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Abstract

Accurate assessment of elbow function is important to determine the total ability of the arm.
The purpose of this study was to clarify the relationship between isometric muscle strength of the
elbows of patients with rheumatoid arthritis (RA) and Larsen’s X-ray evaluation. Fifty-six elbows
of 45 RA patients aged 47 to 77 years (mean age, 63 years) were tested. Muscle strength was
measured with an isometric torque-cell dynamometer. Test-retest reliability of the dynamometer
was proven by measuring 12 elbows of 6 healthy young men. In RA patients, elbow flexion
and extension strength decreased in proportion to increases in the severity of Larsen’s grades
from Grade 1 to 4. However, Grade 5 elbows had greater muscle strength than those in Grade 4.
Forearm pronation and supination strength also decreased in proportion to increases in the severity
of Larsen’s grades from Grade 1 to 5. This quantitative study made it clear that the muscle strength
of RA patients’ elbows almost completely correlates to X-ray finding according to the grade of
Larsen’s evaluation based on X-rays. With regard to muscle strength of postoperative elbows,
both flexion strength and supination strength after total elbow replacement (TER) were about two
times greater than before TER, and after synovectomy it was as great as those in non-operative
RA patients of Grade 2.
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Muscle Strength in Rheumatoid Elbow: Quantitative Measurement and
Comparison to Larsen’s X-Ray Grade

Yukio SHIGEYAMA*, Hajime INOUE, Hiroyuki HASHIZUME, Hiroaki NAGASHIMA and Masuo SENDA

Department of Orthopaedic Surgery, Okayama University Medical School, Okayama 700, Japan

Accurate assessment of elbow function is
important to determine the total ability of the
arm. The purpose of this study was to clarify the
relationship between isometric muscle strength
of the elbows of patients with rheumatoid ar-
thritis (RA) and Larsen’s X-ray evaluation. Fifty-
six elbows of 45 RA patients aged 47 to 77
years (mean age, 63 years) were tested. Muscle
strength was measured with an isometric torque-
cell dynamometer. Test-retest reliability of the
dynamometer was proven by measuring 12 el-
bows of 6 healthy young men. In RA patients,
elbow flexion and extension strength decreased in
proportion to increases in the severity of
Larsen’s grades from Grade 1 to 4. However,
Grade 5 elbows had greater muscle strength
than those in Grade 4. Forearm pronation and
supination strength also decreased in proportion
to increases in the severity of Larsen’s grades
from Grade 1 to 5. This quantitative study made
it clear that the muscle strength of RA patients’
elbows almost completely correlates to X-ray
finding according to the grade of Larsen’s evalua-
tion based on X-rays. With regard to muscle
strength of postoperative elbows, both flexion
strength and supination strength after total
elbow replacement (TER) were about two times
greater than before TER, and after synovectomy
it was as great as those in non-operative RA
patients of Grade 2.
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M ore than 50 % of the patients with rheumatoid
arthritis (RA) have some elbow deterioration (1).

The elbow joint plays an important role in the arm, and
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impediment of the elbow impairs total function of the arm.
Furthermore, it is important to accurately measure elbow
function in order to accurately assess the total ability of
the arm in RA patients.

Measurement of muscle strength is particularly impor-
tant for the assessment of the joint function. However,
until now an accurate method for measurement of muscle
strength in patients with RA has been lacking. This is due
to subjective factors such as pain and instability of the
elbow, as well as limited cooperation of patients. Earlier
studies have shown that patients with RA, as compared
with healthy subjects, have reduced muscle strength of
the lower extremities (2-4), but few studies have been
conducted for the upper extremities (5, 6) in this regard.

Isometric muscle strength measurement of the elbow
is an easy, reliable (7) and inexpensive method that can
provide a maximum strength profile similar to more
elaborate methods. In a clinical setting where work-
related disabilities and a wide range of pathological condi-
tions are assessed, there appears to be a need for basic
data concerning RA patients. The purpose of our study
was to clarify the relationship between isometric muscle
strength of the elbows in patients with RA and X-rays
findings evaluated according to Larsen’s criteria (8).
[arsen’s X-ray grade is used for the evaluation of chronic
inflammatory joint conditions and consisits of 6 Grades.
The first grade, Grade 0, represents the normal condition
and subsequent grades reflect increasing degrees of bone
destruction and cartilage reduction. Refining test-retest
reliability of our original isometric torque-cell dynamom-
eter with normal controls was also performed in this
study.
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Materials and Methods

Twelve elbows of 6 young adults aged 25 to 27 years
(mean age, 26 years) were test-retested 5 times during 4
weeks (once a week). All were healthy men without a
history of injury or disease of the arm.

