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Abstract
Objective—To evaluate the nature of posi-
tional changes of humeroulnar (HU) and
humeroradial (HR) joints in a cohort of 74
patients with seropositive and erosive
rheumatoid arthritis (RA) followed up
prospectively.
Methods—At the 15 year follow up stand-
ard anteroposterior and lateral radio-
graphs of 148 elbow joints were evaluated.
The mediolateral HU angle of the elbow
was measured from anteroposterior ra-
diographs. The proximal subluxation of
the HU joint was measured from lateral
radiographs as the distance between the
posterior aspect of the olecranon process
and the posterior surface of the humerus.
The anteroposterior subluxation of the
HR joint was measured from lateral
radiographs as the relation of the mid-
point of head of the radius to the midpoint
of the capitellum of the humerus. De-
struction of the elbow joints was assessed
with the Larsen method on a scale of 0 to 5
and compared with the measurements.
Results—Mean HU angle in 148 elbows of
patients with RA was 11.5° (SD 6.1), range
−21° (varus) to 34° (valgus); 9.9° (SD 4.3)
in men and 12.0° (SD 6.4) in women. The
mean HU angle, 14.4° (SD 6.0) of the
aVected joints (Larsen grades 2–4),
showed more valgus than the mean 9.8°
(SD 2.5) of the non-aVected (Larsen
grades 0 to 1) joints; totally destroyed and
unstable Larsen 5 joints were excluded.
Mean HU and HR subluxations, 2.0 mm
(SD 3.8) and 0.8 mm, of the aVected joints
(Larsen 2–5) were greater than the means,
−1.1 mm (SD 1.5) and −0.4 mm (SD 0.9),
of the non-aVected joints. Both the HU
proximal subluxation and the HR anterior
subluxation correlated, rs=0.64 (95% CI
0.53 to 0.73 ) and rs=0.48 (95% CI 0.34 to
0.60), with the destruction of the elbow
joint.
Conclusions—The elbow seems to turn
into valgus during rheumatoid destruc-
tion and excision of the radial head may
speed up this process. However, totally
unstable Larsen grade 5 joints may also
have varus deformity owing to mutilating
bone destruction. The ulna subluxates
proximally in relation to the humerus,
whereas the radius moves slightly anteri-
orly as a consequence of elbow involve-
ment.
(Ann Rheum Dis 2001;60:765–769)

The elbow joint is composed of three bones:
the humerus, the radius, and the ulna. The
humeroulnar (HU) articulation permits flexion
and extension, the humeroradial (HR) articu-
lation enables axial rotation, and the radioulnar
articulation allows pronation and supination.1 2

In addition to these movements, the elbow has
to work as a fulcrum for the forearm lever and
as a weightbearing joint.2 3 To fulfil these func-
tions the elbow must be free from pain, mobile,
and stable.3 Destruction of the elbow in
rheumatoid arthritis (RA) may result in
considerable functional disability in the arm.4

Half of the patients with RA have elbow
destruction.5–7 Plain radiographs of the elbow
will continue to be the primary diagnostic
means of evaluating the HU and HR joints in
the course of rheumatoid destruction.3 8 9 Sub-
luxation of the elbow has been documented as
a radiological finding in the late stage of the
elbow involvement.1 10 Both proximal migra-
tion of the ulna and anterior subluxation of the
head of the radius have been described.3 5 11–13

Radial head excision has been shown to destroy
normal load sharing action between the HU
and HR joints, and lateral instability has also
been clinically documented as a consequence
of this procedure.4 14 15 In addition, completely
flail joint due to gross bone destruction has
been described as an end stage finding.3 11

These previously described findings are
based on visual evaluation of radiographs and,
to our knowledge, no measurements from
radiographs have been previously published.
This study aimed at measuring and analysing
the HU angle and HU and HR subluxations in
a cohort of 74 patients with RA followed up for
15 years.

Materials and methods
During the period 1973–75 a total of 121
patients with recent (<6 months) RA were
studied at the Rheumatism Foundation Hospi-
tal, Heinola, Finland. The selection criteria,
data collection strategy, and details of the
patients are described elsewhere.16 17 At the
three year follow up 102 patients had rheuma-
toid factor positive and erosive RA. Subse-
quently, 24 patients died, and four patients
failed to attend the 15 year follow up. Thus 74
patients (18 men, 56 women) were the subjects
of the present study; the age at onset ranged
from 17 to 66, mean 42 (SD 12) years.

