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Abstract

BACKGROUND

The minimal clinically important difference (MCID) is defined as the smallest
meaningful change in a health domain that a patient would identify as important.
Thus, an improvement that exceeds the MCID can be used to define a successful
treatment for the individual patient.

AIM

To quantify the rate of clinical improvement following anatomical total shoulder
arthroplasty for glenohumeral osteoarthritis.

METHODS

Patients were treated with the Global Unite total shoulder platform arthroplasty
between March 2017 and February 2019 at Herlev and Gentofte Hospital,
Denmark. The patients were evaluated preoperatively and 3 months, 6 months, 12
months, and 24 months postoperatively using the Western Ontario Osteoarthritis
of the Shoulder index (WOOS), Oxford Shoulder Score (OSS) and Constant-
Murley Score (CMS). The rate of clinically relevant improvement was defined as
the proportion of patients who had an improvement 24 months postoperatively
that exceeded the MCID. Based on previous literature, MCID for WOOS, OSS, and
CMS were defined as 12.3, 4.3, and 12.8 respectively.

RESULTS

Forty-nine patients with a Global Unite total shoulder platform arthroplasty were
included for the final analysis. Mean age at the time of surgery was 66 years
(range 49.0-79.0, SD: 8.3) and 65% were women. One patient was revised within
the two years follow-up. The mean improvement from the preoperative assess-
ment to the two-year follow-up was 46.1 points [95% confidence interval (95%CI):
39.7-53.3, P < 0.005] for WOOS, 18.2 points (95%Cl: 15.5-21.0, P < 0.005) for OSS
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and 37.8 points (95%CI: 31.5-44.0, P < 0.005) for CMS. Two years postoperatively, 41 patients (87%) had an impro-
vement in WOOS that exceeded the MCID, 45 patients (94%) had an improvement in OSS that exceeded the MCID,
and 42 patients (88%) had an improvement in CMS that exceeded the MCID.

CONCLUSION
Based on three shoulder-specific outcome measures we find that approximately 90% of patients has a clinically
relevant improvement. This is a clear message when informing patients about their prognosis.

Key Words: Minimal clinically important difference; Patient reported outcome measures; Glenohumeral osteoarthritis;
Anatomical total shoulder arthroplasty; Clinically relevant improvement

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we present a new approach for analyzing and interpreting improvement in patient-reported outcome
measures (PROM) scores by linking the improvement in PROM scores to the minimal clinical difference for each patient.
We found that approximately 90% of patients treated with an anatomical total shoulder arthroplasty for glenohumeral
osteoarthritis had a clinically relevant improvement two years postoperatively.

Citation: Nyring MRK, Olsen BS, Amundsen A, Rasmussen JV. High rate of clinically relevant improvement following anatomical
total shoulder arthroplasty for glenohumeral osteoarthritis. World J Orthop 2024; 15(2): 156-162
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INTRODUCTION

The anatomical total shoulder arthroplasty is the most common type of arthroplasty for glenohumeral osteoarthritis in
Denmark[1,2] and it has long been known that the anatomical total shoulder arthroplasty yields pain relief and improved
shoulder function in the treatment of glenohumeral osteoarthritis[3]. In this study, a platform shoulder arthroplasty
system is used. The platform system is characterized by the ability of converting an anatomical arthroplasty to a reverse
shoulder arthroplasty with retention of the stem. A systematic review[4] reported statistically significant lower compli-
cation rates, iatrogenic fractures, reoperations, blood loos and operative time in revision procedures with stem retention
compared to stem removal procedures.

Improvements after shoulder arthroplasty are often reported as mean improvement for the entire population. In large
populations, even small mean improvements can lead to a statistically significant improvement. The question is whether
these statistically significant improvements are also clinically relevant for the patients. To assess this, the minimal
clinically important difference (MCID) can be included in the analyses. MCID is a measurement tool in the interpretation
of changes in patient-reported outcome measures (PROM) scores and it is defined as the smallest meaningful change in a
health domain that a patient would identify as important[5]. An improvement exceeding MCID is therefore regarded as
clinically relevant. The MCID can also provide an important insight into how the patients are doing on an individual
level. By focusing on the improvements in PROM scores from preoperatively to postoperatively for each individual
patient, we can get a precise estimate of how many patients who achieve a clinically relevant improvement. This gives a
better indication of how successful the surgery is at patient level.

The primary aim was to determine the proportion of patients achieving a clinically important improvement after
treatment with an anatomical total shoulder platform arthroplasty for osteoarthritis. Our hypothesis was that the
anatomical total shoulder arthroplasty with a common platform system would lead to significant improvement for a high
proportion of patients.

