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Abstract Reports using the Constant-Murley score often

lack details regarding how strength measurement was

performed, which may have an important impact on the

results obtained. A description of the measurement is

especially important when patients are unable to adopt the

prescribed position of 90� shoulder abduction, leading to

invalid or highly discrepant scores. We investigated the

influence of shoulder abduction and torso position on

strength measurement with special emphasis on intraob-

server reliability. Thirty-three healthy volunteers were

examined using a handheld dynamometer (Isobex1) in

30�, 60�, and 90� abduction with or without stabilization of

the torso. A linear correlation between strength measure-

ments in different degrees of abduction was observed, with

values at 90� abduction on average 15% lower than at 60�

and 45% lower than at 30�. In multivariate analysis, gender

and weight had a substantial impact on the strength of

individual measurement positions. Intraobserver reliability

was related to arm and torso position (intraclass correlation

coefficients, 0.71–0.93) and was highest for 90� abduction

without torso stabilization. These findings emphasize the

importance of standardized torso and arm positions

ensuring high reliability when performing the strength

measurement of the Constant-Murley score.

Introduction

The Constant-Murley score (CMS) was introduced [6, 10]

to determine functional outcome after treatment of shoul-

der injury. This score, used worldwide, is divided into four

subscales, including pain (15 points maximum), activities

of daily living (20 points maximum), range of motion (40

points maximum), and strength (25 points maximum). The

higher the score, the higher is the quality of function

(minimum 0, maximum 100). Various studies have

affirmed good reproducibility, responsiveness, and con-

struct validity [1–3, 5, 8, 9, 17, 25, 30, 31] of the score, but

they did not assess content validity and internal consis-

tency. Rocourt et al. [28] reported how internationally used

Constant-Murley shoulder assessment protocols varied

widely regarding several procedural details, and therefore

they decided to use the original description as published by

Constant and Murley in 1987 [10]. Strength measurement

represents 1
.
4 of the CMS. The importance of the strength

subscale has been debated, especially for the elderly, but in

younger persons, strength has an important impact on daily

work or recreation [4, 17, 33]. Even so, numerous studies

using the CMS do not provide detailed descriptions of arm,

sitting, or standing positions when performing strength
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measurements [11, 15, 22, 23, 25, 27]. However, different

positions during measurement are likely to influence the

results and therefore any comparison of the clinical data

from different studies. Furthermore, only scarce data exist

regarding the intraobserver reliability of the strength

measurement part of the CMS [5, 17, 19].

The original description of the score defined a mea-

surement position of 90� abduction of the affected shoulder

[6, 10]. In clinical reality, a large number of patients may

not be able to adopt this position owing to pain or other

limitations. In a recent review, Constant et al. [9] recom-

mended strength be scored as zero in patients who are

unable to achieve the aforementioned test position. Such a

simplification is debatable, as the overall score becomes

biased in a disproportionate way; they also do not provide

any scientific justification for this approach. Others have

measured shoulder strength in the maximum possible

position of abduction, which may be less than 90� [3, 21,

32]. This imprecision in the use of the CMS and the

absence of data regarding the possible impact of the length

of the lever arm [9] (ie, differing arm and torso positions on

the force generated) motivated us to evaluate the reliability

of the CMS strength measurement in more detail.

We therefore raised three questions. First, we asked

whether varying degrees of shoulder abduction and stabil-

ization or nonstabilization of the torso at the time of

measurement had an impact on the strength values obtained;

if the answer was in the affirmative, we planned additional

analysis to quantify the relationships of these measure-

ments. Second, we asked whether different abduction and

torso positions also might influence the test-retest reliability

of strength measurement. Third, we determined whether

age, gender, arm length, or body mass index (BMI) had an

effect on the strength measurements.

Materials and Methods

We recruited 33 healthy volunteers with a negative

shoulder history from our institution’s staff: 14 males and

19 females with a median age of 31 years (range, 16–

50 years). There were no additional exclusion criteria.

Owing to missing data in the literature regarding the reli-

ability of strength measurements at varying degrees of

shoulder abduction, we could not perform a realistic power

analysis. We based our decision to include a minimum

number of 30 subjects on existing data showing high

intraobserver and interobserver reliability for 90� abduc-

tion only as reported by Johansson and Adolfsson [17]

and obtained using different strength measurement devices.