Radiographs of all the 148 elbows, including
also those of patients who had had previous
surgery, were taken at the 15 year follow up as
part of a radiographic survey study. The
following standard positioning was used for the
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anteroposterior (AP) view: patient sitting with
shoulder in 90 degrees flexion and elbow
extended in 180 degrees—or maximal
extension—on the examination table, the hand
supinated, the radius and the ulna in the same
plane, palm facing upwards. The following
standard positioning was used for the lateral
view: patient sitting with shoulder in 90
degrees abduction and elbow in 90 degrees
flexion on the examination table, the hand
supinated, thumb facing upwards. The same
radiographer confirmed the correct positioning
and took the radiographs using a standard
technique: The straight projections (distance
0.95 m) were used with exposure factors of 45
kV and −50 mA. The size of the film (Agfa
Scopix) was 18×24 cm.

The HU angle was measured from AP
radiographs as the angle between the midlines
of the shafts of the humerus and the ulna. The
midlines were defined with a ruler. The meas-
uring site was the crossing point of the lines in
the middle of the articulation (fig 1A). Valgus
was considered positive, whereas varus was
negative. The HU proximal subluxation was
measured from lateral radiographs as the
tangential distance between the most posterior
surfaces of the humerus at the site of the upper
rim of the trochlea and the olecranon of the
ulna (fig 1B). The line according to the
humerus defined the zero point, and values
posterior to this were considered positive. The
HR AP subluxation was measured from lateral
radiographs as the tangential distance between
the midpoint of the articular surface of the
capitellum and the midpoint of the articular
surface of the head of the radius (fig 1C). The
midpoint was defined with a ruler. The midline
according to the humerus defined the zero
point, and values anterior to this were consid-
ered positive.

The elbow joints were classified according to
the standard reference films of six Larsen
grades from 0 to 5.18 Ten synovectomies and
one excision arthroplasty had been performed
in nine elbows of seven patients (two bilateral
synovectomies). Excision of the head of the
radius had been combined with synovectomy
in eight elbows. One elbow had undergone
resynovectomy and one elbow excision arthro-
plasty after synovectomy. No total elbow
replacement had been performed in these
patients. The HR AP measurement was
excluded in the eight elbows with resection of
the head of the radius and in one totally
destroyed Larsen grade 5 elbow which had no
preserved anatomical contours.

Relations were estimated by Spearman’s
non-parametric correlation coeYcient method.
Age and sex adjusted means of HU angle
values for Larsen grades were estimated with a
regression model.

Results
There was no systematic right-left diVerence in
either sex and, therefore, measurements of the
two sides were pooled. The mean HU angle in
148 rheumatoid elbows was 11.5° (SD 6.1),
range −21° (varus) to 34° (valgus); 9.9° (SD
4.3) in men and 12.0° (SD 6.4) in women. The
mean angle of the right elbows was 11.6° (SD
7.1) and the mean of the left side was 11.5°
(SD 4.8).

Table 1 shows the distribution of the 148
elbows according to the Larsen grading and the
mean HU angle for each group. The nine
Larsen grade 5 joints had a range of −21° to
24°, including all the three negative (varus)
values of all the elbows. The mean HU angle of
the aVected joints (Larsen grades 2–4, n=66)
was 14.4° (SD 6.0), range 0–34°, when totally
destroyed Larsen 5 joints were excluded. The

A

B C

Figure 1 Schematic illustration of the measurement methods used in this study.
(A) Humeroulnar (HU) angle; (B) HU proximal subluxation; (C) humeroradial
anteroposterior subluxation. See “Materials and methods” for further details.
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mean of the non-aVected (Larsen grades 0–1,
n=73) joints was 9.8° (SD 2.5), range 5–17°.
The mean HU angle of the joints with the head
of the radius resected (n=8) was 12.3° (SD
14.2). However, this group had the most
deformed Larsen 5 joint with a 21° varus angle.
If this joint was excluded the mean of the
resected joints (n=7) was 17.0°, range 11–24°.
Figure 2 shows all the HU angle values with
age and sex adjusted mean values (95% confi-
dence interval) according to the Larsen grades
of the elbows.