Fifty-six elbows of 45RA women aged 47 to 77 years
(mean age, 63.3 years) with no history of elbow surgery
were also examined. Mean duration of the disease was 15
years (range, 2 to 38 years). X-ray findings showed
Larsen’s Grade 1 in 7 elbows; Grade 2 in 15; Grade 3
in 11; Grade 4 in 12; and Grade 5 in 11 (Figs. 1, 2).
The functional severity of rheumatoid disease (9) was
class 2 in all.

Twenty-six elbows of 20 RA women aged 46 to 77
years (mean age at follow-up, 61.7 years) after total elbow
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replacement (TER) were examined (Fig. 3). Follow-up
duration was from 1 to 113 months (mean duration, 43
months). X-ray findings before TER showed Larsen’s
Grade 4 in 14 elbows and Grade 5 in 12. Prosthesis of
Kyocera Type 1 with stem (10) was used for all patients.
Preoperative and postoperative muscle strength was
measured and compared in 7 out of 26 elbows.

Eleven elbows of nine RA women aged 53 to 74 years
(mean age at follow-up, 63.7 years) after elbow syn-
ovectomy were also examined (Fig. 4). Follow-up dura-
tion was from 61 to 166 months (mean duration, 139
months). X-ray findings at follow-up showed Grade 3 in
one elbow, Grade 4 in three elbows and Grade 5 in seven
elbows. Radial head resection was performed in all cases.

Muscle strength of elbow flexion and extension and
forearm pronation and supination were measured with an
isometric torque-cell dynamometer (OG Giken, Inc.,

Fig. |
a: Grade |; b: Grade 2; ¢: Grade 3; d: Grade 4; e: Grade 5.

Antero-posterior X-rays of rheumatoid elbows used as standards for Larsen’s X-ray evaluation.

Fig. 2
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Lateral X-rays of rheumatoid elbows used as standards for Larsen’s X-ray evaluation.
a: Grade |; b: Grade 2; c: Grade 3; d: Grade 4; e: Grade 5.



Shigeyama et a.: Muscle strength in rheumatoid elbow: quantitative

October 1997 Muscle Strength in Rheumatoid Elbow 269

Okayama, Japan) (Fig. 5). Strength measurements were
performed with the subjects seated on a rigid stool.
Elbow flexion and extension strengths were measured
with elbows flexed to 90 degrees and forearms in as full
a supination position as possible. Forearm pronation and
supination strengths were measured in a 90-degree flexion
position of the elbow and in a neutral position of the
forearm (Fig. 5). The subjects were asked to produce a
maximum isometric voluntary contraction sustained for
about three seconds in three separate trials, with a 30-sec.

Fig. 5 Measurement of muscle strength of elbow.
a: Elbow flexion and extension; b: Forearm pronation and supina-
tion.

Fig. 3  X-ray 6 years after total elbow replacement (TER).

a: Antero-posterior view; b: Lateral view.

resting period between each trial. The highest value of the
three trials was taken to represent RA patient’s strength
value. For a control value, the mean value of three trials
of normal individuals’ arms were used. The strength
value of each RA elbow was compared to Larsen’s X-ray
evaluation (8).

Differences among Larsen’s grades were analysed by
one-way analysis of variance and Scheffe’s method. A
level of P <0.05 was considered to be statistically
significant. The coefficient of variance was calculated for
the controls.

Results

The mean of elbow flexion strength in normal controls
was 421.1kg-cm and extension strength was 262.4 kg-cm.
Fig. 4 X-ray 5 years after synovectomy. Forearm pronation strength was 47.9kg-cm and supina-
a: Antero-posterior view; b: Lateral view. tion strength was 68.8kg-cm. Mean of the coefficient of
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Table | Control study of muscle strength of elbows in 6 normal Variance was 8'17 % m ﬂexion’ 10.87 % m extension’
subjects 10.77 % in pronation, and 7.58 % in supination (Table 1).