All volunteers were informed routinely about the study

and agreed to participate in accordance with the study

approval given by the local ethics committee (EK327/07).

Participants did not start any weight-lifting training during

the 2-week study interval and did not report any relevant

accidents or problems during the study period between

single measurements. Volunteers were examined in a

standardized manner for shoulder strength. We decided to

use a well-established handheld dynamometer (Isobex1;

Cursor AG, Berne, Switzerland) [1, 12, 13, 18] to analyze

the effect of arm and torso positions on strength mea-

surement. To test for other possible influences on strength,

we examined the influence of additional factors, including

age, gender, arm length, body weight, height, and BMI.

The median length of the right and left arms measured from

the acromion to the distal radius at the joint line (lever arm)

was 54 cm (range, 42–64 cm). The median body weight

and height were 72 kg (range, 45–125 kg) and 173 cm

(range, 158–203 cm), respectively, with a median BMI of

23 (range, 17–35). An abbreviated self-assessment CMS

test [3, 26] was completed by the volunteers, which indi-

cated no shoulder complaints, with every volunteer scoring

the maximum of 75 points on a scale from 0 to 75. The

performance of all tests was monitored by an orthopaedic

shoulder registrar (BW) not involved in the analysis. The

intraobserver reliability of strength measurement was

determined by having the same observer assess the shoul-

der strength of every volunteer on two occasions during a

2-week period. At the second assessment, the observer did

not have access to the data from the first assessment. As 12

measurements were made on each volunteer each time, the

observer was unlikely to remember the results of the first

assessment by the time it came to the second assessment.

Data were recorded by a second person. The sequence of

single measurements was determined in a randomized

manner by drawing lots. Measurements of the isometric

strength of the shoulder muscles (in kilograms) were

obtained at 30�, 60�, and 90� abduction in the scapular

plane with the volunteer sitting on a chair with and without

stabilization of the torso. Stabilization of the torso was

achieved by direct contact of the contralateral shoulder and

trunk with a wall. This position prevents leaning toward the

contralateral side and the additional use of the trunk mus-

cles (Fig. 1). The elbow was fully extended and the wrist

pronated with the hand facing the floor. The sling of the

dynamometer was fixed around the wrist and the mean of

the two strength measurements was used for further sta-

tistical analysis. Each Isobex1 measurement represents the

maximum contraction of every volunteer, whereby the

dynamometer calculates the mean of 30 readings over a

3-second period after which a sound signals the end of

testing. Scapular rotation was restricted by the examiner’s

hand as scapular rotation accounts for 1
.
3 of arm abduction

[22]. Functional evaluation was assessed using the CMS as

a raw score and abduction of the arm was measured using a

goniometer.
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Data were entered in an Excel1 sheet (Microsoft Corp,

Redmond, WA). Continuous variables were described

using means, medians, standard deviations, and ranges.

Categorical variables were tabulated with absolute and

relative frequencies. We used T tests to compare mean

values of different variables, eg, for the comparison of

strength measurements in different positions. Pearson cor-

relations were used to test the relation of strength of

different measurement conditions. Linear regression anal-

ysis was done to calculate the correction factors (single

multiplier B each) for the relation between the measure-

ments in 90� abduction and those in 60� and 30� abduction

with and without stabilization of the torso. To test our

assumption that the law of lever would be operative in

strength measurements at differing degrees of abduction,

we compared the computed correction factors with the

theoretical correction factors for the law of lever: theoret-

ical correction factor = sin (abduction [degrees]). To test

the intraobserver reliability, two-way random single-mea-

sure intraclass correlation coefficients [ICC (2, 1)] with

95% confidence intervals were calculated to take into

account systematic differences (ie, higher values in the

second measurement). The impact of possible cofactors of

influence such as age, gender, height, weight, or BMI was

examined by univariate and multivariate regression anal-

yses. The latter included only those variables significant in

the univariate model. BMI is calculated from height and

weight; therefore, in the case of significance for all these

factors, the BMI or height and weight (but not all three)

were included in the model depending on major statistical

impact. We used SPSS1 13.0 (SPSS Inc, Chicago, IL) for

all analyses.

Results

Varying degrees of shoulder abduction and stabilization or

nonstabilization of the torso at the time of measurement

influenced the strength values obtained (Tables 1 and 2).

