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Abstract Evauation of upper extremity function after
reconstructive surgery is increasingly important both to
predict outcome and for the control of cost-effectiveness.
Three validated, self-administered shoulder question-
naires were applied prospectively in 23 otherwise healthy
patients with rotator cuff deficiency and correlated to the
Constant-Murley Shoulder Score and a visual analogue
scale for satisfaction. Seven women and 16 men with
combined tears of supraspinatus and infraspinatus (mean
age 55.3 + 10.5 years, r/l: 14/9, follow-up 57.8 £ 15.7
weeks) were gathered prospectively and evaluated pre-
and postoperatively with the American Shoulder and El-
bow Surgeons (ASES) Shoulder Index, the Simple Shoul-
der Test (SST) and the Disabilities of the Arm, Shoulder
and Hand Module (DASH questionnaire). Additionally,
avisual analogue scale for satisfaction was employed. All
four scores and the visual analogue scale revealed im-
provement at a statistically significant level (P < 0.01) af-
ter surgery. All questionnaires showed a significant corre-
lation with the Constant-Murley Shoulder Score (ASES:
r = 0.871, P < 0.01; DASH: r = -0.758, P < 0.01, SST:
r = 0.494, P < 0.05, Pearson’s correlation coefficient).
Taken together, all questionnaires were easy to apply, and
reliable evaluation of shoulder function was possible with
significant correlation to the Constant-Murley Shoulder
Score postoperatively. The SST was easy to apply, and
compound outcome analysis was possible with the ASES
Shoulder Index and DASH questionnaire. The DASH
scale was the most complex evaluation instrument. The
Constant-Murley Shoulder Score comprises a physical ex-
amination, which is advantageous but restricts the appli-
cation to the office. For postoperative assessment without
the patient having to return to the clinic, the ASES Shoul-
der Index is preferred because of its good correlation to
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the Constant-Murley Shoulder Score (r = 0.871) and the
visual analogue scale for satisfaction (r = 0.762).

Introduction

With growing attention being paid to efficiency and cost-
effectiveness in health care, outcome evaluation is becom-
ing increasingly important in musculoskeletal surgery of
the upper limb. In the past few years, there has been a
change in the musculoskeletal trauma literature from as-
sessment of the radiographic appearance, motion of joints
and hardware to more patient-oriented outcome analysis
[6, 7, 18, 21, 22, 25, 26]. What patients really feel is of
enormous interest not only for rehabilitation but also for
the management strategy. By definition, the outcome
should reflect all of the possible effects of a disease or in-
tervention [6].

To minimise external influences such as the education
level of the examiner and a lack of poorly evaluated
scores with poor reliability, new outcome instruments are
being developed. In addition to functional assessment and
pain evaluation, parameters such as quality of life, satis-
faction, level of ability to perform daily activities (disabil-
ity) and of role function are included [19, 22]. Simple
questions into disability instead of joint measurements al-
low more patient-oriented assessment.

As suggested, an outcome assessment should include
patient-derived, health-oriented outcomes, combined with
traditional clinical outcomes and patient satisfaction data
[27]. In recent studies, questionnaires were evaluated re-
garding various shoulder problems, including impinge-
ment syndrome, osteoarthrosis, instability and humeral
malunion [6, 21].

Concern has been expressed about correct assessment
using different scoring systems for specific shoulder dis-
orders [23]. To evaluate rotator cuff deficiencies, a com-
mon and severely disabling disorder, the application of
three validated questionnaires was investigated in this
study and compared to an established clinical outcome
score [4, 9, 10]. We were especialy interested to detect



items that might restrict their use for the selected topic.
Additionally, we wanted to know whether thereis a corre-
lation to a visual analogue scale for satisfaction [27]. The
three outcome assessment questionnaires were used
prospectively to evaluate patients with rotator-cuff defi-
ciency pre- and postoperatively but who were otherwise
healthy. All of the questionnaires have been tested for var-
ious disorders previously [2, 6, 7, 9, 10, 14, 19, 20, 21].