Muscle strength (kg-cm) CV (%) The mean muscle strengths of the elbows in patients
Flexion 1201 £ 837 817 with RA, accprdmg to L.arsens grades, are shown in
Extension 262.4 + 50.2 10.87  lable 2. Flexion strength in Grade 4 was greater than in
Pronation 479+ 9. 1077 Grade 1 (Scheffe’s method, P = 0.00153) and that in
Supination 68.8 4 11.2 758 Grade 5 was greater than in Grade 1 (Scheffe’s method,

CV: Coefficient of variance. Muscle strengths are expressed as pP= 0'00870) (F ig.. 6)' Extension Streflgth in Grade 4
mean =+ SD. CV are expressed as mean CV of each healthy man’s V.~ Was greater than i Grade 1 (Scheffes method, P =
0.00668) and that in Grade 5 was greater than in Grade

Table 2 Mean elbow strength of RA patients

Muscle strength (kg-cm)

Group

Flexion Extension Pronation Supination

Non-operative Grade | (n= 7) 127.4 £74.0 78.2 £ 39.0 17076 19.9 = 10.6
Grade 2 (n=15) 75.4 = 46.3 51.9+ 286 11.74£5.2 160X 7.4

Grade 3 (n=11) 64.5 + 38.1 50.7£24.9 [1.5%x65 i+ 3.

Grade 4 (n=12) 36.4£237 303133 9.7+37 97+ 3.2

Grade 5 (n=11) 475+ 280 32.1 £ 186 7.4+35 83+ 32

TER (n=26) 58.2 +39.3 339+ 173 9.3+39 95+ 36
Synovectomy (n=11) 104.2 +55.8 65.2 = 38.2 169473 19.4 = 6.5

RA: Rheumatoid arthritis; TER: Total elbow replacement. Muscle strengths are expressed as mean =+ SD.
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Fig. 6  Flexion strength of the elbow. Non-operative cases, cases after total elbow replacement (TER), and synovectomized cases were
measured. Grade is Larsen’s X-ray evaluation grade. Columns indicate the mean and bars indicate one SD. %% indicates a significant
difference of P < 0.01.
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Fig. 7 Extension strength of the elbow. Non-operative cases, cases after total elbow replacement (TER), and synovectomized cases were
measured. Grade is Larsen’s X-ray evaluation grade. Columns indicate mean and bars indicate one SD.
% and ** indicate a significant difference. % P < 0.05, %% P <0.0l.
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Fig. 8  Pronation strength of the elbow. Non-operative cases, cases after total elbow replacement (TER), and synovectomized cases were
measured. Grade is Larsen’s X-ray evaluation grade. Columns indicate mean and bars indicate one SD. * indicates a significant difference
of P <0.05.

1 (Scheffe’s method, P = 0.01187) (Fig. 7). Pronation s method, P = 0.01252) (Fig. 8). Supination strength in
strength in Grade 5 was greater than in Grade 1 (Scheffe’  Grade 4 was greater than in Grade 1 (Scheffe’s method,
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Supination strength of the elbow. Non-operative cases, cases after total elbow replacement (TER), and synovectomy were measured.

Grade is Larsen’s X-ray evaluation grade. Columns indicate mean and bars indicate one SD.

%% indicate a significant difference. * P < 0.05, *% P <0.0l.

P =10.01616), that in Grade 5 was greater than in Grade
1 (Scheffe’s method, P = 0.00511), that in Grade 5 was
greater than in Grade 2 (Scheffe’s method, P = 0.03662)
(Fig. 9).

Elbow flexion and extension strength decreased in
proportion to the increased severity of grades from 1 to
4, but elbows in Grade 5 had greater muscle strength
than those in Grade 4. Forearm pronation and supination
strength also decreased in proportion to the increased
severity from Grades 1 to 5. Decrease of muscle strength
in elbow flexion and extension was the largest between
Grades 3 and 4.

Flexion strength after TER was 58.2kg-cm, exten-
sion strength was 33.9kg-cm, pronation strength was 9.3
kg-cm, and supination strength was 9.5kg-cm. Both
flexion strength and supination strength after TER were
about two times greater than before TER, and both
extension strength and pronation strength were about one
and half times greater than before TER.

Flexion strength after synovectomy was 104.2kg-cm,
extension strength was 65.2kg-cm, pronation strength

http://escholarship.lib.okayama-u.ac.jp/amo/vol 51/issh/5

was 16.9kg-cm, and supination strength was 19.4kg-cm.
Muscle strength after synovectomy was as great as that in
non-operative RA patients of Grade 2, showing good
strength.