The observed absolute strength values differed for the

dominant and nondominant arms and also for a stabi-

lized or nonstabilized torso, depending on the evaluated

abduction position (Table 1). However, we found high

correlations between the relevant measurements (Table 2).

Additional examination by linear regression analysis of the

observed relations revealed single correction factors for

calculation of the mean strength value for one measure-

ment position or another. For example, the mean multiplier

(B) between 90� and 60� was 0.854, resulting in a cor-

rection factor of 0.854 to transform a measured strength

value for 60� abduction into a value for 90� abduction

(Table 3). The corresponding correction factors were

assumed to follow the law of the lever, resulting in a

multiplier of 0.87 to transform a measured strength value

for 60� abduction into a value for 90� abduction and a

multiplier of 0.50 for 30� into 90� abduction. Comparison

of the absolute mean strength value in 90� abduction for the

dominant and nondominant arms yielded a correction fac-

tor of 1.036 to transform a measured strength value for the

nondominant arm into a value for the dominant arm. The

correction factor was 1.091 to transform a measured

strength value with a stabilized torso into a value with a

nonstabilized torso.

Different abduction and torso positions influenced the

test-retest-reliability of the procedure. The highest intra-

observer reliability was observed for volunteers sitting

Fig. 1A–B The photographs illus-

trate strength measurement with

the arm in 60� abduction with

(A) a stabilized torso (by the

wall) versus (B) a nonstabilized

position.
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without torso stabilization and with the arm in 90�
abduction (Fig. 2). Nevertheless, the retest reliability of

single shoulder strength measurements was high with a

range of ICC values between 0.71 and 0.93 (p \ 0.001 for

all) (Table 4).

In the univariate analysis, gender, arm length, height,

weight, and BMI but not age influenced the strength

measurement of single measurement positions but to

varying degrees (Table 5). Multivariate regression analysis

confirmed this influence only for gender (p \ 0.001) and

weight (p \ 0.017), but not for height (p \ 0.246) or arm

length (p \ 0.137).

Discussion

The CMS is one of the most frequently used evaluation

scores for shoulder disorders [6–10, 17, 30]. Even so,

several shortcomings in the development and use of the

score have been emphasized only recently, particularly

regarding strength measurement and the need for reevalu-

ation using scientific methods to verify its reliability and

sensitivity [20]. Although muscle strength forms an

important subparameter, no consensus exists regarding

how exactly it should be assessed. Measurement positions

differ importantly in published studies or are not reported

at all [10, 11, 14–16, 21, 25, 30]. The primary purpose of

Table 1. Strength measurements*

Side Stabilization Abduction Strength (kg)

Mean Standard deviation Median Minimum Maximum

Dominant Without 90� 6.36 2.70 6.00 1.75 10.90

Without 60� 7.25 2.92 6.60 2.40 12.10

Without 30� 11.63 5.38 10.60 4.10 23.30

With 90� 5.90 2.39 5.55 1.60 9.85

With 60� 6.85 2.78 6.40 1.55 12.20

With 30� 10.49 4.90 8.75 3.40 24.50

Nondominant Without 90� 5.80 2.77 5.75 1.55 10.70

Without 60� 6.98 3.18 6.70 1.95 14.25

Without 30� 10.95 5.32 9.10 4.20 28.25

With 90� 5.72 2.58 5.60 1.40 10.95

With 60� 6.67 3.08 6.35 2.00 16.20

With 30� 9.48 4.15 8.55 2.75 23.45

* T tests for the same side and stabilization type were significant for all differences between 90� and 60� (5.12 \ t \ 7.64; p \ 0.0001), 60� and

30� (7.94 \ t \ 9.45; p \ 0.0001), and 90� and 30� (9.29 \ t \ 9.82; p \ 0.0001).