Patients and methods

Between January 1996 and August 1997, 23 patients with com-
bined tears of supraspinatus and infraspinatus underwent open re-
pair. Thirteen had sustained a traumatic tear after afall; 3 had suf-
fered an anterior dislocation of the shoulder; 7 had a non-traumatic
tear without adequate cause. All patients were otherwise com-
pletely healthy and had no concomitant lesions. The mean age of
the 7 women and 16 men was 55.3 + 10.5 years. In 14 patients the
right and in 9 the left shoulder was involved. In 14 cases it was the
dominant side. All patients had a full passive range of movement
before surgery and no subluxation or rupture of the long head of
biceps. No previous surgery had been done on the affected shoul-
der.

Preoperative diagnostics

Preoperatively, shoulder function and muscle power were assessed
during a clinica examination. Anteroposterior and axillary
roentgenographs were taken of all patient, and ultrasound was per-
formed. An MRI was done for further assessment in terms of de-
generation and size of the defect [28]. The indication for open re-
pair was influenced by age, disability, functional impairment, and
failed conservative therapy as well as size of the defect [16, 28].

Operative technique

Open repair was performed at a mean of 10.6 £ 7.9 months after
trauma or the first onset of shoulder disability. All patients were
operated in the beach chair position, using an anterolateral trans-
deltoidal approach. After acromioplasty according to Neer, the ro-
tator cuff defect was classified according to Bateman [5] into grade
I: <1 cm; grade Il: 1-3 cm; grade I1l: 3-5 cm and grade 1V:
> 5 cm. Using this classification, 9 patients had a grade |1 defect
(n=9, mean age 58 + 10.8 years, 1/l = 7/2), 7 grade |1| defect (n =
8, mean age 51.2 + 9.1 years, r/l = 6/2) and 6 patients had grade IV
massive rotator cuff defects (n = 6, mean age 58 + 9 years, r/l =
3/3). Grade Il and Il defects were closed by suture after rotator
cuff release [11, 12, 15]. For massive defects (grade V) a del-
toideus flap according to Augereau was performed [3]. In two pa-
tients with additional AC osteoarthrosis (1 post-traumatic, 1 idio-
pathic) a ‘grande liberation’ according to Patte was performed
[15]. Postoperatively, the patients were immobilised in a Gilchrist
dressing. In the first 6 weeks only passive and assisted motions
of the involved shoulder were alowed. Additionally, an abduc-
tion pillow splint was applied. After 6 weeks active motion was
started.

Outcome evaluation

Assessment of the shoulder function was performed preoperatively
and at the latest follow-up. To exclude interrater variability, all
investigations and evaluations of results were performed by one
independent medical doctor who was not involved in the surgery
or aftercare. Intrarater variability was neglected. Three recently
validated shoulder self-assessment questionnaires were applied in
this study: the ASES (Shoulder Index of the American Shoulder
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and Elbow Surgeons), the SST (Simple Shoulder Test) and the
DASH questionnaire (Disabilities of the Arm, Shoulder and Hand
Module) [6, 19, 21, 22, 26]. Additionally, the well-established
Constant-Murley Shoulder Score was used as a reference scale
[9, 10].

The self-evaluation section of the ASES Shoulder Index con-
tains visual analogue scales for pain and instability and an activi-
ties of daily living (ADL) questionnaire. The ADL questionnaireis
marked on a four-point ordinal scale that can be converted to a cu-
mulative ADL Index. A shoulder score can be derived from the vi-
sual analogue scale for pain (50%) and the cumulative ADL Score
(50%). The shoulder score is derived by the following formula:
(10 — Visual analogue pain Score) x 5 + (Cumulative ADL
Score*5/3) [22].

The SST consists of 12 questions concerning the function of
the shoulder. In performing the 12 functions, patients have been
shown to use the shoulder in a wide variety of positions, ranging
from 60° of elevation in the 50° thoracic plane, to 120° of eleva-
tion near the coronal plane, to 70° of elevation in the 130° thoracic
plane. It is designed for patient self-assessment and thus empha-
sises the patient’ s perspective. It isalso practical (less patient time,
less cost) to administer and offers the potential for periodic follow-
up assessments without the patient having to return to the office
[19, 21].

The DASH self-assessment form is part of the AAOS/COMSS
(Council of Musculoskeletal Specialty Societies) outcome instru-
ments. The core module is a complex evaluation instrument con-
sisting of 30 function- and pain-related questions. Also role func-
tion and social activities are included. The maximum score in this
section is 150 points. This raw score is transferred by the formula:
raw score-30 (minimum score)/ 1.20 (score range) to the DASH
function/symptom score. A value of zero means no disability
(good function) and 100 reflects considerable disability [2, 17].

