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he strength of the normal shoulder may differ by gen-
er and deteriorate with age. Thus, the Constant score
ay also decrease in absolute value while still reflect-

ng a normal score. To account for age- and gender-
elated differences, normal results for this scale must
e determined across a population of patients without
houlder disease. Patients presenting for evaluation of
onshoulder conditions participated. A subjective
uestionnaire was completed. Range of motion and
trength were measured. This analysis includes the
ata of 441 patients. The mean Constant score for
en was significantly greater than that for women in
ach age group (P � .05). Significant age-related dif-
erences were noted in each group (P � .05). Norma-
ive values for the Constant score based on age and
ender were determined. The adjusted score repre-
ents the gender- and age-matched function of the
houlder and is useful in the evaluation of shoulder
utcomes. (J Shoulder Elbow Surg 2005;14:279-285.)

he Constant score is a widely used shoulder-specific
coring system. In 1992 the European Shoulder and
lbow Society mandated the use of the Constant
core in all peer-reviewed papers, making it the most
idely used shoulder evaluation instrument in Eu-

ope.20 First described by Constant and Murley8 in
986, it proposes a scoring system directed exclu-
ively toward a numeric description of the quality of
unction of the shoulder. Instead of relying on tests of
pecific functional movements (eg, brushing one’s
air, removing an object from a shelf, and throwing a
all), it uses subjective and objective measures to
etermine whether a certain functional movement is
ossible (eg, forward elevation, external rotation,
nd internal rotation of the shoulder). It is separated
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onceptually from the diagnosis of the shoulder,
hereby making it applicable regardless of diagnosis.

As an outcomes tool, the Constant score includes
n analysis of pain, shoulder motion, strength, and
unction. From a perfect score of 100, it reserves 35
oints for patient-reported subjective assessment, in-
luding the presence of pain and the ability to per-
orm basic activities of daily living, and 65 points for
bjective measurement. For the latter, 40 points are
llocated to range of motion and 25 points are allo-
ated to strength. The relative weight of subjective
nd objective findings is based on statistical analysis
orrelating subjectively perceived disability with the
esults of a combined objective and subjective evalu-
tion.7,23

Because the strength of the normal shoulder may
iffer by gender and deteriorate with age, the Con-
tant score will also decrease, although the score may
till be normal for the patient’s age and gender. To
ccount for age- and gender-related differences, nor-
al results for this scale must be determined across a

arge population of patients without shoulder disease.
nfortunately, to date, there are no peer-reviewed,

arge population studies to provide normalization
ata for the Constant score despite the fact that
umerous publications suggest they are using an ad-
usted or normalized score.2,10,11,13,15,17-19,22,27

A careful distinction in terminology must be made
etween validation and normalization. The former
eeks not only to determine test-retest reliability of an
utcomes measure but also to assess the correlation
etween a variety of outcomes instruments. The latter
eeks to provide a standard, derived from a large
opulation of individuals without joint-specific com-
laints, against which measurements are compared
nd adjusted. The purpose of this investigation is to
ormalize the results of the Constant score based on
ge and gender in patients without shoulder symp-

oms.

ATERIALS AND METHODS

All patients underwent an informed consent process
pproved by the Institutional Review Board and Human
ubjects Committee of Rush University Medical Center (Chi-
ago, IL). Four hundred eighty patients presenting to a
ports medicine clinic for evaluation of nonshoulder condi-

ions participated in clinical testing that would allow the
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etermination of the Constant score for the dominant shoul-
er. All participants were carefully screened by the exam-

ner to determine the existence of current or prior shoulder
njury, prior nonoperative or operative interventions involv-
ng the shoulder or elbow, and prior interventions for cer-
ical or thoracic pathology (eg, axillary lymph node dissec-
ion for carcinoma of the breast, prior sternotomy, or rib
racture). Affirmative responses resulted in exclusion from
tudy participation. Scores were determined for the domi-
ant shoulder in all groups.

Patients completed a 1-page questionnaire that assessed
ubjective pain and the ability to perform activities of daily
iving. This questionnaire incorporated the subjective items
rom Constant and Murley’s functional assessment.8 Pain
as clearly defined as the “worst pain that the patient
xperiences during activities of daily living”; 15 points
enoted no pain, 10 points denoted mild pain, 5 points
enoted moderate pain, and 0 points denoted severe pain

nterfering with regular activities. The ability to execute and
erform activities of daily living was assigned 20 points,
ith 4 points allocated to work, 4 points to recreational
ctivities, and 2 points to sleep. A patient who can perform
ll work or recreational activities without restriction is as-
igned 4 points. If a patient has given up 50% of activities,

points are assigned. A patient whose sleep is uninter-
upted receives 2 points. If sleep is grossly disturbed, no
oints are given. For the ability to work at a specific level,
oints were assigned as detailed in Table I.