Mean HU subluxation in 148 rheumatoid
elbows was 0.5 mm (SD 3.3), range −4 to 21
mm; 0.1 mm (SD 2.3) in men and 0.6 mm (SD
3.5) in women. Table 1 shows the distribution
of the elbows (n=148) according to the Larsen
grading and the mean HU subluxation for each
group. Mean HU subluxation, 2.0 mm (SD
3.8), range −4 to 21 mm, of the aVected joints
(Larsen 2–5, n=75) was greater than the mean,
−1.1 mm (SD 1.5), range −4 to 3 mm, of the
non-aVected (Larsen 0–1, n=73) joints. Mean
HU subluxation of Larsen grade 3–5 joints
(n=26) was 4.7 mm (SD 5.1). The HU proxi-
mal subluxation correlated with the increasing
destruction (Larsen grading) of the elbow
joint, rs=0.64 (95% CI 0.53 to 0.73).

Mean HR subluxation in 139 rheumatoid
elbows was 0.2 mm (SD 1.4 mm), range −2 to

6 mm; 0.1 mm (SD 1.1) in men and 0.2 mm
(SD 1.4) in women. Table 2 shows the
distribution of the elbows (n=139) according
to the Larsen grading and the mean HR
subluxation for each group. The mean HR
subluxation, 0.8 mm (SD 1.5), range −1 to 6
mm, of the aVected joints (Larsen 2–5, n=66)
was greater than the mean, −0.4 mm (SD 0.9),
range −2 to 2 mm, of the non-aVected (Larsen
0–1, n=73) joints. Mean HR subluxation of
Larsen grade 3–5 joints (n=18) was 2.1 mm
(SD 2.0). The HR anterior subluxation corre-
lated with the destruction of the elbow joint,
rs=0.48 (95% CI 0.34 to 0.60). The HR ante-
rior subluxation correlated also with the HU
subluxation of the elbow joint, rs=0.37 (95%
CI 0.22 to 0.50).

Discussion
DiVerent methods of evaluation have been
developed for radiographic assessment of
rheumatoid elbow joints, the Larsen method
being the most widely used.10 11 14 18 These
radiographic classifications are based on bone
erosion, not on positional changes of the three
bones constituting the elbow. However, most
radiological reviews describe and document
diVerent positional changes due to elbow
destruction in rheumatoid arthritis; these
reports all being based on visual
observations.1 3 5 10–13

As a first positional change before marked
bone destruction most authors describe ante-
rior, anterolateral, or ventral subluxation of the
head of the radius in relation to the capitellum
of the humerus.5 12 13 In our patients the normal
or non-aVected (Larsen 0 and 1) elbows had
the radius quite even, or a little lower in relation
to the capitellum of the humerus. There was a
slight tendency towards anterior subluxation of
the radius in the aVected joints. However,
owing to excision in eight and severe destruc-
tion in one of the radial heads there were only
three Larsen grade 4 and five Larsen grade 5
joints available for this measurement. Although
there might have been some anterior position-
ing of the radial head in earlier evaluations, it
might also have been due to a non-standard
radiograph. We had a standardised method for
the 15 year follow up radiographs, with the
forearm supinated. However, to evaluate the
phase of destruction some previous radio-
graphs of our patients taken by clinical indica-
tion were also evaluated and it seemed obvious
that without full supination of the hand the
radial head seemed to locate more anteriorly in
relation to the humerus.

Table 1 Radiographic assessement of 148 rheumatoid
elbows according to the Larsen grading and mean
humeroulnar (HU) angle and HU joint proximal
subluxation measurements for each group

Larsen
grade

Number of
joints (%)

HU angle
Mean (SD)

HU subluxation, mm
Mean (SD)

0 36 (24) 9.2 (1.8) −1.4 (1.6)
1 37 (25) 10.3 (2.9) −0.8 (1.3)
2 49 (33) 13.4 (4.1) 0.6 (1.6)
3 13 (9) 15.2 (7.4) 2.2 (1.8)
4 4 (3) 24.5 (11.7) 5.8 (4.5)
5 9 (6) 4.4 (13.0) 7.9 (6.8)
All 148 (100) 11.5 (6.1) 0.5 (3.3)

Figure 2 Humeroulnar (HU) angle values with age and sex adjusted mean values
(95% confidence interval) according to the Larsen grading of 148 rheumatoid elbows.
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Table 2 Radiographic assessement of 139 rheumatoid
elbows according to the Larsen grading and mean
humeroradial (HR) anteroposterior subluxation
measurements for each group

Larsen grade
Number of
joints (%)

HR anteroposterior
subluxation, mm
Mean (SD)

0 36 (26) −0.4 (0.9)
1 37 (27) −0.3 (0.9)
2 48 (35) 0.3 (1.0)
3 10 (7) 2.0 (2.1)
4 3 (2) 0.7 (2.1)
5 5 (4) 3.0 (1.4)
All 139 (100) 0.2 (1.4)
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Hastings and Kwok described the anteriorly
subluxated radial head as acting as a mechani-
cal block for extension and flexion once there
was erosive change in the trochlea.13 In
addition to this interference with free move-
ments, Gschwend has noted that this ventral
subluxation produces a defect in the capitellum
of the humerus.5 This was not seen in any of
our patients. According to these results it can
be stated that when the standard method of
radiography described here is used, the normal
joint should have the midpoint of the surfaces
on the same level. Whenever anterior subluxa-
tion (>2 mm) is present this may be a sign of
rheumatoid involvement and a cause of func-
tional disability of the elbow.

