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Introduction:  The  Constant  score,  allows  an  objective  and subjective  assessment  of  the  shoulder  function.
It has  been  proven  to have  a poor interobserver  reliability  for  some  of  its aspects  and  is not  usable  as  a
remote  assessment  tool.
Hypothesis:  The  Constant-Murley  functional  shoulder  score  can be assessed  with  a self-administered
questionnaire.
Methods:  We  conducted  a  prospective  continuous  study  in a shoulder-specialized  service.  For  each  patient
seen in  consultation  or hospitalized  for  a shoulder  pathology,  a self-administered  questionnaire  was
delivered,  and a clinical  examination  was  performed  by  a  surgeon.  The  questionnaire,  in  French  language,
was  composed  of  checkboxes  only,  with  pictures  preferred  over  text  for  most  items.  Correlations  with
surgeon  examination  were  assessed  with  the  intraclass  correlation  coefficients,  differences  with  the
paired  t-test.
Results:  One  hundred  consecutive  patients  were  analyzed.  Correlation  between  the  two  scores  was  excel-
lent  (0.87),  as  were  the  range  of  motion  and  the  pain  subscores  (0.85  and  0.78),  good  for  the  activity  (0.69)
and fair  for  the  strength  (0.57).  The  mean  total  score  was  3 points  lower  for the self-administered  ques-
tionnaire  (CI95  [−5; −1]; p  < 0.01).  Activity  and  pain  were  not  significantly  different  (−0.4/20  and  −0.3/40;

p  > 0.05)  but  pain  and  force  were  slightly  different  (+0.8/15;  −3.0/25;  p  <  0.01).
Conclusion:  The  Auto-Constant  questionnaire  in French  is an  excellent  estimator  of  the  Constant  score,
and  of  its  pain  and  mobility  sub-scores.  It  is  less  accurate  for the  evaluation  of the  strength,  but  differences
between  sub-scores  compensate  and  allow  its use  in daily  practice.
Level  of proof:  II, Prospective  continuous  clinical  series.

© 2019  Published  by Elsevier  Masson  SAS.
. Introduction

The Constant-Murley Score (CS) is a well-established functional
core for the shoulder, described in 1987 [1], and widely used in
nternational studies [2–6]. It is calculated after a clinical exami-
ation and is divided in 4 subscores : pain (15 points), activity (20
oints), mobility (40 points) and strength (25 points) with a min-

mum of 0 and a maximum of 100 points. By opposition to other
idely-used shoulder scores, like the American Shoulder and Elbow
urgeons Score (ASES) [7] or the Simple Shoulder Test (SST) [8], the
se of the CS is limited and time-consuming by the lack of a self-
dministered questionnaire (SAQ). However, it allows a subjective

∗ Corresponding author. University hospital of Nice, Institut Universitaire Loco-
oteur et du Sport, 30, voie Romaine, Nice 06000, France.

E-mail address: mikael@chel.li (M.  Chelli).

https://doi.org/10.1016/j.otsr.2018.11.023
877-0568/© 2019 Published by Elsevier Masson SAS.
and objective assessment, by combination of a clinical examination
and a questionnaire, which is not possible with the ASES or the SST.

It has been shown that interobserver reliability was insufficient
for as much as 12 of the 14 items of the CMS, and could lead to dif-
ferences of 10 to 25 points between observers [9,10]. To avoid this
inter-observer bias, we were interested by using a SAQ. Moreover,
some patients may  not or would not come for clinical follow-up,
and we wanted a tool to assess these patients remotely.

Levy et al. have established a self-administered questionnaire in
English [11], and proved it was  a reliable tool for estimating the CS,
but the assessment of strength requires the patient to use various
objects of his choice at home. This evaluation of strength limits its
use in daily practice in our eyes and makes it complicated for the

patient.

The EMPRO (Evaluating Measures of Patient Reported Out-
comes) [12] group evaluated patient-reported shoulder scores and
found the ASES, the SST and the Oxford Shoulder Score to be reliable

https://doi.org/10.1016/j.otsr.2018.11.023
http://www.sciencedirect.com/science/journal/18770568
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http://crossmark.crossref.org/dialog/?doi=10.1016/j.otsr.2018.11.023&domain=pdf
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nd responsive. However, none of these scores can provide direct
ssessment of mobility or strength.