The results were compared with the Constant-Murley Shoulder
Score [4, 9, 10]. Correlation and regression analysis was per-
formed using SPSS. Assessment of shoulder function was per-
formed preoperatively and at latest follow-up.

Results

No wound infections or nerve lesions were seen postoper-
atively. One patient received funds from the workman's
compensation board and had a limited goal in rehabilita-
tion. This patient belonged to group |1 and influenced the
results in a negative sense.

Application of the ASES Shoulder Index, the SST and
DASH questionnaire was easy, and all patients completed
the forms without mistakes. The forms were completed in
less than 5 min. The time needed to complete the Con-
stant-Murley Shoulder Score was 10 min. An extra exam-
iner, a goniometer and a spring balance were, however,
needed.

The overall scoreresultsinitially and at the time of fol-
low-up are listed in Table 1. Compared with the preopera-
tive findings, all scoresimproved postoperatively.

Statistical analysis

The difference between the preoperative findings and the
score value at the time of follow-up represents the per-
sonal profit the patients obtain from the operation. A sta-
tistically significant difference was seen in al rating
scales tested (P < 0.01, two-tailed t-test).
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Table 1 Overall score results

preoperatively and at latest fol- Score Mean preop Range preop Mean postop Range postop
low-up. Differences are statis-  ongant-Murley 26.04 +09.38 64.56 + 15.04
tically significant using the
two-tailed t-test (P < 0.01) ASES 33.94 +15.92 71.91 +16.83
DASH 49.58 + 08.45 21.62 +12.98
SST 03.30 +01.82 06.97 + 01.80
Visual analogue scale 40.22 + 16.68 78.26 +17.49

Table 2 Correlation between Constant-Murley Shoulder Score
(reference) and ASES Shoulder Index, DASH questionnaire, SST
and the visual analogue scale. Pearson correlation coefficient

Score Correlation Significance level
ASES r= 0871 0.01
DASH r =-0.758 0.01
SST r= 049 0.05
Visua analogue scale r= 0612 0.01

Score
[4)]
o

30 40 50 60 70 80 90
Constant-Murley Score

Fig.1 Constant-Murley Shoulder Score results in relation to the
ASES Shoulder Index, DASH guestionnaire and SST. The correla-
tion is statistically significant. Simple linear regression: ASES: y =
0.9742x + 9.0156; DASH: y = —0.6829x + 65.711; SST: y = 0.059x
+3.1472

The Constant-Murley Shoulder Score was used as
a reference scale. All questionnaires were correlated
with the Constant-Murley Shoulder Score (Table 2).
A significant correlation was noted between the Constant-
Murley Shoulder Score and the ASES (P < 0.01), DASH
(P < 0.01) and SST (P < 0.05) at latest follow-up.
The correlation with the visual analogue scale was statis-
tically significant to the ASES (P < 0.01), Constant-Mur-
ley Shoulder Score (P < 0.01) and DASH questionnaire
(P <0.05). Initialy, there was asignificant correlation be-
tween the visual analogue scale and the ASES Shoulder
Index (P < 0.01), but no significant correlation was noted
(P> 0.05) in @l three questionnaires.

Graphical evaluation of the Constant-Murley Shoulder
Score in relation to the ASES, DASH and SST revealed
linear regression in al three cases (Fig. 1). The significant
correlation implicates a similar performance of the three
guestionnaires, compared to the Constant-Murley Shoul-
der Score.

Discussion

There is no doubt of the importance of outcome evalua-
tion after musculoskeletal surgery [1, 6, 8, 10, 13, 14, 19,
21, 22, 24, 25, 26, 27]. However, the variety of different
validated scores and questionnaires hinders making the
right choice in daily clinical and research practice 7, 23].
Particularly after meticul ous reconstructive surgery, a sen-
sitive instrument is needed.

Along with classifications and the use of standardised
therapeutic strategies, outcome evaluation comprises an
important instrument for evaluating the success and effec-
tiveness of operative treatment [1, 27]. It is used both to
illustrate established management concepts and to evalu-
ate new therapeutic strategies. With growing interest in
health and health care, outcome analysis may determine
which treatment and which circumstances ensure good re-
sults also for economic aspects [21, 22, 27]. This under-
standing should be central to planning the management
and eval uating treatment effectiveness.