In addition to answering the subjective questions, range
f motion and strength were objectively assessed. All mea-
urements were performed as specified by Constant and
urley.8 Range of motion was measured with a goniometer

etween the upper arm and the upper part of the thorax
Figure 1). Points were assigned as detailed in Table II. As
pecified by Constant and Murley, measured flexion and
bduction reflect the active range without pain. External
otation is indirectly measured as a functional assessment of
xternal rotation. This allows for the exclusion of a theoret-
cally present range of motion that does not translate func-
ionally. Similarly, internal rotation was tested in combina-
ion with shoulder extension and adduction, allowing for
ssessment of a functional rather than a theoretic move-
ent.
Strength was assessed by use of the Isobex Dynamome-

er (Cursor AG, Bern, Switzerland). This is a microproces-
or-driven device whose measurement is triggered by a

able I Subjective assessment of shoulder (35 total points possible)

Function Points

bility to work 0-4
bility to engage in recreational activities 0-4
bility to sleep 0-2
bility to work at specific level
Waist 2
Chest 4
Neck 6
Head 8
Above head 10

ain 0-15
inimum force of 1 kg. It disregards the first second of force n
pplication, where a rapid linear increase in force is noted
ypically, and averages 10 readings per second for the
ollowing 3 seconds of force application to produce a
trength reading. All calculations were then converted to
ounds. All measurements were made in the scapular plane
f abduction. A maximum of 25 points is awarded for the
bility to hold 25 lb or more at 90° in the plane of the
capula. The number of points correlated to the number of
ounds held by the patient. Strength and motion testing was
erformed in all individuals by use of the dominant extrem-

ty, as numerous studies have confirmed that strength in
orward flexion does not vary significantly from side to side
n both a sedentary and athletic population.5,9,25,26

Data were recorded on forms created and scanned by
se of Teleform v.6 software (Cardiff Software, Inc, San
iego, CA). Data were analyzed by use of SPSS v.10
oftware (SPSS Inc, Chicago, IL). Independent sample t test
etween genders was performed for each age group, and
� .05 was considered significant. One-way analysis of

ariance between age groups for each gender was deter-
ined. Any significance between groups was assessed with

he Tukey HSD (honestly significantly different) test, and P �
05 was considered significant.

ESULTS

Four hundred eighty patients were evaluated. Five
ere aged less than 18 years, and thirty-nine were
ot included in the analysis because of data that were
ither missing or not able to be read by the scanner.
ur results are based on complete data from 441
atients (Table III). The mean Constant score for men
as significantly greater than that for women in each
ge group (P � .05) (Figure 2). For men, patients
ged older than 70 years had a significantly lower
onstant score than those aged 18 to 29 years, 30 to
9 years, 40 to 49 years, and 50 to 59 years (P �
05) but not in those in the age group from 60 to 69
ears. For women, patients aged less than 50 years
ad a significantly greater Constant score than those
ged older than 50 years (P � .05).

For men, measured strength degraded with age.
his difference was most notable in those aged older
han 70 years. In this group, strength scores were
ignificantly lower (P � .05) than those in all patients
ged younger than 60 years (Figure 3). Furthermore,

here was a significant difference in strength scores
hen we compared patients aged older than 50
ears with patients aged younger than 50 years (P �
05). For men, there was no significant difference
mong age groups in subjective score or range-of-
otion scores, and these scores tended not to de-
rade with age.

For women, raw strength scores were significantly
ower than for those of men in the same age group (P

.05). Strength was significantly lower in women
ged older than 50 years compared with those aged
ounger than 50 years. There was no uniformly sig-

ificant difference in subjective scores, and these
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cores did not degrade with age. When range-of-
otion scores were evaluated, a statistically signifi-

Figure 1 A, A goniometer is used to measure shoulder ra
recorded. B, Isobex dynamometer is used to assess strength

able II Objective shoulder assessment (65 total points possible)

Activity Points

lexion and abduction (scored separately)
�150° 10
121° � 150° 8
91° � 120° 6
61° � 90° 4
31° � 60° 2
ombined active external rotation
Hand behind head, elbow forward 2
Hand behind head, elbow back 2
Hand on top of head, elbow forward 2
Hand on top of head, elbow back 2
Full elevation from top of head 2
ombined active internal rotation of hand
Interscapular region 10
Inferior tip of scapula 8
Twelfth rib 6
Lumbosacral junction 4
Buttock 2
Lateral thigh 0

trength 1/lb
ant difference was noted in the comparison of sub- g
ects aged less than 30 years with subjects aged
etween 50 and 59 years.