We  wanted to combine the advantages of a self-administered
uestionnaire and those of a clinical-based functional score. There-
ore, we created a self-administered questionnaire in French based
pon the CS: The Auto-Constant questionnaire.

Our objective was to assess the correlation of such a question-
aire with the usual assessment by a clinical examination.

We hypothesized that a self-administered questionnaire was
ufficiently efficient to estimate the Constant-Murley score, as com-
ared to a clinical examination performed by a surgeon.

. Methods

We  studied a prospective continuous series of patients between
anuary and February 2016 in our shoulder-specialized surgical
nit. A standardized questionnaire in French language was estab-

ished and given to all patients hospitalized or seen in clinics during
he period of the study. Then, each patient was examined by a sur-
eon or a resident and a standard CS was calculated, blind to the
esults of the questionnaire.

.1. Eligibility criteria

We  included all the patients seen in clinics or hospitalized
or a shoulder pathology, and for whom a self-administered
uestionnaire was available. We  excluded patients with a miss-

ng questionnaire or having an incomplete clinical examination,
atients below 18, or who did not speak French.

.2. Questionnaire

The questionnaire was distributed before the clinical examina-
ion and did not require any assistance to be completed except for
wo patients having difficulty speaking French. All the questions
ould be answered with checkboxes without writing, to decrease
he language bias and to ease the completion by the patient. We
ried to be as close as possible to the original version proposed by
onstant and Murley [1], and to the actualized recommendations
y Constant et al. [13].

.3. Pain (15 points)

A visual analogic scale (VAS) from 0 to 10 points was  proposed to
stimate the pain of the patient, asking the maximal level of pain
elt on a common day [13]. Bounds of the VAS were entitled “No
ain” for 0 and “Intolerable pain” for 10 (Supplementary Data page
)1. Measures were rounded to the nearest integer value (3.4 would
ecome 3).

.4. Activity (20 points)

VAS from 0 to 10 points were also used for the questions con-
erning professional and leisure impairments to maximize the
bjectivity of answers, and as recommended by Constant et al. [13].
e accounted 0 point of impairment out of 4 if the VAS was  below 1

“No activity or No Work”, “No leisure”), 1 point for a VAS between 1

nd 3, 2 points for a VAS between 4 and 6, 3 points for a VAS between

 and 9, and 4 points for a VAS of 10 (“All my  activities/leisures are
ossible”, Supplementary Data page 2).

1 The online form, available in the electronic appendix, is also on:
ttps://www.chu-nice.fr/institut-universitaire-locomoteur/orthopedie-chirurgie-
port/auto-constant/
Surgery & Research 105 (2019) 251–256

For the question on the level of work with the hand, we used
photographs to illustrate the different levels. During the study, we
changed the title of the question because we  felt empirically that
patients were underestimating their level. Indeed, the initial ques-
tion was  “At what level can you work comfortably with your hand?”
and patients were choosing the level at which they were the most
comfortable which was  usually the lowest. We  simply used the plu-
ral version of the sentence, asking “At which level(s) . . .”  instead,
therefore requiring checking one or several cases. We  then retained
the highest answer if several answers were checked.

2.5. Mobility (40 points)

Photographs were used to allow auto-assessment by the patient
(Supplementary Data pages 4–7). A healthy model was pho-
tographed in different positions of flexion, abduction and rotation
according to the existing cutoffs of the CS. The question asked was
“How can you move you shoulder WITHOUT pain?” according to
the recommendations [13].

2.6. Strength (25 points)

We  tried to estimate by a simple way  the strength of patients,
by asking what they felt they could lift and showing photographs
of daily life objects, lifted by a healthy subject at 90 degrees of
abduction (Supplementary Data page 3). Initially, the question was
“Which weight do you think you can carry at arm’s length?” to be
the closest to the assessment of strength in the CS, which must be
done at 90◦ of abduction. However, we quickly noted that patients
were heavily underestimating their strength, because most of them
thought they could not carry anything at arm’s length, at 90◦ of
abduction due to their pain, which was  wrong when examining
them. We  therefore changed the question to “Which weight do you
think you can lift?” and removed the absolute weight in kilograms
below the photographs but kept the pictures at 90◦ of abduction to
stay loyal to the original score.