According to Hastings and Kwok joint space
narrowing and marginal erosions are followed
by destruction of the HU joint.13 Souter
describes further trochlear destruction as lead-
ing to gradual proximal migration of the
olecranon into the residual fork formed by
supracondylar ridges of the humerus.3 11 Our
findings support these positional changes dur-
ing rheumatoid elbow destruction. The poste-
rior margin of the olecranon of the non-
aVected joints (Larsen 0 and 1) seems to locate
anteriorly or distally in relation to the humerus.
AVected joints had the olecranon posteriorly in
relation to the humerus and this proximal
migration increased gradually during elbow
destruction, leading to almost 1 cm diVerence
between non-aVected and severely aVected
(Larsen 5) joints. This proximal migration
causes medial compression forces, which in-
crease the risk for stress fracture of the medial
ridge, leading to medial dislocation of the
elbow, the joint becoming totally flail.3 11

Although this kind of fracture was not seen
in our patients, the risk for such a complication

was evident in those aVected joints with proxi-
mal migration of the ulna. Souter states that
appropriate surgical intervention at stages 3, 4,
and 5 (modified from Larsen) should com-
pletely avert this catastrophe.11 Larsen grade of
3, 4, or 5 destruction has nowadays been used
as a basis for considering arthroplasty for a
painful elbow joint.3 6 19 Also, according to our
results this group (Larsen 3–5) has proximal
migration of the ulna, and therefore orthopae-
dic consultation at Larsen grade 3 at the latest
should be encouraged to avoid diYculties in
surgery of the very complicated cases.

The HU angle of the non-aVected joints,
approximately 10 degrees, shows that there is a
slight valgus angle in normal elbows with a
standard method, as reported previously.20

Rheumatoid involvement of the elbow seems to
increase valgus angulation. This deformity
increases according to Larsen grading, ending
up with a mean valgus at grade 4 almost three
times as great as that with the normal position
(fig 3). However, at grade 5 the mean angle
collapses into a more neutral position, even
under the normal variation in these elbows.
This can be explained by the gross bone
destruction in these joints, which has been
described as leading to complete disruption of
the ligaments and dislocation of the joint.1 10 12

This is supported by the fact that only varus
angles and widest range (45 degrees) of this
material were measured within the Larsen
grade 5 group. When this unstable group was
excluded the aVected joints had evidently more
valgus than the non-aVected joints and this
phenomenon progressed gradually during de-
struction.

The timing and type of synovectomy in
treatment of the rheumatoid elbow has been
disputed.3 5 21 Most authors support radial

Figure 3 (A) Anteroposterior and (B) lateral radiograph of a rheumatoid elbow (Larsen grade 4). Valgus angulation has
occurred with slight proximal subluxation of the ulna.
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head resection as an important part of the pro-
cedure.3 14 Radial head excision destroys the
normal load sharing action, concentrating
force on the coronoid and requiring medial
collateral ligament tension to prevent valgus
deformity.4 Replacement of the radial head
with a silicone prosthesis has been largely
abandoned because early breakage and wear
debris initiated synovitis.22 In these elbows the
excision of the radial head seemed to have a
valgus provoking eVect. The valgus of the joints
which had undergone this procedure was two-
fold greater than that of non-aVected joints and
greater than that of aVected joints as well.
However, the material has only seven evaluable
(one destroyed) cases without any preoperative
measurements, so further studies of this issue
are needed.

We conclude that slight anterior subluxation
of the radius with progressive proximal migra-
tion and subluxation of the ulna are conse-
quences of rheumatoid elbow destruction. In
addition, the HU angle turns into valgus, which
may be provoked by radial head resection, dur-
ing rheumatoid changes. Larsen grade 5 elbows
seem to have severe bone deficiency and insta-
bility with a high risk for complications, and
therefore orthopaedic consultation should be
performed at an earlier stage.
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