MATERIALS AND METHODS

Patients

Between March 2017 and February 2019 all patients referred to Herlev and Gentofte University Hospital with
glenohumeral osteoarthritis indicating an anatomical total shoulder arthroplasty were evaluated and offered
participation. The following inclusion and exclusion criteria were applied before offering participation:

Inclusion criteria

(1) Primary glenohumeral osteoarthritis independent of previous joint preserving surgery; (2) Osteoarthritis on plain
radiographs with standard anterior-posterior and lateral projections; (3) Insufficient effect of non-surgical treatment with
symptoms severe enough to justify shoulder arthroplasty; and (4) American Society of Anesthesiology (ASA) scores 1-3,
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physically fit for surgery and rehabilitation.

Exclusion criteria
(1) Below 18 years of age; (2) Cognitive or linguistic impairment; (3) Rotator cuff insufficiency defined as rotator cuff
lesions or grade 2 fat infiltrations on magnetic resonance imaging according to the Goutallier classification[6,7] verified
with impaired functional strength and perioperative findings; (4) Insufficient preoperative glenoid bone-stock or large (>
1 cm) humeral bone cysts on computed tomography (CT) verified with perioperative findings; and (5) ASA scores 4-5.
The included patients were treated with the Global Unite Anatomical Shoulder Arthroplasty System (DePuy Synthes,
Raynham, Massachusetts, United States of America). Operations were performed or supervised by one of five
experienced shoulder surgeons. All procedures were performed with the patient under general anesthesia in beach chair
position and with the standard deltopectoral approach and subscapularis tenodesis. The literature on rehabilitation after
shoulder arthroplasty surgery is sparse. At our institution, a sling was used for the first two weeks. After two weeks non-
weight bearing training was allowed since we want the patients start movements early. However, we focus on protecting
the subscapularis, why weight bearing training is not allowed before six weeks. All patients were supervised by a physio-
therapist once a week for a minimum of three months. The patients were asked to complete the Western Ontario
Osteoarthritis of the Shoulder score (WOOS), the Oxford Shoulder Score (OSS) and the Constant-Murley Score (CMS)
preoperatively and subsequently at three months, six months, one year and two years postoperatively. The rate of
clinically relevant improvement was defined as the proportion of patients who had an improvement between the
preoperative measurement and the final follow-up measurement at two years that exceeded the MCID.

Functional outcome measures

The Western Ontario Osteoarthritis of the Shoulder index is a disease-specific patient-reported outcome score[8]. There
are 19 questions divided into four domains: Physical symptoms, sports and work, lifestyle, and emotions. Each question
is answered on a visual analogue scale ranging from 0 to 100. The overall score ranges from 0 to 1900, with 1900 being the
worst. For ease of interpretation, we converted the total score to a percentage of the maximum score with 100 being the
best. We used the Danish version of WOOS which was translated according to international guidelines[9] and validated
using classical test theory in a cohort of patients treated with shoulder arthroplasty for osteoarthritis[10]. MCID is
reported to be 12.3 points for WOOS[11] in patients with glenohumeral osteoarthritis treated with an anatomical total
shoulder arthroplasty.

The Oxford Shoulder Score is a measurement tool for the assessment of pain and function after elective shoulder
surgery[12]. There are 12 questions with each item scored from 0 to 4. The overall score ranges from 0 to 48, with 48 being
the best. We use a Danish version of OSS which was translated according to international guidelines and validated using
classical test theory[13]. MCID is reported to be 4.3 points for OSS[11] in patients with glenohumeral osteoarthritis treated
with an anatomical total shoulder arthroplasty.

The Constant-Murley Score is a combined subjective and objective assessment tool. The score has four sub-scale scores:
Pain (15 points), activities of daily living (20 points), range of motion (40 points), and strength (25 points). The total score
ranges from 0 to 100, with 100 being the best. We used a Danish version[14] of the modified score described by Constant
et al[15]. MCID is reported to be 12.8 points for CMS in patients with glenohumeral osteoarthritis or rheumatoid arthritis
treated with an anatomical total shoulder arthroplasty[16].

Statistical analysis

SPSS (IBM Corp, Armonk, NY, United States) was used for the statistical analysis. The level of statistical significance was
set at P < 0.05 and P value were 2-tailed. The differences between preoperative and postoperative data are normally
distributed (Figure 1). Therefore, we used the paired sample t-test to test for differences within the same groups.