ISCUSSION

A shoulder scoring system serves as a simplified
eans for the evaluation of a variety of shoulder
onditions. It is intended to represent the outcome of
ntervention without sensitivity to observer bias or bias
ased on the parameters measured. In addition, it
hould allow the effective communication of the results
f medical and surgical intervention in a patient

f motion. Three measurements are taken and the average
rward flexion with the arm in the scapular plane.

able III Distribution of patients

Men Women

ge (y)
18-29 51 45
30-39 53 40
40-49 44 48
50-59 43 51
60-69 23 16
�70 13 14

otal 227 214
nge o
roup. It would, therefore, allow comparison of dif-
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erent therapeutic modalities by defining functional
mprovement or deterioration based on disease and
reatment. It would also help to standardize compar-
sons between patient groups in multicenter studies.
he ideal scoring system would be simple and readily
pplicable to clinical practice. It should be easy to
dminister, its methods should be well defined, and it
hould provide a useful description of the function of
he shoulder, regardless of disease process or inter-
ention. In addition, the system should be weighted
oward functional outcome with the patients’ perspec-
ive prioritized. For example, traditional physician-
ased parameters such as motion and strength do not
lways adequately represent patient-perceived value
f an intervention. Finally, a shoulder scoring system
hould be reproducible among practitioners. Ulti-
ately, in a society increasingly pressed to lay a
onetary value on treatment, value may be calcu-

ated as the benefit divided by cost, where benefit is
xpressed as a change in score.

The Constant score enjoys a high degree of repro-
ucibility among observers, with an intraobserver

Figure 2 Constant score by age group.

Figure 3 Comparison of strength by gender.
rror of 3%.8 It is the first shoulder scoring system to A
llow the effects of aging on shoulder function to be
tudied. As such, it is vital to be able to normalize
alculated scores based on age and gender. Ad-
usted scores would allow the determination of
hether a specific procedure is most beneficial for a
ertain age group or particular gender.

To our knowledge, this is the first normalization of
he Constant score in normal subjects in the North
merican population. Our study evaluated a repre-
entative population of a large metropolitan area to
etermine normative values based on age and gen-
er. The calculated score for any patient may then be
djusted based on a gender- and age-specific norma-

ive value to yield an adjusted score. The adjusted
core would, therefore, accurately represent the func-
ion of the shoulder in comparison to patients of a
imilar age and gender. Comparison of shoulder
utcomes would, therefore, enjoy a greater degree of
alidity.

Strength remains a major determinant of the total
core. However, the measurement method of the
trength component has not been standardized.2 The
ethod originally described by Constant and Mur-

ey8 used a spring balance held at arms length. The
aximum force that the patient could resist against

he downward pull by the examiner was then mea-
ured. Constant did not specify the plane of elevation
f the shoulder for testing or the duration of each
easurement. Furthermore, Conboy et al6 found that
ccurate measurement of power by use of a spring
cale was difficult to determine consistently between
nd among observers. They also questioned whether
trength assessment in a single arc of motion ade-
uately represented a patient’s full functional poten-

ial.
These inconsistencies were addressed by Gerber

nd Arneberg12 in 1992, who questioned the validity
f using a spring balance as a measuring device. As
result, the Isobex Dynamometer was developed,

nd a normal range of values for elevation in the
capular plane was defined. Several scientific studies
ave assessed the reliability of the Isobex Dynamom-
ter for test-retest and intraobserver reliability.3,21

urthermore, the modified spring balance, as used by
onstant, was found to provide similar values to those
f the Isobex.2 Strength was tested with the humerus
n the plane of the scapula for maximum biomechani-
al advantage. This position maintains maximal gle-
ohumeral conformity, an optimum length-tension re-
ationship for the humeral abductors, and a relaxed
nferior capsule.14 Given the strength advantage that
his position of testing affords, our study tests the
trength of its subjects in the same position, and
erhaps all future studies that use the Constant score
s an outcomes tool should use this position.