3. Clinical Examination

After the SAQ was completed, each patient was  examined by
a shoulder-specialized orthopedic surgery fellow. No training or
specific instructions were given to the participants (patients or
physician), in order to stay in the conditions of our everyday
practice, and examiners were blind to the result of the SAQ. A
mechanical spring balance was  used in all cases to measure strength
in 90◦ of abduction and with the arm in the axis of the scapula. Data
were recorded electronically in our patient management software.

3.1. Flow chart

One hundred and seventy-one patients completed a question-
naire during the time of the study. The main reason for exclusion
was a missing clinical examination by a surgeon in 59 cases (Fig. 1).
We finally included the 100 first patients in a continuous way, and
then stopped the study.

3.2. Statistical analysis

Absolute differences between surgeon’s score and self-
administered questionnaire were tested with the paired samples
t-test. Positive differences were related to an overestimation by the
patient and negative differences expressed an underestimation by

the patient as compared to the surgeon’s examination. Alpha risk
was established as p = 0.05.

The correlation between the two scores was assessed with the
intraclass correlation coefficient and Spearman’s rank coefficient as

https://www.chu-nice.fr/institut-universitaire-locomoteur/orthopedie-chirurgie-sport/auto-constant/
https://www.chu-nice.fr/institut-universitaire-locomoteur/orthopedie-chirurgie-sport/auto-constant/
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Fig. 1. Flow chart.

on of the score estimated by the self-administered questionnaire (abscesses).
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Table 1
Correlations between questionnaire and surgeon’s scores.

Score Intraclass correlation (r) Spearman (r)

Total Score/100 0.87 0.88
Pain/15 0.78 0.79
Activity/20 0.69 0.70
Fig. 2. Scatter plot of CS as calculated by the surgeon (ordinates) functi

ome variables were not normally distributed (Shapiro-Wilk test).
ntraclass correlations r were judged weak if between 0 and 0.39;
assable between 0.40 and 0.59; good between 0.60 and 0.74; and
xcellent between 0.75 and 1, according to the recommendations
f Ciccheti [14].

Data collection and statistical analysis were performed with the
nline application EasyMedStat (www.easymedstat.com; Neuilly-
ur-Seine; France).

.3. Patients

One hundred patients (50 women and 50 men) were examined
t a mean age of 57 years (Min. 18, Max. 90, SD 20.2). Thirty-eight
ad a rotator cuff condition (cuff tear or cuff tendinopathy), 24 had

 shoulder osteoarthritis treated by arthroplasty, 16 suffered gleno-
umeral anterior instability (due to glenoid bone loss or labral

esion), 1 patient had a non-operated primary osteoarthritis and 1
ad a retractile capsulitis. Ninety patients were right-handed and
1 were consulting for the dominant side. The mean CS assessed by
he surgeon was 49 with scores varying from 6 to 97.

. Results
.1. Correlations

The correlation between the two scores was excellent (r = 0.87)
Fig. 2). The correlation was excellent for the sub-scores Mobility
Mobility/40 0.85 0.85
Strength/25 0.57 0.80

and Pain (r = 0.85 and 0.78), good for the Activity (r = 0.69) and pass-
able for the Strength (r = 0.57) (Table 1).

4.2. Absolute differences

The score was averagely underestimated of -3 points by
the patients when answering to the SAQ (p < 0.01) with a 95%
confidence interval between −5.1 and −1 points (Table 2). Activ-
ity and Mobility were not significantly different between the
self-administered questionnaire and the surgeon’s examination
(−0.4/20 and −0.3/40; p > 0.05), but Pain and Strength were sig-
nificantly different (+0.8/15 and −3.0/25; p < 0.01).

4.3. Influence of pathology
The correlation was excellent for the 3 main pathologies: 0.87
for osteoarthritis, 0.81 for rotator cuff pathology and 0.80 for ante-
rior instability (Table 3).

http://www.easymedstat.com;/
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Table 2
Mean differences between questionnaire and surgeon’s scores (negative values rep-
resent underestimation of the score by the patient as compared to the surgeon’s
examination).