RESULTS

Fifty-five patients with a Global Unite Anatomical Shoulder Arthroplasty were included. Two patients died and four
patients did not respond to the invitation for the two-year follow-up, which left 49 patients for the final analysis. Mean
age at the time of surgery was 66 years (range: 49-79, SD: 8.3) and 65% were women. One patient was revised within the
two years follow-up. This patient was revised 18 months postoperatively because of periprosthetic joint infection with
four out of five tissue samples positive for Cutibacteirum Acnes. The follow up results two years after the primary
surgery for this patient were 23 for WOOS, 17 for OSS and 25 for CMS and are included in the overall analysis. None of
the six patients who were lost to follow-up was revised.

Forty-one patients (87%) had an improvement in WOQOS that exceeded the MCID, five patients improved less than the
MCID, and one patient had an outcome at two years that was worse than the preoperative score. Forty-five patients (94%)
had an improvement in OSS that exceeded the MCID, one patient improved less than the MCID and two patients had an
outcome at two years that was worse than the preoperative score. Forty-two patients (88%) had an improvement in CMS
that exceeded the MCID, five patients improved less than the MCID, and one patient had an outcome at two years that
was worse than the preoperative score. For all three outcome measures, the majority of patients improved much more
than the MCID (Figure 1). The patient in need of revision surgery had scores below the MCID in all three outcome
measures. However, it was a different patient reporting a two-year outcome worse than the preoperative score.
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Figure 1 Distributions of improvements. A: Western Ontario Osteoarthritis of the Shoulder index; B: Oxford Shoulder Score; C: Constant-Murley Score. MCID:
Minimal clinically important difference; WOOS: Western Ontario Osteoarthritis of the Shoulder index; OSS: Oxford Shoulder Score; CMS: Constant-Murley Score.

The mean WOOS, OSS, and CMS were 82.1 (range 22.2 to 100.0), 40.7 (range 15.0 to 48.0) and 66.4 (range 19.0 to 98.0) at
two years. The scores improved continuously during the follow-up period (Table 1). The mean improvement from the
preoperative assessment to the two-year follow-up was 46.1 points [95% confidence interval (95%ClI): 39.7-53.3, P < 0.005]
for WOQOS, 18.2 points (95%Cl: 15.5-21.0, P < 0.005) for OSS and 37.8 points (95%Cl: 31.5-44.0, P < 0.005) for CMS. For all
three outcome measures, the mean improvement exceeded the associated MCID.

DISCUSSION

In a prospective cohort of patients with glenohumeral osteoarthritis treated with an anatomical total shoulder arthro-
plasty, we found the proportion of patients who had a clinically important improvement to be 87% for WOOS, 94% for
OSS and 88% for CMS.

It might be problematic to make conclusions on the treatment effect based on mean values from PROM scores. The
mean values provide an estimate on group level, but do not give any information on individual level. When reporting
mean values, it is unknown whether everyone have an improvement that corresponds to the mean value or if most of the
patients have a large improvement, while a few patients have a very poor outcome. We have presented a method to
remedy this issue by linking the improvement in PROM scores to the MCID for each patient. The MCID is defined as the
smallest meaningful change in the PROM score that a patient would identify as important[5]. To give a better estimate of
how the individual patient is doing, it would therefore be interesting to report the proportion of patients who achieve this
improvement. For three different outcome measures, we found that approximately 90% of the patients achieved an
improvement which exceed the MCID. This is equivalent to saying that 90% of patients who are treated with an
anatomical total shoulder arthroplasty for osteoarthritis achieve a significant clinical improvement two years after
surgery. In our opinion, this is a clear and tangible message which can be used by the surgeon to inform the patients
about their prognosis.

According to our knowledge, no previous studies have reported the proportion of patients who exceed the MCID for
WOOS or OSS. In a combined group of patients with either an anatomical or a reverse total shoulder arthroplasty,
Simovitch et al[16] found that the MCID for CMS was 5.7. Based on this MCID value, the authors concluded that 94.7% of
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Table 1 Mean (range) outcome measures at different time-points

Preoperative 3 months 6 months 1yr 2yr
WOO0S 35.6 (5.5-74.1) 73.8 (48.6-96.8) 76.8 (22.7-98.6) 81.4 (34.9-99.7) 83.9 (22.2-100.0)
0SS 224 (5.0-38.0) 36.6 (19.0-47.0) 38.3 (14.0-48.0) 40.0 (17.0-48.0) 40.7 (15.0-48.0)
CMS 28.5 (7.0-71.0) 48.1 (20.0-87.0) 53.7 (27.0-81.0) 61.0 (25.0-95.0) 66.4 (19.0-98.0)

WOOS: Western Ontario Osteoarthritis of the Shoulder index; OSS: Oxford Shoulder Score; CMS: Constant-Murley Score.