The strength values measured by Gerber and

rneberg12 are compared with our strength scores in
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igure 4. Two observations may be made. The first is
hat for both genders, our population showed a dete-
ioration of strength with age as described above.
ur findings that age and sex affect strength mea-

urement in the shoulder have been confirmed by
ther reports on upper extremity strength in a variety
f other studies.1,4,16,24 This contrasts to strength
alues measured by Gerber and Arneberg, who
howed an increase with each decade. Second, our
trength values were greater for each age group. This
ifference may be accounted for by the small popu-

ation used in the study of Gerber and Arneberg. It
ay also reflect the stringent selection criteria of our

tudy, in that patients were excluded if they acknowl-
dged any past or present difficulties with either
houlder or any history that may indirectly impinge on
capulothoracic or glenohumeral function (eg, axil-
ary node dissection for carcinoma of the breast or rib
racture). This absolute difference in raw strength
etween our study and the study of Gerber and
rneberg decreased as age decreased.
Furthermore, normal Constant scores as first de-

cribed by Constant in 1986 are compared with the
ormal values determined in our study (Table IV and
igure 5). The differences in total scores are most
arked for older age groups. For both genders, our

cores are initially lower than those originally de-
cribed by Constant. Our scores, however, do not
egrade at the same rate as those described by
onstant. These differences may reflect the measure-
ent system used by Constant or a lack of selectivity
f normal patients.

Although many studies in the shoulder literature
mply the use of normal data to provide an adjusted
onstant score, the quality and value of these data
re questionable without peer review of the methods
nd proposed reference values. The results of our

Figure 4 Comparison of raw strength scores in men (
and the current study.
tudy may be used to define the adjusted or normative m
alues when using the Constant score to define shoul-
er outcomes. We propose the use of the following
ormula to calculate a normalized Constant score:
ormalized score � (Raw score/Normal score) �
00. The normal score for the denominator of the
quation can be determined from the values in Table
V. As an illustration of the use of this formula and the
ge- and gender-matched normal scores from Table

V, a 63-year-old woman with a raw Constant score
f 65 after shoulder hemiarthroplasty would have a
ormalized score of 78. If one were to use the values
riginally calculated by Constant, the score would be
3, perhaps reflecting marked numeric success in the
eality of a fair functional outcome.

These results indicate that, if one is to convey the
esults of treatment accurately using the adjusted Con-
tant score, one needs to define the normal results of
he Constant score in a population that is similar to the
opulation of patients studied. Using historically pro-
osed normative data as originally described by Con-
tant in 1986 for our patient population would have
ignificantly increased our normalized or adjusted
onstant score, suggesting better outcomes. Further-

d women (B) in the study of Gerber and Arneberg12

able IV Normal Constant scores

Age (y)

Men Women

Current
study Constant7

Current
study Constant7

8–29 95 98 88 97
0-39 95 93 87 90
0-49 96 92 86 80
0-59 94 90 84 73
0-69 92 83 83 70
70 88 75 81 69
ore, studies that have used Constant scores normal-
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zed on the basis of Constant’s original work may
ave been affected by poorly matched normal data.

The potential for selection bias is a limitation of this
tudy and should be addressed. First, the fact that all
atients in this study were accrued from a sports
edicine clinic may imply that physical fitness enthu-

iasts comprised the majority of the study populace
rawn from such a setting. The vagaries of modern
rthopaedic practice, however, are such that the very

erm sports medicine is perhaps more reflective of the
raining received by the attending physicians than the
verall fitness or athletic ability of the patient popula-

ion. Indeed, roughly 40% of the clinic population is
eferred through the workers’ compensation network.
urthermore, limiting this study to patients who did not
ave any history of shoulder disease or injury may
ave led to inherently stronger subjects, particularly in
he older age groups. Finally, subjects were not
venly divided among all age groups. Nevertheless,
e believe that the subjects in this study were repre-

entative of the general population and that the deg-
adation of values with age, as well as the differences
etween sexes, is representative of the population at

arge.
Our study provides normal data for a large metro-

olitan population and a means for calculating an
djusted Constant score from a raw score. The ad-

usted score accurately represents the function of the
houlder in comparison to patients of a similar age
nd gender and is useful in the evaluation of shoulder
utcomes. The reporting of outcomes by use of an
djusted score derived from our age- and gender-
tratified data would thus allow a comparison of
esults from varied sites, if the methods of measure-
ent and scoring are closely adhered to. Given the
bserved difference between our data and those orig-
nally described by Constant, it may be argued that
ach surgeon reporting the outcomes of interventions

Figure 5 Comparison of normal Co
or a variety of shoulder pathologies should be re-
uired to compile personal data for the normalization
f scores. Though ultimately perhaps more accurate,

he gathering of such data may prove to be tremen-
ously unwieldy, and a comparison of outcomes be-

ween groups of different surgeons would be difficult
o perform. The utilization of normal data from a large
etropolitan population without shoulder symptoms

o generate adjusted age- and gender-matched Con-
tant scores should serve as an excellent basis for the
eporting and comparison of outcomes data, to facil-
tate communication between investigators and to
ermit and encourage multicenter studies.

We wish to acknowledge Shane Nho, MD, for his
utstanding dedication to this project, most specifically the
ata collection. His efforts in patient recruitment are greatly
ppreciated, and without his contribution, we might still be
onsenting patients.
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