The traditional assessment of shoulder function has
been performed by accurate measurements — such as
range of motion and muscle power and pain — that reflect
alocal impact of a disorder. As a consequence, a number
of shoulder scores were developed for use in clinical ex-
aminations. The measured findings were transformed to a
score value. The Constant-Murley Shoulder Score, for ex-
ample, transforms pain, ADL and range of motion in sin-
gle and combined motions to a score value with a maxi-
mum of 100 points [4, 9, 10]. Although ADL are being
considered to a certain extent, the assessment of measure-
ments such as function and power is more important in
this score. Because of the requirement of a clinical exam-
ination, the application is limited to the office.

Which new instruments do we have?

Per definition outcome should include all effects of a dis-
ease or intervention [1]. More recent scores evaluate not
only ADL, but also parameters such as quality of life,
ability to work and social activities [17, 18, 22]. In addi-
tion, some scores also include genera health assessment
to a greater or lesser extent [17]. All scores used in this
study are specific shoulder assessment questionnaires,
namely the DASH questionnaire, the ASES Shoulder In-
dex and the SST [2, 17, 19, 21]. All are self-administered
and to be used by clinicians in daily practice and as re-
search tools. As al the patients were otherwise in good



general health, a general health survey such as Short
Form-36 (SF-36) was not used [13, 14].

The ASES questionnaire meets the requirements of the
American Association of Elbow and Shoulder Surgeons:
easy to use, assessment of ADL, self-assessment with a
visual analogue scale for accurate pain assessment [14,
22].

The DASH questionnaire is a complex evaluation in-
strument consisting of function- and pain-related ques-
tions. Also questions regarding role function and social
activities are included [2, 17].

The SST is designed for patient self-assessment and
emphasises the patient’s perspective. Patients have been
shown to use the shoulder in a wide variety of positions
[21].

The findings in this study implicate that all of these
self-administered evaluation instruments can be used ei-
ther solely or in combination with a more function-orien-
tated score such as the Constant-Murley Shoulder Score.
The simple administration of the scores predestines them
for use in the office and extraclinically for both clinical
and research purposes. One advantage of self-assessment
isthat a clinical examination with the potential for intra-
and interobserver error is not necessary.

Given the significant correlation to the Constant-Mur-
ley Shoulder Score, al scores may be used for outcome
evaluation after rotator cuff reconstruction.

The ASES Shoulder Index performsin asimilar way to
the Constant-Murley Shoulder Score. Asthereis asignif-
icant correlation to both the Constant-Murley Shoulder
Score and the visual analogue scale for satisfaction, this
score is preferred for extraclinical outcome evaluation.
However, in clinical practice the Constant-Murley Shoul-
der Score is used along with the ASES Shoulder Index.

Due to its large number of well-chosen and shoulder-
specific questions, the DASH questionnaire provided the
most accurate assessment. However, more time was
needed for patients to complete the form and for medical
staff personnel to evaluate it.

The SST was easy to administer and evaluate. No ad-
ditional time is needed to collect the forms. Differentia-
tion in comfort, level of activity, and power reveals high
demands on shoulder performance in both single and
combined motions. The strong preoperative overall im-
pairment in grade 4 lesions was clearly expressed in this
score (data not shown). Postoperative improvement was
indicated as well. In contrast to the other scores, only a
moderate correlation to the Constant-Murley Shoulder
Score was noted.

Conclusions

A differential outcome evaluation was possible with the
self-administered questionnaires used in this study. Com-
pared with the Constant-Murley Shoulder Score, lesstime
was needed for shoulder assessment. Also, an extra exam-
iner with the risk of interrater errors was not necessary.
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Despite a shift of balance to ADL, quality of life and
pain relief, the self-administered outcome correlates well
with the more objective findings in the reference scale. In
broad clinical and extraclinical use, patient-related quality
control is possible with the evaluated scores. Given its
significant correlation to both the Constant-Murley Shoul-
der Score and the visual analogue scale for satisfaction,
the ASES Shoulder Index is preferred for extraclinical
outcome evaluation. However, in clinical practice, the
Constant-Murley Shoulder Score is recommended in ad-
dition to the ASES Shoulder Index for the evaluation of
rotator cuff deficiencies.
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