the patients in their cohort achieved a result at two years which exceed the MCID for CMS. In the subgroup of patients
who were treated with an anatomical total shoulder arthroplasty, the authors defined the MCID for CMS as 12.8, which is
the value we used in this study. Although the authors reported this MCID for CMS, they did not report the proportion of
patients with an anatomical total shoulder arthroplasty who exceeded this MCID. Therefore, according to our knowledge,
no previous studies have reported the proportion exceeding the MCID for CMS in patients with an anatomical total
shoulder arthroplasty. In a study by Ahmed et al[17], they analyzed improvements in the American Shoulder and Elbow
Surgeons Standardized Shoulder Assessment Form (ASES) based on patients with an anatomical total shoulder arthro-
plasty used for glenohumeral osteoarthritis. They found 89% of the patients to either have a moderate or substantial
clinical benefit, corresponding to an improvement that exceeds the MCID. In addition, a study by Cohn ef al[18] based on
patients treated with either an anatomical or reverse total shoulder arthroplasty, found that the proportion of patients
exceeding MCID two years postoperatively was 90% for ASES and 89 % for CMS. These results are very relatable to this
study, contributing to an increase of the external validity.

PROM scores can be difficult for patients to understand and some questions might not be relevant to all patients. In
addition, they can be very time consuming. In the study by Cohn et al[18] they tried to remedy these issues of the PROM
scores by also using the Single Assessment Numeric Evaluation (SANE) score, which is based on only one question. They
compared the correlation between the SANE score and ASES and CMS, and concluded a moderate correlation between
the PROM scores and approximately the same percentage of patients exceeding the MCID. However, it is unknown
whether this correlation also exists for WOOS and OSS.

The MCID for CMS is based on patients with glenohumeral osteoarthritis or rheumatoid arthritis treated with an
anatomical total shoulder arthroplasty. The MCID for WOOS and OSS are based on patients with glenohumeral
osteoarthritis treated with an anatomical total shoulder arthroplasty. Thus, the MCID values are, to a great extent, directly
attributable to the population in this study. An important limitation in the use of MCID is the dependency on the
diagnoses and treatments from which they are determined[19]. Therefore, it is a clear advantage of this study that the
MCID values used are based on almost the same cohort of patients as analyzed in this study.

The mean two years WOOS, OSS, and CMS reported in this study are comparable to previous reported postoperative
values based on shoulder arthroplasty registries[2,20,21]. This substantiates an extrapolation of the above results to a
general population of patients with glenohumeral osteoarthritis treated with an anatomical total shoulder arthroplasty.
However, it would be of great interest to validate the proportion of patients achieving a clinically important improvement
in a larger multicenter study or a registry study in order to further increase the external validity.

CONCLUSION

In this study we have presented a new approach for analyzing and interpreting improvement in PROMs after shoulder
arthroplasty for osteoarthritis. Previous studies have reported statistically significant and clinically relevant improvement
in mean values. However, mean values does necessarily reflect the outcome of a patient, and it can be difficult to use in
patient-guidance. We found that approximately 90% of patients who were treated with an anatomical total shoulder
arthroplasty with a common platform system for osteoarthritis had a clinically relevant improvement. This is a clear and
distinct message that together with information about implant survival can be used to inform patients about their
prognosis following surgery.

ARTICLE HIGHLIGHTS

Research background

Anatomical shoulder arthroplasties used for glenohumeral osteoarthritis are often evaluated by mean improvement in
patient reported outcome measurements. However, these mean improvements do not talk much about how the
individual patient is performing. Therefore, we have aimed to focus on each individual patient’s improvement. These
improvements are linked to the minimal clinical important difference, allowing us to determine the proportion of patients
achieving a clinically relevant improvement.
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Research motivation

To determine the proportion of patients with glenohumeral osteoarthritis and treated with an anatomical shoulder
arthroplasty that achieve a clinically relevant improvement. This a new way of analyzing the results which is much more
relevant to the individual patient.

Research objectives

To determine the proportion of patients having a clinically relevant improvement two years postoperatively after
treatment with an anatomical total shoulder arthroplasty. In future research, we believe that this will be a frequently used
analysis method.

Research methods

We used data from three different patient reported outcome measurements. The improvements from preoperatively to
two years postoperatively were connected to the associated minimal clinically important difference (MCID). The
proportion of patients exceeding the MCID was defined as the rate of clinically relevant improvement.

Research results

The rate of clinically relevant improvement was 87%, 94%, and 88% for the three different patient reported outcome
measurements.

Research conclusions

Using a new method for analysis of improvements in patient reported outcome measurements, we found that approx-
imately 90% of patients with glenohumeral osteoarthritis and treated with an anatomical shoulder arthroplasty achieved
a clinically relevant improvement.

Research perspectives
In future research, this method will probably be a frequently used analysis method. The results of this study should be
confirmed in larger cohorts.
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