Table 2. Pearson’s correlation (r) for strength under different mea-

surement conditions

Measurement condition Dominant side without stabilization

90� 60� 30�

Dominant side with

stabilization

0.969 0.968 0.912

Nondominant side without

stabilization

0.963 0.956 0.876

Dominant side with

stabilization in 90�
abduction

0.975 0.890

Table 3. Linear regression analysis

Side Stabilization 60� abduction 30� abduction

B Standard error Corrected R2 B Standard error Corrected R2

Dominant Without 0.881 0.013 0.99 0.530 0.018 0.96

With 0.856 0.017 0.99 0.543 0.016 0.97

Nondominant Without 0.832 0.018 0.98 0.519 0.017 0.97

With 0.846 0.021 0.98 0.595 0.021 0.98

Mean 0.854 0.547

Theoretical value (law of lever) 0.866 0.500

B = multiplier (correction factor).
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our study was to investigate whether and to what extent the

degree of shoulder abduction and torso position influence

shoulder strength measurement on the CMS. Second, we

examined the intraobserver reliability of the relevant

strength measurement positions. Finally, additional patient-

dependent factors potentially influencing the evaluated

strength measures were included in our analysis.

Several limitations of this investigation should be noted.

First, the study was performed on a limited population of

healthy volunteers with no history of shoulder abnormality

and a maximum age of 50 years based on the assumption

that the subparameter ‘‘strength’’ is especially important in

younger persons. Additional studies are needed to test

additional implications of our results, for example, in the

elderly or in patients with shoulder abnormalities.

Second, shoulder strength was performed exclusively

with the commercially available Isobex1 apparatus, which

has proven useful, reliable, and efficient for assessing

shoulder strength in routine clinical practice [16–19].

Third, our findings are restricted to the specific positions

and details of measurement we describe.

Fig. 2 A comparison of first and second strength measurements

(intraobserver reliability) with the arm in 90� abduction and a

nonstabilized torso is shown.

Table 4. Intraobserver (test-retest) reliability of varying strength

measurement positions*

Side Stabilization Abduction ICC (2, 1) Lower

limit

Upper

limit

Dominant Without 90� 0.93 0.86 0.96

Without 60� 0.76 0.56 0.88

Without 30� 0.81 0.64 0.90

With 90� 0.84 0.70 0.92

With 60� 0.71 0.48 0.85

With 30� 0.76 0.56 0.87

Nondominant Without 90� 0.92 0.84 0.96

Without 60� 0.88 0.77 0.94

Without 30� 0.84 0.70 0.92

With 90� 0.88 0.78 0.94

With 60� 0.91 0.82 0.95

With 30� 0.81 0.64 0.90

* All single intraclass correlation coefficients (ICCs) were significant

(p \ 0.0001).

Table 5. Univariate analysis of influencing factors on strength measurement (Pearson’s r)

Side Stabilization Abduction Male Arm length Height Weight BMI Age

Dominant Without 90� 0.83� 0.57� 0.70� 0.72� 0.58� 0.06

Without 60� 0.83� 0.54� 0.65� 0.67� 0.55� 0.07

Without 30� 0.75� 0.53� 0.67� 0.69� 0.54� 0.02

With 90� 0.83� 0.55� 0.67� 0.74� 0.63� �0.02

With 60� 0.80� 0.47� 0.58� 0.66� 0.58� 0.06

With 30� 0.78� 0.48� 0.59� 0.67� 0.57� 0.05

Nondominant Without 90� 0.82� 0.57� 0.68� 0.72� 0.59� 0.00

Without 60� 0.77� 0.52� 0.64� 0.69� 0.58� 0.06

Without 30� 0.79� 0.49� 0.60� 0.66� 0.55� 0.05

With 90� 0.82� 0.53� 0.62� 0.68� 0.57� 0.05

With 60� 0.73� 0.45� 0.55� 0.63� 0.56� 0.01

With 30� 0.67� 0.32* 0.44* 0.57� 0.52� �0.07

* p \ 0.05; �p \ 0.01; �p \ 0.001; BMI = body mass index.
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We found the degree of shoulder abduction influenced

strength measurement, a finding that may be presumed to

be an effect of modifying the force lever arm [9, 29]. In the

dominant arm, maximum absolute strength values in 30�
abduction and without stabilization of the torso were

approximately twice as high as in 90� abduction with a

stabilized torso. We found high correlations between the

different positions of muscle strength measurement, even

though absolute strength values varied importantly, espe-

cially depending on the degree of abduction. These

consistent results provide strong evidence that our mea-

surements are reliable. To our knowledge, there is no other

study investigating the relationship between different arm

and torso positions and strength measurement. In the cur-

rent literature, many authors who report the exact shoulder

position used for strength measurement of the CMS pre-

ferred the 90� abduction position [5, 7, 16, 24, 31]. Some

studies do not report their procedure in cases where a

patient could not abduct the arm to 90� [11, 16, 23, 27].