Discussion

Accurate assessment of elbow function is important to
determine the total ability of the arm. There are several
systems for evaluating elbow function including those put
forth by Dee (11), by Morrey (12) and by The Japanese
Orthopaedic Association (13). Most of them do not
emphasize muscle strength but instead emphasize pain,
instability, limited range of motion, deformity and disabil-
ity in daily living. Muscle strength of the elbow is
influenced by pain, stability and limited range of motion of
the joint, and is therefore a good indicator of total
strength and elbow function. Furthermore, quantitative
assessment of the elbow function becomes necessary to
accurately assess the total ability of the arm. The method
described herein seems to hold promise in this regard.



Shigeyama et a.: Muscle strength in rheumatoid elbow: quantitative

October 1997

Some other evaluating systems for total ability of RA
patients (8, 9) have also been used. Larsen’s X-ray grade
(8) is one of such system used to evaluate X-rays of joints
of RA patients indicating the degree of joint destruction
caused by synovitis. Our study showed that X-ray find-
ings graded according to Larsen’s criteria correlated
statistically well with muscle strength. Increasing severity
in grade reflects more pain and joint destruction as well as
stability. Accordingly, muscle strength also decreases.
X-ray findings evaluated according to Larsen’s criteria not
only show joint destruction but also indicate the level of
muscle strength, thus representing the total joint function.

Manual muscle testing (14) is practical and useful for
muscle strength measurement. However, it is not suitable
for precisely and quantitatively comparing muscle strength
before and after surgery, or among patients treated by
different techniques. Quantitative analysis is necessary to
assess muscle strength for evaluation of treatment benefit.
Furthermore, it is difficult to measure muscle strength of
RA patients, because each joint of RA patients is des-
troyed to a varying extent. Therefore, comparison of
muscle strength to X-ray findings evaluated according to
Larsen’s criteria is necessary for accurate clinical assess-
ment of RA patients’ muscle strength.

Elbow strength, that is, flexion and extension, was
measured with a strain-gauge dynamometer for the first
time by Darcus (15), and Provins and Salter later proved
its reliability (16). These instruments are simple and
widely used by researchers. However, forearm strength,
that is pronation and supination strength, cannot be
measured with these instruments. Destruction of the
elbow tends to start first in the ulno-humeral joint and
progress to the radio-humeral joint (17). Forearm
strength measurement is also necessary for assessment of
total elbow function. The isometric torque-cell dynamom-
eter is suitable for measurement of isometric muscle
strength of the elbow in RA patients because of portability
and simplicity.

Test-retest reliability of our dynamometer was con-
firmed before examination for RA patients. The muscle
strength of the elbow measured by our dynamometer was
reliable in normal individuals.

The correlation between Larsen’s grade indicating
bone destruction and functional ability including muscle
strength has not been reported in previous papers. A
lessening of pain seemed to increase flexion and extension
strength from Grades 4 to 5. On the contrary, a lessen-
ing of pain decreased pronation and supination strength
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from Grades 4 to 5, because radio-humeral joint destruc-
tion is still progressing. In surgical treatment, this mus-
cle strength loss is very important. As stated above,
muscle strength is a good indicator of total elbow function.
An aggressive treatment of the ulno-humeral joint from
Grades 3 to 4 is effective to maintain elbow strength
function.

Muscle strength of the elbow after TER was greater
than that in non-operative elbows of Grades 4 and 5.
Such surgery seemed to restore a good deal of strength
to RA elbows which had suffered, prior to surgery, from
significant losses in range of motion, stability and muscle
strength. It can also help relieve pain and improve range
of motion and elbow joint stability. Overall, TER gives
RA patients much more muscle strength than before
surgery (18), as indicated in this study. Muscle strength-
ening exercise must be encouraged after TER for achiev-
ing better joint function.

Vahvanen (19) measured flexion and extension
strength of the elbow after synovectomy, and reported
that flexion and extension strength was greater than half
of the strength value of healthy age-matched controls.
Patients’ elbow strength after synovectomy was greater
than in non-operative patients” elbows of the same grade.
Range of motion might be also improved after syn-
ovectomy (20, 21). Synovectomy cannot inhibit the devel-
opment of synovitis which destroys bone and joint (22).
However, after several years, the operative elbow is
better than non-operative elbows because a painless elbow
promotes frequent use of the joint.