Parameter Mean difference 95% Confidence Interval p-Value

Total Score/100 −3.0 −5.1; −1 < 0.01
Pain/15 +0.8 + 1.3; + 0.3 < 0.01
Activity/20 −0.4 − 1.1; + 0.2 NS
Mobility/40 −0.3 − 1.5; + 0.8 NS
Strength/25 −3.0 − 4.0; − 2.0 < 0.01

NS: not significant.

Table 3
Influence of pathology.

Pathology Intraclass correlation (r) Spearman (r)

Cuff lesion n = 38 0.81 0.82
Arthroplastyn  = 24 0.87 0.85
Instability n = 16 0.80 0.87

Table 4
Influence of examiner.

Examiner Intraclass correlation (r) Spearman (r)
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MC n = 52 0.93 0.93
Othern  = 48 0.79 0.80

.4. Influence of examiner

Fifty-two patients were examined by the main author (MC) with
 correlation r = 0.93, while 48 patients were examined by other
xaminers with a correlation r = 0.79, both excellent (Table 4).

.5. Influence of formulation

.5.1. Hand level
For the first formulation (singular, n = 54), the correlation was

assable (r = 0.44) and the mean difference of 1.64/10. For the sec-
nd formulation (plural, n = 46), the correlation was good (r = 0.64)
nd the mean difference of 0.67/10 (Table 5).

.5.2. Strength
In the first version of the questionnaire (n = 32), the correlation

as passable (r = 0.47) and the mean difference of 4.1/25. For the
econd version (n = 68), the correlation was good (r = 0.67) with a
ean difference of 2.5/25 (Table 6).

.6. Floor or ceiling effect

No patient reached the minimum (0) or maximum value (100),
ither after the surgical examination or with the self-administered
uestionnaire. Therefore, we did not observe floor or ceiling effect.

. Discussion

Our results confirm our hypothesis that a self-administered
uestionnaire can estimate precisely the CS. The 95% confidence

nterval of the difference is between −1 and −5 points, with the
atients underestimating their score. Moreover, the consistency
f the correlations among the different pathologies lets us think
hat this questionnaire could be used in most of common shoulder
athologies, although instability should be assessed with comple-
entary specific tools [15].

The compliance of the patients to complete this questionnaire

as high since 163 out of 171 patients have correctly completed
t (95%). However, among these 163 patients, 59 did not have a
omplete clinical examination by a surgeon. This lets us think that
Surgery & Research 105 (2019) 251–256

a self-administered questionnaire could improve our exhaustivity
in data collection [16].

We  could not find an excellent correlation for two of the sub-
scores of the CS. Only pain and mobility items could be assessed
precisely by the questionnaire. Eventually, differences between
sub-scores compensate with a slight overestimation of the pain
by the questionnaire, leading to an excellent global correlation
between the total scores.

A systematic review of literature in 2010 [15] has shown that
the inter- and intra-observer reliability of the total CS was good
for several pathologies [9,10], but this reliability decreases when
regarding subscores of the CS [17–22], especially for pain and
impairment in daily life, which are the two subjective items of
this score. But as we  observed with our questionnaire, these dif-
ferences between subscores compensate when looking at the total
score.

Rüdiger et al. [23] conducted a similar study with a SAQ in order
to assess remotely shoulder range of motion. They asked patients to
draw lines representing their mobility on prepared diagrams show-
ing shoulders. Authors found a weak correlation between surgeon
and patient assessment of mobility, with patients overestimating
their range of motion. In our study we could not find a significant
difference between the mobility subscore assessed by the patient
or the surgeon. Using photographs instead of diagrams may have
been easier for patients and led to a higher correlation.

Our results are below those reported by the self-administered
questionnaire in English proposed by Levy et al. [11] regarding the
global score, since their mean difference was  -1.3 points (vs −3
points for our questionnaire) but with a wider confidence interval
(−7 to +4 points), while our confidence interval is narrower and
only contains negative values (−5 to −1 points). This means that
with our questionnaire, in 95% of cases, the difference would be
below 5 points, and always in the same direction (underestimation
by the patient).

