of the elbow is
unique, in that there is relative preservation of articular cartilage
and maintenance of the joint space”. This meant that the diagnostic
weight was not equal. Ratzlaff et al. reported that joint space nar-
rowing was a sign of advanced osteoarthritis and reflected the
severity of cartilage destruction that can lead to mid-arc or resting
pain?>. Although joint narrowing is assessed in the early stages of
knee arthritis, joint narrowing in the elbow is not as clear as that in
the knee, because the elbow joint is non-weight-bearing. The
elbow is composed of the radiocapitellar and ulnohumeral joints.
Hastings emphasized the radiocapitellar joint, and Morrey
considered only ulnohumeral joint narrowing. Because ulno-
humeral joint narrowing, in contrast with radiocapitellar joint
narrowing, is usually found in the advanced stages of arthritis, this
component was included in our staging system as end-stage
involvement. CT was more useful than plain radiograph in evalu-
ating the status of joint narrowing.

Table III
Correlation with clinical assessments
ROM VAS MEPS
B-M PCC -0.327 moderate 0.564 moderate -0.627 high
P-value 0.003 <0.001 <0.001
H-R PCC -0.367 moderate 0.493 moderate —0.489 moderate
P-value 0.001 <0.001 <0.001
CT-based PCC —0.458 moderate 0.754 high -0.614 high
P-value <0.001 <0.001 <0.001

B-M: Broberg and Morrey, H-R: Hastings and Rettig classification, PCC: Pearson's correlation coefficient, ROM: Range of Motion, VAS: Visual Analogue Scale, MEPS: Mayo

Elbow Performance Score, CT: Computed Tomography.
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Strengths and limitations

The strengths of our study include the development of a new
classification for elbow arthritis based on CT and the participation
of multiple evaluators in the determination of interobserver reli-
ability. The scoring was only performed by fellowship-trained or-
thopedic surgeons who had high proficiency ratings. Moreover, we
evaluated the correlation between the staging systems and clinical
scores, in order to understand better which among the staging
system is superior in reflecting clinical symptoms.

One of the limitations of the current study was the small
number of cases especially for early staged osteoarthritis (OA) that
were all from a single institution. Second, we acknowledge the
inherent difference of the classification values between plain
radiograph and CT; CT can be inherently more accurate for sub-
centimeter measurements. Future study with a large sample size
and on different ethnicities is recommended to confirm the use-
fulness and suitability of this grading system.

Conclusion

CT-based staging system was highly reproducible and clinically
feasible, compared with previous plain radiograph-based staging
systems, for elbow osteoarthritis.
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