In the future, better understanding of the relationships
between muscle strength, pain, joint stability and range of
motion may lead more accurate measurement of total
elbow function. It is our hope that studies like this one
will help promote accurate measurement of the total
function of the arm.

References

|.  Gschwent N: Surgical Treatment of Rheumatoid Arthritis. WB Saun-
ders, Philadelphia (1980) pp45-65.

2. Ekblom B, Lovgen O, Alderin M, Fridstrém M and Sétterstrom G:
Physical performance in patients with rheumatoid arthritis. Scand J
Rheumatol (1974) 3, 121-125.

3. Nordesjo LO, Nordgren B, Wigren A and Kolstad K: Isometric
strength and endurance in patients with severe rheumatoid arthritis or
osteoarthrosis in the knee joints. Scand J Rheumatol (1983) 12, 152
- 156.

4. Hsieh LF, Didenko B, Schumacher HR and Torg JS: Isokinetic and
isometric testing of knee musculature in patients with rheumatoid



Acta Medica Okayama, Vol. 51 [1997], Iss. 5, Art. 5

274  SHIGEYAMA ET AL.

arthritis with mild knee involvement. Arch Phys Med Rehabil (1987) 68,
294-297.

Helewa A, Goldsmith CH and Smythe HA: Patient, observer and in-
strument variation in the measurement of strength of shoulder abduc-
tor muscles in patients with rheumatoid arthritis using a modified
sphygmomanometer. J Rheumatol (1986) 13, 1044-1049.
Lindehammar H and Backman E: Muscle function in juvenile chronic
arthritis. J Rheumatol (1995) 22, 1159-11665.

McGarvey SR, Morrey BF, Askew LJ and An KN: Reliability of isomet-
ric strength testing. Clin Orthop (1984) 185, 301-305.

Larsen A, Dale K and Eek M: Radiographic evaluation of rheumatoid
arthritis and related conditions by standard reference films. Acta
Radiol Diagn (1977) 18, 481-491.

Steinbrocker O, Traeger CH and Batterman RC: Therapeutic criteria
in rheumatoid arthritis. JAMA (1949) 140, 659-662.

Inoue H, Yokoyama Y and Tanabe G: Operative procedure of newly
designed alumina ceramic elbow prosthesis. Jpn J Rheum Jt Surg
(1988) 7, 303-309 (in Japanese).

Dee R: Total replacement arthroplasty of the elbow for rheumatoid
arthritis. J Bone Jt Surg Br Vol. (1972) 54, 88-95.

Morrey BF and Bryan RS: Infection after Total Elbow Arthroplasty. J
Bone Jt Surg Am Vol. (1983) 65, 330-338.

Ishii S: Elbow Evaluation Sheet: Japanese Orthopaedic Surgery. J Jpn
Orthop Assoc (1992) 66, 596-603.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 51/iss5/5

20.

21.

22.

AcTa Mep Oxkavava Vol. 51 No. B

Levett RW and Martin EG: Certain aspects of infantile paralysis and a
description of a method of muscle testing. JAMA (1916) 66, 729-733.
Darcus HD: A strain-gauge dynamometer for measuring the strength
of muscle contraction and for re-educating muscles. Ann Phys Med
(1953) 1, 163-176.

Provins KA and Salter N: Maximum torque exerted about the elbow
joint. J Appl Physiol (1955) 7, 393-398.

Hasting DE and Kwok J: Rheumatoid elbow deformity. J Bone Jt Surg
Br Vol. (1982) 64, 634.

Morrey BF, Askew LJ and An KN: Strength function after elbow
arthroplasty. Clin Orthop (1988) 234, 43-50.

Vahvanen V, Eskola A and Peltonen J: Result of elbow synovectomy in
rheumatoid arthritis. Arch Orthop Trauma Surg (1991) 110, 151-154.
Ferlic DC, Patchett CE, Clayton ML and Freeman AC: Elbow syn-
ovectomy in rheumatoid arthritis: Long-term results. Clin Orthop
(1987) 220, 119-125.

Tulp NJA and Winia WPCA: Synovectomy of the elbow in rheumatoid
arthritis: Long-term results. J Bone Jt Surg Br Vol. (1989) 71, 664-
666.

Kazusa M, Adachi N, Murakami K and Tsuge K: Follow-up studies on
the surgical treatment of the elbow in rheumatoid arthritis. Jpn J
Rheum Jt Surg (1982) 1, 253-258 (in Japanese).

Received February 26, 1997; accepted May 6, 1997,