Some authors [5, 21, 32] took the strength value measured

in maximal possible abduction. According to our findings,

this approach overestimates strength on the CMS [24],

making the overall score too high. Only recently, Constant

et al. [9] underlined the necessity for the strength mea-

surement to be performed in 90� abduction, and their

alternative proposal, ie, to set strength as zero for the score

if the patient cannot abduct to the 90� abduction position,

causes an important underestimation of shoulder strength

and a CMS that is too low. They do not give any scientific

basis for this recommendation, which contradicts earlier

publications [8, 10]. Furthermore, the results of patients

with abduction less than 90� will be distorted twice, as their

range of motion also is recorded as reduced.

Clinical experience suggests patients often tend to

augment their strength by additional contralateral torso

inclination during strength measurement for the CMS. In

effect, standardized evaluations normally try to avoid body

angulation [16]. Our finding that strength was, in general,

10% lower if the volunteer was stabilized compared with

the nonstabilized position confirmed our primary question.

Interestingly, the observed high correlation of strength

measurements in different arm and torso positions offered

us the possibility of adjusting strength values more pre-

cisely by using elaborated correction factors, eg, to convert

the recorded strength values with the arm in 30� abduction

into a value for 90� abduction. The correction factors we

found were almost identical to those expected by imple-

menting the law of the lever, which supports our

assumption of the importance of the law in this context. If

future studies in patients confirm our findings in the clinical

setting, the overestimation or underestimation of the

strength measurement and its consequences for the abso-

lute CMS could be avoided. A feasible alternative is the

use of relative instead of absolute score values, ie, the ‘‘in

patient-weighted’’ comparison with the contralateral side,

at least in patients with a unilateral problem only.

We observed a high retest reliability for the muscle

strength measurements in all evaluated positions. The best

intraobserver reliability in our study was recorded for

participants sitting with a nonstabilized trunk and an

extended arm in 90� abduction. This finding did not con-

firm our clinical expectation that systematic stabilization of

the trunk would lead to a greater retest reliability than

nonstabilization of the trunk. However, the differences

in raw data between stabilized and nonstabilized mea-

surements were low. Conboy et al. [5] reported low

intraobserver reliability of the total CMS. In contrast,

Johansson and Adolfsson [17], with a different measure-

ment design, found high intraobserver and interobserver

reliability for the strength test in the Constant-Murley

assessment, with an ICC ranging from 0.89 to 0.98 in 90�
abduction. We recorded the highest ICCs of 0.84 to 0.93

with the patient’s arm in 90� abduction. As Conboy et al.

[5] reported an examination with the patient’s arm at or as

near as possible to 90� abduction, it may be a lower degree

of abduction in their study explains the observed

discrepancy.

Finally, the assessment of patient-dependent factors

potentially affecting the evaluation of strength measure-

ments by multivariate regression analysis revealed an

impact of gender and weight but not arm length or height

on the observed results. The generally expected effect of

gender on strength measurement is consistent with the

findings of Brinker et al. [4], who reported higher strength

values for men. They assumed this gender effect to be

explained partially by differences in the body mass. In

contrast, our multivariate analysis suggested gender and

weight independently influenced shoulder muscle strength.

Our findings imply, without adequate gender and weight

modification of the CMS, published results may be biased,

which must affect comparison between different study

populations. As we report on a group of younger healthy

volunteers only, we cannot comment on the overall impact

of age in this context. Additional investigations need to

specifically address the influence of parameters such as

age, body weight, or well-defined muscle activity in more

detail.

Our findings emphasize the importance of standardized

torso and arm positions ensuring high reliability when

performing the strength measurement of the CMS. We

found the degree of shoulder abduction influenced strength

values. Intraobserver reliability was most reliable at 90�
abduction without stabilization of the torso. Our data from

healthy volunteers suggest 90� abduction strength may be

adequately predicted from measurements in a lower

abduction position by the use of specific correction factors.
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Studies in patients and in the elderly are needed to confirm

our findings with the aim of increasing the precision of

clinical shoulder evaluation and enabling comparison with

international data.
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