The difference between the main examiner (MC; r = 0.93)
and the other examiners (r = 0.79) is probably multifactorial: an
author−examiner bias of measurement, and the lack of standard-
ization could be involved. However, we tried to limit this examiner
bias by doing the clinical examination after the questionnaire and
blind to the results of this questionnaire. For the lack of stan-
dardization, we voluntarily did not realize a specific formation of
examiners for this study, to stay in the conditions of daily prac-
tice. As the main examiner was aware of the exact version of the
questionnaire when designing the questionnaire, we expected a
higher correlation for him, as found in our study. We  could therefore
expect a higher correlation, like the main examiner, if all examiners
were trained.

The assessment of strength was  the most biased in the SAQ, as
we had predicted when designing it. Indeed, to propose a simple
questionnaire we  chose to approximate the evaluation of strength
with a subjective question. We  proposed only 5 objects of daily life
to assess the strength, where the original evaluation is between 0
and 25 pounds, leading to 26 different values against 6 in our ques-
tionnaire (5 objects and “I cannot hold anything”). This part of the
questionnaire should be improved by allowing more options and
intermediate weights, to decrease the mean difference of −3 points
for this question. The maximum weight proposed was  a 6−pack of
1.5-liter water bottles which is roughly 18 pounds. In our usual
practice, we rarely have patients able to lift more than 18 pounds
at 90 degrees of abduction, but a higher maximum weight could be
required for some patients.

Surgeons measured a strength below 10 pounds in 70% of

patients. We  had anticipated this and chose a larger number of
light objects, rather than heavy objects. We  could probably improve
our questionnaire by proposing more light objects and asking the
patients to choose all the objects he feels he can lift. We  could even
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Table  5
Influence of formulation on the question “Level of work with hand”.

Version Intraclass correlation (r) Spearman Mean difference

“At what level” (« A quel niveau ») n = 54 0.44 0.49 1.64/10
“At  which level(s)”(“A quels niveaux”)n  = 48 0.64 0.61 0.67/10

Table 6
Influence of formulation on the evaluation of strength.

Version Intraclass correlation (r) Spearman Mean difference
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Patient Reported Outcome Measures. J Arthroplasty 2013;28:1449–53.

[17] Ban I, Troelsen A, Christiansen DH, Svendsen SW,  Kristensen MT. Standardised
“Carry at arm’s length” + weights of objects in kg (“Porter à bout de bras”)n = 32 

“Lift” without weights (“Soulever”) n = 68 

dd several objects of the same weight because the evaluation of
he weight of an object by the patient could be biased.

Finally, it has been shown that this evaluation of strength is
nherently subject to an inter-observer variability, even with a
tandardized measure [9,10]. This may  be another factor affecting
egatively the correlation with the SAQ.

Limitations of this study include the assessment of strength
hich should be improved and the changing titles of questions
and Level and Strength. Indeed, these changes were not planned
rior to the study, and could have introduced a bias in our results.
owever, it would be interesting to randomly test different ver-

ions of some of the questions to improve the reliability of each
uestion independently, in a future version. Randomization would
hen limit the possible selection bias. Finally, examiners were not
rained, and the clinical examination was not standardized. This
imits the reproducibility of our results but was done on purpose
or this pilot study.

Some parameters still need to be verified in order to completely
ssess this self-administered questionnaire. A third evaluation
y a second examiner could be interesting to compare the

nter-observer correlation with the questionnaire-surgeon cor-
elation. This would allow to assess its external reliability.
esponsiveness–the ability of accurately detect change over
ime–could be assessed by performing preoperative and postoper-
tive scores in the same patients [15,16,24]. This questionnaire has
een established and studied in French. An English version is cur-
ently being produced. Eventually, it should be compared to other
atient-reported outcomes scores with high responsiveness [15]

ike the ASES in rotator cuff and arthritis pathologies or the Rowe
core for instability.

. Conclusion

The Auto-Constant questionnaire in French is an excellent global
stimator of the Constant-Murley score, as well as the pain and
obility sub-scores, for the rotator cuff pathologies, shoulder

steoarthritis and shoulder instability. It still has some limitations
or the evaluation of strength but differences between sub-scores
ompensate to finally allow a satisfying global correlation. Some
odifications could allow this tool to be even more precise and are

urrently studied.
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